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Preface

In roe Jast fifteen years the U.S. expenditure on research and
development has climbed from about $geo million to some $4 bil-
Tion annual]) Roughly g5 per cent of the $4 billion goes into ex-
p!oxhng previous scientific breakthroughs; perhaps 5 per cent into

p g the h of fund. ! knowledge. The g5 per
cent gﬂs us new antibiotics, polio vaccines, color television, power
steering, jet transport planes, and atomic weapons. The 5 per cent
helps us to understand the forces inside the atom, the structure
of the universe, the functioning of the human brain, and the nature
of life. Taken together, the two aspects of research—the pure and
the applied—are the mightiest force in the U.S. economy, as the
title of this book suggests.

It is tempting to omit the qualifying word “economy,” for it
is difficult to think of an aspect of modern life that does not bear
the strong imprint of science and technology. Indeed, some have
argued that the imprint is t00 strong and that what is needed is
a moratorinm on tesearch to give the world a chance to collect
its wits. In the nuclear age, the argument has a certain appeal.
The fact is, however, there never was a “safe” platean on which
man could pause, even if he wanted to. Nor has any plateau ever
been high enough to satisfy man's aspirations. Certzinly the present
one js not. Too much of the world is short of food, water, energy,
medical care, housing, and laborsaving machinery to call a halt
now, To be sure, research on the frontier does not meet these
wants directly. But without forward-looking research there will be
no pesticides, no atomic power plants, no solar batteries, no means
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for desalting sea watet, and no tunsistors for automatic control
of machinery.

In the USS,, which owes its high standard of living to technol-
ogy, research has become an inseparable part of the economy. Re-
cently Raymond Ewell of the National Science Foundation tried
to answer the question: How much does society get back, in dollars
and cents, for its investment in research? His astonishing answer:
100 o 200 per cent a year over the last 25 years. In other words,
society has got back $2,500 to $5,000 for every $1c0 spent on re-
search and development. Ewell obtained his figures by estimating
the portion of the gross national product of the year 1953 that
could be attributed to the research achievements of the preceding
25 yeats.

Ewell also finds that research investment has been growing at
an exponential rate. Between 1776 and 1954 the U.S. spent nearly
$40 billion on research—half being spent since 1948. The present
research investment of about $4 billion a year represents 1.1 per
cent of the gross national product. Ewell predicts that the research
outlay will exceed $5.1 billion in 1960 and reach $6.3 to $6.g billion
in 1963,

This book provides a broad-scale look at research in America
as Fortune has observed it over the last few years. The fifteen
articles reprinted here appeared originally in Fortune between
January, 1953, and August, 1955. The book is divided into two
patts. The first five chapters provide a general introduction to the
central topic. The first chapter is a searching appraisal of the U.S.
rescarch effort in the decade 1945-1955. The second chapter, The
Young Scientists, introduces the reader to the types of young men
who succeed in scientific research, They are an unorthodox and
freedom-oving lot. The third chapter discusses the contribution
of a leading independent laboratory, Arthur D, Little, Inc,, which
has grown up with U.S. research. Chapter 4 describes the activities
of the longrange planning group in America’s premier industrial
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research ization, Bell Telephone Lab fes. Chapter 5 pre-
sents the plight of the lone inventor, engulfed by the fast-growing
complexity of modem technology.

The second pat of the book fecuses down upon specific problems
and areas of inquiry. Here it is seen that U.S. researchers have per-
formed 2 leading role in some of the most dramatic advances of
the last decade. They have helped develop new concepts of brain
function, devised plastic membranes for pusifying salt water, dis-
covered cloud seeding, applied electronic computers to weather
forecasting, brought modem chemistry to the aid of the farmer,
opened up a new era in metallurgy, extracted power from the atom,
« ived the istor, and ized factories.

The book concludes with an account of one of the most brilliant
theoretical concepts in modern science: the Information Theory,
developed by Norbert Wicner of Massachusetts Institute of Tech-
nology and Claude Shannon of Bell Telephone Labomtories. The
theory addresses itself to the measurement of that most essential
and ubiq of di f ion. As one might sup-
pose, the theory is i diately useful to teleph radio, and
television engineers (since it tells them precisely how inefficient
their present systems are); xt promises also, howevcr, to be of in-
creasing value to linguists, b t: hol
gists, and others who must deal with more subt]e types cf com-
munication networks.

The ffteen atticles are zep d iall h d. Al
though Chapter 11, The Peaceful Atom, was written before the
Geneva Conference of August, 1955, it was already clear at the
time of the wnting that many long-held “secrets”—highly techni-
cal ones—would be divulged at the Conference, and that they
would not fundamentally alter the outlook for peacetime atomic
power, as presented in the article.

The most striking instance in which an article antedated a mo-
mentous development in its field is the one on solar energy (Chap-
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ter 10), which appeared in September, 1933. Some eight months
Tater Bell Laboratories announced its solar battery, the first promis-
ing device for converting solar energy directly to electricity. The
article had pointed out that such a device “would certainly became
the world’s greatest convenience if it could be made to praduce
currents in Jarge quantities and efficiently.” The Bell System lately
began using the solar battery to provide power for rural telephone
service, but the long-range prospect of utilizing solar energy~-as set
forth in the article~has not yet been greatly altered by the battery’s
arrival,

For assistance in preparing these articles Fortune is indebted to
many scientists and engi in gov lat ies, in uni-
versities, and in industry. The list would easily exceed three hun-
dred names. For their pains none ever received more than a letter
of thanks and a complimentary copy of Fortune,

The authors of the book's ifteen chapters are credited individu-
ally on the title pages. All but two are present Fortune editors.
Lawrence P. Lessing, an editor at the time he wrote Chapter 12,
is now a freelance writer. Also a freedance is Morton M. Hunt,
author of Chapter 4.

Fortune tescarchers who worked on these articles include: Mar-
jorie Jack (Chapters 2, 6, 7, 8, 23, 14, 25); Ruth Miller (Chapters
g, 10, 11): Marion Heimlich (Chapters 1, g); Fileen Durning

(Chapter 3); Edith Roper (Chapter 5); and Betty Fullen ( Chap-
ter 12).

For its 1953 science and technology articles—seven of which
appeat hete~Fortune was cited “for distinguished science journal-
ismn in magazines” by the American Association for the Advance-
ment of Science. Two 1954 articles, The Young Scientists (Chap-
ter 2), and The Inventor in Eclipse (Chapter 5), reccived citations
for excellence from the 1954 Benjamin Franklin Award Committee.

‘The Editors of Fortune
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The Strange State of
American Research

BY ERIC HODGINS

Reesearc v amzrica today is a fat boy. It feeds on billions gen-
erously supplied by g industry, private-foundation funds,
and the universities. And the fat boy's muscles are hard, too; there
is mothing slow or slothful about the way research in the nation’s
great laboratories is planned, assigned, or camied out. The fact re-
mains, however, that the enormons body of scientific research in
America is suffering from a kind of malnutrition—and this in turn
has serious implications for the future of American greatness,

The idea of science going hungry in a country so technologically
rich as our own seems at first glance absurd. Science in America is
indeed surrounded by every resource and trapping that a gadget-
happy nation can provide. The malnutrition, then, is not due to
scarcity; it is due to something more serious, a systemic condition
in American socicty that hinders sciepce from utilizing the nutri-
ment at hand. The trouble seems to be that we have yet to provide
all the elements necessary to create and maintain an intellectual
atmosphere in which fund: ! scientific research can Bourish as
it should, And this is serious. For the state of research has 2 sharp
bearing on the prospects for further economic advance in the U.S.
This bearing is neither disect, immediate, nor predictable, and any-

1
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one who demands that it should be misses the whole importance,
to Man, of his inquiry into the ways of Nature. But there are also
many misunderstandings about the nature of research that inter-
pose between us and our future a heavy barrier not yet breached.

A crucial distinction must be recognized at the outset. “Science”
is not the new nuclear reactor, the miracle drug, the TV set, or the
washing machine. These things are technological end products only,
and in their development America is unquestionably supreme. But
if science is to be found in them it is only by puzzling back through
a mystic maze until, behind d gi lab ies, and
“applied” scientists, there is found at last in the center of the maze
the fundamental scientist; the Research Man; the man whose life
and work is science—the man who is doing “uncommitted” think-
ing or experimentation, “prompted by disinterested curiosity and
aimed primarily at the extension of the boundaries of human knowl-
edge” *

Fundamental research is the fountainhead of science, pure and
applied, and the wellspring from which technology and engineering
dip. And in “science”-worshiping America there is not nearly
enough of it. As scientific administrators stand and survey their
teeming scene, they are at once optimistic and dissatisfied; dedi-
cated to their propositions, but also dubious. Things were never
bettex——\:ut they are not good enough. Our wealth of scientific
gadgets and our vast organization of scientific projects are in heavy
disproportion to our depth of scientific thought. We “research the
hell” out of everything; we contemplate very little.

The citizen-atlarge, along with the scientist, ought to be deeply
concerned about this, for much more than his economic welfare
may be at stake. In a statement published a few years ago, Amold
J. Toynbee predicted that three hundred years from now this

* Definition from Sponsored Research Policy of Colleges and Universities:
A Report of the Commuttee on International Research Policy, American Councs)
on Education, 1954.
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bloody twentieth century will be remembered not for its splitting
of the atom, not for its diminutions of distance and disease, not
even for its shattering wars—but for “having been the first age since
the dawn of civilization . . . in which people dared to think it
practicable to make the benefits of civilization available to the
whole human race.” It is in America, almost exclusively, that this
bold idea has begun to be explored, All of America seems not yet
willing to commit 1tself wholeheartedly to the proposal, which has
scarcely yet come formally fo its notice. The uncertainty of Ameri-
cans about their own (and hence the world’s) future was summed
up by two scientists high in the administration of science and
research in Amenca, Said the first, “There is no question in my
mind that within the next twenty-five years America will become
the intellectual center of the world.” Said the second, thinking of
McCarthyism and McCarranism, and other blots on the national
record, “Then, by God, we'd better get started!”

The heritage

As of today, it can be said that modern basic science and research
in America is twenty-five years old—still at once callow and mature
for its age. It is just twenty-five years since the severing of the um-
bilical cord to Europe through which American science, for more
than a century, drew its intellectual sustenance.

The first American ever to be honored with a Nobel Prize was
Albert Abraham Michelson, who received it in 1go7 for work in
physics begun many years earlier in Cleveland. The list was slow in
lengthening, for American science remained almost completely
beholden to the great minds of Europe, But a decade before Michel
son’s recognition the lines for future native greatness were being
laid out. Before the tum of the century young Americans of in-
tellectual promise were making their pilgrimages to Europe in
greater and greater numbers, to sit before the great scientific minds
in which England, France, Gemmany, and Scandinavia then
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abounded, They came home inspired—by Sir Ernest Rutherford, by
J. J. Thomson, by Réntgen, by the Curies, by Max Planck—and
on their return they began to make felt in America an influence
that had scarcely stirred before. In turn, they became the teachers
and inspirers of still younger men who then made their way to
Europe—men like I. I. Rabi, Edward U, Condon, Marston Morse,
and J, Robert Oppenheimer. These younger Americans also were
inspired by the Rutherford generation, and by other brilliant
scholars like Niels Bohr, the great Danish propounder of the quan-
tum theory; by that inspired teacher of theoretical physics, Amold
Sommerfeld 1n Munich, and that trio of profound mathematicians,
Heisenberg, Schrodinger, and Dirac.

It was from contact with such men as these that the young
Americans at last imported into the US, on a going basis, the
standards of European physical science: its rigor of thought, its
soaring imagination, its terific i 7 about the N i
models of the past. Thus it was in the 1930’s, when everything else
was going down the drain and American industry was so prostrate
that many thought it would never rise again, that American physics
came of age. (Europe’s émigrés, who made such an enormous fur-
ther contribution, came later still.}

“When [ first went to Europe a quarter of a century ago,” says
Professor Rabi, “T was provincial; when I went to Europe after the
war it was Europe that had become provincial” What had hap-
pened, of course, was that Europe’s intellectual life had been shat-
tered by the war, while ours, particularly in Professor Rabi's specialty
of physics, had been vastly fostered and nourished. Today, the grow-
ing power of American scientific thought is a prime fact in our
lives, but a fact of which we have yet to take the best advantage.
The distinction today between Europe and America in the physical
sciences was put this way by one scientific administrator: “Let’s
divide all science and scientists into two groups: call g per cent
‘the top’ and the other g5 per cent ‘the rest.” Qur American g5 per




STRANGE STATE OF AMERICAN RESEARCH 5

cent is much better than Europe’s 93 per cent—but Europe’s top 5
per cent still surpasses ours.”

384 billion worth of what?

The bill for “research” in America now reaches almost $4 billion
yearly. But this massive total lumps everything together. It lumps
together routineering and genius. It lumps together the funda-
mental and the applied. It lumps together the contributions of
govenment, industry, the universities, the foundations, and all
sorts of miscell institutes ized to the ends of “science.”
And finally it lumps together all the kinds of science there may be
thought to be: the “physical sciences” (mathematics, physics, chem-
istry); the “Jife sciences” (biology, medicine, agriculture); the
“earth sciences” (geology, geography); the “behavioral sciences”
(psychology, sociology, anthropology). It is the physical sciences
that account for the great size of the figures, and it is the status of
fundamental research in these physical sciences with which we are
chiefly concerned.

‘What is the value of research in America today? The answer is,
of course, that no value can be placed upon 5o vast a thing as inquiry
into the fundamental secrets of nature. The temptation in this
country is almost overwhelmmg to ]ushfy every human activity in
terms of its i or efficiency. But the yardstick of
instant usefulness does not properly measure research. Most great
thoughts, most basic observations, begin by being “useless.”” The
Newtonian physics once belonged in this category. So did the
Mendelian laws of heredity. So did the Bohr atom. So did quantum

hanics. So did the equival of mass and energy. The greatest
danger to American science, and to the whole concept of research in
America, is its constant confrontation by the “show me” boys
whose mentalities cannot encompass what it is all about.

Today, among its many virtues, American research cardes a
dangerous recessive gene. Our talent for organization and our vast
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resources accomplish great things in areas to which these good
fortunes can be made to apply, but they stifie and stultify certain
expressions of genius that are more apt to thrive in an atmosphere
of lanely reflection and austerity where little equipment fs necded
beyond pads of memorandum paper and a batch of wellsharpened
pencils. “But you don't understand,” recently said one defender of
things-as-they-are; “what we've done in this country is to be able
to conduct research by means of the average man.” This is indecd
an plishment, but it has its dang side, Where once the
world of science, in ancient and medieval days, was all thonght,
theory spinning, and speculation, with no experiment at all, today
research in America has swung too far in the other direction: too
much experiment in relation to the amount of thought. So long,
says . A. Gengerelli, head of the department of psychology at
U.CL.A, and author of Facts, Thoughts and Dreams, as we
keep on financing Jarger and more elaborate and precise instruments
for recording and measuring everything, “we have a social force that
selectively encourages and rewards the scientific hack. . . . There
is ... a great hostle and bustle, 2 rushing back and forth to
scientific conferences, a great plethora of $50,000 grants for $100
ideas. . . . I am suggesting that scienhfic, techmical and financial
facilities ate such in this country as to encourage a great number
of mediocrities to go into science and to seduce even those with
creative talent and imagination to a mistaken view of the nature
of the scientific enterprise.”

‘When something lags in America, as basic vesearch lags today,
our temptation is to appropriate more money to it. But Jack of
mongy is not the root trouble in this area; $4 billion is not a nig-
gardly sum. Fundamental resesrch does not in its nature demand
Iaboratories like palaces or an gatpouring of heavy gold. An enac-
mous amount of money is requised to turn scientific knowledge and
principles into concrete systems, and as a mation we constantly



STRANGE STATE OF AMERICAN RESEARCH 7

confuse the two. The basic research that produced penicillin per-
haps did not cost more than $20,000, but the developmental work
to get penicillin into production on a mass scale cost millions. Our
intellectual and social future depends greatly on our wisdom in
finding where the small, crucial sums of money are to be spent for
the nurture of truly gifted individuals; it does not depend on “crash
programs” or the endless proliferation of equipment. But more
than anything it depends upon the wise collabotation of govern-
ment, industry, and the universities in this sphere, wherein they
were joined by World War II and cannot now be put asunder.

Government's ambivalent role

Years ago, the thought of a federsl government so deeply dedi-
cated to the support of science might have seemed to scientists
almost too good to be true. Today, the reality seems a little too
true to be good. What objections are made within the scientific

ity itself to the go ’s support of science?

The strongest and most persistent objection is to the short shrift
given basic research in the government’s program. Many adminis-
trators of seience feel that wherever funds are to be divided between
basic and applied rescarch, 10 per cent is the minimum share that
should be allocated to basic. In the government program, basic
research comes out with only 7 per cent; g3 per cent goes for re-
search and development devoted to “hardware” for the armed
services. (The Department of Defense spends almost three-quarters
of the government’s total research money; the AEC spends another
13 per cent; 1t takes only five other agencies to spend most of the
small remaining balance,) World conditions probably demand that
“defense” research have the funds allocated to it, but they do not
demand that everything else be so neglected by comparison. The
problem for science, moreover, is not essentially measurable in
terms of money; the problem is the distnbution of talented man-
power (in acutely tight supply) that the proportion sets up. For
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although we can appropriate dollars without Jimit, our resources of
requisite brains for high scientific thought can be increased only
by stow and carefu} nurture.

Intertwined sith this objection to the govemment's research tole
is the bittemess most scientists feel at the g t's excessive
injections of secrecy and “security” into the world of research.
Under the McMahon Act (lberalized only in 1954), nuclear
technology, “civilian™ as well as military, was almost totally iso-
lated from the main currents of U.S. scientific thought, with results
more injurious to America’s technological progress than to Russia’s.
Under the McCarran Act (not yet liberalized), some of the greatest
scientific minds of Westemn Europe became officially undesirable
visitors to the U.S., to the humiliation, and impoverishment, of
their Ameri ! The cumulative effect of these and
similar events causes many a scientist to doubt whether he can con-
tinue to collaborate with his government on self-respecting terms.

“This Institution,” said Vannevar Bush, in his 1953 report, speak-
ing of the Camegie Institution, which he heads, “has a magnificent
opportunity in the future, if national conditions are such that it can
continue to prosper.” {(Emphasis added.) Dr. Bush was by no
means alfuding only to the likes of Joe McCarthy; in common with
many other scientists, he felt that 2 wave of antiintellectualism
was sweeping the country, with clear peril to the freedom of in-
quiry upon which science depends. He added that President Eisen-
hower's executive order on layalty and security (the famons No.
10430} “was poorly conceived and poorly executed, and has made
the sitnation much worse than it was before” In 1954, the handling
of the Oppenheimer case threw scientists the world over into
confusion and dismay. December of that year saw Warren Weaver,
head of the Division of Natumal Sciences of the Rockefeller Founda-
tion and president of the American A for the Advance-
ment of Science, speak of “2 present sickness in our country—~a
sickness of rumor and anxiety. Science is in a position to be pasticu-
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larly aware of the dangers of this fllness. But,” he went on, “science
asks for no privilege or protection. Science voices its concern pri-
marily because the problem is a universal one.” To this chorus the
Committee on Research Policy of the American Couneil on Edu-
cation added its voice: “ . . the American people must clearly

! d that in this technological age the security and prosperity
of the American family do not depend on 2 Maginot-line philosophy
of rules and regulations, hastily drawn, often politically inspired,
and born not of fact but of fright.” But much Maginot-line philoso-
phy still prevails.

And there are lesser difficulties. The governmental policy of
support via projects, born of war necessity, and in contrast to sup-
port via gifted individuals, still continues and is a difficult habit to
break. Means toward “avoiding excessive subsidy of the mediocre,”
in Dr. Bush’s phrase, must constantly be sought. Huge government
agencies like the AEC or the Department of Defense cannot take
long shots in backing individuals, and the problem of getting vari-
ous ponderous and conservative committees to give encouragement
to what Dr. E. R. Piore of the Office of Naval Research calls “the
young screwball” has so far proved insoluble.

But the coin has another side. The pattern of scientific adminis-
tration 1n Washington, inherited from Dr. Bush in the days when
he was head of the wartime OSRD, continues excellent. Two Wash-
ington agencies, both created postwar, typify the best n new ap-
proaches to g P d research.

The ONR

The Office of Naval Research, by wide acclaim a model agency,
was legally created by Congress only in 1946, but existed a year
before that on the executive authority of Secretary of the Navy
Forestal, It is not, in the Washington phrase, an “exposed” agency;
it reports direct to the Secretary of the Navy, and by its short but
effective tradition, its Chief Scientist (i.e., executive scientific boss)
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has remarkable autonomy in running his show. ONR can best be
explained by the analogy that it is to the Navy what the famous
General Electric Laboratory (below) is to G.E. With 2 1955
appropriation of $6o million, it has some 360 projects under in-
vestigation, and farms its work out to some 217 universities and
laboratories, in addition to maintaining a 4,500 staff of its own.
1t cannot devote itself wholly to basic science, but today, under
the administration of Chief Scientist E. R. Piore (a civilian), its
record for choice of research subjects, and the manner in which it
maintains freedom on the part of researchers, make it, in the
opinion of many, the model of a fine operating research agency—
by government or any other standards.

The widely admired excellences of the Office of Naval Research
do not stem from Dr. Piore alone; his line of predecessors was il-
lustrious, too. Among them, the most immediate was a reticent but
highly effective scientific administrator, Dr. Alan T. Waterman,
who has now taken his gifts to that significant new institution, the
National Science Foundation—the ane wholly governmental agency
in Washington whose devotion to basic science is complete. From
this agency much is expected, and a fair amount, considering some
difficulties with Congress, is already being accomplished.

The NSF

Laong before World War 11 had ended, Vannevar Bush had been
agitating for a new scientific focal point in Washington, His original
name for the new agency was the “National Research Foundation,”
but before Congress finally created it as the National Science
Foundation in 1950, the whole idea had been considerably mauled
in the crosscurrents of postwar Washington. Dr. Bush's idea of an
agency for fund 1 reh guid and administration had
been all but buried under the different idea of an institution to
subsidize inventions and “bring very practical matters into early
use for the public beneft"—ie, stil more applied science, with
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an additional touch of the mechanic arts. But when Congress
finally did grant the NSF charter, for the basic purposes cham-
pioned by Dr. Bush, it then forgot those purposes; having set a
niggardly statutory limit on its annual funds of only $15 millien, it
appropriated only $3,500,000, and for several years NSF limped
along with barely enough money to get itself organized into 2 small
staff, and brood over what it might do if it had any money to do it
with. “There is sorely needed,” Dr. Bush wrote, a year after the
founding, “an authoritative body where overall policies [as to
science] may be thrashed out for the guidance of the President and
the Congress, and this the Foundation, under its charter from
Congress, may supply.”

Under ats charter, and under the guidance of Dr. Waterman and
a distinguished governing board, the foundation is now strenuously
attempting to do just that. There is a certain inevitable amount of
contradictory opinion among scientists today as to which of many
possible functions the NSF should devote primary attention to,
But at last the U.S. does have a prime scientific policy board at
work in Washington, and when Dr. Waterman published his
Fourth Annual Report, things were looking up for the National
Science Foundation 1 a variety of ways. In 1954, NSF:

1. Disbursed $4 mullion in 375 grants for basic research in the
natural sciences (compared to $2,750,000 m the previous two
ears).

Z. Su)pparted nearly 750 talented young scientists 1 graduate and
postdoctoral study.

3- Puta spcml $2 million to wotk preparing for U.S. pamcnpzhon
in the app g (1957-58) * 1 Year.”
(The LGY. isa wor]dwxde scientific program for global observa-
tion and exammation of man’s physical environment.)

4. Saw Congress lift all statutory limitations on NSF funds and
give signs of reacting well to a request for $20 million for fiscal
1956. (Dr. Waterman believes the NSF could “profitably and
wisely” spend from three to four tunes as much as this right now.)
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1t is Dr. Waterman’s belief that the U.S. Government could
“profitably and wisely” spend 5o per cent more than the $130
million of federal money that went to more ot less basic research
in 1954. This would increase the federal money to $200 million—
still short of the 10 per cent of the total that many administrators
fecl to be the minimum ratio of basic-research support to total re-
search support whereves applied, but cestainly an improvement.
And one of the most important, and difficult, studies NSF is at
present making is a new evaluation of where and how the massive
totals of research money are currently being laid out, and to what
ends. The foundation is also examining the interests and scope of
research in industry and the vniversities; as a result of this study we
might at last be able to take bearings on the great voyage on which
we have set out with so little idea of our destination.

Industry’s role

“We in this country,” said Alfred P, Sloan, chairman of General
Motors, in January, 1955, “are not doing the basic research we
ought to do in support of our applied research and our advanced
engineering. We have got to expand our facilities for basic re-
search.”

‘When Mr. Sloan says “we” he means American industey, Ameri-
can industry has done an enormous lot of work it calls research, but
5o far it has neither supported fundamental science in any jmportant
way nor has it shown an understanding of the climate in which
fruitful speculation can best flourish. Industry has been on an
increasing research binge ever since World War 11, but it still
remains 99 per cent devoted to the linkages between applied re-
search and the immediate needs of its sales departments, and its
advertising usages bave pounded the words science and resedreh out
of all shape in the public mind by invoking them in so many trivial
and unworthy causes.

‘When Columbia University’s Professor Rabi was asked recently
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when he thought U.S. industry would begin wholcheartedly on the
task of supporting basic research he answered with the two words
“Not soon.” But Mr. Sloan’s statement may well be a prelude to 2
new secognition—so powerful is General Motors in the industrial
world. His und ding of the basi h deficiencies in Amer-
ica is only slightly defaced by his use of our ultra-American word
facilities: the major facilities for basic research may be only pencils
and paper, and a greater respect for Thought by society-at-large; these
were Newton’s “facilities,” and Einstein’s, and Planck’s, to name
only these. What today’s American scientist needs, along with the
money and facilities with which we are so generous, is—on the part
of industry and the public—patience, und ding, and honor
given to his status.

In their suppost of basic research, two corporations, but only two,
stand in the front rank. These are General Electric and A.T. & T.—
the latter as the supporter, along with Western Electric, of the world-
famous Bell Telephone Laboratories. An indication of their stature
is that each has produced a Nobel Prize winner: Irving Langmuir,
of G.E, in chemistry (1932); C. J. Davisson, of Bell Labs, in
physics (1937)—the only two Americans so far chosen from the
ranks of industry-sponsored research. Next in rank behind these
leaders stand du Pont and Eastman Kodak, Thereafter, an aware-
ness of the importance of basic research is to be found Bourishing
in chemical companies like Union Carbide, Dow, and Monsanto;
among petroleum refiners like Shell, Texas, and Standard of New
Jersey; pharmaceutical houses like Merck, Lederle, and Upjohn;
and busis whose base is math ical, Iike I ional Busi-
ness Machines. But the huge automotive industry, with 1954 profits
topping $1 billion, has yet to catch this drift; despite its enormous
resources of money, apparatus, and gifted men, it clings still to the
“proving ground” concept of research. There is nothing wrong with
this except that, by itself, it i so insufficient, In contrast, consider
the two leaders:
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General Electric

The active support of fundamental research by this company
goes all the way back to the beginning of the century. In 1g00, it
founded a laboratory intended for applied research. Electrical gen-
eration was then less than twenty years old, but the G.E. executive
heads of that day were impressed by the debt their company's
existence owed to the work of Faraday, Maxwell, Oetsted, ef dl., in
Europe, and thought it only wise to see if a line of American inquiry
could be perpetuated. Thanks to the good fortune by which they
were able to bring Willis R. Whitney to Schenectady (from M.LT.,
where he had been a young professor of chemistry), the laboratory
not only flourished from the start, but shifted its focus more and
more from applied to fundamental concerns, Since then, many of
the most practical forward steps made in electrical utilization have
come not from grubbing toward the mundane solutions of everyday
problems, but by the GE. policy of hiring the most brilliant men
possible and leaving them to go their own gait. Today, so inde-
pendent of practicality is much of the G.E. Lab’s work that C. G.
Suits, its present director, points to a fascinating teversal of ordinary

d-effect that often conf: him: “From basic research we
achieve what appears to be an answer to 2 problem; we then search
through our complex technology for the problem.”

The Bell Labs

Fundamental research in the Bell System got its start before the
tum of the century with George Campbell, a physicist fresh from
M.IT., Harvard, and Eucope. His monumental contribution to
progress was the electric wave filter, which permitted many tele-
phone messages to ride the same wires, and had even greater im-
portance later in the coaxial cable and broadband microwave
transmission. About the time that Willis Whitney was leaving
MIT. to join General Electric, Campbell brought to the Bell
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System Frank B. chett, ]aler the first president of the formally

d Bell Tel ies. The men Jewett later
brought to join him formed an extraordinary commumty they and
Jewett formalized ized, and p ted fund: ] research

for their industry, based on an mterest in communications, the
results yielding knowledge over an even broader range. Their basic

hilosophy continues to cl ize Bell Labs today. The discovery
of electron diffraction and the wave properties of electrons by
Davisson and Germer brought Davisson the Nobel Prize in physics
in 1937. Kail Jansky discovered the field now known as radio
astronomy. Theoretician William Shockley had the insight to per-
ceive that the junction transistor could and would exist, some time
before others brought it into being with the help of Bell Labs’
broad research program into the physics, chemistry, and metatlurgy
of semiconductors. The Bell Solar Battery also came from work in
the same field, and may have opened a new pathway for the prac-
tical achievement of energy drawn direct from the sun. Claude
Sh in 1948, published the ¢ Sh ‘Wiener
Communication Theory, which some scientists describe as the
most important advance in knowledge since Planck’s Quantum
Theory. The list goes on and on. The invention of the transistor
called for the refining of germanium to almost perfect purity; the
Bell Labs staff responded with a process known as zone refining,
which can be used to purify a wide variety of materials, not con-
fined to metals.

The boss of this inspiring and inspired organization, Mervin J.
Kelly, is himself an authority on thermionics and semiconductors;
this year he must administer 2 budget of about $112 million for re-
search. Of this, about $50 million will be on contract for the armed
services. Work for the Bell System will probably divide into $35
million for Western Electric and $27 million for A.T. & T. And of
this latter, which includes both research and fundamental design,
about half would probably qualify as “uncommitted” research—
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that is, research that will be undertaken primatily for the satisfaction
of intellectual curiosity with no practical end in immediate view.

The universities’ share

The fisst collaborations b and the universities
in the realm of science go back to the days of the Civil War and
followed from the Morrill Act, which created the Jand-grant col-
Teges: government gave, universities spent; there were charters, but
no contracts. The date of the first collaborations between industry
and the universities cansiot be fixed, but they came later, and with
some suspicion on both sides. So practical an institation as MAT.
never until 1919 got around ta accepting money direct from industry
on any contractual basis. In that year it established its Department
of Industrial Cooperation and Research, originally more as a gim-
mick to add funds to a post-World War J endowment drive than
anything else—and was roundly abused even by some of its own
alumni for this scheme of “selling Tech.” But such a practice has
long ceased to call forth apologies in educational circles, no matter
how pute—and that the universities might be selling their souls fot
money from industry and from government by performing spon-
sored tesearch has long since falled to disturb college presidents’
s:mp, except on the grounds that perhaps they do not charge enough

ot it.

The universities have not been forced to become subservient to
government. But they are mightily dependent upon government.
Nor have they become subservient to industry. But they are mightily
dependent upon industry, As sanctuaries for the gifted, somewhat
unsocial “young screwball,” ot the more elderly genius, they are not
what they used to be. As Dr. Waterman of NSF points out, $4
out of every $5 of government funds in the colleges and universitics
“are provided for the applications of science rather than to basic
research, and this is not healthy as the proper function of a univer-
sity . - - The educational pattern also tends to sespond by encour:
aging the premature study of the practical”
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The university certainly remains the ideal locus for the larger
part of fundamental research, but today’s intermixture of funda-
mental and applied, and the sideby-side association of contract-
supported research with the “undirected,” produces a great many
confusions in the aims and ends of scientific workers. Some scien-
tific administrators think that applied science should leave the
university atmosphere for good and that industry should perform
as well as support such work. Some think just the opposite. Some
point to the advantages of the so-called “Research Center,” at-
tached to a university, but separately administered and housed.
This phenomenon, which had its beginnings under OSRD con-
tracts during the war, is not free of its own problems, but it does
at least segregate contract-supported research from any other. The
university’s role in research was confused by World War I, and
has yet to be put right. So far as its relationship to government
and industry i5 concerned, ONR’s Dy. Piore has best summed
up the problem and its solution: “The universities have got to stiffen
their backbones as to the terms and condtions on which they
accept money, both from industry and from government.” After
all, it is their science; it is their education. And it is their tradition
of inquiry, and freedom, and pursuit of knowledge and truth, They
must protect, defend, and expand it more aggressively than they do
today.

As to foundations

The great ati Rockefeller, Carnegie, Ford today
sources of perplexity to men in the administration of the physical
sciences, Foundation interests have tended to veer away from the
support of physical science in recent years—seemingly on the
philosophy, curious to many, that if a thing is going well, it is time
to drop it. The foundations’ support of medical and biological re-
search continues great, but it is the behavioral sciences that elaim
their increasing attention today, The physical scientist reacts to
the foundations’ present mood as Dr, Bush does here:
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“The project idea [of research support], introduced largely . . .
as a necessity at [war] time, is far bettes adapted fo applied research
than to fundamental rescarch, This is part of the reason why
fundamental research has not been expanded to the extent that it
should be, The foundations here have to some extent missed an
opportunity. As the government moved strongly into scientific re-
scarch, they moved out. If they had moved into ‘basic research they
‘might have preserved a balance. But {they did not, and] in general
the foundations have not tackled the problem of extending funda-
mental scientific research 1 this country, nor 15 there any great
indication that they will do so.”

This prophecy, made in 1953, still unfortunately holds good. But
there are encouraging signs that a change may be on the way. The
Alfred P, Stoan Foundation (otiginally for economic research) now
has a new comprehensive program for the promotion of basic xe-
search in the physical sciences. For this purpose, $5 miltion will be
added to the foundation's resources as @ preliminary fund. Founda-
tion grants will be made, in Mr. Sloan’s words, “to scientists in
univessities and technological institutions who may be qualified to
canduct investigations in various areas of the physical sciences that
offer potential opportunity for basic scientific progress.” This may
be only a beginning; the Sloan Foundation’s beneficence could be
part of a nes program for basic scientific suppart that might reacha
total, for 1953, of $50 million to $60 million. AY this Jevel thete
might well come into being a kind of foundation, put into being by
a pool of mdustriat contributions, Such a new creation would stand
midway between industry and the universities, receiving from the
one, giving to the other, but administratively beholden to neither.”
The news is exciting, and the results conld be impressive.

* Smaller models for this invention already exist, e g, the American Pe-
troteurn Instiiufe, which supporls basic research s wmversities with funds
(it 1q54, $750,000} furmshed by petroleum sdustry members; the University

:éu E};‘T;’?J'P:Mum of Basic Research, whose divesso industrial support ebout
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A new day?

Between 1940 and 1955 the rush into research has been so pell-
mell that there has been little opportunity for administrators to
take thought. But the time for a new order is certainly now here.
The National Science Foundation’s forthcoming study of research
may be one portent. The Sloan Foundation's plan is certainly an-
other. Industry’s own scope is broadening and, as one scientist put
it, “a lot of businessmen are now convinced they'll really be in
business a hundred years from now.” Until very recently business
and industry made contributions to *“charitable causes” (education
and research included in this awful definition) only on the basis of
what the most cantankerous legal adversary could agree was “a
legitil use of the stockhol money”—for state and federal
laws made it hard for industry to rise above a charitarian’s approach.
The legal barrier has now been breached; much education of stock-
holders still remains. The number of industrial firms that should
support basic research is not small; the number of absentees from
enlightened research programs is still very large; besides the auto-
motive industry, the mining industries and the smelters and fabri-
cators of iron and steel and other metals have yet to sce the light.
Interposing a separately administered foundation between giver and
recipient—to pool funds, to sort projects, and to find men—could
launch a new era for basic research in America.

It is the last of these efforts that is always Itkely to be the hardest.
No new foundation can subtract from the growing complexity of
scientific administration. Where is the man? is the most funda-
mental question of all. Finding the genius, it is frequently pointed
out, is the proper task for the super-genius. The late Daniel Coit
Gilman, first president of Johns Hopkins, was such a super-genius,
and 1o one quite comparable to him has ever arisen since his
admittedly simpler day. No card-punch system can be devised to
do the work he did, and the temptation to devise it must be resisted.
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Future

Scientific circles emphasize heavily that we must take steps to
improve the “climate” in which the finest and highest scientific
+ speculation can flower, as it did in Europe before World War IL
It is seldom suggested what these steps might be. Of the four native
Americans who helped import the standards of European physics
to America in the 1930's, two—Robert Oppenheimer and Edward
U. Condon~—have indeed resumed careers of scientific contempla-
tion, but for the bitterly ironic reason that they are unacceptable
by their government’s “security” standards. The rise of the philoso-
phy of “integration with the group” as the highest social gain points
to no immediate improvement of climate for the fostering of “the
young screwball” in physical science, but indeed quite the reverse.
Meanwhile, the steady rise of scientific supergadgetry threatens
originality from a different sector, less damaging than the political,
but just as powerful in spite of jtself. Any new foundations for the
fostering of basic inquiry into Nature will have these twin handi-
caps to overcome, and money, by itself, will help with neither.

‘The mixed confession of shortcomings and faith that is our testa
ment 5o far in this high damain was best set forth by Dr. Bush, in
his Carnegie Report of 1g53:

“The failure {to endow basic research] may be a reflection of our
cultural immaturity, As we proceed, there may be men among us,
highly successful in affairs, anxious to serve humanity, who will
wish to lock at the stars, or delve into the earth, or probe for the
secret of life, not because it will 2dd to the comforts or reduce the
hazards of existence, but because it may render us a more dignified
and understanding race with greater satisfaction in living. 1f 5o,
there will be more and preater institutions devoted to the search
for knowledge for its own sake”

April, 1955
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The Young Scientists

BY FRANCIS BELLO

If research in the United States is to thrive according
to the prescription given in Chapter 1, then Americd’s
need for scientifically trained men has never been
greater. What manner of man, then, is the scientist?
Here is a recent portrait of the rising young men of
science. It is men like these who gre shaping our

future.

It aay NEvER BE possible to measure the boundless energy and
creative thought that a gifted young man can bring to bear on a
problem that absorbs him deeply. This problem may be planning 2
military campaign or writing a sonnet, but the field that offers,
almost by definition, the broadest range of objective problems is
science. When the exceptional young individual runs head on into
a crucial scientific problem, the results are often spectacular.

The recent history of Western culture strongly suggests that more
and more of the finest minds have discovered in science a new
frontier that provides an inexh ible supply of probl of a
uniquely stimulating and challenging character. This is not to make

21
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invidious comparisans between science and other felds of endeavor,
but simply to propose, as Thoraas Huxley did in the last century,
that “We are all scientists {because] the method of seientific in-
vestigation is nothmng but the expression of the necessary mode of
working of the human mind.”

Huxley's remark should help to reassure many nonscientists who
no longer see any resemblance between their mode of thought and
that which seems to characterize the scientific frontier. Indeed, the
toss of this resemblance may account for the gulf that many thought-
ful scientists perceive to be growing between them and the sest of
saciety—a cleavage that, if real, could have grave consequences.

Justifiably or not, many scientists view the 1954 security investiga-
tion of J. Rabert Oppenheimer as a d ion of this cleavage,
indeed as past and parcel of an effart by some segments of soclety to
pressure scientists into a narrow confarmity that their whole tradi-
tion rejects. Conceivably ists take a distarted view of this and
other events, which they tend to interpret as evidences of anti-
intellectuslism. In any case, the Oppenheimer investigation may be
of high byproduct value if it gives society some insight into the com-
plex personality of the highly endowed individual,

‘While Oppenheimer's Jong lettes replying to the charges made
against him has been widely published, one of the key passages
bears tepeating: T studied and read Sanskrit with Asthur Ryder,”
he wiote of his life in the 1930's. “T sead very widely, but mostly
classies, navels, plays, and poetry; and 1 sead something of other
parts of science. I was not interested in and Qid not read about
economics or politics. I was almost wholly divorced from the com

temporary scene,

“I never 1ead a DEWSp3per or 3 current magazine like Time of
Harper's; ¥ had no radio, no telephone . . . the first time I ever
voted was in the presidential election of 1936.” {Oppenheimer was
then thirty-two.)

Ta be sure, it may never be the fate of another scientist to be 50
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centrally involved as Oppenheimer in a project of such surpassing
magnitude, Nevertheless, the issues raised by Oppenheimer's por-
trait of the richly endowed scientist are¢ broad and complex. To
what degree, for example, may the scholar be excused from the
ordinary daties of citizenship? Contrariwise, can society oblige him
to be sophisticated in world affairs?

The scientist, particalarly the most gifted, is, by almost any
definition, a maverick. His endowments, drives, interests, political
opinions, and even religious beliefs are not, in most cases, those of
the majority of society. In the total population of the U.S, the
scientist is at most 1 in 3,000, and if the term scientist is reserved
for only the independent investigator, on whom virtually all scien-
tific progress depends, the ratio is more like 1 in 30,000.*

How they feel about Oppenheimer

To leam something of the degree to which cutstanding young
scientists may differ from other people, Fortune interviewed twenty
of the most highly regarded young scientists {under age forty) in
the U.S.—ten from universities, ten from industry.t It also mailed
a questionnaire to 104 ding young nonindustrial scienti
who were part of the pool from which the ten academic scientists
were selected. Of the 104, eighty-seven replied. Subsequently fifty
of the group of 104 were resurveyed by wire for specific reactions

* Technically trained manpawer in the U.S, fotals about one mullion. Of this
number only about 50,000, by virtue of a Ph.D. or equivalent degree, are ordi-
nanly considered seientists No count exists, but perhaps only about 5,000 are
actively engaged in independent rescarch.

} The ton from wmversitses: Richard P. Feynman and Julian S. Schwinger
(theoretical physicists); Andrew M_Gleason and Walter Pités (mathemati.
cians); Joshua Lederberg and James D. Watson (l{ialog:fsx);‘}}'obzyf‘ B'n‘V‘ZOd-
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to the Oppenheimer investigation, and of these, forty-three re-
sponded. From all these replies an approximate picture of the
outstanding young scientist emerges:

» The scientists were referred to Robert Oppenheimer's statement
that there was an extended period carly in his career when he “never
read 2 newspaper,” and, in general, had scant knowledge of world
affairs. They were asked what percentage of scientists today, in their
opinion, were as uninformed as Oppenheimer formerly was. Their
replies:

Doubt more than 1 or 2 per cent are

like Oppenhesmer .. . 13%
Possibly 10 per cent are ]xkc hxm .. 22%
Surmise significant percentage are

very much like him ... ... ... v 3%

» Only a small minority defended the right of their colleagues to
be pootly informed:

Scholarly training and status camry with them a responsibility

to be particularly well informed on world affairs ...... 74%
Dedication to chosen feld may be all society can reasonably
expect of the scientist or other scholar .............. 6%

»- As for the Oppenheimer investigation itself, a substantial per-
centage sclected the option of making their own comment, rathes
than check one of the following:

Unpardonable attack on outstanding American ........ 32%
Imahgatxon justifiable in line with Administration’s exccutive
order of April, 1953 ................. erveernaas 26%

Of the remaining 42 per cent, 13 per cent checked both of the
above reactions, and 29 per cent stated a variety of individual
positions. On balance, the great majority of scientists surveyed
seemed deeply troubled by what they considered the clumsy han-
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dling of the Oppenheimer case, even though all would undoubtedly
concede the government’s tight to investigate anyone it wished,

Most of them are “eggheads”

When queried direetly on their own politics, religious back-
ground, and current beliefs, the eighty-seven respondents displayed
some striking patterns—not typical of U.S. society generally, For
example:

» Eighty per cent of the scientists who responded voted for Steven-
son in 1952. Broken down by scientific specialty, the Stevenson sup-
port ran as follows: psychalogists, nine out of nine; biologists and
medical researchers, twenty out of twenty-one; physicists and mathe-
maticians, twenty- threc out of twenty-seven; chemists, fourteen out
of twenty; meteorologists, two out of two. Astronomers supported
Eisenhower, five to three.

B From questions inquiring into the religion of parents and current
religious beliefs, two striking statistics emerge: (1) the extraordi-
nanly high percentage of scientists that come from Jewish homes;
(2) a general loss of faith, dless of religious back d, The
figures for the eighty-seven respondents appear below, togethex with
latest figures for religious affiliation in the general population:

Percentage distribution

Religion Church afpliation

or ather Parents’ beliefs  Current beliefs  of general pop.
Catholic 5 o 19
Jewish 29 9 3
Protestant 53 23 34
Other T b —
Religious, but ‘

no affiliation 4 22 —_

Agnostic or
atheistic 8 45 —
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The percentage of scientists from Jewish families varied con-
siderably in the several fields of science. In biology and medical
research it was 52 per cent, in chemistry 35 per cent, mathematics
29 per ceat, physics 18 per cent, psychology 17 per cent; and in
astronomy and meteorology (the latter a tiny sample) zero. Among
the twenty scientists interviewed, none was bom (or is) 2 Catholic,
and the proportion (30 per cent) from Jewish homes closely
parallels that in the larger strvey group. Among the same twenty
the proportion who ate now a-religious is considerably higher than
in the survey group,

To account for these stanshts one can only hypothesize. For

ple, the d i high p of
scientists w1th ]cwxsh backgmunds might be explained by the
holasly bserved among Jews, The absence
of an equxvalent 5cholarly tradition in a high percentage of Ameri-
can Catholic families might also explain, to 2 degree, the near

absence of Catholic-bom scientists in the survey group.

In the course of many interviews no woman under forty was ever
mentioned as equal in ability to the outstanding men. Masny gradu-
ate schools are reluctant to undertake the training of women be-
cause, as one scientist observes, “they have such a short half-life”
Nevertheless, it is estimated that of 1954's 4,000 or 50 Ph.D.s
awarded in the sciences about 300 were confesred upon women,
chiefly in biology, psychology, and chemistry.

Fun inside the nucleus

While the survey results suggest that the outstanding young
scientist is matkedly different from the average nonscientist, they
say little or nothing about the gifted scientist’s endowments af
motives, It is in these areas that the scientist may differ most from
the nonscientist, “We may never understand,” says Wasren Weaver,
president of the American Association for the Advancement of
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Science, “what it is that makes one individual consider it fun to
labor for years on some esoteric scientific problem.”

‘When scientists talk about their work, the word “fun” is never
long absent. “People don't understand,” says one of the brightest
young physicists, “that scientists are just a bunch of guys trying to
have the most fun they know how. If I knew anything more fun,
I'd be doing it.”

The twenty young scientists interviewed by Fortune consider it
literally fun to theorize about the nature of the atomic nucleus, or
to study the structure of the universe, or examine the behavior of
genes, synthesize complex organic compounds, stody the age and
origin of rocks, or theorize about the functioning of the brain itself.
Few of them can recall when they first became interested in science,
50 easly did their interest begin. At first it was not necessarily an
interest in science per se, but simply a deep-seated curiosity about
the physical world in general. The attitudes of parents ranged all the
way from intensive cultivation of this curiosity to active opposition
to a scientific career. Virtually all of the twenty enjoyed school
immensely and stood high in their studies; 2 Jarge majority were
graduated at the top or near the top of their high-school classes.
With few exceptions they read voraciously at home or in public
libraries, were not very gregarious, and not particularly interested
in sports. They absorbed knowledge so readily that the quality of
their pre-college instruction seems not to have been very important.
A few, however, report sympathetic and helpful high-school teachers.

Eighteen of the fwenty were only children, only sons, or eldest
sons. (According to normal expectancy only about ten should have
been in these categories.) Only two—Julian Schwinger, a physi-
cist, and Andrew Gleason, a mathematician—have older brothers.
In her recent work, The Making of a Scientist, psychologist Anne
Roe reports a similar preponderance of only children, only sons,
and eldest sons among sixty-four eminent scientists (of all ages)
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included in her study. It is her hypothesis that when brothers are
just a few years apart jn age they often campete so strenuously,
with the younger losing out so often, that the younger may never
acquire the self-confidence needed for success. This of course is only
an hypothesis. And it may be noteworthy that in Forfune’s larger
survey sample of 87 outstanding young scientists, there was no sta-
tistically significant predominance of only children, only sous, or
eldest sons.

Public vs. private schools

*In her book Dr. Roe reports of her sample: “By far the majority
of these men went to public schoals,” This is hardly surprising
howeves, since only about one person in a hundred receives a non-
Catholic private-school education, In striking contrast, 22 per cent
of Fortune's cighty-seven respondents went to private schools. The
privateschool graduates were distributed fairly evenly through all
branches of science, but were fewest in biology (15 per cent) and
most numersous in physics (32 per cent). Most of the private schools
were not particularly well known. The three best known, each Tisted
onte, were: Phillips Academy at Andover, Phillips Exeter Academy,
and The Hill School.*

Among the group of twenty, none of the academic men and only
one of the industrial men ever attended 2 private preparatory school.

They're not farm boys

A study of physicists who are in American Men of Science sup-
ports a belief widely held in scientific circles that relatively small
towns {under 2,500 population) have the best record for producing

. ooy I A T .

. .-
) 1 . . e e
for approximately every 100 boys greduated in the period 1927-37. It would ve
surpring i this vt hes beens exueled by many fublie bigh shooh.
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outstanding scientists, This, however, was decidedly not true of
Fortune’s outstanding eighty-seven. Their distribution by size of
boyhood community, compared to the population distribution of
the 1930 census, is as follows:

Percentage distribution
Size of community 87 scientists 1930 census

Under 2,500 1 45
2,500-59,000 13 21
50,000~100,000 18 5
100,000-250,000 12 6
250,000—1,000,000 14 11
Over 1,000,000 32 1z

Judging from these figures, communities under 2,500 were signif-
icantly ductive of ding scientists. C: ities be-
tween 50,000 and 1,000,000 did better than expected, and the very
big city would appear to have provided the best environment of
all. The last finding is explained in large part by the fact that zg
per cent of the survey group were Jewssh-born and of these 65
per cent came from big cities—42 per cent from New York City
alone. (Sixteen of all the respondents were born abroad: five in
Canada, four in Germany, three in the United Kingdom, and four
in Vienna alone.)

The depression of the Thirties may help to explain the poor
showing of the rural communities. It was roughly in the period
1930-38 that most of the scientists in the survey were entering col-
lege. It may be comjectured that since the depression hit farmers
particularly hard, fewer farm boys than usual had this oppcrtumty

1

Contrariwise, in big cities it was for high-sch
failing to get jobs, to enter a nearby publicly supported col]ege or
university,

The group of twenty closely follows the larger group in com-
munity background except that its distribution shows two sharp
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peaks. Forty per cent of the twenty came from towns of 2,500 to
50,000 population; 30 per cent came from the big cities.

Any scientists tomorrow?

Those who fear that too few young people are entering science
to meet current demands believe that the shortage can be traced,
in part, to a decline in the quality of the teaching of mathematics
and sci¢nce in public high schools. While it is difficult to measuse
the degree of decline, it is widely believed to be true. What is cer-
tainly true is that there is a severe shortage of new teachers qualified
to teach science and math, In 1933 there was an estimated demand
for 10,000 science teachers; the supply was only 5,000,

In Russia, recruitment for scientific and technical training is
pursued with a singl of purpose unimaginable in a d <y
In a recent article on Soviet science in the New York Times Maga-
zine, Eric Ashby, president of Queens Univessity, Belfast, writes:
“When he comes to make his choice [of a career], the Moscow boy
is influenced by the immense prestige, deliberately built up by the
state, of engineering and science. Newspaper headlines there go to
scientists, ot to the film stars or the football players or thugs. Every
expedition to discover minerals, every new meteorological station
in the Arctic, every imp: in making alumi alloys, is
written up in the racy style of a sports review.”

Without the inducement of the immense prestige that Russia
accords scientists, the U.S. may do well if it continues to reproduce
it coming generations as many creative young scientists as it has
today. Viewing the highly gregatious characteristics of the New
Suburbia, as reported in Fortune and elsewhere, one wonders how
many gifted youngsters will continue to find the solitude to read
books and indulge their private curiosities. It will be interesting to
survey the next generation of scientists, to see how many come
from the Park Forests, the Levittowns, or from homes anywhere
equipped with unsupervised television sets,
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Where do they like to work?

Perhaps the most ut ic of ding young
scientists is a fierce independence. This is invariably coupled with
a strong desire to work on the most crucial problems in their field.
As 2 consequence, industry, by and large, does not appeal to the
most highly creative young scientists. Reason: industry, with few
exceptions, makes its researchers stick pretty close to “practical”
problems. In a speech to physicists, Thomas H. Johnson, director of
research for the Atomic Energy Commission, has expressed with
exceptional clasity the viewpoint of the creative scientist. He said:
“The more specifically one tries to define the practical purpose of
a research, the more indefinite becomes its bearing on the impor-
tant questions of science and the less reason a scientist can find for
doing it.”

The two industrial organizations that have shown the clearest
awareness of this viewpoint are General Electric and Bell Telephone
Laboratories, and both have been, as a consequence, unusually suc-
cessful in attracting top-flight young men. Their success was con-
firmed by the answers the survey respondents made to two ques-
tions. The first asked chemists, physicists, and biologists (scientists
in other fields were excmpked) “In your opinion do industrial
laboratoties contain any scientist in your field whom you consider
equal in ability to the best scientists in universities?” Those answer-
ing yes were asked to name some of these outstanding industrial
scientists,

Only 47 per cent answered yes, and their vote was divided as
follows: physicists, 58 pcr cent; chemists, ;o, biologists, 33. Over
65 per cent of all the physicists and hemists who responded had
either once worked in mdustry or are now employed as consultants.
This suggests that their answers (whether yes or no) were based on
some firsthand knowledge. This was not so true of the biologists, of
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whom only 24 per cent had worked for industry or are now con-
sultants.

Who's who in industry

The vote is not very flattering to industry, particularly since most
of those voting yes named comparatively few industrial laboratories
where men of top university caliber might be found. Virtually all of
the physicists voting yes named either Bell Labs or G.E., or both,
and, all told, they listed six outstanding physicists in each organiza-
tion. One Bell Labs physicist, William Shockley, who guided the
basic research that culminated in the transistor, received eleven
votes, and other Bell Labs and G.E. physicists received two or
more vates.

The only other industrial laboratories that emerged with dis-
tinction were Lederle (a division of American Cyanamid), Merck,
Kodak, International Business Machines, and Shell Dzvelopment.
These were the only companies in which the survey respondents
nominated at least two different men as outstanding and gave on¢
of them at least two votes.

Perhaps the most striking aspect of the vote was the poor show-
ing of the big chemical companies. Three du Pont chemists re-
ceived one vote each, and no chemists at all were named from
such firms as Union Carbide, Dow, or Monsanto. The only chem-
ists receiving more than a single vote were those employed by the
companies (except 1.B.M.) listed in the preceding paragraph—
plus G.E.

How does it happen that the chemical industry, which spends
more of its own money on research and development than any other
industry, comes off so badly?

It is conceivable that du Pont and other big chemical firms have
tried, without strccess, to locate eminent chemists. It seems more
likely that the most gifted chemists are reluctant to work for the
ehemical industry. At the end of World War 11, for example, one
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bright young Manhattan Project chemist ¢lected a university posi-
tion that paid only one-fifth the salary he was offered by du Pont.
The case of one of America’s most gifted chemists is equally re-
vealing. “I think I had an offer from du Pont,” he says with a smile.
“If it sounds odd for me to say I'm not sure, it’s becanse I couldn’t
have been less interested.” On the other hand, a brilliant young
Harvard chemist recently accepted an offer from General Electric.

Stience is a full-time job

Glaringly absent from the chemical industry is a willingness to
give chemists as much freedom as Bell Labs and G.E. give to about
300 scientists. The chemical-company conception of freedom is well
summed up by one major research director who said: “It is the
policy of our laboratories, and of many others, to permit our men
to have as much as 5 to 10 per cent of their time ‘to go fishing,
i.e, working on anything that the man feels would be of interest,
of course, keeping in mind the scope of the company’s activities.”

At least two of the big chemical companies give their first-string
researchers 25 per cent of their time to go fishing. In one of these
companies a research-group leader observes, evidently puzzled:
“Hardly any of the men have taken advantage of the offer.” The
basic reason for the low response seems fairly obvious: to do some-
thing really worthwhile in science is a full hme job. And it 1s not
casy to think of ways to attack signif
Those adept at this have not ordinarily chosen to work in the chem-
ical industry in the first place.

Failing, evidently, to realize that young Ph.D.’s of deep curiosity
and initiative seldom even apply to his company for jobs, unless
forced to by unusual circumstances, the group leader mentioned
above is again perplexed. “Practically all of our new Ph.D.’s want
to be told what to do,” he says. “They seem scared to death that
we will ask them to think up problems of their own, The universi-
ties are wrong if they think we don’t want and encourage new
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ideas” By ideas it is all too clear that he is referring to ideas that
will ring the cash register.

The say-nothing tradition

Much of the research success of Bell Labs and G.E. stems from
the fact that they keep the cash register so discreetly in the back-
ground that no scientific sensibilities are alarmed. “The research
lab y has no responsibility wh for keeping any par-
ticular operating department in business,” says the head of one of
G.E’s research divisions. “But if the whole company goes bust,
then it’s our fault.”

G.E. and Bell Labs scientists take it for granted that not only
can they publish their findings freely, but they can also talk freely
at scientific meetings. And as every scientist knows, good talk makes
for good science. By contrast, most chemists from the big chemical
companies are seen but not heard. Says one chemist: “They're nice
enough fellows, they entertain frecly, and they keep their ears open,
but they don’t communicate.”

It is finally becoming clear to a few industrial chemists that the
chemical industry’s traditional policy of publishing little, and talk-
ing less, is handicapping their companies in recruiting a fair share
of new graduates. “I've tried to tell top management,” says a chem-
ist with one of the biggest firms, “that we've got to begin publish-
ing more to acquire a reputation in the universities, But I'm afraid
it’s a losing battle. They keep saying we've made all this money
keeping our mouths shut, so why should we start talking now?”
Such policies are reflected directly in the percentage of job offers
accepted by new Ph.D.’s. One of the large G.E. research divisions
has a recent record of 76 per cent acceptances. The record of one
of the major chemical companies is 11 per cent. Thus, the rich get
richer and the poor get poorer.
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The wages of science

Bright young scientists who elect industrial research jn an or-
ganization that honors freedom often discover advantages a uni-
versity cannot offer. “It’s easier to do research here than in a uni-
versity,” says one highly regarded G.E. physicist. “T don't have to
go to the Office of Naval Research to try to get support, I have a
well-equipped shop at my disposal, and I don't have to depend on
students for help.” A Bell Labs theoretical physicist says: “I can
get a lot more work done here. I don’t have to prepare lectures or
discuss theses with graduate students, and the intellectual stimula-
tion is just as great as at a university. Sometimes it’s overstimulat-
ing." Both physicists have recently turned down offers to teach at
major universities,

The lure of the university is powerful, however, and both G.E.
and Bell Labs have lost a few good men in recent years. For ex-
ample, John Bardeen, co-inventor of the transistor, recently accepted
a professorship in physics at the University of Illinois. Says a G.E.
division leader: “It’s very hard to compete against an offer of a
full professorshup from a major university.” In accepting a university
offer, moreover, a young scientist does not necessarily make a firan-
cial sacrifice. If he is in his early thirties, the $10,000- to $15,000-
a-year salary of a major professorship (€.g., at Harvard, M.LT,, or
Princeton) may match or exceed what industry is willing to pay him
at the same age. G.E., however, has quite a few scientists between
thirty and thirty-five making $15,000 to $20,000 and 2 pumber
under forty making $20,000 to $30,000.

The rule, of course, is that university salaries are significantly
Jower than those in industry. The median 1953 income (i.e., salary
plus consulting fees) for all university scientists replying to For-
tune’s questionnaire was $10,000. Medians by different fields were:
physicists, $12,000; psychologists, $11,000; chemists, $10,000; biolo-
gists and medical h $9,000; th ici $8,500; as-
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tronomers and meteorologists, $7,900. Except perhaps for the last
category, the same scientists conld expect to make about 25 pes cent
more in industry. (The two highest academic incomes reported in
the survey wese $20,000 and “$20,000-plus,” for a chemist and a
physicist, tespectively.)

The survey's eighty-seven tespondents also included ten scien-
tists who work in government laboratories: five physicists and three
chemists employed by the AEC (at Argonne, Brookhaven, Los
Alamos, Oak Ridge) and two biochemists employed by the Na-
tional Institutes of Health. These ten men have roughly the same
average income as the academic medians for scientists in the same
fields. The ten and a substantial number of their associates also
enjoy as much research frecdom as they would have in a major
university.

While university salaries are often disgraceful, most scientists ar
uncomplaining, “A low income,” says ane biologist, “is the price
we gladly pay for freedom.”

Enough basic research?

Tt might be argued that industry’s job is not to sponsor funda-
mental research but to get on with more practical matters, Actually,
this is seldom industry’s argument. Rather, research directors imply
that they are encoutaging just about all the fundamental work that
can be justified.

The scientists in Fortune’s survey, appraising industrial rescarch
from their academic vantage point, reach a different conclusion:
70 per cent of them say they believe “even the best of the industrial
labs could justify significantly more fundamental research.” Fifty-
five per cent of the chemists took this view.

The real for introducing more fund 1 research
into an industrial laboratory is more subtle than simply hoping that
basic work will pay off in a striking discovery Jike the transistor, Bell
Labs, for example, believes that a new mating of basic and applied
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research can lead to unsuspected and farreaching insights that
neither applied nor “ivorytower” research would be likely to un-
cover separately.

Perhaps the most striking example of such an unsuspected insight
is the C ication Theory published in 1948 by Claude Shan-
non of Bell Labs. While some of Shannon’s work rested on the
pure mathematical researches of Notbert Wiener of M.I'T., Wiener
was apparently not concerned about putting even his preliminary
work in a form anyone but a fellow mathematician could under-
stand. As elab d and elucidated by Sh the lheory not
only has proved of extraordinary value to ication engi
but has stimulated a vast amount of new thinking among linguists,

1 and psychol (See Chapter 15.)

“It is very puzzling,” says one scientist, “why the basic-metals
producers, the oil companies, and even the big chemical firms don’t
do more fundamental research. Perhaps it's because they still see
themselves as essentially extractive industrics. Bell Labs and G.E,,
on the other hand, don’t have anything to sell but their ingenuity.”

The “facts” of scientific life

‘When a young man picks a career he is normally guided by what
interests him and what opportunities he sees in the fields he be-
lieves open to him. Seldom, however, is he presented with a dis-
passionate analysis of the long-term problems peculiar to various
vocations.

Observing that many young men training for careers in science
seem to be totally unprepared for the highly competitive and often
poorly rewarded life ahead of them, a distinguished psychiatrist,
Lawrence S, Kubie, recently addressed himself to what he called
“Some Unsolved Problems of the Scientific Career,” Kubie, clinical
professor of psychiatry at the Yale School of Medicine, published
his observations in two recent issues of the American Scientist,
Since he presumably is not trying to frighten young men away
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from a scientific cateer, but simply to expose them to some of the
hard facts of scientific life, his observations make impostant reading
for every prospective scientist.

His conclusions are sobering: “Certainly the idyllic picture of the
innocent, childlike scientist who lives 2 life of simple, secure, peace
ful, dignified contemplation has become an unreal fantasy, Instead,
the emotional stresses of his career have increased to a point wheye
only men of exceptional emotional maturity and stability can stand
up to them for long, and remain clear-headed and hearted
under such psychologically unhygienic conditions.”

How many breakdowns?

In reaching this conclusion Kubie refers to “the high incidence
of ‘nervous breakdowns’ among scientists in their middle years”—
an incidence that Kubie suspects may be significantly higher than
in the general well-educated male population of corresponding age.
In its wire survey Fortune teferted to this statement and asked those
queried to check one of three reactions, with the following ont-
come:

Just don’t belicve it 9%
Skeptical 60%
From my observations Kubie may be right 24%
No answer 7%

Concededly, the question is one to be settled not by vote, but by
facts. Nesertheless, the minority vote of 24 per cent is too Jarge to
be dismissed lightly, pasticutarly since one would assume that scien-
tific caution shoutd have made “skeptical” the overwhelming choice.

However, none of the scientists interviewed intimated that he
would trade his career for any other, Said one chemist: “Kubie
thinks we're all crazy because we work so hard. Maybe he's right,
but wha cares.”

Probably Kubic's strongest point is that in rescarch, disappoint-
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ments are the rule, not the exception, and that a young scientist
does not have many prime years to come through with a major
scientific finding. Says one physicist: “Let’s assume you get your
Ph.D. at twenty-five. If you're going to do anything big you've al-
most got to do it in the first ten years or you probably won’t make
it at all. When you consider that a given problem may take two or
three years of work, and that the chances of success are perhaps
one in ten or less, you can see that the ten good years are quickly
passed, and you may not have much to show for your efforts.”

After drudgery, a thrill

It will do no harm, obviously, for the prospective scientist to
appreciate this. On the other hand, outstanding success is the ex-
ception in any field of endeavor, What science—like mountain
climbing—can offer is a broad choice of problems that vary tre-
mendously in difficulty. The scientist may expect to find substantial
satisfaction in solving any of them.

Indeed, what Kubie seems to overlook completely is the pure
joy that many scientists report they experience on discovering a new
effect or in solving a particularly knatty theoretical problem. On a
small scale this thrill is known to everyone who has solved a par-
ticulatly mean crossword puzzle or bid and made a grand slam.

“I don't know how other people get thrills in life,” says one out-
standing physicist, “but to me the biggest thrill is sceing a new
effect for the first time. It may happen only once or twice a year,
but it’s worth all the drudgery that precedes it. It’s like shoveling
dict in a gold field and suddenly tuming up a nugget, When this
happens, it spoils you and you'll never settle for less.”

1f there were any way to communicate this experience to young
people, science would not have to worry any more about the supply
of future scientists,

June, 1954
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curiosity), the applied man’s target is always visible. Little’s con-
tract researchers must accept more external discipline than pure
cientists (the doll i is watching) and display
mote versatility than captive applied scientists (the target veers
more}. Also, their weightings of incentives—for example, money,
apportunity to satisfy intell 1 int , security of t e
peculiar to them. In shost, contractrescarch wotkers ate a special
breed of applied-science cat.

Some Little “miracles™

Little’s 1954~53 clients have included such paladins of yesearch as
du Pont and General Electric. Some cument clients are Armour &
Co., Borg-Warmer, Container Corp, of America, B. F. Goodrich,
Lane Co. {cedar chests), Liggett & Myers, New Jersey Zinc, Owens-
Tlinais, Pittsburgh Plate Glass, R.C.A, Sears, Roebuck, All these
have given tepeat orders, Owens-fllinois eighty-twa times, Lane
annually since 1922. A sampling of some of Little's recent tesearch
“miracles” illustrates the kind of product that contract Tesearch
delivers to its clients.

»- A Little team led by chemical engincer Julian Avery developed
the blast-furnace pressure tap for Republic Steel, the first important
i in blast-fu hnique since 1895, While work-

x

ing on this, Little’s Dr. Broce Old became acquainted with an-
other rather static technique, that of the open heatth, Traditional
methods of tapping furnaces were dangerous to personnel and to
the quality of the product. In an earlier Navy tescarch post, Dr. old
had averheasd Dr. John von Newmann, now of the AEC, discuss-
ing shaped charges, used in the bazooka. The shaped-charge idea
previously had been applied industrially only for safe cracking, Dr.
Old had the idea of tapping an open hearth by s shaped charge-
Little sold Republic a $16,000 research contract and developed 3
“jet tapper” that is now produced and marketed under a licensing
deal by du Pont, 2 company familiar with explosives.



SCIENCE FOR SALE 43

» In 1952, American Viscose decided to try to develop an idea for
a fiberforming spray device on which it held a patent. High-
polymer experts were available in the company, but not the req-
uisite mechanical-engineering talent, Since the company did not
want such talent permanently, it approached Little. The latter
offered a probability of successful research at a fee of $3,500 a month
for twelve months, At his 1954 stockholders’ meeting, Dr. Worth
Wade, American Viscosc's patent-develop chief, made head-
lines: he had learned from Little how to spray rubber through 2
device, producing fibers that could then be collected into 2 web
called Filastic, with unique qualities for use in girdles, inner soles,
and other jtems.

» Bristol- Myers’ brushmaking subsidiary, Rubberset, is an old Little
client. Brushmakers used to depend on hog bristles from China as
a raw material. In 1950, because of the Far Eastern situation,
Rubberset asked Little to work jointly with its own laboratory to
find a substitute, Little’s team decided to seek a new, cheap source
of keratin, a major protein component of bristles, and found one:
chicken feathers.

» The Navy in 1935 asked Little how to make potable water in
large quantities from sca water with equipment scaled to sub-
marine use, Little began studying the problem at its own expense.
Dr. Robert V, Kleinschmidt, a physicist and mechanical engineer
who had studied the heat-pump principle, headed the research team.
It developed the Kleinschmidt still. Some $100 million worth in-
stalled in the U.S. submarine fleet doubled cruising range in World
War II

> In 1927 glassmaking was largely an art. Owens-Illinois called in
Little to help standardize and cut equipment costs. Little detgr—
mined that viscosity range must be controlled, but before viscosity
could be measured, Little had to develop a viscosimeter. ‘With this
tool, Owens-Illinois cut its forty formulas to six. Little also helped
to develop glass fibers, the basis of the $14omillion business of
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curiosity), the applied man’s target is always visible. Little’s con-
tract researchers must accept more external discipline than pute
seientists (the doll i is hing) and display
more versatility than captive applied scientists (the target veers
more). Also, their weightings of incentives—for example, money,
opportunity to satisfy intellectval i ts, security of ten
peculiar to them. In short, contract-research workers are a special
breed of applied-science cat.

Some Little “miraciles”

Little’s 1954-55 clients have included such paladins of research as
du Pont and General Electric. Some current clients are Armour &
Co.,, Borg-Warner, Container Corp. of America, B. F. Goodrich,
Lane Co, (cedar chests), Liggett & Myers, New Jersey Zine, Owens-
Tlinais, Pittsburgh Plate Glass, R.C.A,, Seats, Roebuck. All these
have given repeat orders, Owens-Illinois eighty-two times, Lane
annually since 1922. A sampling of some of Little's recent research
“mitacles” illustrates the kind of product that contract research
delivers to its clients.
> A Little team led by chemical engineer Julian Avery developed
the blast-fumace pressure top for Republic Stecl, the fest important
imp in blast-fumace technique since 1895, While work-
ing on this, Little’s Dr. Bruce Old became acquainted with an-
other sather static technique, fhat of the open hearth. Traditional
methods of tapping fumaces were dangerous to personnel and to
the quality of the product. In an earlier Navy research post, Dr. ol
had overheard Dx. John von Neumann, now of the AEC, discuss
ing shaped charges, used in the bazooka. The shaped-charge idea
previausly had been applied industrially only for safe cracking. Dr.
Old had the idea of tapping an open heatth by a shaped charge.
Little sold Republic a $16,000 vesearch contract and developed 2
“jet tapper” that is now produced and marketed under a licensing
deal by du Pont, 3 company familias with explosives.
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»In 1952, American Viscose decided to try to develop an idea for
a fiber-forming spray device on which it held 2 patent. High-
polymer experts were available in the company, but not the reg-
uisite mechanical-engineering talent. Since the company did not
want such talent permanently, it approached Litile. The latter
offered a probability of successful research at a fee of $3,500 2 month
for twelve months, At his 1954 stockholders’ meeting, Dr, Worth
Wade, American Viscose's patent-develop chief, made head-
lines: he had leamed from Little how to spray rubber through a
device, producing fibers that could then be collected into a web
called Filastic, with unique qualities for use in girdles, inner soles,
and other items,

» Bristol-Myers’ brushmaking subsidiary, Rubb is an old Little
client, Brushmakers used to depend en hog bristles from China as
2 mw material, In 1950, because of the Far Eastern situation,
Rubberset asked Little to work jointly with its own laboratory to
find a substitute. Little’s team decided to seek a new, cheap source
of keratin, a major protein component of bristles, and found one:
chicken feathers.

» The Navy in 1935 asked Little how to make potable water in
large quantities from sea water with equipment scaled to sub-
marine use. Little began studying the problem at its own expense,
Dr. Robert V. Kleinschmidt, a physicist and mechanical engineer
who had studied the heat-pump principle, headed the research team,
It developed the Kleinschmidt still. Some $100 million worth in-
stalled in the U.S. submarine fect doubled cruising range in World
War IL .
» In 1927 glassmaking was largely an art. Owens-ll]incl"s called in
Little to help standardize and cut equipment costs. btﬂg detF:-
mined that viscosity range must be controlled, but before viscosity
could be measured, Little had to develop a viscosimeter, With this
tool, Owens-llinois cut its forty formulas to six. Little slsc‘ helped
to develop glass fibers, the basis of the $14o-million business of
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curiosity), the applied man’s target is always visible. Little’s con-
tract tesearchers must accept more external discipline than puse
scientists (the dollar- i is watching) and display
more versatility than captive applied scientists (the target veers
more). Also, their weightings of incentives—for example, money,
opportunity to satisfy intellectual i , security of tenure—are
peculiar to them. In short, contract-research workers are a special
breed of applied-science cat,

Some Little “miracles”

Little’s 195455 clients have included such paladins of researchas

du Pont and General Electric. Some current clients are Ammour &
Co., Borg-Warner, Container Corp. of America, B. F. Goodrich,
Lane Co. (cedar chests), Liggett & Myers, New Jersey Zinc, Owens-
Tifinois, Pittsburgh Plate Glass, R.C.A,, Sears, Rocbuck. All these
have given repeat orders, OwensTilinois eightytwo times, Lane
annually since 1922, A sampling of some of Little’s recent sesearch
“miracles” Mustrates the kind of product that contract research
delivers to its clients.
P~ A Little team Ied by chemical engineer Julian Avery developed
the blast-furnace pressure top for Republic Steel, the first important
§mpmvement in blast-furnace technique since 1895, While worke
ing on this, Little’s Dr. Bruce Old became acquainted with an-
other rather static technique, that of the open hearth. Traditional
methods of tapping furnaces were dangerous to personnel and to
the quality of the product. In an earlier Navy research post, Dt Old
had overheard Dr. John von Nevmann, now of the AEC, discuss
ing shaped charges, used in the bazaoka. The shaped-charge id22
previously had been applied industrially only for safe cracking. Dr.
Old had the idea of tapping an apen hearth by a shaped charge-
Little sold Republic a $16,000 research contract and developed 2
“jet tapper” that is now produced and marketed nnder a licensing
deal by du Pont, a company familiar with explosives.
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productivity, based in tum on the application of science to indus-
try, “There is,” Dr. Little preached tirelessly, “a thousand times
more physical science waiting to be performed than has ever yet
been attempted—and here we are to do it.” Always, he meant, for
a reasonable fee,

As research began arousing interest in industrial circles, tight-
fisted Yankee corporate treasurers fought off proposals of expendi
ture on plant laboratories. Sometimes they conceded that Dr. Little
might be retained, contracts to be terminable at the client’s will.
Starting in paper-production research, Little acquired 2 reputation
and added new Lines. In 1911, General Motors hired Little to show
it how to sct up a laboratory; thereafter, General Motors came to
Little with special jobs. World War I gave the US. chemical in-
dustry and Little a great fillip by cutting off German suppliers. In
1917, the company splurged on its own home on Cambridge’s
Memorial Drive (Research Row's official name), then celebrated
as “the palace of research.”

For a generation U.S. contract research was dominated by Arthur
D. Little, Inc. When, after forty-nine years as head of the organ-
ization, Dr. Little died in 1935, its character was a bit mixed. Dr.
Little’s earliest contracts had been not for research but for routine
testing, and 17 per cent of the volume was in this byway in 1933.
Testing, unlike applied science proper, has a noncyclical character,
and Dr, Little never mustered the courage to throw a source of
steady income out of the “palace of research.”

M , the pany lacked an adeq sales tradition. True,
Dr. Little once literally made a silk purse out of a sow's*car, just
to show what applied science can do, but his promotion was quite
sedate. He did not so much sell as accept orders. A few years after
Dr, Little’s death industrial research boomed all over the U.S., but
Little vegetated in New England. The big demand in other regions
was met by the setting up of nonprofit institutes. They began to
perform a service in their areas analogous to that performed earlier




46 THE MIGHTY FORCE OF RESEARCH

by Dr. Little in the older industrial areas of the country. Progres
sive industrialists, admiring the public-service aspects of such in-
stitutes, joined their boards and worked hard for them. Dwing
World War Il government orders further swelled the business.
Later, additional nonprofit institutes arose and grew wapidly. By
1941, Little had lost its volume leadership, never, so far, to regain it.

Groups and teams

But the intellectual Jeadership established by Dr. Little survives
in the sense that his operating principles became standard for the
trade: no assignment may be undertaken that is not scientifically
justified; the client’s money must not be wasted on superfiuous
equipment or otherwise; the client-reseascher relationship is con-
fidential (the client gets any resulting patent); no job is to be taken
that creates a risk of one client’s benefiting improperly from work
done for another; contact with the client must be maintained pri-
marily through a senior research worker on the contracted job
rather than through a department head or officer; all employees must
beavailable to contribute their special skills to help solve any client’s
problem; there must be a minimum of supervision, paper work, and
red tape,

The administrative curses have, of course, increased with the
multiplication of accounts and staff, but Little fghts them off. Since
1954, the company has had five main divisions, each headed by 2
vice president, but being a division chief is not a fulltime job.
The president and all technically qualified officers are still active
research workers, Administratively what matters is the “group,”
anywhere from four to twenty research wotkers of relatively homo-
geneous skills under the general supervision of a senior staff mem-
ber, The senior, who has his own research to do, also supervises the
members of his group administratively {assignments of work, sal-
aries, etc.). Operationally, however, what matters is not the group
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but the team. Teams, which may comprise as many as a score of
scientists, often cut across group lines and division lines,

For example, the team that developed for the American Paper
Goods Co. (now a Continental Can division) a novel paper cup,
and then a machine to make it, included technical economists,

market hers, chemists (with sp in plastics, paper,
adhesives, and printing), biochemists (with pecializations in toxi-
cology, flavors, and odors), hanical engi and helt
Today, counting only employees who work directly on clients’
projects, Little has 184 chemists and chemical engi sixty-five
mechanical engineers, thirty-six assorted engineers, twenty-seven
physicists and math icians, fourteen biological scientists, and

thittynine others (economists, designers, patent lawyers, etc.). On
occasion Little retains specialized outside consultants. With M.LT.
just across the street—though that institution has sold the majority
stock interest that Dr. Little willed to it—relations are intimate,
Many MLLT. faculty bers are available for ltation over
a telephone tie line.

The science director

Many members of Little’s staff have been with the company for
decades. And holding good men is vital to a research organization.
The more types of problem that any given applied scientist works
on the better. The man who, for example, led the team that solved
Rubberset’s bristle problem had earlier worked on nylon brushes,
rubber cement, coffee concentrate, fishlines, rubber fibers, anti-
freeze, shrinkproof paper, hair wavers, cellophane tape, and other
materials. Variety of expenence has a value in itself, for unpre-
dictable combinations may open the way to the solution of any
given problem, and laboratory motebooks left behind are a poor
substitute for the minds of departed staff members. .

To get the most out of the range of skills available, Little must
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bine and bine them ing ly. The biggest job of
Little’s management is not supervision but cnmmunication—-f:ﬂccl-
ing the maximum number of interconnections among skills lg
produce results fast. One device is the so-called “science directory
who directs nothing, but consults, watches, questions. He is 2
physical chemist, Dr. Howard O. McMahon, formerly of MLT,2
leading low-temperature expert, holder of several patents, and
a winner of major awards for scientific work. Dr. McMahon doet
rescarch for Little clients, but he also talks with team leaders t0
help make sure that they undertake only scientifically valid. \\'f{rkq
and achieve optimum use of manpower and exhaustive application
of ali valid techniques, y
The typical Little job, then, is performed by a team of divcr‘sxﬁc’ﬂ
talents operating almost as a temporasy division of the client’s
ganization. Charges—approximately double the professional mam
hour salaries for any job-—cover oveshead and earnings. Duration
and monthly budget are set by contract. Resulting patents are
assignable to the client. The latter may terminate at will, The
method and general setup resemble these that pyoduced radar
(much of it at M.IT.) and the A-bomb, but they are older than

World War 11, and Little contributed importantly to their early
development,

Beyond technology

In rccent yeass Little has added new types of business and has
adopted new methods of seiling that have helped the company to
grow. It has expandsad its product Jine outside the physicalscience
fields. Since 1938, Little has served as technical consultant to Ferdk
nand Eberstadt’s successfol Chemical Fund. Jt has been retained bY
Merrill Lynch, Pierce, Fenner & Beane and many financial groups
to do technical research for security issues. Little scientists 5Y%°
tematically study clients’ basic business problems {product selection,
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process selection, plant location, raw-materials forccasting, and the
like) from their special technical viewpoints.

In 1942, Little went into develop work, g
studies for Puerto Rico’s Operation Bootstrap. Today Puerto Rico
has over 300 new productive enterprises, thanks in good part to
Little’s technical economics work. Little is now doing similar
work in Jamaica, Canada, Egypt, and Iraq.

After the devclopment of the scientific method of operations
tesearch in World War 11, Little proneered in applying this tech-
nique to business problems and was the first to sell it to a group
of jmportant clients. Little publishes a quarterly survey of the
chemica) industry and a similar institutional investors’ service, for
which technologists and economists pool their talents for trend
spotting and forecasting. Subscribers include leading banks and
insyrance companies.

All this sort of work has brought Little into increasingly intimate
touch with executives of client corporations other than the research
directors who were the traditional point of contact. As a result, the
company has had opportunities to undertake types of work familiar
to management consultants and low in technical content. Little
will not handle industrial relations; do accounting, job evaluation,
incentive plan, or time studies; or consnlt on purchasing, credit-
system, or office p d But it will undertake the definition of
management authority, market research, and studies in general
finances, costs, pricing, and distribution.

The trend toward business services of dilute technical nature is
general in the contract-research trade and it looks good on income
statements. Today one-quarter of all Little busmess is done by the
Management and Business Services Diviston, and some top Little
scientists are consequently uneasy. Contract research can easily get
into business service areas that, however reputable and profitable,
are not science.

1 Jorpales
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Little has wandered into producing highly specialized hard

the helium cryostat, and other elaborate, expensive research tools.
Of these, $382,000 worth were sold profitably to research labora-
tories in 1954. Somewhat more diversionary than such openations
is volume hardware production, thus far undertaken only for the
government. That sort of operation can be mote profitable in theory
than in practice; after Little tooled and staffed for a production job
connected with a classified project, the government changed plans
and canceled its contract. Recently, to the relief of its top scientists,
Little sold its half-interest in the Cambridge Corp, created to
produce volume hardware, to its partner in that venture, Carrier
Corp.

Scientists selling

Little's longhairs are enthusiastic about recent changes in selling
methods. These are largely attributable to two officers. One, in
charge of sales, is the senior vice president, Raymond Stevens. The
other is the most junior vice president, D. Reid Weedon Js. They
alone among senior employees are businessmen zrather than scien
tists.

‘Weedon recently sparked the sctting up of Little branch offices.
‘There are now offices in New York City, Chicago, and a laboratory
in San Francisco. Stevens and Weedon are also behind a series of
promotional luncheons being given in leading cities for batches of
corporate tesearch directors and other executives. Tables are deco-
rated with samples of products that Little helped to create, the walls
are hung with graphics, there are brief promotional talks and
lantern slides. Little has a stack of new promational leaflets, all
more eye-catching than those of Dr. Little’s time, All this may
sound tame to salesmen of consumer dusables, but it is a far ey
from Dr. Little’s decorum, and today every Little scicntist acts
25 a salesman, helping to sew up contracts and keeping an eye open
for new opportuuties to sell services to clients.
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Scientist managing

Ventures into new fields and intensified selling may embody
some threat to the intellectual standards set by Arthur Dehon Little,
but his successor is alert to counter any threat. Earl P. Stevenson,
who joined Little in 1919, became president in 1935 when Dr.
Little, shortly before his death, became chairman of the board.
Stevenson bolds a master’s degree in science from M.LT. and his
scientific standing is high. He is on the National Science Founda-
tion’s board and is also chairman of the board of Connecticut’s
Wesleyan University. One of his major activities has been the
series of Owens-llinois and Owens-Corning jobs.

Stevenson upholds Dr. Little’s best traditions and sometimes
boosts them a notch higher. In 1937, be boldly dropped the re-
munerative but distracting business of Toutine testing, Some of
Little’s new ventures that have demonstrable scientific validity—
atomi gy research and operations research, for example—have
been pushed by Stevenson. Some others have been undertaken
despite his misgivings or indifference. Not all of these novelties are
unsound. Stevenson, in short, is conservative.

Nothing concerns him more than to conserve the Little tradition
of hiring and holding able scientists. To do that, Stevenson decided
several years ago to equip Little with appropriate new devices. One
is a bonus plan whereby, since 1951, 100 senior employees Split up
about 4 cents ont of each dollar of company sales. Another is a
profit-sharing system that feeds an employee retirement trust set
up in 1951, The result is a compensation level, immediate and
deferred, that challenges that of captive research departments an,d
surpasses that of nonprofit “institutes.” Other altrac!ionf an:.Lm]e ]
policy of encouraging employees to publish in technical journals
and to participate in the life of science through scientific SOCICFICS.

Al this costs the company money, but personnel is what L{!ﬂe
wants to spend its money on. One young institute has dogmatized
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that “a research scientist is only as good as the tools with which he
works;” but Stevenson prefers to spend money on brains th{;t cn
get along with relatively simple equipment. Little’s laboratories ar¢
full of makeshift apparatus with which its men do fine work. On
the Viscose job they made their experimental spray device out of
an cld ball-point pen and some pipe fittings. When SOITICthmg
fancy like an electron microscope ($18,000 per unit) is indispensa
ble, Little can always rent instrument time.

Talent expansion

Such conservatism is in Dr. Little's tradition. And—as is in-
dicated by the trade practice of publicizing intensively the names
of distingnished recruits—it is talent that attracts and holds cus-
tomers.

Through the addition of new talent, Stevenson hopes to expand
into some fields that thus far have been the special preserves D.f
not-for-profit competitors—metallurgy (Battelle Memorial [asti-
tute) and electronics (Stanford), for ple. The following a1
typical of senior scientists recently recruited:

» Dr. Bernard Vonnegut, a physical chemist, who pionecxed the
seeding of clouds with silver iodide in General Electric’s laboratory
and whose basic interest is nucleation. Little gives him time for pur
nucleation studies; meanwhile he gets into jobs involving nuclcahor;
phenomena, One is to develop methods of controlling the speed o
plaster setting for National Gypsum Co. f
» Dr, Chales J. Kensler, pharmacologist and biochemist, who left
Caornell's medical faculty to join Little. He has held many fellow-
ships and has published sixty scientific papers.

P Dr. Leslic G. Peck, who heads Little’s computer laboratory. A
former Johns Hopkins professor, he was associated with the Los
Alamos computer § Now he anal hnical problems
mathematically and prescribes for the computer needs of clients.

In elaborating Little's incentive system, Stevenson has had help
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from a member of the board, 2 nephew of Dr, Little. He is Royal
Little of Textron American, himself the authority for the state-
ment that Arthur D. Little left his majority interest in the company
to M.LT. rather than to him in order to protect the company’s
scientific standards. While Roy Little has nothing to do with the
management of the company, his counsel has been central in setting
up the profit-sharing plan and the employees’ retirement trust. It
was he, moreover, who helped arnange, in 1953, the sale of MLT.’s
Little shates to the trust, intensifying employecs’ incentives to in-
crease profits. All these devices, of course, cut taxable earnings
sharply, but they also limit available working capital. Roy Little
had 2 hand in the solution of that problem in 1952, when the
“palace of research” was sold to Harvard University and leased
back. When added laboratory space was needed after the war, it
was acquired in West Cambridge at Acorn Park (the acorn-pak
maxim was Dr. Little's decorous way of summung up the value
of research) but company policy is against investing in bricks and
mortar,

Sharing the profits

Many scientists of nonprofit institutes Jeave to join captive in-
dustrial-research departments. Recently, for example, American
Machine & Foundry Co, set itself up in engineenmg mechanics
research by hiring ten senior scientists who left one institute in 2
body. Little has less to boast of on this score, or it mught be said
that Little’s formula for holding talent is superior. “Our compensa-
tion,” says Stevenson, “aims to give all a sense of urgency and to
persuade able men to make their carcers with us.” The main factor
seems obvious. Conditions of work and atmosphere aré generally
comparable, but the institutes, operated “not for profit,” may not
legally shate profits with employees. . .

‘The institutes use some of their untaxed net eamings as wo.rkmg
capital, and that has helped them to grow fast. Another use is for
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equipment, which most of them accumulate less conservatively than
Little does. A third use is for some research in the public inter-
est. Examples are area-resource surveys, compilations of special-
ized information made publicly available, and some pure-science
work,

The institutes enjoy promotional advantages—publicity about
equipment and public service and in some cases a Jink with an
educational institution—but what counts promotionally above all
else is reputation for quality of product. And this depends on talent.
Today the institutes attract many first-class scientists, but some top
consumers of research fear that, in the long run, the institutes will
suffer in the competition for talent—unless, like some of Little’s
for-profit competitors, they try to match Little’s new compensation
standards,

Taxes in the trade

The government, however, may intervene so as to change the
general prospect. For many years before 1950, the income-taxJaw
provisions that grant exemption to organizations doing exclusively
scientific or educational work and distributing no profits were
broadly interpreted. As late as 1951, a court even decided that
Mueller Spaghetti Co.’s profits for the years 1947-50 were exempt
from taxes because they were being paid out as dividends to New
York University, the tax-exempt sole owner of the company. I
1950, Congress amended the law to limit tax exemptions of “un-
related business,” and in 1953, the Treasury adopted 2 {imiting
regulation of its own, True, under the law unrelated business in-
come is still tax-exempt when an ization is op d primarily
to do “fundamental research, the results of which are freely avail-
able to the genersl public.” But the regulation excludes from
“fundamental research” that which is carried on “for the primary
purpose of commercial or industrial application.” Not much non-
govemment business of the institutes is “freely available to the
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general public,” or is even fundamental in the sense of the regula-
tion.

The trend of both Congress and the Intemal Revenue Service
toward taxing applied-rescarch eamings is supported by a decision
written by U.S, Supreme Court Justice Minton when on the circuit
bench in Ohio. The case involved a testing laboratory that claimed
to do exclusively scientific work. Judge Minton upheld the Intemnal
Revenue Service in denying tax exemption, finding that the appel-
lant’s scientific methods were used not for science’s sake but for the
sake of business, as in almost every modem enterprise. The Supreme
Court refused to hear an appeal. Later, income from “testing for
the public safety” done by organizations that do not distribute
carnings was exempted by an amendment to the law that is now
being fought by the ized ial testing laboratories.
Were the courts to affirm the taxability of non-“fundamental” con-
tract-research work, a new exempting amendment might be advo-
cated by the institutes, but it might be opposed. The tazpaying
tesearch contractors have one spokesman in Dr. Stevenson of Little.
He has publicly questioned the position of any contract-research
institute that is paid to do a job in “the exclusive interests of a
private corporation” if it does not pay taxes on resulting earnings,
and has complained of sales promotion that emphasizes the not-for-
profit feature.

If denied tax exemption in the future, the institutes could cut
the proportion of profitgenerating work done for individual in-
dustrial clients. The most experienced not-for-profit institute execu-
tive, Dr. Harold Vagtborg of Southwest Research Institute at San
Antonio, has his eye on the law. He says that he seeks particularly
projects that interest a whole region or industry. Such projects may
be self-supporting. When not, and when untaxed surplus earnings
are unavailable, they must depend largely on endowment income ot
gifts, and Southwest has been endowed by Tom Slick of Texas to
do a job in his region’s interest. Dr. Vagtborg suggests that South-
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west has less reason to worty about a tax shift than do most other
not-for-profit institutes.

Another course, m the event of a tax shift, might be for institutes
to go on a straight commercial footing, Then competition for con-
tract-research talent and for business might become keener than
ever.

March, 1955
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The Long-range Planners

BY MORTON M. HUNT

Another major research setting is the purely theoretical
{aboratory. A paragon among these, and surprisingly
analogous to the university laboratories, is the Systems
Engingering Department of the Bell Telephone Lab-
oratories, which works so far in the future that some-
times its engineers must plan on using equipment
that has not yet been invented.

Trte contempLaTION OF the future has long been a favorite pastime
of poets and dreamers. For industrialists, however, it is 2 serious
and workmanlike business. One of the most remarkable organized
efforts to foresee the future is being made, day in and day out, by
the long-range planners and the “systems planners” of the Bell
Telephone System—a thousand or more specially oriented scientists
and executives scattered strategically throughout its huge labora-
tories and affiliated companies.

These down-to-carth scers grapple with the future from nine to
five daily, trying to outguess the vagaries of unwritten history. For

57
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obvious reasons, successful prophecy is far more important in the
communications business than in the diaper, auto, paint, or paper
businesses. The telephone first made possible easy contact between

P d peopl d the ping impact of that commonplace
facility is almost impossible to gauge. Hardly anyone realizes, for
instance, that the telephone on his desk is but one set of controls
in a single electric machine that lies spread across the 3 million
square miles of the U.S,; his phone is physically Jinked with over
50 million other telephones by 185 million miles of wire and 200
million complex electric relays. An individual conversation by
telephone is an act one takes for granted; but in 1953 alone Ameri-
cans made 56 billion phone calls, and quite obviously a major part
of the affairs of the nation could not have been conducted without
the transmission of this ocean of talk.

The U.S,, with only 6 per cent of the world’s people, owns 59
per cent of the world’s phones. Britain has only one-third as many
phones per million, West Germany one-sixth as many, and Russia
onesixtieth as many, To what extent this superiority in telephone
service is responsible for making the U.S, the world's richest an.d
most productive nation, one can only speculate; yet since man 15
distinguished from the beasts principally by the facility with which
he communicates, it must be that the telephone network has been
vastly influential in making American civilization what it now is.

For such teasons, officials of the Bell System fecl the weight of
destiny on their shoulders, and pay well for the services of expert
planners, The Bell System consists of the American Telephone &
Telegraph Co,, the headquarter. ization; Western Electric,
which makes and installs the equipment; Bell Telephone Labora-
tories, the research-and-developing outfit; and twenty-one “operating
companies,” which actually pravide the telephone service. In each
of these patts of the Bell System there are specialists in planning
from the businessmen of A.T. & T. to the scientific directors of Bell
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Labs, to the gets of the local companics, who try to keep up
with the growth of their cities but not outrun them.

In addition to all this, Bell Labs has in recent years sct up an
entire department whose sole function is to assess the probable
needs of the future, and to make judicious speculations as to how
those needs can best be met. Systems Engineering, as the depart-
ment is called, comsists of over 230 thoughtful, inquisitive engi-
neers, physicists, and math icians who are pied full time
with the express duty of acting as scientific secrs and architects-of-
the-future,

The boss of these engineer-dreamers is a short, amiable, balding
man named George Gilman. His planners are an assortment of
scientists of all ages, shapes, and backg ds, from old exp d
telephone engineers to shiny-faced lads with fresh Ph.D.s. All of
them are clean of hand and shirt; they sit in offices, reading, argu-
ing, doodling endless diagras, and collecting masses of data, but
seldom doing physical work, “We avoid inventing things,” Gilman
says. “It prejudices our neutsal position.”

“Anyhow,” he adds with an Olympian wave of his hand, “we
don't have to actually build a new mechamsm to know that it is
possible. When we need a new thing, we think out what it should
do, talk over its hypothetical ch istics with the develop
engineers, and they build it for ns.”

Gilman’s systems planners are scattered about the upper floors
of the Bell Labs building on West Street, overlooking the New
York waterfront, A future-predicter at work is nothing exciting to
watch. He sits at a desk, reading technical reports and memoranda;
be scratches his chin thoughtfully, tilts back in his chair, lights and
relights a pipe monotenously, scribbles a few equations, and
doodles a few diagrams. Sometimes he shuffles in and out of the
great laboratory at Mumay Hill, New Jersey, looking for mew
theories and inventions to help him, asking jnnumerable questions,
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and nodding in unconvinced affability, He cannot talk without a
pencil or a piece of chalk; he spoils hundreds of sheets of note
paper, tablecloths, menus, and napkins with scribbled diagrams.
He may perform a study known as “systems evaluation” to see how
well some part of the Bell System is curmently functioning, and he
may go on to use the mathematical tools of operations analysis to
disclose which factors can best be altered in the interests of greater
efficiency; but systems planning—the architectural designing of the
future—goes far beyond both of these.

Automatization, vintage 1910

Longrange planning is an old and honored policy in the Bell
System, going back long before there was any special department
entitled Systems Engincering. Originally the key planners were
simply high-level engincers scattered about the Bell System in
various jobs. Just about the shrewdest, yet simplest, piece of fore- .
casting in telephone history was done some forty years ago. The
subject in question was the use of operators versus some pew an
seemingly visionary devices for automatic {dialed) telephoning.

A few of the more farsighted telephone engineers began to
wonder about the far future. (This was about sg10.) They looked
at the curves of telephone growth; they dared to wonder if someday
every family might have a phone; they pored over charts and
worked on equations of probability., After a while, a few of these
genteel radicals put down their pencils and agreed on one thing:
“Unless we put in dialing by the customers themselves,” they told
the vice presidents, “the telephone system will someday collapse of
its own growth. Within a generation you won't be able to hire
enough girls to run the phone system even if you could get cver’}:
eligible girl of the right age and education in the whole country.
Within ten years automatic exchange equipment and dial phones
were perfected and being installed throughout the country.

Since that time the number of phones in the U.S. has grov™
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sixfold; if no ic switching equipment had been d 1

P ped,
the phone company today would need 1,500,000 full-time oper-
ators—and it currently has a hard time finding and keeping a mere
250,000 of them.

Equally kable foresight was displayed in a few small lab-
oratory rooms at Bell Labs in 1926, when inventor Herbert Ives
and several associates began to tinker around with whirling disks,
spirals made of little lenses, and other improbable-locking mecha-
nisms in a system called “television.” In 1927 they invited a delega-
tion of newsmen into the offices of Bell Labs and let them goggle
at a flickery picture of Commerce Secretary Hoover, speaking from
a brightly lit telephone booth down in Washington, his face and
voice being sent to New York over telephone wires. Within the
next three years they had also transmitted two-way telephone tele-
vision, color television, and had even foreseen the future to the
extent of transmitting a movie over a TV circuit from Philadelphia
to New York.

None of this was for the purpose of getting the telephone com-
pany into the TV-producing business. (For that matter, nobody in
Bell knew whether there would ever be a TV business, or how it
could compete with movies and radio.) But the planning specialists
of the Bell System had figured ont that this thing logically had to
become big in the future; when it did, the images and sound would
have to be carried around the country via the telephone network,
and it behooved them to find out how it would work, and what
kinds of long-distance wites, amplifiers, filters, and the like would
have to be built into future telephone installations to make that
possible,

The TV system nobody knows

It is likely that many people believe (if they think about it at all)
that the TV networks themselves developed, installed, and operate
the coaxial cables and radio-telay towers that cary TV actoss the
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country. The actual facts are quite different. Broadcasters have
rented the long-distance facilities of the Bell System since the early
days of radio, and TV has followed the same pattern. In almost all
cases, when the picture and sound leave the control room of a TV
studio, they travel downstairs in telephone-company wires, under
city streets to a “TV operating center” run by telephone engineers,
and are trapsmitted cross-conntry by Bell System radio relay or
coaxial cable—both of which the Bell System owns, and which its
own engineers designed over Hfteen years ago, in response to the
eamest pleading of the planners to make radio relay and coaxial
cable capable of carrying, not only great new loads of phone con-
versations, but television as well. At the far end, other telephone
engineers receive and reroute the impulses via underground lines
into the local TV station's own contral room, where the studio
engineers finally take charge of shunting it into the local transmitter.

Neither radio relay nor coaxial cable, excellent as they ate for
carrying TV signals cross-country, is economically feasible for this
Tocal distribution of the signals within a city from the TV operating
center to control room, or vice versa. The fine-gauge paper-covered
wites that carry ordinary telephone conversations around a city
could be pressed into service only by using expensive special re-
peaters (amplifiess), and even then 2 miles would be the practical
Timit because of introduced distortions. So back in the early 3949
the design engineers developed for this special purpose a husky
shielded wire called a “video pair.” Video pairs, far cheaper than
coaxial, were still expensive; moreover, they would take up valuable
space in telephone conduits that might be better used for ordinary
telephone witcs. Yet at a time when no huckster, producer, or bus
ness analyst was willing to bet his reputation on the future of TV,
the systems planners of Bell Labs advised the directors of the tele-
phone companies to start putting video pairs into the ground as
part of every new telephone-cable installation when those cables
san past stadiums, theatres, or radiostudio buildings. Long before
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TV was a paying proposition, the telephone companies had stuffed
into the ground millions of dollars worth of video pairs—useless for
anything but TV—in the firm belief that the special wires would
be needed mighty soon.

All this sounds simpler than it really is. The systems engineers of
AT. & T.s Operation and Engineering Department 2nd the sys-
tems engineers of Bell Labs had to do more than metely conclude
TV was a coming thing. They had to estimate what demands it
would make on a national communications system, and put to-
gether a theoretical system—based on equipment that would be-
come available in time—that could handle these demands, be com-
patible with the rest of the Bell System’s business (which is, after
all, basically one of handling telephone conversations}, and, beyond
that, be economically justifiable.

The biggest trouble with TV, from the engineer’s point of view,
is that it takes up too much space. Each channel occupies as much
room on a radio-relay or coaxial-cable circuit as would serve 6oo
to 1,000 simul Tongdist b jons. And
that is a serious matter; for frequency space is a valuable and hard-
won commodity.

“Television,” the planners wamed the management of AT. & T.
in the mid-Thirties, “now looks as though it would use up any-
where from z to 4 million cycles of bandwidth—the equivalent of
600 conversations. That much bandwidth can’t be crammed onto
ordinary wires.” Management wanted to know what to do about it.
The planners said that several researchers in the laboratories had an
idea that although wide bands of frequencies would leak off 2
regular wire, they would stay on the inside surface of a tube with a
wire down the middle of it. Other researchers, they added, had
some niotion that high-frequency radio waves, carrying a wide band
of frequencies, could be focused like light and beamed from tower
to tower. Either method would solve the problem of future tele-
phoune traffic—and of TV at the same time. After listening to these
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altenatives the A.T. & T. management boldly spent an additional
$10 million to petfect coaxial cable (the hollow tube) and nearly
as much on radio relay, though neither of these systems would be
needed for nearly ten years.

A special feature of systems planning known to most canny
businessmen is the strategy of hedging one's bets, Lesser men than
systems planners might, fifteen years ago, have occupied themselves
with the question of which system—radio relay or coaxial cable~
was the better one, and which should therefore receive the full
force of future development. In the truly long-range view, however,
both seemed excellent, lacking only the perfection of special un-
known devices to make either one a whole workable system. S
both were pursued; both were perfected; and today both operate
together—compatiblyﬁcrving the same functions within the trans-
continental telephone network, In soft, level soils, where a plow
can speed along easily, cable goes in cheaper; in mountainous 1¢-
gions, radio-relay towers perched on ridge crests are a better solu-
tion. As for the future, the best minds at Bell Labs will venture no
guess as to which system will eventually win out. Right naw, 11,000
route miles of radio relay arc strung across the country, and 9,500
miles of coaxial cable are butied beneath its soil.

Before color, a scrubbing job

Color TV taised a whole new complex of problems. The big
trick in color is to crowd much more information into no mor¢
frequency space than that allotted to blackand-white TV. 1deally,
blackand-white TV is allotted a bandwidth of about 4 megacycles;
but in actual practice, especially when coaxial cable is used, it 8“"
somewhat less. That does not matter much, since the upper third
of the bandwidth carries information which doesn't affect the
picture perceptibly. Even when the vpper 1.3 megacycles 3'15
chopped off, the televiewer can barely perceive any difference i
picture quality,
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Color TV, however, has to be sent on 4 full megacycles, and even
50, the only place where TV engincers can squeeze in additional
signals to signify hue and intensity is in the upper past of the band,
just where loss and distortion are most pronounced.

For this reason, a group of systems engineers worked out plans
for new terminal equip P quali: and hod:
of maintenance to make the present coaxial-cable and radio-relay
circuits capable of passing the color TV signal without distortion
or loss, “We did a job of what you might call ‘scrubbing up the
citcuits,” ” says one of the group.

Frequency space: a limited resource

Such matters are the legitimate province of systems planners; but
actually the finest grist for their intellectual mill consists of far
larger issues, problems that exist over periods of decades. One of
the largest is the matter of a ish natural resource—fi
space. Every message sent over radio occupies a certain range of
frequencies, and the more traffic there is, the more difficult it is to
fit everything in.

By modem techniques, it is possible to send and receive radio
signals covering a range from about 100,000 cycles pes second (the
3,000-meter wavelength) clear up to 30 billion cycles per second
(the one-centimeter wavelength). That seems like room enough for
all, especially in view of the fact that Morse code needs only about
100 cycles, and a phone conversation needs only about 4,000 cycles.
Radio, however, needs up to 15,000, and TV about 4 million per
station. As a result, the FCC has already divided up and parceled
out the entire useful range of radio frequencies, There is practically
no empty space left, except at extremely high frequencies that the
engineers don't yet know how tfo use.

I the radio waves are so crowded, perhaps the better answer for
the phone company is to expand along the lines of improved coaxial
cables and wires. But this is no easy answer either; the wider the
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band of frequencies put on wire ot cable, the more amplifiers the
engineers have to insert into the cireuit, or the bigger they have to
make the cable. That soon becomes cripplingly expensive.

In another generation, from past indications, the volume of tele-
phone talk may easily double or triple, the number of mobile radio-
telephones increase tenfold, the volume of transatlantic telephone
business grow a dozenfold, and TV expand into fields only dimly
foreseen. Such facts might give any systems planner pause. But
having so paused and reflected, several of Gilman’s men and others
from A.T. & T. have worked out plans in which it appears possible
that the enormous potential load (even including theatre network
television) could nevertheless be shunted around the country by
Bell System facilities, by modifying present cable, radio-relay, and
switching systems. “We expect to be able to meet whatever load
may atise,” one of Gilman’s assistants says, «“and without lousing up
the whole radio spectrum, either.”

Waves beamed through pipes

One of the inventions that figure heavily in their longrange
thinking about the frequency-space problem is called a “waveguide.”
Above 3o billion cycles per second, there is a great area of radio
frequencies that aren’t used. Unfortunately these frequencies begit
to act a little Iike light—they are stopped not just by solid objects,
but by clouds, smog, or even rain, Bell inventors started over twenty
years ago designing hollow pipes in which the radio impulses could
travel in their own atmosphere. Confined within their waveguide—
which will be only a couple of inches in diameter—these waves wil
neither be affected by outside radio waves, nor affect any outside
receivers. In contrast to older systems, which camy several dozen
to several hundred phone conversations at one time, 2 single wave:
guide pipe could easily camry many thousands. One hitch, unf_or-
tunately, is that the copper pipe must be microscopically precise,
both in manufacture and in installation; also, each will require 2
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fortune in terminal facilities to stack up and later unseramble the
¥ ds of simal ges. (Waveguides a few hundred
feet long are actually in use nowadays on radio-relay towers, and
cost about $12.50 per foot. No Bell System engineer will even
hazard a guess as to the cost of 4 transcontinental waveguide.)

Phones in @ fam

Another major concern of the systems planners is the customer—
a cantankerous, omery, and noncontrollable piece of the system. A
small group of Gilman's men is continuously teyjng to apalyze the
ways in which customer habits affect the telephone network-

One of the things they worry about is the possibility that too
many customers will choose the same moment 1o pick =p their
phores to place calls. Ordinarily the telephone system Is geared to
handle about one phone in twenty, at any given instant. 1€ one
phone in every ten were to be picked up at once, 2 serious jam
could ensue. If one exchange were o be 50 jammed, the automatic
equipment in other exchanges would hold its calls, waiting to get
through, and so the jam might fan out from one exchange to an-
other throughout parts of a city, or even 2 whole city.

This is no theoretical nightmare. During World War 11 a Wash-
ington, D.C., radio station announced free nslons o the fut few
callers; the resultant eruption of calls swamped one central ex-
change, backspread to others, and sesiousty snarled phone connec-
tions in the nation’s capital and some adjoining points for mote
than two hours.

The job of the planners, of course, is 1o specify s)_lstems Ia'rge
enough, and with safeguards engugh, to prevent this kind of thing
in everyday use; on the other hand, fos good economic reasons, they
dase not overdesiga the capacity of the system by any huge factor.
In general, their planning i suficiently adroit so that attadks of
paralysis in the phone system have been extremely rare and shott-
Tived,
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But the big question is: what would happen if 3 major disstss
ot surprise bombing attack were to cause millions of people to make
2 Frantic dash for the phone? The resulting snart might temporatly
immobilize all defense and rescue efforts. After considerable studfy
the pl suggested—and the operating comp: jes have adopted
—a safeguard to be wsed only in the gravest emergencies. 1o each
major telephone exchange of the nation, an attendant by merely
flipping several switches can temporarily cut off outgoing calls from
some or all of the nonessential phones, allowing the civil defens®
setup, the military, the Red Cross, and other critical agencics 0 8?
about their busimess unhampered by fears of an averload, ThE
emergency system has been tested o 2 few ltocal situations, such 38
storm and fload, and has worked beautifully. o

Offimals of the operating telephone companies do the 28 kmv
of planning on their own, often without the assistance of Gilman®

. group. They have been planning the routes of new cables and sadio
1+ I3 50 as to avoid paralysis if any one city Were wiped out. F°;

y/mstance, all national TV programs, all overseas telephone calls, m;d
until recently alt long-distance calls in and out of New York pass
through one switching center in 2 building on lower Sixth t\'-’ﬂ'““;
One good blast over that part of the city would have cut NOS :
and South apatt and isolated us from Europe: Today 3 S0 Ot
alternate exchanges 1n Newark and other paints are handling abot!
onethitd of New York's long-distance business. Similar plans 2¢
heing carried out m a dozen major cities.

An ash can {ull of plans

Asmong the sundry uncertainties with which Gilman's de?a;
ment has to cantend, pethaps the greatest of all i the unpredic .
bility of new discoverics and inventions. A few yeass 350 for €
ample, several physicists at Muray Hill got intevested in the :
propettics of the metallic efement germanium, When they 50_
through investigating it, they had invented the transistos—2 P
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sized object that will do most of the things vacuum tubes do, last
perhaps twenty times as long, use almost no power, and take up
almost no space. As a result, several hundred pounds of plans, which
had been worked out with excruciating care, and which dealt with
such matters as the amplifiers, modulators, varistors, and such that
boost your voice in loudness 10 times (i.c,, 1 followed by 1,500
zeros) as it crosses the country, may soon be ready for the ash can.

‘The transistor did little, however, to alter the larger outlines of
the biggest and finest scheme ever concocted by the prophets of the
telephone company. That scheme is called “FACD” (foreign-area
customer dialing), which means long-distance dialing by the cus-
tomer, In the fullfledged FACD system, a subscriber will pick up
the phone, dial three digits plus the local number of any other
subscriber in the country, and that's all. No fuss, no operators, no
waiting; all America in his own backyard.

That idea, so simple and appealing, is actually the longest-range
piece of planning ever undertaken by the Bell System. It dates back
to 1933, when Dr, Frank B. Jewett, then president of Bell Labo-
ratories, invited his associates to consider the problem of long-
distance automatic dialing.

The heart of the problem was the nature of central-office switch-
ing equipment. The early automatic machinery for handling dial
calls isted of banks of fast ing rotary switches and relays
called “step-by-step” equip This equip is logical, but
unimaginative; it has to be told everything, including not only the
destination but the best route. If it were to be used for long-distance
dialing, a subscriber might have to dial a number like this: 057 o76
097 157 2345. Even so, the machine could not automatically take
any bypaths or alternates.

The planners concluded that 2 completely different type of
central-office equipment was needed. They told the development
engineers in broad terms what they wanted to do. “Make a sys-
ten,” they said, in effect, “that can accept the dialed numbers from
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the customes, hold them in an electrical memory while it figures out
the ultimate destination; look over all the soutes from its own
position to the destination; pick out and test the shortest of best
ong; if that one is busy, pick out the next shortest one or the next
until it finds a free circuit; operate all the necessary switehes; make
sure it ras the right number; and then disengage itsel and get busy
with someone clse” As though that wasn't enough, they alse
wanted it to be able to call 2 human operator when the custome
dialed an impossible number, wait for him if he forgot the fast
couple of digits and had to lack them up, pull the plug on him if he
took too long about it, and in general do evesything ina judicious,
intelligent manner,

The machinery that was finally perfected to fit this prescription
is called “the crossbar system.” The first toll crossbar installation
went into operation in Philadelphia ten years after the engineers
started trying to make it. A more recent version of crassbar requited
a patent application as big and heavy as a copy of Gone wWith the
Wind.

Nothing happens overnight

Although FACD has been in the works for nearly a generation,
it is emerging slowly because such 4 vast amount of expensive equip
ment in the 1.5, was made and installed to do the local switching
job before the planners had begun coneocting their great plan. The
cost of the changeover will run into many hundreds of smiltions of
dallars. As a zesult, FACD is gowng to have to be bom a finger 3t 2
time.

To some extent, it's born already. Formerly, anywhere from two
to eight operators had to talk to cach other to put through 3 long’
distance call. Today, because of the installation of many crossbat
exchanges and toll offices, 44 per cent of all longdistance calls are
beinsg disled directly by the first operator the custome? talks to.
The next step will simply let the customess in those same 25¢3s
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(where the op now dial long-dist: calls) do the dialing
hemselves. This ulti hi t is no longer just a paper
dream: it went into effect in the suburban community of Engle-
wood, New Jersey, in November, 1951.

Since that time, the 10,000 teleph of Engl d
have been able to dial directly any one of some 13 million tele-
phone numbers in the U.S., covering large areas of the East, Mid-
west, and West. They dial the ten digits and wait about fifteen
seconds * while the incredible nationwide machine makes its thou-
sands of split-second decisions, tests its routes, double-checks its own
handiwork, and then rings the other phone, anywhere up to 3,000
miles away. Another 10,000 customers just cutside Detroit and
10,000 more outside Pittsburgh got FACD during 1953, and more
communities will get it each year from now on. The job should be
completed within fifteen or twenty years.

Who makes out the bills?

The FACD plan solved many problems, but raised new ones.
Who, for instance, would record and charge the customer for the
long-distance call, if no operator were involved? The planners fore-
saw this need and predicted long ago that an automatic billing
mechanism would have to be developed. Ten years of work in Bell
Labs have since resulted in AMA (automatic message accounting}.
On a wide tape, AMA machinery records your phone number, the
number you dialed, and the beginning and ending time of your
conversation. Later other machines rerun the tape, pick out your
call from all the other calls recorded on it, figure out how much to
charge you, and write out a charge slip.

And how, the planners dered, could a wholly ic long-
distance system be guarded from mechanical failure, with no
operators checking on each call? (Actually, there will be even more

% In 3920 the average long-distance call was put through in fourteen minutes;
i1 1953 1t went through in ninety seconds.
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employees than there are taday, because business will be so much
greater.) The solution lay in giving the crossbar machine and the
big automatic toll centers the ability to recognize when sam:lhx‘n'g
goes wrong in their intricate mechanisms. When any part of their
many circuits goes wrong, certain automatic checking devices &t
to get the right response to coded testing signals they conlin_mu)’
send out. The faulty part causes the automatic testing bram‘to
punch a mark on the appropriate part of 3 long ticket, which
graphically portrays in terms of preprinted code symbals thoussnds
of possible trouble conditions.

Robot repairmen?

The obvious next step~-and ane that would surprise no one i
the planning department—would be the development of serve-
mechanisms that will analyze the printed trouble report and make
simple repairs automatically, plugging in spare relays and tubes,
pending the semi; 1 visit of the repai 8 ;

All this sounds like plenty to work on for yoars to come. But i
their mote expansive moments around the conference table, the
planners talk about even bigges things. Their FACD plans slready
make roam for Canada and Mexica in the ten-digit dialing settp:
But that's not all. “You may think worldwide dialing sounds sillf
$ays one switching expert, “but we've thought about it a good bit,
and aside from the backward state of telephone systems i 55me
countries, it’s well within the frameswork of our present plans.

Another temote subject of planning effosts involves 2 system that
might, for the Jack of any other name, be called “deVbiPh”’,’c -
the sending of TV mages along with the voice signal. Bell engincers
first hooked up a two-way teleph d-televisian combination ¥
1930. The picture was muserable, and the cost would have been
staggering 1o any customer, But it was 2 fascinating idea- od

Today, bventy-four years later and with TV a neadly pukdi
art. the Bell planners are still thinking hard about televisiphont- g
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would put a terific new demand for frequency bandwidth on the

Jephone wites and undoubtedly cost a good deal, One idea the
planners have recently been considering involver seading nnt a
moving image but a scries of stills at five second intervals; Wby would
use up only a narrow band of frequencies and be much cheaper,

Dr. Ralph Brown, vice president of Bell Labs, feels that 1he win
of vision on the phone is as little appscciated today oy the e of
speech was when Bell invented the thing threr quasters of o century
ago. “People used to ask who'd want to 4k it a tin oy, he
says. “Today they can hardly get along without i, bt ey sk who
needs TV with his telephone. But in today's wnld, sight and smp)
g0 together. Some form of vision with the phans b heevitahle "

Other new devices that already exist, or sfiguldd exist iy the futie,
and for which the planners have great hopes, fn/lude s within ot
telephone-answering machine to take your ealls for yroir v i yi'ie
out; 2 machine that understands the numbers zesm 19 e, wn 141
7ing a phone number upon spoken command; an tles fpapp. 14 i
Tator that will design and draw plans for new pleces o pasfinp 4
equipment when told what that equipment has to dn, gnd gprdiics
calculator that will be able to translate from ope lli/////W; Vi gl
other,

“However all that may be,” Gilman said recently, oy ot thye
ceiling with his hands clasped behind his Liead, “we ¢ 114 afiryd tn
deal in idle dreams. We'te simply trying 40 s e s/ pegton bl
idea and prospective invention that may fit futn fh« ju/44 phhe,
50 as to help solve the problems that will e athsfig fy fix frsie,

“The main thing is not to get too smug”

May, 1954
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The Inventor in Eclipse

BY EDMUND L. VAN DEUSEN

Often veiled or forgotten among the industrial labo-
ratories, the independent research panies, and
the theoretical planners, are the lone and independent
inventors. They shrink in number annually, and over
the past quarter-century the number of patent applics:
tions in proportion to the population has declined
4o per cent. Yet historically it has boen the independ-
ent inventor that has given technology its biggest
boosts.

WheN PERCY C. SPENCER, president of Sinclair Oil Corp., inaugt-
rated the “Sinclair Plan” in 1951, he thought he had found a vfﬂ)’
to spice industrial technology with the offbeat yet valuable inspir3-
tions of independent inventors. Spencer invited “inyentive-minded
Americans everywhere” to send their ideas to Harvey, llinois, where
the staff of Sinclair's new $i10-million research laboratory would
evaluate the schemes and complete the development work on those
that looked promising. All Sinclair wanted in retum was a 10yalty-

74
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free license under the inventor’s patent—and a sense of industrial
accomplishment.

Three years later, Sinclair had obtained exactly nothing from its
plan. Fewer than ffty of the thousands of inquiries and suggestions
pertained to the specified subject (petroleum products), and of
these only three secmed worth extensive testing. Two proved im-
practical, and the third, involving a new way to make cement, was
retumed for commercial development to the original inventor, 2
Cleveland consulting engineer. Sinclair's conclusion: “There ap-
pears to be little room for the independent inventor in the petro-
leum industry.”

The failure of the Sinclair Plan is of deep significance to Amer-
ican industry. In an era of unmatched technological progress, the
lone, inspired inventor seems to be playing a diminishing part, At
the same time, the rate of American invention scems also to have
declined, In 1g20 the U.S. Patent Office received 7.7 patent appli-
cations for every 10,000 citizens; today, despite 2 shght upturn in
the trend, the rate is 4.6, a drop of about 4o per cent.

This does not mean, however, that the inventive Yankee is 3
vanishing breed. Anyone willing to set himself up as a recipfent of
ideas can attest to the contrary. During ‘World War 11 over 300,000
suggestions were submitted to the National Inventors Council, an
agency created at the prompting of Lawrence Langner, the eminent
Patent attorney (and founder of the Theatre Guild), to be a clear-
inghouse for new devices that might be of value to the armed
forces. One such device, an instrument invented by a treasure
hunting Florida radic mechanic, tumed up on scores of beach-
heads as the familiar mine detector.

After the war the council's experience was duplicated by the
Institute of Inventive Research of San Antonio, 2 nonprofit or-
ganization put together by Thomas Slick to provide a connecting
link between inventors and industry. In eight years the institute
managed to evaluate over 100,000 inventions submitted by the
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public, and from this group was culled the Jift-slab method of
concrete construction (used in building the $s-million labortories
of the Radio Corp. of America). But the costs of development of
this and 2 dozen other promising ideas were 50 high that the in-
stitute, after running through its $1-million endowment, closed its
doors to new inventions and became a past of Slick's Southwest
Research Foundation,

Where Stick left off, however, the Product Development Corp. of
Boston has taken over, and on a profitmaking basis. Product De
velopment is a yzar-old affihate of American Research & Develop
ment Corp. {Reaction Motors, Tracerlab, etc.), and inventors ai¢
already sending therr ideas to this new company at the rate of ity
a day.

Certainly there is no sk of i and inventions, but
then, that was not the problem encountered in the Sinclait exper-
ment. The trouble has been quality, not quantity, and the season
for this is easy to see. For several decades, the impostant frontiers
of technology have been advancing into the far reaches of chem
istry, electronics, and, of late, ics. Independent i tors,
inad Iy tramed and equipped, can hardly hope to follow. The
result is that these areas have become the preserve of the hired in-
ventors who work in corporation laboratories. The lone, unaided
inventor ean do little but concentrate on the mechanicaltype i-
ventions, the better mousetraps, that were the marvel of the nine
teenth century but today ase considesed to be only gadgets.

Invention is whose business?

Industry is keenly aware that the present quality of independent
invention is Jow (General Electric finds that it is interested in 165
than onedenth of 1 per cent of the 3,500 tdeas and suggestions sufvr
mitted ta it each year). Yet mdustry also scems to assume that this
Jow quality is none of its business (G.E.'s patent department has
three men screening the public's ideas, seventy men processing the
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3,000 to 4,000 patent suggestions developed annually by the com-
pany’s own research laboratories).

Actually, industry’s indifference taward the lone inventor and his
works is understandable, Modern industrial research, with its fine
Iaby fes, its teams of falists, and its multimillion-dollar
budgets, appeass able to provide all the technological progress that
the nation could desire, Indeed, amid this array of inventive power
even such an obstinately independent inventor as Thomas Edison
would find it hard to locate neglected areas in which to apply his
genius, The easy assumption for industry to make is that the best
inventors of this generation have all read the signs and are busily
inventing within the walls of industry’s research laboratories where,
in the words of one director of research, “no one ever makes a
million, but then, neither does anyone starve.” From this, it is
logical fo assume that virtually all the important inventions of the
futute will come out of the major laboratories.

This reasoning, however, is not so airtight as it seems. ‘The history
of invention indicates that truly significant innovations generally
are the work of “outsiders,” individuals far enough removed from
an industry fo have a fresh viewpoint on its problems. Janney, in-
ventor of the automatic railroad coupler, was a farmer, not 2 rail-
ro3der, Cartwright, inventor of the power loom, was a minister.
Eastman, a bookkeeper, revolutionized photography, but it took
w0 musicians, Mannes and Godowsky, to show Eastman how to
make photographs in color. Even television, a “modern” invention,
would have been impossible without the mspired tinkering of gen-
erations of amateur inventors. Edward T. Dickinson, cxccuhv.e
assittant to the president of Carrier Corp.,, conducted a study of_ this
fort of intuitive innovation while vice chairman of the Nahor}al
Security Resources Board (the project was prompted by the belxef
that a creative atmosphere is an important “natural resource”),
Dickinson concluded that such “leaps into the blue,” whether by
inventive individuals or by a whole population developing a new
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civilization, occur at the time when those people have become
isolated or withdrawn (e.g., the colonial period in America}. For
lone inventors, such withdrawal comes naturally, but it is extremely
difficult to withdraw from one of industry’s organized “teams” of
researchers,

The independent “doodle”

Most industrial lab es are also handicapped be(zus? “they
think they can't afford to doodle,” says Benjamin Franklin Miessner,
a ful ind dent i who made good in 1930 by sell

P
ing fifty radio-citcuit patents ta R.C.A. for $750,000. Miessner, flm
vigorausly inventing, has great hopes for his latest doodles, 2 sting:
less electronic piano and a photoelectric phonograph, seither of
which represents the type of project a corporate rescarch director
would choose to put in his annual budget.

Miessnet’s point is aptly illustrated by the inventive c:lreff of
Edwin H. Land, inventor of Polaroid film and the Land (“onc-
minute”) camera. In 1932 the total market for a cheap s0ucee
of polarized light (used, at that time, only by experimenting Phys"
cists) would not have supported even the most modest of indus-
trial-tesearch programs, 1t fell, instead, to Land, an inquis;ti_"c 0,0"
lege boy (Harvard), to conceive and develop a method of orienting
tiny crystals in a sheet of plastic. Polatizing sunglasses, umcﬂi
filters, and 3-D movies came much Jater—and took Land out &
the class of lone inventors. By 1945 he was an industrialist, fh:‘-‘
president of his own l pany, Polaroid Corp ?“d di
tector of a large research organization, And when he dcfidCd to
“invent” a one-minute camera, Land proceeded in a typically it
dustrial way. The camera was chosen because it was close t0 Pola-
toid’s principal field (optics), yet different enough to P“{"‘dc
diversification for the company (no polavization is l'“".°l el
Market surveys determined the weight, size, and cost limitations
that the new camera had to mect. The self-developing charscie®
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istic was included because Land knew he could not break into the
camera field without an exclusive feature. It took three years for a
coordinated team of chemists, opticians, and mechanical engineers
to produce the one-minute camera exactly as Land had “invented”
it.

The Land camera was an inventive tour de force and a great
commercial success. But the camera will never rank as a “great”
invention, i.c., one that opens up new avenues of research or helps
to build a new industry. For that type of accomplishment, Land
xﬁr;ust still point to his youthful, independent “doodle”—polarizing

m.

The lost incentive

While the long advance of technology has largely contributed to
the independent inventor's low estate, it is hardly the complete
explanation, Charles Goodyear spent eight years—and landed in
debtors’ prison three times——searching for a better way to cure
rubber, With only a fraction of that energy and sacrifice, modern
inventors could gain proficiency in almost any area of technology
they chose. (Expensive equipment is often needed to prove an idea
—but not to conceive it.) Few inventors, however, take the time
or trouble. Foorman Mucller, a Chicago patent attorney and past
president of the American Patent Law Association, observes that
“in the past twenty-five yeats there has been quite a change in the
individual inventor; there is less initiative to carty 2 project be-
yond the idea stage, especially in that p of the populati
which in the eatly days would spend days, weeks, and months, un-
told energy, and their last penny to bring an inventive dream to
fruition”

Mueller, as a patent lawyer,

is in a particularly good position to
dragnose the cause of it all, for it is the stcad'y Ym}(ening of t?le
patent protection that is helping to sap th‘ev initiative of the in-
dependent inventor just when the complexities of technology are



8o THE MIGHTY FORCE OF RESEARCH

putting an extra strain on his tenacity, The patent system is the
independent inventor’s traditional incentive system, and when the
value of patents draps, 50 dos the drive ta jnvent.

Federal statutes lay the ground rules under which the patent
systemn operates, but these laws are constantly being interpreted by
Patent Office examiners, by federal-court judges, and by plain
businessmen everywhere. And it is these individuals who in the end
determine a patent’s value. The Patent Office must decide correctly
whether the invention is truly “new.” The coutts, in tun, must
decide, in the ease of a patent in litigation, whether the Patent
Office: decision was justified (if they think not, they can invalidate
the patent at any time), Finally, the business community must
decide, after studying what the Patent Office and the courts hSYC
been doing with similar inventions, whether it is safe to invest I8
the new patents being offered for exploitation.

To hit the jackpot on his invention, the inventor must win all
three decisions: it is not enough for him to gain a solid patent from
the Patent Office—one that infringers would find it very difficult
to invalidate through court action—if the “market” for patents 15
unsettled because of uncertainty over the standards by which .!hc
office and the courts are operating. Such uncestainty now prevails-

Judicial confusion

The uncertain value of patents is largely blamed on the Supremé
Court itself, although that august body passes on only two Of three
cases involving patents a year, Yet the decisions of the court have
been a marvel of consistency; only five times in fiftcen yesrs has it
judged in favor of the patent holders, a record that finally fed the
late Justice Jackson to predict, in s dissenting opinion, that '“‘9 dsy
was coming when “the only patent that is valid is one which this
court has not been able to get its hands on.”

Even more important than the decisions has been the Janguag®
used by the Justices in their invalidating opinions. Justice Douglats

in a case involving an o Yighter, introduced the
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“Hash of genjus” test by writing that a new device, “however useful
it may be, must reveal the flash of creative genjus, not merely the
skill of the calling” And in the famous A & P case, involving a
supermatket checkout counter, Douglas again sct a probibitive
standard by insisting, in a concurring opinion written with Justice
Black, that “the invention, to justify a patent, had to serve the ends
of science—to push back the frontiers of chemistry, physics, and
ﬂée like; to make a distinctive contribution to scientific knowl-
edge”

Influence of the Court
The § Court decisions have had 2 profound effect on the

lower federal cousts, The most extreme example is the Appeals
Court of the Second Circuit, which includes the important New
Yotk district court whese one-fifth of all the patent cases in the
cotintry are initially tried. From 1948 through 1953 the Appeals
Court heard cases involving thirty-cight patents; in thistyseven in-
stances, the patent was declared either invalid or not infringed; in
only one case was the finding in favor of the patent holder. Such
judicial precedents are not lost on the bargaining agents in a ne-
goliation between an independent inventor and the business inter-
ests he is trying to entice.

In 1952 an effort was made to counteract the court decisions by
inmfpomting a more moderate “standard of invention™ into the
Rew patentlaw code adopted by Congress that year, but the few
courts that have commented on the matter have maintained that
the intent of Cangress was primarily to codify, and not to modify,
the existing patent laws. Another propasal, made by the Patent
Equity Assaciation of New York, is to create a system of technically
trained judges for the hearing of patent cages. Such iudng, qmwn
primarily from the ranks of patent lawyers, would preside in all
Patent cases.* But most patent authorities are agreed that little can

i i DC.,is
* The present Court of Customs and Patent Appeals in Washingto, L
bLike the tﬁ :ceo'x'xrt;,norg:,n;ud to adjudicete between the government (fe.,
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be done until death or retirement changes the character of the
courts; too many of the present judges were appointed during the
era when Thurman Amold was concentrating his antitrust fire on
the beneficial monopoly of patents,

Jeopardized quality

Meanwhile the value of patents is being eroded by trouble from
a new direction. Indifference and neglect are reducing the effective-
ness of the Patent Office itself, and this will eventually have a
direct cffect on the quality of the patents that the office issues. 4
patent may be invalidated at any time if someone can prove to the
courts that the invention was not “new” when it was applied for.
It is the patent examiner's job to look for “prior ar” but the
Patent Office, unlike a title company, makes no guarantee that this
search was complete. The inventor and his backers must proceed
with commercial development at their own risk.

It is the quality of the Patent Office search that is jeopardized.
Each year an additional 40,000 U.S. patents are added to the priof
art, along with an equally large number of foreign patents—m.ld
tons of technical literature in every language. This, plus the i
creasing complexity of the individual patent applications, has
doubled, in the past fifty years, the time and effort needed to process
an application. Worse still, the 650 examiners are so rushed in thﬂ.f
routine work (they are 200,000 applications behind) that there is
no time to do the classifying and collating necessary to make sensé
out of this mountain of information. And now, instead of giving
the Patent Office the help it needs, the present Administration has
chosen to put the office on a stringent economy regime. The !’“’
reau’s budget for fiscal 1955 was $11,500,000, down 2 half million

Patent Office) and the public. Most patent cases of importance, however, ¢
between two citizens and generally ivolve  patent wfnngement. The goterhy
ment, in issuing a palent, grants a monopoly for seventeen years, but the pd
holder must defend that privilege on his own,
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from the $12 million that it has spent in recent years. To make the
office more netly selfsufficient, the Department of Commerce
(patent to the Patent Office) has asked Congress to raise the basic
fees for obtaining patents from $6o to a sliding scale that approxi-
mates $120 per patent. Yet even this increase will cover only hatf
of the current $6-million deficit.

These efforts at economy come at an inopportune moment. The
(_:Ommissiuncr of Patents, Robert C. Watson, a respected Wash-
ington attomey appointed by the Republican Administration, e
culates that the Patent Office needs immediately an additional 200
examiners just to stay even with the incoming work and to effect
a small annual reduction (5 per cent) in the backlog of waiting
applications. This reduction is particulatly important because it is
the application backlog that determines the length of time, now an
average of three years and seven months, between the date of ap-
plication and the issuance of a patent.

An Advisary Committee on Application of Machines 1o Patent
Office Operations has been formed under the chairmanship of Van-
nevar Bush to study the possibility of mechanizing at least patt
(possibly 20 per cent) of the examiners work. Tuk this is long
term, and of jmmediate moment 18 ‘Watson's need for 2 spesial
fund, possibly $5 million or $6 million, spread over 8s Mty years,
with which to tackle the growing job of reclassification. (Searches
are made by “classes” of inventions, and some of these graupings
have not been brought up to date in years.) Unless there 13 some
radical change in the Administration’s thinking, however, ‘Watson
probably will not get even this shortterm 2id, And the value of
Patents will continue to Arminish.

Industrial responsibility

The independent inventors, 25 & group, 4re. too dismgamze? to
do anything concrete in their own Jefense. This raises t'he question
its weight and in-

of whether it is industry’s responsibility to use 1
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reascrs why indusioy Sodid, Fint, See & 3 storg predsyta
fha? Fdestial, crmoine? covered cxonet yeb ety sapplazt e
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tragky, (e petant spatem, the oo Hat ks Edutill @
search econermicaly faxlle, oy beoorme defensds agiist po
litical attack. .

In ths regard e patent systemm & alrendy welaenble, Not s

the 15227, when the patert pool assembled by RCA Lrought
radia out of s mEmey, has bhe protestion provided by it
cxeated 2 totally new industry i the manner exemplifed bY,Bdh
patent on the telephone, Goodrear's patent on the velaaintbion of
rubber, or Hall's patent on the reduction of algwminum. The impo
tant developments of the past qurte-century (e, television l;t
engines, synthetic fibers, detergents, rubber) have served muinly
o entrench the establishod companies with Large research siafs
large portion of the US. population is persuaded that any monep
oly, even the temporary one created by the patent grant, i fund
mentaily evil; and the argument that patents help "th? big g;l
bigger” has 2 particularly convincing ring when it coincides Wil
evidence that the lone inventor is being denied a fair opportumrys
1f for no othier reason than to counteract this charge, industty shou?
8ive the independent inventor a helping hand.

Unplugged channels

Theze are many ways in which industry could help. It coutd, fof

example, give financial and moral support to the groups thet 3¢
trying to strengthen the faltering patent system. More specifcallf
industry could subsidize adult classes at colleges and universitics
where independent inventors could take cram cousses in the ne¥
technologies?”, e most cff “egingle act industry could per
form WOUIdg © itsownd' -ggsmwnxd the lone inventor.
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. For example, the channels of communication between corpora-
tion af‘ld inventor need to be cleared; the deluge of ideas that flood
""g“ﬂﬂ_zh'tms like Product Development Corp. and the Institute of
Inventive Research proves that these channels have been, in the
past, badly plugged. Improvement, however, will not come easily.
The' mutnal suspicion between inventor and corporation is born
of bllner experiences by bath. To defend themselves fram crackpots
looking for a lawsuit, most companies insist that the inventor at
lefst have 2 patent application in process before they will listen to
him, Even the Sinclair Plan included this provision, which alone
may have doomed the program from the start. If the independent
inventor is ever to enter the higher reaches of technology, where
CXtc.nsive laboratory tests are required to establish even the patent-
ability of a nebulous idea, industry will have to find a simpler
method of defending its own and the inventor's rights.

Corporations could also re-examine thesr policies toward their
own researchers. In their employer's field of interest, these inventors
are hired inventors, but in all other aress of technology, the same
men are potential independent inventors. Too many companics
hamper initiative by not establishing a consistent policy on the
question of the “ ted i ion.” R hers should be able
to exploit freely any ideas or inventions they develop that are not
of interest to the company that is paying their salary.

Finally, the corporations, either directly or through industry
associations, could inform the independent inventors of the types
of problems that are currently proving troublesome. The National

Inventors Council has used this scheme successfully for several

years by periodically listing the current “needs” of the armed forces
battery for Arctic troops). The

(e.g, a low-temperature storage
toughest part of this job for industry would be to admit occasion-
ally that its own research programs are not infallible.

A casc in point is the electronic industry’s effort to find a way to
make a cheap and reliable cathoderay tube for receiving color tele-
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vision. Present tubes cost ten times their black-and-white equiv-
alents, and it will probably require an entirely new concept of de-
sign or manufacture to reduce this ratio substantially, Chances are
that when the way is found, it will be so simple and obvious that
every television repairman in the country will wonder why he didnt
think of it first, But then, that has been true of every great inven-
tion—after it has been invented. And that is why, given a chance
and enough incentive, independent inventors will alwags be able
to pay their own way.
Degember, 1954
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New Light on the Brain

BY FRANCIS BELLO

The first five chapters of this book looked at the Who,
How, and Why of research. The remaining ten are
devoted to its Object. Appropriately we start with
Man himself, for long before Aristotle set the locus of
the human intelligence in the heart, man was longing
for insight into his own thoughts.

Man's BrAW, which has transformed the world and has discovered
the power to destroy it, is the greatest enigma in modern science.
It took at least a billion years of evolution to create the 3-pound
mass, which only in the Jast century and a half has begun to acquire
a dim understanding of its own nature. The last twenty-five years
have been especially fruitful of new knowledge of the brain, thanks
to a sharp rise in the volume of nenrophysiological research, accom-
Ppanied by swift advances in electronics and instrumentation, in-
cluding the use of radioactive tracers. Indeed, there is a tantalizing
prospect that research now under way will finally shed light on the
elusive connecting links between man’s brain and the thoughts in
his head.
87
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Since 1930 brain investigators have acquired a significant nc¥
tool in the electroencephalograph, which records electsical activity
at the surface of the skull (or beneath, if the skull is open); from
neurosurgeons they have learned, in great detail, how the living he-
man brain reacts when stimulated with weak electric currents; they
have had an opportunity to study the behavior of large numbers.of
people in whom the brain’s frontal lobes have been surgicfi'“)' e
activated; and they have performed countless animal experiments
seeking detailed answers to the central question: how does the
nervous system operate? .

Out of this enormous effort have come at least three major 0=
velopments:

B A farreaching new theory of consciousness. 1
B~ The recognition, tied in with the foregoing, that the Eercbl@
cortex, or outer covering of the brain, except in a few critical 1
gions, is surprisingly expendable.

B An attempt to formulate mathematical “models” that can €
plain, in some sense, how the brain works. Certain of these resultsf
convince mathematicians, at least, that every imaginable aspect ©
the brain’s activity might conceivably be duplicated by some man
made mechanism.

Of the three developments, the new theory of consciousnes: b
only the most recent, having emerged in just the last few years ‘Tjr
the one that pulls together the greatest number of expcrimcnt:ll f7 g
servations. While many neurophysiologists bad a hand in ShﬂP’;’v-
the new concept, the leading contributors include Horace W. N “‘
goun and his associates at the University of California at 105 An
geles; Herbert H. Jasper and his associates at McGill Umvt!f“);
and at Montreal Neurological Institute; and Giuscppe MO_"“mhor
the university at Pisa, Italy. The recent findings of these andlof ‘r
workers seem to support a view of brain function that the b"“”',’n
neurosurgeon Wilder Penfield was perhaps the first to pww%b;l
the late Thitties. Many details of the concept are still obscur®

s s not
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if the new view should prove substantially valid, it will mark a major
tumning point in man’s effort to understand the brain,

Briefly, the new hypothesis argues that the neurons (nerve cells)
that perform the “highest level of integration” are to be found not
in the brain’s outer bark, or cortex—as long supposed—but deep
within the brain, in the so-called reticular system, a region that is
among the most ancient from the standpoint of evolution. The
term integration means in neurophysiology, as elsewhere, a sum-
ming up, the achieving of unity out of diversity. Recognizing that
the brain is being continuously bombarded, even dunng sleep, with
sensory impulses, the problem for science has been to discover how
the brain filters out meaningful stimuli, assigns prionties among
stimuli competing for attention (ignoring them all, if sufficiently
fatigued), and finally makes a decision to do just one thing at a
time, out of the near-infinity of possible things to do,

According to the new hypothesis, all this is achieved by 2 com-
plex interchange of nerve impulses—bearing coded information—
between cortical neurons and neurons in the reticular system. One
task of the cortex, evidently, is to assign meanings to incoming
stimuli—notably to things seen, heard, smelled, tasted, and touched
~—and to store these meanings, in some fashion, for future refer-
ence, The cortex also, it seems, transmits some sort of condensed,
edited, and annotated version of the flood of incoming sense stimuli
into the reticular system, where the final integrating process takes
place. This final integration may lead the reticular system to issue
impulses that will “zrouse” appropriate sensorimotor regions of the
cortex to intiate a type of muscular response that has proved suc-
cessful under similar circumstances in the past—or, altemately, it
may call upon some part of the brain (probably the cortex) to give
more “thought” to the problem.

It is perhaps too early to s1y whether this sketchy account of the
tale of the reticular system is roughly correct or quite mistaken. If
essentially correct, it goes far toward explaining the unity of the
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central stream of consciousness. Even so, however, it sheds virtually
no light on such equally basic problems as: what, really, takes place
in learning; what is memory; what is intelligence; and how does the
brain recognize “universals”? The last problem, a favorite of Gestalt
psychologists, asks how it is that we learn to recognize a circle, 2
triangle, or a spoken word, even though each may be highly dis-
torted. One important fact demonstrated in the last twenty-five
years is that visual recognition of universals involves a very com-
plex leamning process. People who have been blind from birth and
have later gained their sight require weeks to recognize even simple
objects; and once they have learned to distinguish, say, an egg from
a cube of sugar, they become utterly confused again if the two are
presented under a colored light.

Thus, despite the new hypothetical role of the reticular system,
anatomical and physiological studies of the brain have been of little
help to the understanding of thought processes, In recognition of the
difficulty of erecting any sort of bridge between physiology and
psychology, the prevailing tendency among psychologists has been
to regard man as an “cmpty organism” and his brain as a “black
box.”

In this view, about all man can aspire to do is to investigate the
brain’s input and output and, with luck, discover meaningful corre-
lations. On the other hand, neurophysiologists (and a few psycholo-
gists and psychiatrists) hope that a knowledge of the brain’s inner
workings will shed useful light on the nature of intelligence, on how
the brain learns, finds its satisfactions, and why, on occasion, it
breaks down. They would like to know, for example, whether

hizophrenia is primarily physiological in origin—traceable, per
haps, to a disturbance in an enzyme system or to a harmful chemical
compound substituting for a needed one—or whether the ailment
is basically a malfunction in information processing, peculisr to

hi. t

ining billions of swil g comp
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‘There is, of course, no certainty that the brain is clever enough to
understand itself, for most of the hard problems in science reach a
climax in the nervous system. To understand the brain it will first
be necessary to know much more than is now known about protein
chemistry, biochemistry (including the role of hormones), bio-
physics, the advanced mathematics of large random ensembles, and
the new semiscience of information theory. Moreover, in the brain
science comes face to face with indeterminacy—or uncertainty—
on a macro scale. It will never be possible to know precisely what
10 billion nerve cells are doing at any one instant. If researchers try
to stick too many recording clements into the nervous system, it
will simply stop working.

The mind misplaced

From today’s perspective it is difficult to appreciate how long
man remained ignorant of the function of the brain and nervous
system, Although Hippocrates knew better, Aristotle, with his great
influence, convinced a great many people that the heart was the
organ of thought. In the second century aD, Galen, 1llustrious
Greck physician and anatomist, corrected this mistake of 18 inches
in localization, and went on to declare that he had found the reses-
voir of the soul’s “animal spirits” in the brain’s hollow chambers,
the ventricles, which are filled with a clear watery fluid. Galen pro-
posed that these spitits, presumably in solution, were pumped by
the brain to all parts of the body.

Galen’s views went virtually unchallenged until the late seven
teenth century, when Thomas Willis, an anatomist and physician,
asserted that the brain's gray matter was the true lodging of the
“animal spurits,” and that they traveled about the body through a
network of nerve fibers.

The soul’s “animal spitits” were at first incorporeal and mys-
terious. The early microscopists, however, declared them to be 2
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subtle juice, which they could see oozing from severed nerve fibers.
It was this juice, said one (Malpighi), that transmitted sensations
hydraulically from sense organs to the brain,

The first hint of the electrical nature of nesve sensation was not
discovered until 1791, when Luigi Galvani, of Bologna, reported
that the leg of a dead frog twitched under an electric current. The
belief in soullike “animal spirits” faded soon after 1800, and the
stage was set for the modern study of the nervous system.

The great unknowns

The great physiologists who ad: d und ding of the brain
and nervous system in the busy and wonderful nineteenth century
never achicved the popular fame of their scientific colleagues in
chemistry and physics.

One scientist of tremendous insight was Hughlings fackson, an
English neurologist who lived between 1834 and 1911, Modern stu-
dents are still amazed by the many shrewd inferences about brain
function that Jackson drew from close study of epilepsy and other
disorders of the nervous system, but his methods were soon over-
shadowed by more fruitful techniques of direct experimentation.

In the 1870’s Sit David Ferrier, a Scottish physiologist, was among
the first to apply electric currents directly to the exposed cortex of
monkeys. He found that electrostimulation of specific regions of the
so-called “motor” cortex would cause a monkey to move muscles in
vatious parts of its body. About the same time Friedrich Goltz of
Strashourg made the then surprising discovery that a dog could lead
a fairly active life even with its entire cerebrum removed. It was 2
“mindless” robot that could display no memory, no emotion (ex-
cept a crude type of anger), and none of a dog’s familiar “purpose-
ful” behavior.

5till another line of investigation was devised by anatomists who
had long been balked in their efforts to trace individual nerve fibers
through the spinal column and into the brain, They found that if
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a nerve fiber were cut, it would quickly degenerate along its entire
length, leaving a distinctive trail that could, after staining, be traced
under a microscope.

Not all the great brain investigators of the late nineteenth and
early twentieth centuries worked in obscurity. Ivan Pavlov earned a
Nobel prize in 1904 (for his tesearch on digestion), and later in-
Buenced a generation of educators—and the whole Soviet system—
with his remarkable d ions of the conditioned reflex in
dogs. But although he was a physiologist, Pavlov might just as well
have been conditioning “black boxes” as living animals, for he had
10 more success than anyone else in finding the mechanism by
which the brain makes the associations so fundamental to learning.

The great integrator

The man who is credited above all others with crystallizing the
modern science of neurophysiology is Sir Charles Scott Sherrington.
His first publications appeared in 1884, his last sixty-seven years
Iater, in 1951, when he was over ninety.

Shertington’s major work was in elucidating what he liked to call
“the integrative action of the nervous system,” the process whereby
the nervous system handles a multitude of incoming stimuli and
“unifies from scparate organs an animal possessing solidarity, an
individual . ., ” This is the same problem, of course, that the
new reticular theory of consciousness seeks to answer at the “high-
est level” Sherrington's primary concern was with the neuronal
integrations that take place in the spinal cord.

One of the great landmarks in neurophysiology was the series of
lectures given by Sherrington at Yale in 1go4. “The results before
you,” he said toward the close of his lectures, “must appear a
meager contribution toward the greater problems of the working
of the brain; their very poverty may help to emphasize the necessity
for resorting to new methods of experimental inquiry in order to
advance in this field”
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Sherrington said he saw particular promise in psychological ex-
peri then just beginning, in which sections of brain were
systernatically d from animals previously taught to perform
acts of reasonable complexity, such as running a maze.

The brain's resourcefulness

By 1929 one group of these experiments, conducted by Harvard
psychologist Karl S. Lashley, was essentially complete. Lashley's
findings were as astonishing as anything reported in science in this
century,

Lashley found that in rats which had been trained to thread a
maze he could slice away virtually any part of the cortex (so long
as he did not destroy vision or paralyze the animal) without de-
stroying the learned behavior.

These findings led to two general hypotheses: (1) that memory
“traces” were scattered so diffusely throughout the cortex that so
long as a fair amount of it remained intact, memory and leaming
were not destroyed; or (2) that memories were stored deep in the
mid- or “primitive” brain, into which Lashley could not eut without
destroying consciousness itself.

Prior to Lashley's work, physiologists (including Shering:
ton) believed that the billions of neurons in the central nervous
system were inactive most of the time; that limited neuronal net-
warks were activated in response to particular stimuli; and that
somehow, simple conditioned-reflex arcs, of the Pavlovian type,
were created through the process of leaming.

‘Today, in the light of the new theory of consciousness, it appears
that both cortex and midbrain participate in storing patterus of
Jearned behavior. One suggestion is that the cortex may play a vital
role in the learning of skilled motor acts, such as playing a piano,
but that in time some of the cortical pathways may be “short-
circuited,” permitting the reticular system and subcortical motor
centers to take over more of the job.
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What price cortex?

Not long after Lashley reported retention of learing in partially
brainless rats, neurosurgeons and psychiatrists confirmed his results,
at least in part, in humans. The main confirmation came with the
adoption of prefrontal lobotomy (or leucotomy) s a treatment for
mental illness, chiefly schizophrenia, and for relieving intractable
pain, especially that induced by cancer. The Pottuguese nenrologist,
Egas Moniz, sponsored the first human lobotomy in 1935 after
hearing that the operation had relieved a highly trained chimpanzee,
Becky, of temper tantrums brought on by frustration.*

After 15,000 to 20,000 Iobotomies, psychiatrists and psycholo-
gists are still not sure what effect slicing away a billion or so brain
cells has on behavior. A number of patients have actuaily scored
higher on intelligence tests after lobotomy than before, and there is
ene case on record of an 1.Q. of 160 after the removal of one lobe.
This, of course, is not so inexplicable as it may appear, for few
patients are ideal test subjects before surgery. The most noticeable
effect of lobotomy is on personality, and the direction of change is
almost always in the direction of reducing inhibitions and sense of
tesponsibility.

Electromapping the brain

About the time that Lashley was reporting his findings, Hans
Berger, a German psychiatrist, announced that he conld detect faint
“brain waves” with electrodes placed on the scalp. The electroen-

ing a vertical slice through
To improve on this crude
¢+ (quterize only specific nerve
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cephalograph, or EEG, is now used routinely to classify types of
epilepsy and as an aid in establishing the location of brain tumoss.
The EEG has also contributed greatly to the new reticular theory
of consciousness. So far, however, there is no reliable evidence that
brain waves provide any clue to intelligence ot pessonality traits, or
that they undergo changes as a result of mental illness.

In the early Thirties, Walter R, Hess, a Swiss neurophysiologist,
devised methods for mapping, by electrostimulation, regions deep
within the brains of unanesthetized, freely moving cats. Through a
small hole in the cat’s skull he was able to insert electrodes reaching
to the diencephalon, or “in-bet brain,” a region ini
part of the reticular system. Hess’s findings, which brought him a
Nobel award in 1949, established that the diencephalon is the con-
trol center for the autonomic nervous system-—the system that reg-
ulates the workings of the heart and other internal organs.

Whereas electrostimulation of the brain's surface evokes only
isolated muscular movements or twitches, Hess found that by
stimulating the diencephalon he could actually make his cats “do
something.” They could be made to show abnormal hunger or
thirst, act as if they had seen an unfriendly dog, pant, sneeze,
urinate, or even cwl up and go to sleep.

Recently james Olds of McGill Univessity has discovered that
stimulation of a certain region in the brain of a rat seems to evoke
an exceedingly pleasurable sensation. If the mat is allowed to
switch on the current by stepping on a pedal, he quickly leamns
what to do and spends many happy hours stimulating himself,
even in preference to eating.

Nerve and its signals

Many of the eminent neurophysiologists of this century have
felt that the proper place to begin the study of the nervous system
is with the nerves themselves. i

in 1912 E. D. Adrian, the English Nobel laureate, and Keith
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Lucas discovered that nerves always fire on an “all-or-nothing” basis,
which means that if a nerve is in condition to fire, and is adequately
stimulated, the size of response and the speed of conduction are in-
dependent of the size of the stimulus. Later Adrian showed that the
nerve’s method of signaling that a stimulus has increased in size is
to fire more rapidly.

A central problem, still much a mystery, is how the nerve impulse
is transmitted across a “synapse,” the junction, or small gap, where
the end fibers of one nerve cell meet another cell (or neuron). It
can be shown that the arrival of certain impulses may inhibit a cell
from firing, even though the cell may otherwise appear to be ade-
quately stimulated. The nature of inhibition, so crucral to the opera-
tion of the whole nervous system, is now a center of controversy.

One school holds that inhibition may be explained by release of
chemicals that “paralyze” the neuron and keep it from firing. An
unidentified cheical with the necessary propexties has recently been
discovered. Another school holds that inhibition may be explained,
in large part, by electrical “roadblocks” that are set up when an im-
pulse tries to squeeze through the ultrafine branches at the end of
some nerve fibers. As an impulse “dies out” in these branches, it
seems able to generate a field effect that can “block” impulses pass-
ing through nearby fibers. When this happens, a neuron that might
otherwise receive enough impulses to fire, fails to fire—i.e, is “in-
hibited"—because the impulses never arrive in suitable strength.

The “model builders”

Among brain investigators, two of the scientists associated with
the new inhibition theory, Warmen McCulloch and Walter Pitts,
both M.LT. researchers, have had a great influence on modern
efforts to guess how the brain operates. This guessing, or model-
making, is an inseparable part of all research. In discussing this
matter with other brain investigators, Pitts said: “I think model-
makers in general really have two functions. First they want to
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demonstrate that thus and such a function, which various people
suppose can be done only by the mind's substance or some other
nonphysiological entity, not by any mechanism, can in fact be
done by some mechanism. . . , As soon as the psychologists know
exactly what it is they want the brain or the mind in question to do,
we can cettainly build a machine to do it. . . . For s it is super-
fuons, but it is extremely important with respect to the rest of the
world. The second function of modelmakers is to find models that
throw a light {on] how in fact the bramn does something.”

In 1943 McCulloch and Pitts demonstrated mathematically how
networks of “neurons™ having certain formal properties could pro-
duce any desired output (ie., “behavior”), provided the output
could be described “completely and unambiguously” in words. A
few years ago John von Neumann, the eminent mathematician,
since named to the AEC, paid his tespects to the McCullochPitts
theory. “It has often been claimed,” said von Nenmann, “that the
activities and functions of the human nervous system are so cont-
plicated that no ordinary mechanism could possibly perform them
.. . that such functions . . . are per se unable of mechanical,
neural realization. The McCulloch-Pitts result puts an end to this.”

Von Neumann then went on to discuss the implications and
limitations of the theory. He began by asserting that “there is no
doubt that any special phase of any conceivable form of behavior
can be described ‘completely and biguously’ in words.” He
hastened to add, however, that to describe and define how human
vision works might “require thousands or millions er altogether
impractical numbers of volumes.”

From this von Neumann concludes that “it is perfectly possible
that the simplest and only practical way actually to say what con-
stitutes visual analogy fi.e., human vision] consists in giving & d&-
scription of the connections of the visual brain . . . Obviausl)::
there is on this level no more profit in the McCulloch-Pitts result.

No one should be disappointed to learn that the McCulloch
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Pitts theory would not lead to a mechanical brain, It was never
meant to. Its basic purpose was to show mathematically that the
living brain could work on purely physical principles, and this,
evidently, it accomplished.

The need for randomness

But this is to consider only the first of the two functions of
modelmaking. The second function, that of throwing light on
brain mechanism in advance of discovering the brain’s wiring dia-
gram, is really the important one. The British mathematician
Donald M, MacKay writes: “The considerable effort going into
this theoretical modelmaking 1 justified chiefly by the hope that
out of it may come a way of describing the thinking process, suffi-
ciently close to psychiatric realities to be useful in diagnosis, yet
sufficiently operational and objective to allow the physiologist to
make his maximum contribution to the study and treatment of
mental illness.”

What one can read here between the Imes is an obvious dissatis-
faction with the present terminology of psychiatry. Sherrington
thought it amusing that Freud’s study of the mind was 25 com-
pletely divorced from the anatomy and physiology of the brain as
was Atistotle’s over two thousand years earlier.

An outstanding feature of the models now visualized by both
Pitts and MacKay 1s that the fine details of their neuronal connec-
tions shall be essentially random, for it is difficult to imagine that
the nervous system could be put together in any other way. Recent
estimates make it extremely unlikely that enough “information”
could be coded into the genes to specify all the connections of the
nervous system’s 10 billion neutons. Presumably randomness reaches
a climax in the cerebral cortex, where neurons are packed some
15,000 to the cubic millimeter,

To construct a useful mathematical model of a random nerve
network has tumed out to be enormously difficult. At the same
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time, such 2 model promises to circumvent the impasse that arises
when, as von Neumann indicated, one tries to build a model based
on the early McCulloch-Pitts concept. Since the random model
would involve no more information than the genes can carry (prob-
ably under 10 billion “bits”) it would no longer be necessary to
describe mental beh “completely and biguously” in thou-

sands or millions of volumes of words.

Memory's secret trace

“Unfortunately,” Professor Adrian told the British Association
for the Advancement of Science, in his presidential address, “it is a
great deal easier to study the immediate reactions of the nervous
system than the more persistent changes which alter its babits and
give us our memories, We know next to nothing about the plas-
ticity which is the most important feature of the brain . . .”

One hypothesis popular about ten years ago suggested that a
wmiemory trace might take the form of netve impulses “reverberating”
or chasing themselves around closed loops of neurons. This notion
has since been tested by teaching rats ta thread a maze, then sub-
jecting their brains to violent electrashocks, presumably adequate to
destroy any reverberations that might exist. When the shocks were
given within half an hour atter leaming, all memory of the learned
task seemed to be erased, Beyond a half hour, however, shocks had
no effect. This suggests that reverberating impulses may, in some
fashion, “imprint” lasting changes in the brain cells—conceivably
by modifying slightly the actual protein molecules of which the
cells are composed.

Other hypotheses attribute the brain's plasticity to swelling of
nerve fibers through repeated stimulation, or to similar growth (or
strengthening) of the synaptic “knobs” (the relay points where
nerve impulses presumably pass from one nerve to another), or to
the actual growth of new “knobs” where none existed before.
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What is intelligence?

And what of “intelligence” itself? On this aspect of the brain's
plasticity, modern neurophysiology is silent. It seems probable, how-
ever, that this century’s preoccupation with intelligence testing has
done inestimable mischief. The brain is far too subtle a mechanism
to be stamped “1.Q.: such-and-such.”

Nevertheless, it is true that 1.Q. tests must measure something.
Although E. L. Thorndike once proposed that intelligence be con-
ceived of as “that which intelligence tests measure,” most psychol-
ogists would prefer to have tests that, in some sense, measure so-
called “biological” or “native” intelligence. It is doubtful if these
have yet been devised. In any event, existing tests have shown that
identical twins—even those reared apart—consistently achieve much
closer scores than fraternal twins. There is thus no longer much
doubt that intelligence, whatever it may be, contains a strong
genetic component.*

What may be the first corrclation between “intelligence” and
some physiological {and perhaps genetically determined) aspect of
the brain was reported in December, 1954, by University of Cali-
fornia psychologists under David Krech. They find that “maze-
bright” strains of rats have more cholinesterase (an enzyme) in
certain areas of the cortex than do “maze-dull” animals, If this find-
ing can be confirmed, it opens up a momentous new line of re-
search,

Free will and dll that

Moderm science spends little time arguing the “mind-body” prob-
lem, dear to generations of philosophers, or debating “free will.”

* A strong genetic factor in mental illness has also been shown by Franz J.
Kallmann of the New York State Psychiatric Institute, From studying thousands
of twins, he notes that whenever he discovers an identical twin with schizo-
phrerua, the chances are about 85 out of 100 that he will find the other twin
simularly affected. (Identcal twins, of course, are no more susceptible to mental
illness than is the general population.)
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The tendency is to regard these two issues as semantic rather than
real.

The distinguished American geon and longtime student
of the brain, Percival Bailey, expresses a widely held point of view
when he says: “To my way of thinking, mind is simply a name
which we give to the functioning of the cerebral cortex.”

Some peaple have thought the “free-will” debate settled in favor
of “freedom” by the theories of modern atomic physics, which ar-
pue the fruitiessness of trying to establish ultimate causal relation-
ships between events. However, it would seem that this argument
would lead not to “freedam of choice” but to chaos. It seems incon-
ceivable that each of our countless daily decisions is settied by the
unpredictable fopping of an electron somewhere in the nervous
system.

The view of the scientist {at least) is clearly summed up by
Shertington: “If ‘free will' means a series of events in which at
some point the succeeding is not conditioned by reaction with the
preceding, such an anomaly in the brain's series of events is scien-
tifically unthinkable”

Presumably not everyone will be pleased to regard his brain as 2
glotified computer, Shertington puts it more gracebully, In the
preface to the second edition of Man on his Nature, published
when he was ninety-three, he wrote; “The book stresses the view
that man is a product, like so much else, of the play of natural
forces acting on the material and under the conditions past and
present cbtaining on the surface of our planet.”

One thing is certain: if the Great Automaton is ever built~—
complete with 10 billion neurondike switching units—it will shill
lack something. Some will call it a soul, Others will be satishied if
it is simply called compassion. They will suggest that man owes
whatever compassion he may posscss, not to his soul or his stars,
but to a million human experiences of every quality and description.
From such experiences, are forever excluded

January, 1955
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How Are We Fixed
for Water?

BY FRANCIS BELLO

Of dll the necessities of man, water is the most vital
and, therefore, a fitting subject for major research.
Here are the facts of a situation often clouded with
fiction, The U.S. water supply—so essential to its

finol kes a checkered but ing pat-

tern.

To Mamvramy A us. crrzen in the manner to which he is accus-
tomed requires the deliberate use of about 1,500 tons of fresh water
a year. (OF all other materials—food, fuel, metals, plastics, Tumber,
sand, and gravel—he requires only about 18 tons.) Of the 1,500
tons of water, about soo vanishes into thin air supporting the
growth of food and fibers (chiefly cotton). Most of the remaining
1,000 tons does not evaporate, but returns, mare or less polluted,
to streams and rivers, after having passed through the nation’s
103
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homes, and through more than a quarter of a million mines, fac-
tories, and steam-power plants.

This 1,500 tons of water per person per year includes only water
drawn from rivers and lakes or pumped from the ground, It does
not include 10,000 tons (per capita) channeled through hydrwo-
power plants, or the thousands of tons that fall freely on forests and
farms, and, running to the sca, make possible river navigation, pleas-
ure boating, fishing, and swimming.

‘While water thus outweighs everything else consumed in the na-
tion, it is scarcely discernible in the family budget. Very little of it
costs as much as a nickel a ton. In a $365-billion economy the total
U.S. water bill probably does not exceed $3 billion a year. (The
city dwellers’ share is about $500 million, agriculture’s perhaps $200
million; the rest of the cost is borne by industry.)

Nevertheless, the total U.S. investment in all types of water-

facilities is iderable—roughly $4o billion, About
one-fourth of this sum has been contributed by the federal govemn-
ment, which, prior to the Eisenhower Administration, had fairly
firm plans for spending $25 billion more, and less definite plans for
another $23 billion.

All water expets agree that the U.S. does not know all it should
about its water supply ot its water requirements. Many experts
believe that, for lack of this information, a substantial amount of
money has already been misspent and much more may be misspent
in the years ahead,

Is the U.S. running out of water? Not at all. But the seventeen
western states are using about 70 per cent of all the water they may
expect to develop at reasonable cost, Arizona’s water use already
exceeds the dependable supply available within its borders, and
Texans are talking of importing water from the Mississippi.

The conclusion of President Truman’s Materdals Policy Com
mission was that by 1975 the U.S. may be using as much as g2 Pt
cent of all the water that can be developed at reasonable cost. But
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it is important to recognize that “use” may be “consumptive” or
“ ptive.”” Industrial and icipal use is ially “non-
consumptive” in that over ga per cent of the water “used” in cities
and in most plants is ultimately discharged and can be used again.
Irrigation, however, is a big consumptive user, for about two-thirds
of the water used on crops either evaporates directly or transpires
through the leaves of plants and is lost.

The commission estimates that between 1950 and 1975 the total
US. demand for water may nearly double. Irigation, however, is
expected to increase relatively little. Over 85 per cent of the new
demand presumably will come from industry and from cities—
users that retum most of the water they require. Over 5o per cent
of the total new demand foreseen by the commission may represent
the cooling-water requirements of just one type of plant, electric-
generating stations, which are expected to quadruple in capacity,
Fortunately, power plants can get along on brackish water, or if
necessaty on badly polluted water.

Over the next twenty-five years industry will not find all the
water it wants everywhere in the U.S,, but it should still find good
supplies in most areas where expansion is logical. (Texas and
Southern California may be important exceptions.) A survey by
Fortune shows that among twenty-five big utilities, steel, pulp and
Ppaper, oil, and chemical companies (which appear to use about
one-third of all the water required by industry) only onc firm be-
lieved it would have trouble finding the water needed for a 5o per
cent expansion.

The following two pages contrast the ways in which the eastern
and western U.S. use water, and underscore the great inequality
in natural supply between the two regions.




In the West, the Limits

‘The nation's heaviest single withdrawer and consumer of water is
irrigation. The figures (based on a 1950 study by the U.S. Geo-
logical Survey) show that the seventeen western states use about
77 bgd {billion gallons per day) for irrigation, or nearly as much
as the thirty-one eastern states use for all purposes. The West gets
almost ene-fourth of its water from wells, the East only an eighth.
{State water-use Agures exclude brackish water.)

The chart shows how the nation’s average runoff of 1,250 bgd
is dtvided between West and East. (The runoff is the water lcft
after evaporation and plant iration have taken their tolt of

P

the average precipitation of 4,300 bgd.) Owing to irrigation

The U. S. demand for water
West | East
Municipal and rural .. 5 12

Industrat .
Irrigation . -

“plus about 15 bed
o prackigh water Gn bithon gailons per day)

The biggest water users; (bilons of gallons per day!

East
Hinots .+ wuns 99
New York . 86

Ote ...
Pennsylvama
Michigan .. ... 5
West Virgnia .
Vieginia .+

e .33 Tennessee
Wyoming ..... 29 Indiana. .
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of the Supply Are in Sight

lasses, which probably cannot be reduced significantly, the West's
consumptive use of 5o bgd is over seven times that of the East.
In fact, but for irrigation the nation’s consumptive use of water
would be insignificant. The chart also shows that the West is
much closer to the estimated limits of its potentially (i.e., eco-
nomically) available supply than is the East.

About two-thirds of the West’s average runoff of 350 bgd is
€0 d in the Pacific ) hence 15 of no value to
the arid Southwest. If the Southwest is to grow industrially, it
will need plants that use water with great frugality.

Water demand vs. supply

31 eastern states

g —————]

50 90
‘Average runcff In billon gallons per day

Consumptve use

Consurptre use

\‘1/ Runcif to ceeans
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Surface water: in search of a policy

No other aspect of water conservation raises so many contro-
versial issues as riverbasin development. In his January, 1934,
State of the Union ge, President Eisenh d
that he would submit to Congress a “uniform and consistent
water-resources policy.” He promised, meanwhile, that the federal
govemment would continue to support construction of irrigation,
flood-contro), and power projects “wherever [they] are beyond the
capacity of local initiative, public or private.” He also said that
he favors more attention to upstream Bood-control measures.

Most of the great western dams built in this century have had
two primary purposes: to provide water for irrigation and (since
1936) to control floads. Power, of course, was often a welcome
bonus. It is now becoming apparent that industry’s need for water
should be given as high a priority as agriculture’s, particularly since
irrigation represents a relatively uneconomic use of water. {Manu-
facturing produces about fifty times as much product value per
gallan of water withdrawn as does irrigation.) It is also becoming

Billions for River Basins

fhelow and at right]
“Two-thirds of the water that runs off to the sea is carried in twenty-fve
large rivers. In the basins of the largest of these rivers the U.S. Govern-
ment has invested about $10 billion in irrigation, flood-control, naviga-
tion, and power projects. OF the total, the Corps of Engineers has spent
about $5.7 billion, Buteau of Reclamation sbaut $2.5 billion, and TVA
about $1.6 billion, The investment breakdown by basins, as shown on
the map, is for 1948. (Later figures are not available.) The COfPﬂ-
Reel ion, and the Dep of Agricull a to rivet
management, have plans for spending billions more developing _‘hf
nation's water resources, These plans, however, may have to be revised
substantially in the light of future government policy.
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evident that there is no practical way to control extraordinary floods,
e.g., the great Kansas City flood of 1951, The unpleasant fact is that
it people insist on occupying a major flood plain they must expect
to be inundated periodically.

Ground water: too little information

In the last twenty years the nation has increased its withdrawals
of ground water aver 300 per cent until it now obtains about 30
bed, or nearly a fifth of its total supply, from wells. Over 55 per
cent of the 30 bgd is pumped by five states, California, Arizona,
Texas, Louisiana, and Arkansas.

That water tables are declining in many parts of the country is
not necessarily alarming. Decline accompanies any continued with-
drawal and will level off, provided average draft does not exceed
average long-term inflow, In some cases pumping actually increases
the inflow to 2 ground-water reservoir.

Even the mining of ground water is not, in itself, sinful, or even

Pumps Running Overtime

{below and at right]
Ground water is, as a rule, water in transit. Nearly half of all water
reaching the ocean makes part of its trip underground. The shaded areas
in the map roughly indicate underground reservoirs, which, flled over
the ceaturies, now hold more water than the Great Lakes, and perhaps
as much water a5 thirty-five years of average runoff. Only in the areas
outlined in black, however, have geologists made a thorough stady of
ground-water resources.

The heavily shaded areas denote the danger spots, where water is be-
ing “mined” or withdrawn faster than it is being replenished. In the
San Joaquin Valley, Catifornia, some 40,000 wells produce over 6~bgd
of water (about onc-ffth of all the ground water used in the nation)
and the overdraft probably exceeds 1 bgd.
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Underground Reservoirs

Some of the fincst ground-water reservoirs are found adjacent to
givers that lic in a broad alluvial bed of sand and gravel, The disgram
shows how pumping may draw wates from the stseam jnto the
feservour, punfying it on the way.

Ground water: In river valleys

11
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Ground water may even be found m rock, provided the rock contains
pores ot channels through which water may sccp feecly. Rocks ‘“d‘
taining channels provide the water supply for suburban Atlanta an
other Piedmant commumtses.

«eralong the sea cosst

~» Withdrawal welt -

v itted
Tn many coastal regions averpurapiog of ground water has permi

idered checking the
sal E (nland. Califorma has consi i
izzt;u(s';:xniy(:m“cl:i;; 2 bamer of fresh water {possibly trested sewage)
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imprudent-—provided the situation is recognized. There is no reason
why a rich pocket of water, any more than a rich vein of are, should
be canserved for posterity, Some watermining areas have plans
for recharging ground-water reservoirs (e, by diverting exeess
surface water underground) or for tuming to alterative sousces of
supply. Other areas, notably the High Plains of Texas, whete with-
drawal is perhaps thirty times inflow, have not yet fignred out what
to do when the wells run dry. In some cases there may be no choice
but to tet the Tocal economies decline. The present total overdraft
in the Southwest is perhaps in the neighborhood of 5 billien gallons
per day.

Pollution: a big cleanup needed

From one pomt of view, and a highly vocal one, the pollution of
U.S. rivers has become 2 national shame. From anather, less vocal,
their poltution has been an unattractive but probably unavoidable
concomstant of industrial growth. The fact is, the transportation
and dilution of wastes js one of the major functions of water. Most
public-health expests agree that it is uneconomic (and unseason-
able) to ask for waste treatment for treatment’s sake. The purpose
of treatment, they conclude, is to meet the broad public interest,
that is, to kecp a rives from growing so polluted that it can 710
Tonger serve the legitimate needs of neighboring towns and in-
dustries, )

In the last half-dozen years there has been a notable upsurge 1t
public awareness of pollution, Over two-thirds of the states have
enacted reasonably uniform legislation on the matter, and many
towns and industries have been ordered to clean up, But i many
important river basins a veal start has yet to be made. A few states
(mostly southerm) even capitalize on their Jaxity toward pollution
to attract new industyy. .

The present municipal investment in sewagetreatment woﬂ‘ﬁ.u
over $5 billion, The US. Public Health Service estimates that cities
and industries would have to spend about $to billion over the next
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ten years to make the nation's rivers clean enough to mect the
“broad public interest.”

Water for drinking: teo little and too late

In 1953 abaut 1,000 U.S. towns and cities had trouble supplying
consumers with enough water. The problem in a great many cases
was ot a lack of water but a lack of treating or distributing facili-
ties. About 70 per cent of the nation’s 16,750 waterwosks—supply-
ing 100 million people—are publicly owned, hence are enlarged
usually only after much public (and political) travail. For the last
hundred years private utilities have been getting out of the water
business, primarily, it appears, because the ratio of capital invest-
ment to sales is unattractive. Most waterworks now operating cost
2bout $75 per person served; yet the average annual water bill is
only $8 per person, including water for commercial use,

Some scientists familiar with the progress being made in purifying
sea water by use of ion-exchange membranes (thin plastic sheets
which use electric power to concentrate saline water on one side,
desalted water on the other) are inclined to doubt that any coastal
city will ever again build aqueducts as long as those supplying Los
Angeles. They estimate that the membrane method, still in early
development, may produce fresh water from the sea for less than
30 cents per 1,000 gallons, or vesy little more than domestic con-
sumers now pay. Distillation is more expensive.

How is industry fixed for water?

Five industries—steam-electric power, steel, chemicals, petroleumn
refining, and pulp and paper—probably use about 8o per cent of
industry’s total estimated water demand. To discover }‘mw much
difficulty these five groups had in finding water for their 1946-53
expansion programs, and how much difficulty theyvanhmpate,
Fortune directed a questionmaire to several of the biggest com-
Ppanies in each of the five groups. L .

“The overwhelming impression ¢reated by the replies is that, with



Water for Drinking:

No other city in the US. has bailt up so great a surplus water
supply as has Los Angeles. Part of the supply, bowever, is in doubt,
‘The Supreme Court js now considering whether or not Southern
California has fist call on 1,000 mgd from the Colosado River.
Even should the decision be unfavorable, however, Los Angeles
expects many yeats to pass befare Colorado, Arizons, and Nevada
develop a demand for the dispated water,
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few exceptions, the biggest industrial water users have not en-
countered serious water shortages and probably will not in the
foreseeable future,

The water requitements (both fresh and brackish) of these five
industries in 1950 and their estimated 1975 demand are given be-
low. (The figures for the chemical industry are a Fortune estimate;
all others are from the report of the Materials Policy Commission.}

Billion gallons per day  Per cent

1950 1975 increase
Steam power 35¢ 125 257
Steel 13 20 54
Chemicals 10 30 200
Petroleum refining 7 15 114
Pulp and paper 4 8 100
69 198

* Steam-power plants probably used most of the 15 bgd
©of brackish water used by industry in 1950.

The six utilities, four steel companies, six oil companics, five
chemical companies, and five paper companies that responded to
the survey have a combined water requirement of 29 bgd, or
roughly one-third of industry’s total estimated water demand. The
breakdown of the 2g bgd, the average increase in water demand
over 1945, and the average increase in productive capacity over the
same period follow:

1953 demand (bgd) Average per cent increase
over 1945
Fresh  Brackish Water demand  Prod. capac.
Steam power 127 53 65 9
Steel 37 4 35 33
Chemicals 25 13 100 114
Petroleun 10 9 20 59

Pulp and paper 7 05 72 107
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It is evident that water demand (except in the steel industry)
did not rise so rapidly as productive capacity, In response to an-
other question, seventeen of the firms reported that plants they
had built since 1945 were indeed designed to use less water than
similar plants built before the war. These seventeen firms said they
kad reduced typical water requirements as follows: utilities, 15 to
55 per cent; refineries, 16 to g5 per cent; chemical firms, 3 to 33
per cent; pulp and paper firms, 15 to 44 per cent. Only one steel
company reported any reduction (12 per cent). That the steel
companies as 2 group increased their water demand more than
plant capacity implies that newer steelmaking processes tend to
requite more cooling water than do older ones.

Since the Materials Policy Commission reported that plans for
about 300 World War I facilities of various sorts had to be aban-
doned or modified for lack of water, Fortune asked: “Durmng your
company's expansion program, 194553, did you find the problem
of obtaining adequate water supplies (a) frequently very difficult,
{b) difficult in a few cases, (c) not particularly difficult?” The
replies:

a. Frequently very difficult 2 companies
b. Difficult in a few cases 6 companies
¢. Not particularly difficult 18 companies

‘The two firms checking a were 2 chemical firm and a utility. Of
the firms checking b, half were pulp and paper firms. Two other
Brms in this industry checked c.

Two firms said that for lack of water they had to abandf)n plans
for building in regions of first choice. One was the chemical ﬁrrfx
that checked g, which reported that it could not find the water it
needed around Corpus Christi, Texas; the other was a paper firm
that could not find suficient water in the Appalachian area (state
not specified).

Fortune next asked: “Assuming your company should wish to
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expand 5o per cent over the next ten to ffteen years, how much
difficulty do you think you would have finding the water needed?”
Answers:

a. We would have no particular difficulty obtaining water—at
close to present costs—just about anywhere it would be logical for
ug to expand. L., Lo . el 10 companies
b. While water would be tight in some areds, we are confident that
by designing for more efficient use of water than is economic today,
we should be able to get all the water we would need at ¢ reasonable
[ R T TR TS PPPIND s 15 companies
¢, It some vital areas we do nat know at present how we could ob-
taint the water we would niced at a price we could afford. 1 company

Firms checking 4 included rep ives of all industries except
chemicals, which checked b. The one finm checking ¢ was 2 petro-
Teum company that described the vital ateas as “Southem Californiz
{near Los Angeles) and possibly Texas (Houston Ship Channel
area)”

To discover how much plant expansion might still be possible
near existing fresh-water plant sites, Fortune asked: “In what per
cent of your major plant Jocations could a “duplicate’ plant be
built next door (ie., within a few miles) with the assurance that
it could obtain water in the quantity and of the quality desired?”
Answers:

2. In perhaps Bs per cent of the locdlities 24 compam:cx
b. I'nat Ieast half of the localities 7 companics
¢. In relatively few localities 4 companies

One seaboard utility did not qualify as a fresh-water user; other-
wise all utilities but one checked a. One utility, and one petroleurn,
one chemical, and one paper firm checked ¢.

To leamn how much the nse of water might be cut by a rise in the
cost of water, Forfune asked: “If water were to become, say, twice
a5 expensive as it is today (at one of your newer plants), presumt
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ably it would pay you to increase the amount of water reused or
recycled. Under such circumstances, by about what per cent could
you reduce the plant's demand for fresh water?”

i Percentage
Minimum  Maximum
Steam power o 95
Steel o 40
Chemicals 10 6o
Petroleum o 12
Pulp and paper o 25

The surprising g5 per cent reported by one major utility is particu-
latly significant since it indicates that the industry using neatly
three times as much water as any other could, if pressed, make a
drastic reduction in its water requirements. Next Fortune asked:
“Approximately what per cent of the fresh water entering your
plants is discharged again and is potentially available for reuse
elsewhere?”

Percentage

— Waghted

Minimum Maxmum  average
Steam power 40 100 99.8
Steel 93 100 96
Chemicals none 98 Bz
Petroleum none 95 89
Pulp and paper 8o 100 92

The low value of 4o per cent was reported by a utility in the
Southwest. The answer “none” was reported by an oil company for
its refineries along the east coast (which require very little fresh
water) and by a chemical company for its large Texas plant. One
can conclude that where fresh water is precious, it is used until it
disappears through evaporation, It would thus seem that, if neces-
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sary, industry could reduce its demand for fresh water well below
the estimates given in the previous question.

The final question dealt with pollution: “Roughly how much has
your firm spent since the end of World War II on water-pollution
abatement?”

Minimum Maximum Average
Steel (two replies) $3,000,000  $50,000,000 —_—
Chemicals 460,000 10,000,000 $4,500,000
Petroleum 2,500,000 9,000,000 4,700,000
Pulp and paper 400,000 3,300,000 1,500,000

Steam power (not considered polluters, but one firm spent $1,500,000)

The total for all firms covered in the survey was over $110 million.
It is clear, however, that for the smallest spenders the average yearly
expenditure, over the last eight years, has been insignificant.

March, 1954
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Tomorrow’s Weather

BY FRANCIS BELLO

After Man, after water, comes weather, that perennial
topic of fort. Modern logical te-
search would amaze even Ben Franklin, an ongindl,
inventive “weatherman” in his own right, But that
is not the half of it. Now it is being suggested that
global climate will someday be an integral part of
future world diplomacy—and war.

Ir max prove EASTER,” remarked Irving Langmuir not long ago, “to
make the weather than to predict it.” However much this remark
may irritate orthodox meteorologists, it lluminates the present state
of meteorology and its baffling controversies. Ever since Vincent
Schaefer made his first dry-ice run over a cloud in November, 1946,
meteorology has been going through storms. As is normal in such
periods, it is difficult to sort out biases and to separate fact from
hypothesis, Since rain has high economic value, many farmers,
ranchers, power companies, and others have decided to try the new
rinmaking technology without waiting for meteorologists (and
statisticians) to agree on its i As one bus ex-
123




124 THE MICHTY FORCE OF RESEARCH

plains, “Cloud seeding is so cheap that you can’t afford not to try
it As a consequence, rainmaking has swiftly grown into a multi-
million-dollar-a-year business that is spreading around the world.

As Dr. Langmuir's remark suggests, cloud seeding may be more
than a local rainmaking stunt; conceivably it may trigger off large
stale atmospheric effects, At least this is his deduction from 2
remarkable twenty-month experiment which he asserts proved be-
yond doubt that periodic rainfall over half the U.S. was induced
by silver jodide released periodically in New Mexico. The con-
clusion Langmuir draws is not that silver jodide is so powerful, but
that the atmosphere is so unstable, 50 susceptible to faint proddings,
that meteorologists can never hope to predict its behavior with
certainty.

‘This most meteotologists are reluctant to concede. They are try-
ing to improve foreeasting techniques as if cloud seeding had never
been discovered. While confident of doing better, they frecly admit
that present forecasts deteriorate rapidly beyond seventy-two hours,
and that the Weather Bureau's experimental thirty-day extend d
forecasts, on balance, give results only somewhat better than ofi-
matic probability allows. On the other hand, the most successful
industrial meteorologist in the country, Yrving P. Krick, claims fD
have a sound method for predicting weather three and even six
months in advance,

Despite Krick, man's hope of predicting the behavior of the
immense and restless atmosphere seems at least as chimerical I.s
his attempt to define the limits of the universe. Yet the effort is
going forward in many university and £o 1ab ics, and,
as in nuclear physics, the cost is being bome almost solely by the
govermnment. With plenty of money available, meteorologists at¢
bringing some of the most advanced tools of modern technology
to bear on their problems. They are probing the mechanism of
storms with radar, plotting solar activity with coronagraphs, shoot-
ing instrument-carrying rockets {ane or two a month) to the top of
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the atmosphere, and solving some of the most difficult equations
known to mathematics with electronic computers. At the Univer-
sity of Chicago a young meteorologist has created a remarkable
model of the atmosphere in a rotating dishpan. And at several
cloud-breeding areas a private foundation, Munitalp (Platinum
spelled backward), has installed movie cameras that, by time-lapse
technique, make condensed records of cloud activity. Viewing these
breath-taking, accelerated movies in color, one has the impression
of seeing cloud behavior for the first time.

Yet the atmosphere cannot be ined in mi —despit
the dishpan, Science must examine in detail and for long periods
everything that may conceivably influence the weather, from varia-
tions in solar radiation to the temperature and circulation patterns
of the oceans. “On some of our problems,” says H. E. Landsberg,
the Air Foree’s director of geophysics and weather research, “fifty
years will not be too Iong to work.”

Despite their complexity in detail, the basic motions of the
atmosphere have a fairly simple origin. At the equator the earth’s
sutface recefves mnch more solar energy than it does at the poles. If
there were no atmosphere, equator and poles would reach a temper-
ature based solely on the rate at which they could radiate heat into
space. The equator would be substantially hotter and the poles
much colder than at present. The atmosphere, in obedience to the
second law of thermodynamics, dutifully carries heat from hot
regions to the colder. The currents generated by this process are
deflected by the rotation of the earth, hence the prevailing winds
at low alt:tudes and the so-called planetary waves at high altitudes.
In its effort to reach dy ic equilibrium, the atmosphere is gov-
emed by self-regulating mechanisms, ie., it has, in current jargon,
various feed-back contrals that provide a basic pattem of regularity,
within which an infinite variety of small-scale adjustments may take
place, These adjustments are the local weather.




Around the globe: heat, cold, and rotation set up
giant waves.

Under the planetary wave, the earth gets its weather.

126



Weather Rides a Wave

Only in the last fifteen years has meteorology discerned worldwide
order in the complex disorder reflected in the familiar sea-level
Weather Buteau map. The new order emerged from hemisphere-
wide charting of the upper atmosphere, speeded by World \Var'II.
Meteorologists found that, between 20,000 and 40,000 feet, wind
currents follow wave-like paths around the earth (upper dizgrafn,
Opposite page). The paths, or planetary waves, provide worldwide
“teleconnections” in atmospheric behavior. The waves character-
ize the motions of a fluid that is heated, cooled, and rotated in a
cettain way.

Under the waves, at the earth’s surface, warm air and cold air
tend to react most violently on the upcurve, prodacing stonms, as
shown schermatically in the lower diagram, opposite page, and on
the conventional weather map, below. (The planctary wave was
00t on the original sea-level map, but was derived from an upper-
air chazt for the same day.)
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Certainty vs. uncertainty

There are two ways of looking at these grand atmospheric proc-
esses, The determinists hold that the atmosphere is 2 fluid that mus.t
conform to well-defined hydrodynamic equations of motion. This
school owes much to the prodigious work of the Swedish-American
meteorologist, Carl-Gustaf Rossby, director of the Stockholm
meteorological institute, who established the metearology depatt:
ments at M.L'T. and the University of Chicago and taught in the
U.S. from 1028 to 1946.

The other, and so far minority, school holds that the atmoiPh"{‘
is always on the verge of instability and that therefore weather 5
essentially probabilistic rather than deterministic. Irving Langmuif
the leader of this school, finds confirmation for his thesis in cloud
seeding. In fact, he holds that cloud seeding is the most uSCflfl
technique for ing the inty from weather. Langmuif
argues that precipitation is not an incidental but a fund tal
part of the worldwide weather machine and that heat given of
when water vapor condenses and freezes is great enough to influence
significantly the motions of the atmosphere. Uncestainty enterh
says Langmuir, primarily because water in clouds does not freezt
spontancously, as one might think, at 32°F, and in the tcm}?tf?tf
regions of the world precipitation seldom oceurs until watet fnside
a cloud does freeze,

The next question is: what induces water to freeze? It was while
searching for the answer to this problem that Langmuir’s C{Mﬂl
Electric associate, Vincent J. Schaefer, discovered that seeding
cloud with dry ice would turn the trick, Reason: it Tocally Jowers
cloud temperatutes below —38°F, whereupon freezing 3PPF‘“,‘°
take place spontancously. A little later another GE. scxcnmz
Bemard Vonnegut, discovered that particles of siiver iodide woul
induce freezing, provided the temperature of the cloud was below
25°F. (General Electric holds the patents on both dry-ice and sive?
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iodide seeding but has waived royalties.) It appears that natural
nucleating agents, resembling silver fodide, customarily trigger the
freezing that creates natural rain. These nuclei, however, seldom
cause ice to form above 10°F. and often do not work until clouds
reach —15° or below. Thus there is a critical temperature gap of at
least 35 degrees in which silver iodide will cause precipitation and
natural nuclei won’t. Moreover, most scientists now agree with
Langmuit and Schaefer that the atmosphere is frequently deficient
in freezing nuclei.

Langmuir thus concludes that natural rainfall is prone to un-
certainty, and that there are in weather, as “in atomic physics, as
well as human affairs . . . what we may call divergent phenomena
where large important events grow from small beginnings . . .”
Even Professor Rossby, the determinist, does not dismiss the Lang-
muir uncertainty thesis out of hand, “If Langmuir is right,” says
lf]ei,l “we are wrong, and our attempts to forecast the weather will
ail.”

Alter more than six years of experimentation, meteorologists still
cannot agree on cloud seeding’s economic value. Morcover, the
controversy has passed so completely into the stratosphere of higher
statistics that it may be years before any agreement is possible.
‘What makes the issue complex is this: if you seed a cloud and it
‘?im, how can you be sure it wouldn’t have rained anyway? Ob-
viously there may never be proof enough to convince 3 complete
skeptic. As one eminent statistician observes, “The more cautious
we desire to be in asserting the effect of seeding, the less chance we
shall have of detecting such effects if they actually exist.”

Thete is no doubt that most of the first weather-modification
€xperiments, including the early tests of Project Cirrus (2 joint
elfort of General Electric, the Signal Corps, and the Office of
Naval Research), wete conducted without proper regard for the
nasty questions that the statistician can pose. Any casual reader of
the 1g51 Project Cirrns report would conclude that cloud seeding
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cleatly can produce gigantic effects, It mentions, for example, one

seeding experiment in New Mexico that produced about 160 billion

gallons of rain, and another that produced twice as much. (New

York City's reservoirs hold about 350 billion gatlons.) Dr. Langmuir

caleulated that there was only 1 chance in 100 million that these

two rains were natural occurrences, Weather Bureau and university
1 found his statistics altogether unconvincing.

Rain for the Sugar of Cuba

In 1952 thitteen Cuban sugar mills employed the rainmaking setvices
of W. E. Howell Associates. The map at right indicates per cent of
normal rainfall that landed on one client’s crops during the 1952 doud-
seeding penod. The small maps represent five seedings picked at ran-
dom from the main summer series of thirty-four. Note how rain (cn{ls
to concentrate downwind from the silver iodide generators. (Rain
missed the target on only six seeding occasions.) Tn the previous efght
years on tecord, vain on the target area was never more than 22 pef
cent heavier than rain on the surounding “control” area. In 1952 it
was 53 per cent heavier. Howell figures the probability of this occurting
naturally is less than 1 in 1,000,

The Odds (over 1,000 to 1)
Say This Pattern Is Man-made

Way 24,1952 Sune 3, 1952 Tune 19,1952
L/ —]
N o \a b @m
k_' « ?

Raofiinleches: L300 £33 83 o muore 5 Gererator she and wind et
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Rain at the flip of a coin

An independent series of cloud-seeding exp t: ducted
by the Weather Bureau and the Air Force during 1948 and 1949
gave astonishingly negative results. The results were so negative,
indeed, that impartial scientists outside the controversy speculated
that the Weather Bureau's experimenters might have succumbed,

e A

Sune 29,1952 sy 14,1952
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quite unconsciously, to bias. In any event, the results left statis-
ticians almost as dissatisfied as did those obtained by Project Cirrus,
so the Weather Bureau launched, in the state of Washington, 2
second series of experiments scrupulously designed in advance to
meet all statistical objections, The basic principle observed is tan-
domization. When observers spot a likely-looking cloud, they leave
the decision to seed or not to seed to the flip of a coin, or to a list
of random numbers. Rainfall under both seeded and unseeded
clouds is then compared, The tests are being conducted over two
regions that histoncally receive almost exactly the same amount of
rainfall. Any pronounced increase in rainfall over one region will
have to be attributed to seeding,

Since the Weather Burean planned to conduct cloud-seeding
tests only from the air, professional cloud seeders protested that the
experiments would not test prevailing commercia) techniques. They
argued that ground-based silver iodide genexators must be operated
throughout an entite storm and many hours per month to achieve
ponderable increases in rainfall, and that brief sceding runs over
a few clouds would prove vittually nothing. It would scem that the
‘Weather Bureau might have speeded resolution of the controversy
by copying commercial methods, which are based, after all, on
substantial experience.

One other noteworthy series of cloud-seeding experiments was
conducted in Australia by E. G. Bowen, a member of the Com-

lth Scientific and Industrial Research Organization. Both
Langmuir and the Weather Bureau have derived comfort from
Bowen's results. On the one hand, Bowen Jeaves no doubt that &y
ice will produce “substantial amounts of precipitation which woul
not otherwise have fallen, provided conditions are right” ® (No
comparable statement can be found in the Weather Bureau’s fist

* In Bowen's report this statement olso applies to the sceding of ¥
cumulus clouds with water drops, using a van'a[;xpm of @ method fist propoied
by Irving Langmuir,
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seties of reports.) On the other hand, Bowen seems to have had
lttle success with a ground-based silver iodide generator. He con-
cluded that in Australia, at least, aitborne seeding showed more
Promisc and that it might accomplish a 5 or 10 per cent increase
in annual rinfall, “at the very outside.” Since airbome seeding
costs much more than ground-based seeding, Bowen doubts that
nzinmaking is of economic value except in marginal-rainfall areas,
where a little extra rain at the right time might greatly stimulate
the growth of crops. He cites, for example, one Australian wheat
area whete every additional inch of rain in August and September
would increase harvest value over %2 million.

Faced with the Langmuir—Weather Bureau split at home, many
uncommitted meteorologists prefer to take their cue from Bowen.
Thus, Henry Houghton, chainman of the American Meteorological
Society’s ittee on weather modification, says that Bowen's
5 Or 10 per cent figure represents his own estimate of the maximum
value of seeding, though he says he has not seen even this figure
confirmed by careful experi “If seeding produced more than
that,” says Houghton, “it shouldn’t be so hard to find.”

Is optimism unethical?

In the light of the foregoing, what is the businessman, farmer, or
Tancher to conclude about rainmaking? Is it, as Houghton suggests,
almost wholly unproved and therefore a waste of money? ‘The com-
mercial clond seeders feel that the furor over statistical validation
has obscured the important fact that cloud seeding works. It works
because the atmosphere is frequently deficient (the exact dcgreef of
frequency is arguable) in freezing nuclef; and, more u? Lhc'pn.mt,
natural nuclei are almost certainly less effective than silver fodide.
The average b p d with 3 ”_ l?bscrvntio{u
from his own laboratory would lude that op was in
order. For some curious reason most meteorologists have refused {a

be optimistic.
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‘The commercial cloud seeders have been criticized by their aca-
demic friends for accepting money for applying an immature tech-
nology. The seeders retort that farmers and businessmen were
anxious to try rainmaking and that if comp logists did
not accept the job, others less competent would, The seeders also
point out that the technology could not be developed in the lab-
oratory, that it had to be done out of doors, and that neither gov-
emment nor umiversity scientists seemed interested in doing the
job. 1f one di some initial husi it appears that
the leading commercial rainmakers have been careful to acquaint
clients with the uncertainties involved. '

The seeders acknowledge that statistically significant results cane
not be obtained in one or two seasons of operation over one target.
Sometimes, as in the Cuban operations chatted on pages 130-13%,
the results seem to d y evid In ather
cases the results are less striking. All the seeders agree, however,
that results have been gemerally encouraging and that the sum
of all their efforts is a strong plus, Their conclusion: cloud seeding
can usually increase precipitation 20 ta 40 per cent, They know a3
well as anyone that if this belief is not borne out during the next
several years their business is washed up.

Pennies from heaven

There are four lasge cloudseeding organizations, all run by able

logists: Water R Develop Corp. of Denver
{Irving Krick); North American Weather Consultant: Pasadena;
W, E. Howell Associates, Inc,, Cambridge, Massachusetts; Weathes

Modification Co., Redlands, Cnlifomi::

Krick’s organization, the first in the business {1930}, is the big-
gest. Krick says that his rainmaking sales topped $1 million in each
of his first two years, {The usual cost to the client is 1 to 3 cents an
acre.) Most of Krick's customers have been farmers and mochers,
but ke has also worked for utilities, and in fall, 2953, began seeding
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in Spain in a five-year effort to increase water supplies for hydro
power, The Spanish contract is with Airfleets, Inc., one of Floyd
Odlum’s ventures, which will earn fees from several power com-
paies if the project succeeds,

In the summer of 1952 Krick had several hundred silver iodide
generators spotted around the western half of the U.S. Usually they
were turned on, at a phone call from headquarters, by a farmer or
fillingstation operator, Krick’s procedure, followed in broad out-
Yine by others, is to watch the weather closely and, when he sees
2 storm brewing, to start seeding, using those generators located
upwind from the target, “We work in step with nature,” explains
Krick, “and provide a catalyst to increase rainfall.” As for the charge
that he and others may be robbing Peter to pay Paul, Krick says
nonsense. Nature, he maintains, has difficulty in precipitating even
1 per cent of the moi ilable in the phere during
storms, hence there is plenty for everyone, even if silver iodide
should double the rainfall in selected areas,

One of Krick’s most impressive efforts: in the Rockies, where he
has been seeding to increase the snow pack (to provide water for
Denver), he reports that on target the threeyear average snow
pack is 175 to 288 per cent of the previous ten-year average.

Rain every Tuesday

Since the professional rainmaker wants to produce local results
for a specific client he has been anxious to disclaim responsibility
for Hoods that may occur, coincidentally he hopes, hundreds of
miles downwind from his generators. Thus even the rainmakers
have not enthusiasticall pted evid that over a twenty-
month period Project Cirrus induced various periodicities in weather
behavior aver more than half the U.S. by releasing silver iodide at
Socorro, New Mexico. It would be difficult to think of another
experiment in modern science that seemed to prove 0 much, f’“d
yet was dismissed by the opposition as proving absolutely nothing.
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Langmuir conceived his grand experiment, as part of Project
Cirrus, after the Weather Bureau and other critics refused to credit
seeding with the release of 480 billion gallons of rain on New Mex-
ico in two days. Langmuir figured that if the weather were as
capricious as his critics suggested, he would try to make it behave
periodically by releasing, every week, about 1,000 grams of silver
fodide. Initially Langmuir planned to run the Cirrus generator
every Tuesday, Wednesday, and Thursday. The experiment had
barely started in December, 1949, when heavy rains, concentrated
chiefly on Mondays and Tuesdays, began drenching the Ohio
Valley, causing near floods (see diagram opposite). Langmuir
cut generator operation to Tuesday and Wednesday, Still the
rains came. By April, 1950, the rainfall over the entire eastern
half of the U.S. had assumed a striking weekly periodicity, Every
Tuesday it rained from Alabama to Minnesota. One or two days
later the storms had usually marched to New York and the New
England coast. In subsequent months the periodicity became spo-

dic—upset, ding to Langmuir, by ial cloud seeders
wHo had begun work in earnest. Nevertheless, an analysis by the
‘Weather Bureau confirms that a strong tendency to periodic rain-
fall existed for the entire eleven months of weekly scedings.

In October, Langmuir began the second part of the experiment
in which Project Cirrus tried to set up a weekly periodicity and
then shift its phase. The plan called for three generators to sced on
Mondays for eight weeks, then shift to Fridays for eight weeks,
then back to Mondays, and so on. This experiment lasted vatil
mid1g951. If Langmuir could show that weather in the East fol-
lowed the phase shifts of the generators, there would be virtuatly
incontrovertible evidence of the power of silver fodide to modify
weather,

Did nature obey man?

Langmuir, who has still not published all his data, finds that t.he
phase shift actually took place. Perhaps the only man who has tried
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to follow Langmuir’s complex statistical analyses in detail is Glenn
W. Brier, chief statistician of the Weather Bureau, for whom
Langmuir has high regard.

On the crucial matter of rainfall behavior during the phase-
shifting part of the experiment, Brier and Langmuir agree on obser-

Weather under Control?

One of the strangest and most controversial experiments in the history
of science was conducted over an eighty-f % period by Irving
Langmuir, General Electric’s distinguished Nobel laureate. As part
of Project Cirrus, Langmuir tried to induce periodicities in weather
behavior by seeding the atmosphere periodically with silver iodide from
a generator in Socorro, New Mexico. As the map indicates, no sooner
had Langmuir started his generator running on a weekly cycle than
heavy rains began drenching the Ohio Valley—on 2 weekly cycle.
Weather Bureau records showed a stnking tendency toward ‘Tuesday
nainfall in a belt stretching from Alabama to Minnesota during April,
1950. Periodicity in other eastern states was almost as marked.

150-175%  Under 100%

125150%
o
> /.
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vations, disagree on significance. They agree that some phase shifting
appeared to take place in the vicinity of Georgia, Alabama, Florids,
and Tennessee, but not anywhere else. Brier maintains that the
widespread absence of a phase shift makes its appearance in one
region statistically insignificant. Langmuir says not so. He argues
that many generators were operating north of his during the period,
hence he could hardly influence the weather except in the South-
east,

Langmuir naturally feels that no one could hope to obtain more
striking confirmation of a hypothesis than he obtained in his twenty-
month experiment. Many meteorologists take the view that what-
ever happened, it was pure coincid Others, like Henry Hough-
ton, frankly don’t know what to think. “It’s the most mysterious
thing I have ever run up against,” says Houghton. “How could one
lonesome generator in New Mexico have the effect Langmuir says
it had? If it wasn't chance, it was a totally new effect.” Irving
Kricks opinion is that the weekly seedings may have amplified and
extended a natural tendency of U.S. weather to follow a fiveto-
seven-day cycle.

“The whole experiment was a great tragedy,” observes one me-

logist. “If L ir actually infl d the weather, no one
will believe him. If the periodicities were mere coincidence, nature
played Langmuir a dirty trick.”

Electronic prediction

The real test of Langmuir’s remark, that it may be easier to make
the weather than to predict it, may come not from cloud seeding
but from straightforward efforts to predict the weather. ‘The most
ambitious forecasting effort is being conducted with the aid of an
electronic computer at the Institute for Advanced Study, under
mathematician John von Neumann. 3

Prediction by P is called jcal prediction and s
strictly a determinist approach. It assumes that the atmosphere, 35
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2 luid, s subject to dynamic Jaws that can be expressed in a solvable
series of differential equations. The information fed into the in-
stitute computer consists of atmospheric pressurelevel readings at
sookilometer intervals on a grid covering most of the US. and
patt of Canada. (The readings actually represent various altitudes
at which a given atmospheric pressure is observed. For example, the
oomillibar level usually lies between g,500 and 10,500 fect.) Early
computations took account of only one pressure level, represented
by 361 readings. When the computer was fed 722 readings, repre-
senting two levels, the accuracy of prediction improved noticeably.
The trick has been to develop a series of equations that will take
observed readings and predict the readings that may be expected
one hour hence, two hours hence, and so on. For the present, the
goal is a good prediction twenty-four hours hence. (For onc pres-
sure level this takes the computer six minutes.) It should be stressed
that the machine’s product requires a good deal of interpretation
before it resembles a conventional forecast of weather, but von
Neurnann sees no reason why, in time, the machine could not be
made to give rainfall and temperature predictions in usable form,

The first man to examine the possibilities of numefical prediction
X” 2 Brifish mathematician, Lewis F. Richardson, who worked out

q while he wasa her-bearer in the First World War.
Electronic computers had not been invented and Richardson esti-
mated that it would take 64,000 people using ordinary desk caleu-
lators to keep pace with the weather around the globe. Although
Richardson had great vision, the equations he developed did not
produce satisfactory forecasts.

"When von Neumann, shortly after World War 11, obtained gov-
ermment backing to build an electronic computer, he decided that
one of the problems he would like to tackle was numerical predie-
tion, Jule Charney, a gifted young meteorologist-mathematician who
had worked with Rossby, was brought in to take up where Richard-
son had left off. Since 1948, Chamey has been sefining mathe-
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Businessmen and Farmers who based their weather-sensitive plans
for October, 1952, on the Weather Buteau’s thirty-day forccast
presumably made smarter moves than those who operated without
such aid. The forecast was excellent. Temperatures were sharply
split into two great zones. Precipitation was widely sut 1

Mcted precipitation
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ence on the path of storm tracks crossing North America. (For
other parts of the world there are other reference cells.) Krick, more-
over, finds that the high moves about the Pacific in a reasonably
predictable manner, thereby providing a basis for long-range fore-
casts,

Under a planetary wave

Until Krick chooses to publish his methods in detail, meteorolo-
gists will have a hard time appraising the validity of his approach.
Meaanwhile the prevailing body of opinion favors the type of long:
range forecasting practiced by Jerome Namias, head of the Weather
Bureau's Extended Forecast Section. The section grew out of a gov-

red effort conducted at M.LT. during the Thirtics
by Professor Rossby, Namias, who worked under Rossby, trans-
ferred the project to the Weather Bureau in 1940, M.LT. still con-
tinues to do background research.

The basic concept developed by Rossby and his group is that the
upper atmosph ins planetary i idal air currents
that girdle the globe and provide the broadsscale sctting for local
weather. Rossby developed a theory making it possible to predict
the general movement of the planetary waves, which, in tum,
provided a rational basis for predicting the weather undemeath.
While the method cannot forecast the day-to-day weather, it per
mits one to find areas where temperature and rainfall may deviate
from normal. Namias® section makes such predictions for five- and
thirty day periods. (A year's subscription to the thirty-day forecast
costs $4.80.)

During World War IT Namias' five-day forecasts were compared
with those made by Krick and by C. L. Mitchell, a topno!C}l
Weather Bureau forecaster who had a system based largely on his
long experience. {At that time only Krick had a thirty-day method.)
The cvaluation group concluded that there was, at that time, little
to choose among the three methods.
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Where the jet winds blow

Untit that remote day when thirty-day forecasts are made by elee-
tronic computer, improvements in present methods may come from
several directions. One hope is that better knowledge of the jet
stram will make it easier to predict planctary-wave behavior. The
jet stream is a fast-moving (up to 300 miles per hour) river of air
that seems to define the core of planetary waves, 30,000 to 40,000
feet abave the earth.

Arecent abservation made by Vincent Schacfer may simplify the
task of keeping track of the jet stream’s location. In studying'the
tloud movies made by Munitalp, of which he is scientific adviser,
Schaefer concluded that about 8o per cent of the time the jet is
accompanied by several telltale cloud types. The Air Force an'd
commercial airlines hope they can use the jet stream to specd their
aircraft, and Schaefer’s clouds should help put them on its track.

Another extremely promising avenue of rescarch, which couk'i
help both Namias and Charney, is the weather-in-a-dishpan experi-
mients of Dave Fultz of the University of Chicago. His swirling
liquids not only create patterns strikingly like planetary waves, they
also generate thin swift currents that sesemble the jet stream.

What's the paper say? .

For the hard-pressed daily forecaster, trying to make his dem:}l:ir:)c,
the feverish postwar research effort has not yet produced any! mi
as helpful as the famous Norwegian polzlr-.front theory, r;]uv:rsz) e
thirty years old. While the Weather Bureau’s twtf:nt]y-fotlf; co o
casts are approximately cotrect 85 per c.cn! of 1 : ; c;; iy e
stantial part of this score js built up during periods ut: caily pre
dicted weather. When sudden weather shufts occur, the

ht off base. .

"elf‘ rl:z:?gi:ﬁ:,g ‘who is credited with being thdc ﬁ:sE tg ?,’::;l:::
that weather moves acrass the map, wete forced to judg
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meteorology solely by the daily weather forecast, he might be dis-
mayed at the lack of progress. If, however, Franklin could glimpse
the rockets, the radar sexcens, the radiosonde balloons, Jule Char-
ney’s computer, and Dave Fultz’s dishpan, his dismay might dis-
appear. As a born experimenter he would surely recognize Lang:
muir and Schaefer as kindred spirits. And it would be difficult to
conceive of his being pessimistic about the longterm prospects of
weather modification,
May, 1953



9
Farming’s Chemical Age

BY ERIC HODGINS

While U.S. meteorologists chart the clouds and wind-
drifts, another band of researchers in American tech-
nology are getting down to earth: the agrichemists,
Thanks to them, US. agriculture is now in the midst
of its greatest change since tractors supplanted the
Fkorse, Here is how science can at least double our
farm productivity in the next two decades.

Us. ACRICULTURE REMAINS firmly on the highest production plateau
in its bistory. The tonnages of product, edible and inedible, com
ing from the U.S. farm continue to tower above those of the prewar
years—yet these tonnages are being achieved by ever fewer man-
bours spent in farming, and from an acreage that has increased in
RO Significant way since 1920, Althongh we are close to the limit of
land on the continental U.S. that can be placed in cultivation, each
year helps further to establish that U.S. farm productivity is no-
where near its upper limit; that it can, in fact, be at least doubled
in the next two decades. Such an increase can come about through
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The Prenatal History of an Insecticide

“Three years and a mullion doflars” is the rule of thumb by which the
o tete lantatag Ala Ama i ? vl e

- : LY § i
Synthesis and screening take place in the company's laboratory, first fo
create a new molecule, then to determine its killng powers. Patent ex.
penses ave mostly legal fees involved in conducting the search to establish
priority, Field tests cost most 1 dollars. Once past the laboratory screen-
ing, UGH had to be tested under reabistic outdoor condittans. Much of
this was done by land grant colleges and by the various field stations of
the U.S. Dep of Agnicul wia grants-m-aid made by the hope.
ful manufacturer. First field tests on UGH, a5 with many insceticides,
were run on cotton because it represents (a)  huge market, and (b) a
nonedible crop, Pilot plant- After UGH was successful on nonfoed erops,
the manafacturer set up enough capacity to produce 10,000 pounds for
limited use on temporary cerhification from USD.A. that it locked
like a reasonsbly safe bet. Analytical methods: The setting of strict
quantitative procedures that will later mdicate the amounts of UGH
!:ft on the crop sprayed, after a given time. Tests !?r m-:du.n‘ and flavor;

in what organs does it deposit? From this, what is to be inferred about
its effect upon man? Formulatrons: Now that the active ingredient of
UGH has proved stself, how should 1t be put up mto 2 formula that

vew-model television set.
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the persistent use of materials and techniques naw known and
proved, which today give the farmer a degree of control over nature
unknown until a few years ago.

In reaching his present degree of control, the farmer has been
considerably helped by an industry that is also striving, in many
enthusiastic ways, to put him out of business: the chemical indus-
try, By synthesis the chemical industey now spins out each year
increasing tons of fibers that once could be produced only on the
farm. It is constantly threatening to produce food: something edible,
if not appetizing, out of cellulose. Meanwhile, however, it also acts
as shield and buckler for the American farmer in two major ways.
One is by the production of greater and greater quantities of fer-
tilizer. The other is through a complex producer-consumer relation-
ship that is now providing some fve hundsed or mote new arganic
chemical compounds for use in the farmer’s fields and bams—te
increase his yiclds, to lessen bis labor, to enhance the quality and
diversity of his crops, and to rid him of a series of hazards
that, through the centuries, he has come to think of as God-or
dained.

“It is quite possible,” says Charles R. Sayre, boss of Delta & Pine
Land in Mississippi, and thus head of one of the largest cotton

. plantations in the world, “that chemicals for sclective control of
plants could mean even more to the future of American agriculture
than the shift from harses and mules to tractor power.” These are
strang words. Most of the chemicals Charles Sayre is talking about
did not exist on the market ten years ago. They now make up such
a profusion of herbicides, soil conditioners, fungicides, defoliants,
growth regul d—last but greatest—insecticides as would
leave a2 French peasant struck dumb on his manure pile. In 1952
the U.S. farmer, aided and guided by the U.S. Department of
Agriculture, the vatious state extension services, and by the county
agent, bought between $350 million and $400 milion wosth of
these products, thus devoting to them about 3 per cont af all fam
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income. He also bought close to 100,000 power machines to apply
them,
Into the new manufacture and marketing of specialty chemicals
for ag almost every chemical company in the US. has
leaped. The giants ke du Pont, Union Carbide, Allied Chemieal,
Monsanto, and Dow are active suppliers to this market. The great
petroleum refiners are thete, represented particularly by Shell and
Standard O of California, Because many of the new chemicals in
i are chlorinated hyd the makers of chlorine—
Mathieson, Diamond Alkali, Pennsylvania Salt, et al.—are pressing
basd for their share of sales, For strange but chemically sound
Teasons, rubber comp are rep d too, principally by Good-
tich and U.S. Rubber. In 1934 there was newly formed a trade
group now called the National Agricultural Chemicals Association,
with fourteen members; in that year the industry produced 100
million pounds of stuff. Today 2 membership of 140 pours out a

poundage that has been estimated—there are few firm Bgures in
this area—as high as two billion.

The new organic world

§ ‘The new impact of chemistry on agriculture is changing a way of
‘_‘f‘ profoundly. On large farms it has made the airplane, for spray-
ing or dusting or for applying fertilizer, an almost essential tool.
Pﬂfven 2nd more power, is needed to operate heavier ground ma-
chmeqc The shelves of the local feed store, or of the farmer's co-
Cperative supply, are taking on more and more the aspect of a Wal-
green Ding Store in Times Square; the changes in merchandising
Pressures and farming practices are as thoroughgoing as the changes
In chemistry. One distributor to the trade (there are hundreds of
rﬂ‘l'mulztms and blenders for every manufacturer) takes an ad for
his product to say to his dealers, “The right odor becomes an in-
creasingly important sales factor; with many purchasess, odor is the
dominating sales factor.” But along with this kind of talk there also
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goes a new scientific seriousness, and the farmer is cautioned, on
the label of an insecticide: “Droplets smaller than thirty microns
do not deposit well on foliage or insects.”

So bewildering has the diversity of products become that, as the
volume of inquiry from farmers to county agents grows too big to
handle, private consultants enter the field to prescribe for a farmer’s
ailing or beleaguered crops as a veterinary now prescribes for the
sick livestock. The American farmer lost $5 billion worth of erop
to weeds in 1952. He lost $4 billion to insects. He lost another 34
billion to plant diseases. To rats and a final miscellany of misfor-
tune he lost enough to bring the grand total up to $15 billion. If
that much extra crop had been for sale it would not, of course,
have brought that price; in fact, any such burst of plenty would
terrify the politicians of agriculture. But the $15 billion is a good

of depredation that, says a knowledgeable journal of the
American Chemical Society, “could be prevented by the effective
application of existing knowledge.” It comes to 4o per cent of “the
potential salable portion of the farmer’s crop each year.”

‘What is happening now is that news, excitement, research, ac-
complishment, and high sales pressure have drenched a field that
used to be singularly dry and dull. Specially synthesized and rigor
ously screened organic chemicals, tailor-made to specific measures,
are moving in to perform enormous new, laborsaving tasks. They
have cut, in half or more, the tonnages of “old line” pmducls in
the field—the icals, the li 1for mi the nicotine
sprays, and pyrethrom dusts~—which were largely empirical, “cook-
book” formulations that had to be used in big, bulky quantities to
perform their limited tasks. The new organics—"“the phenoxys,”
“the di-nitros,” “the carbamates,” “the organic phosphorus com-
pounds,” et al.~move with precision and minimum fuss to fulfill
highly specified needs. An ounce of a carbamate can protect enough
seed for ten acres; a gallon of a phenoxyacetic acid ester can kil
more weeds than seven men with seven hoes could kill in seven
years. This sost of chemical change not only makes possible a great
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p: and further i in productivity on well-managed
farms but renders economic the clearing of land valued at as little
as $20 an acre, Herein a new agrichemical revolution lies—here, or
hereabouts.

As with all progress, it does not provide an unmixed blessing. The
new insecticides and fungicides are highly toxic, and they persist;
that is why they are good. It is also why they are dangerous if nsed
with negligence or in ignorance of some of their subtle effects. In
the field, unforeseen conjunctions of heat and rainfall, after a well-
tested weed killer has been carefully apphed, can tutrn—and have
—an intended precaution into an unpremeditated disaster. But the
assets far outweigh the liabilities, present and potential, and to
those more interestéd in volume of production than in the support
of prices or the preservation of obsolete menial tasks they strongly
suggest that the dawn of farming's chemical age will carry a hope
and signtficance beyond the shores of the U.S., far into a world
that does not get enough to eat.

The joyous, gloomy industry

The agricultural-chemicals industry is full of gleeful chemists and
doleful sales managers. The chemists are gleeful because their fields
of inquiry are boomng and blooming so mightily. “We're just
never going to run out of problems,” said one of them joyfully.

This solid truth, so acceptable to the chemists, is also the
precise cause for the dolor of the sales managers. They are try-
ing to keep control over what has been, in its few short years of
life, 2 manic-depressive busmess. The busmess burst into a manic
phase, with terrific demand and a throttling shortage of basic supply
chemicals, after World War 11, and led a brief high-profit life that
attracted a host of companies into what looked like exci!in;.; and
nourishing competition. It was competition, all right. The price of
DDT, the product that dramatized the industry into its new being,
broke from an original 1945 figure of $1.60 a pound to around 3
cents jn 3048 and a number of marginal or high-cost companies
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were shaken out of the business. There then ensued, 1949~51, three
of the most terific pest years in the history of infestation, and the
industry tesumed its posture of high prices, strang demand, and
shott supplies. Staid, conservative companies built new plants to
turn out hosts of the new products, and the industry leaned back to
await the golden deluge. But the industry's history for 1952 can be
written in three tragic words: not enough bugs. In 1953 there were
more bugs, but profits remained slim.

Trial Balance Sheet for Farm Chemicadls
ASSETS

1 Enommons crop losses from insects, weeds, and disease are becoming
morte and more avoidable.

2 Large acreages of submarginal land can now be upgraded by chezp
chemical killing of brush.

3 Bigger crops can be raised from the same amount of water and nu-
trients.

4 Quality and variety of crops can increase along with yields.

5 Much less labor (but more capital, in terms of equipment and sup-
plies) will be needed to grow equivalent crops.
LIABILITIES

1 The bug-eatbug balance of nature can be scriously upset; pollination
is endangered by the unintended killing of bees and butterflies.

2 Subtle health hazards to humans must be incessantly watched; effects
on food flavors can also be adverse,

3 Farm management, supervision, and labor must cultivate a new and
unaccustomed cate and precision in their work.

4 Short-range, crop surpluses can canse political troubles.

5 The possible disemployment of as many as 1,500,000 faem Laborers
could also produce political friction in hard times.
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“The farmer i certainly a capitalist,” said one sales manager 1e-
cently, in tones that could have been misunderstood in Moscow.
“Over and over, 1 have to demonstrate to him that by spending a
dime he can make or save a dollar. Anything lower than a oneto-
ten ratio and it's no sale.” He glanced gloomily out the window.
“This is a very discouraging business,” he intoned. “What with the
conservatism of the farmer, the vagaries of nature, the unpredicta-
bility of bugs, the lousy competition, and what we have to go
through with the Food and Drug Administration in Washington on
toxicity standards, I don’t know why I'm 1n this lne of work.” He
took a deep breath. “There are also,” he added in the manner of 2
man overbome by disaster, “our own God-damned research depart-
ments that are all the time coming up with something new and
better to obsolete a product just as we've got it halfway established
on the market.”

Missions accomplished

The happy chemists in the research departments (plus wide vari-
eties of biologi ! plant physiologists, ag: ist
etc.) are doing just that. It is a slow year in which the industry
screens fewer than 10,000 different compounds to discover what will
kill what, and how, and the agrichemical research bill has now
climbed to something like $10 million a year. As this practical and
profitdirected research grows in volume, there also grows the fecl-
ing that only the vaguest principles governing plant growth in
health and disease are understood at all, that the soil itself teems
with mystery, and that eminently practical worlds exist to conquer,
of which no commercial Alexander had any idea before the end of
World War Ii. Even so, the agrichemicals industry, in the bricf,
confused years of its new life, has already achieved an impressive
history. Witness the powers of its new products:

»Speed. More than 350,000 acres of rice in California were
saved, in four days, by airplane spraying of a chlorinated hydro-
carbon (dieldrin) to check the attack of a rare leaf miner,
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» Ease, Against wireworms, four ounces of new insecticide (lin-
dane) have demonstrated that they can do the same job that would
have taken one ton of naphthalene,
»- Efficiency. It now costs one-half as much as formetly to control
land and cropland pests like grasshoppers; the control effi-
ciency has risen from Go per cent to g8 per cent.
> Yield. The control of greenbugs with the new insecticides has in-
creased wheat yields in OKlahoma by as much as 400 per cent;
alfalfa-seed production in Utah has risen 150 per cent; hybrid-com
production increases due to better insect control are estimated at
30 per cent; Maine potato production can be increased 100 per cent.
» Man-hours. Requirements for producing a bale of cotton are
sinking toward 10 manhours, from 2 prechemical high of 155.
» Money. The chemical control of livestock pests is now saving
the nation as a whole some $8co million a year.
» Reclamation, Through the use of chemical weed killers, it may
now be possible to convert some 75 million to go milljon acres in
the 1 from mesquite-infested brushlands to a good grade
of range.

With the new materials not yet rounding ont their first decade,
it is obvious that this is only the beginning of farming’s chemical
age. “The farmer,” says Dr. M. T. Goebel, head of research for the
Grassclli Chemicals Department of du Pont, *is certainly not spend-
ing for disease and pest control any more than g per cent of the
value of the total potential objective” of stopping his enormaus c1op
losses.

How much he should spend, and how much he will, are two
different, imp and still le questions. The fertilizer
industry, in its own promotions to the farmer, is now heavily wiging
the use of insccticides and weed killers too, for the self-enlightened
reason that the farmer won't repeat a fertilizer purchasc if he 1oses
a crop to weeds and insects, There is now a good deal of discussion
about mixing fertilizers and pesticides together for single applicd-
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tion. Most agricultural chemists don’t like this idea at all, but the
learned Dr. George Decker of the Tllinois Agricultural Experiment
Station takes a realistic view, “Whether we like it or not,” he says,
“there’s going to be a shotgun wedding, and the farmer holds the
shotgun, He isn’t going to fertilize today and dust next week if he
can do the two at once.”

Yield: ... 1975
195052 (est.
(average per cent
Crop  harvestedacre) ncrease)  Contnibutory Causes for Increase
Corn 38 bu. 210 Hybridization, close spacing,
fertilization, disease and insect
control
Cotton 274 Ibs. 183 Pre- and post-emergence chemi-

cal weed control, improved dis-
ease-tesistant varieties, greatly
improved insect control

Wheat 17.0bu. 147 Disease-resistant varieties, im-
proved fertilizing and soil prac-
tices, more msect and weed con-
trol

Potatoes 247 bu. 153 Fertilization, irrigation, im-
proved vaneties, ~diseasefree
stock, insect control

Tobacco 1,274 Ths. 123 Improved varicties, chemical
treatments for better resistance
to nematodes and to disease

Pasture 141tons 163 Fertilization, improvement of

and hay grasses, muxtures, legumes; im-
proved brush control

The insecticides

The U.S. currently gives asylum to 82,500 different insect species,
plus 2,600-0dd mites and ticks. Although insects cost th.e farmer a
billion dollars a year less than weeds do, it is against the insects that
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he now spends his biggest defense appropriation: better than $200
million last year. There are not as many insecticides as there are
insects; it only seems so. Actually, despite a vast confusion of names

hich may rep hemical entities, blends, shorthand descrip-
tions, or somebody's trademark—a baker’s dozen of workhorses per-
form the major tasks. The top beneficiaries are cotton, tobacco,
vegetables, and fruit—the high cash-per-acre crops. Cotton stands
above all. A combination of chemical control of insects and weeds,
the defoliation by chemicals, and the spread of mechanical picking
is reducing by more than nine-tenths the amount of labor required
to produce 2 cotton bale.

DDT begins it

DDT, by stopping cold a typhus epidemic in Naples in 1944,
when the U.S. Fifth Army dusted 1,300,000 more or less lousy
civilians with it, created one of the most dramatic news stories even
of those drama-packed years, and thus set off the modem train of
agrichemical events. Yet DDT (short for dichlorodiphenyltrichloro-
ethane) was first synthesized by a methodical German in 1874 its
usefulness remained unknown until a Swiss, Dr. Paul Muller, dis-
covered its enormous powers in 1939, whereupon the Swiss Geigy
Co. swiftly patented it as an insecticide, Tt was the first big strike
in organic chemicals with a high killing power and a long residual
effect, Today almost 100 million pounds of DDT are sold annually
in the U.S,; battered by this flood, the sales of old-line lead arsenate
dropped from go million pounds in 1944 to 18 million in 1952.

But as the world now knows, DDT is far from perfect. It failed
against the boll weevil, that scourge of the cotton fields that even
in 19352 destroyed half a billion dollars’ worth of crops. Its long
staying power is its strength and its weakness; its use is no langer
permitted with dairy cattle because it accumulates in a cow’s fat
and is likely ta show up in her milk. In humans, also, 2 certain
amount of DDT comes to test in fatty tissues, with possible un-
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happy results. DDT, like most of the new organics, is a neurotoxin:
it attacks the central nervous system, and is not merely a “stomach
poison,” like the old-Tine arsenicals. For that reason it can also play
particular hob with the more highly organized insects like bees and
butterflies, on which we depend for the essential task of pollination,
and this remains a serious problem.

Also, DDT, as the first highly lethal, residualeffect insecticide,
gave entomologists a startling look into what happens when the bal-
ance of nature in the insect world is drastically upset. For example,
the parasites and predators of a pest may be even more affected by
DDT than their host for whom it was intended, and insufficient
spraying in this case may have the dismaying effect of apparently
increasing the infestation, It is this that forces from an occasional
layman, driven into the hills with his hand sprayer, the bitter re-
mark, “They've got so they love the stuff.”

And the heart of mosquito-tidden America broke a few years ago
when it became evident that the subkingdom Insecta was fighting
back successfully against DDT by genetical mutation. New resistant
strains of houseflies, mosquitoes, and potato beetles have bred them-
selves; houseflies in California can now shrug off a dose of DDT
2,000 times greater than what would have put an earlier ancestor
under the table for good.

To kill the bugs

The search for the perfect insecticide thus goes on and on. This
is 2 more or less chronological list of the more effective newcomers
that have followed in the boiling wake of DDT:

BHC, or benzene hexachloride, which was Joped in England
and France, and first put on the U.S. market in 1946 by Hooker
Electrochemical, now sells almost as much as DDT: ¢8 million
pounds in 1952. It has the great advantage of attacking the cotton
boll weevil and some aphids that DDT did not affect. It has, how-
ever, a persi and i 1y ble odor, which makes its
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use on root crops out of the question. Its so-called “gamma isomer,”
now on the market as lindane, has all the insecticidal potency of
technical BHC, and does not stink; this makes possible its use on
Toot crops and such delicacies as melons, strawberries, cucumbers,
and asparagus, Its higher cost, compared to BHC, holds sales down
to a volume of around two million pounds a year.

In 1946, du Pont marketed methosychlor, It has lower toxicity
for warm-blooded animals than other chlorinated hydrocarbons, and
thus can be used to rid dairy cows of flies and other annoyances be-
cause it does not tend to deposit in the fatty tissues, It can also be
used safely on food crops.

Chlordane followed next. It is more volatile than DDT, thus
lacking some of the dangers—and advantages—of the highly resid-
ual sprays, It represented, as of 1946, the first of a series of insecti-
cides for which the U.S. was in no way beholden to Europe, for it
was a chlorinated hydrocarbon synthesized and tested by the bril-
lant Dr. Julius Hyman, whose smallish company was later bought
by Shell Chemical. Chlordane, made by the Velsicol Co,, is useful
against grasshoppers, army worms, cutworms, roaches, and ants, and,
as a sail insect disinfestant, against white grubs, Japanese beetle
grubs, et

TEPP, shortfor tetracthylpyrophosphate, owes its existence to
the chemical-warfare research of Nazi Germany. It was a product
of the German chemist Gerhard Schrader, whose work was dis-
covered by U.S. and English intelligence teams after World War IL.
American Cyanamid first brought it out as an insecticide in the
US. in 1946, It is used principally by fruitgrowers against orchard
mites and aphids. Although highly toxic, it has almost no residual
cffect; it all but disappears from the sprayed crop in twenty-four
hours, which makes it valuable to the fruit and truck farmer.

was the second all-American insecticide of imp
Hercules Powder brought it out in 1946, a chlorinated product not
of the petroleum industry but of the naval stores (turpentine and
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rosins) that play a large part in Hercules® life, Its name was orig-
inally a Hercules trademark, but Hercules later released it as 2
generic name. It has had major success against the boll weevil and
grasshopper and a wide range of cotton insects, but not against the
red spider, a tough customer for any but the most lethal to handle.

Parathion was put on the market by American Cyanamid in
1947, and now enjoys high importance; between five and six million
pounds of it were sold in 1952. Irritable words are occasionally
exchanged between its makers and users on the one hand, and the
Food and Drug Administration on the other, because of its ex-
tremely high toxicity. Like TEPP, it is a de-Nazified organic phos-
phorus product—strictly for professional use, and with no place in
the kitchen or garden or near livestock. It is a mainstay of the
Florida citrus industry in controlling its bane, Florida red scale, as
well as the red spider, aphids, and leaf hoppers.

Since 1950 the flood has scarcely slackened at all. Aldrin and
dieldrin, both chloris d hyd: b developed by Dr. Julius
Hyman and manufactured by Shell, are two highly aggressive new-
comers in what has come to be one of the most intensely com-
petitive—and overcrowded—bazaars in U.S. business. Aldrin is pat-
ticularly effective against grasshoppers, whose visitations, a subject
of horror since Biblical times, need no longer be feared by any
righteous man, provided he hath a power sprayer of sufficient ca-
pacity, Aldrin finds a great deal of work to do in the cotton frelds,
which are sometimes infested with as many as a hundred different
insect pests in addition to the boll weevil. It is certified now for use
also against a variety of soil insects and half a dozen turf, nursery,
and greenhouse pests. Dieldrin is less specific; besides doing many
of the things aldrin will do, it can also be used against th.ChlnCh
bug, several fruit insects, and the so-<called publichealth insects:
houseflics, mosquitoes, chiggers, ticks, and fleas. .

Allethrin is another of high imp in 1952 com-
mercial production was some 60,000 pounds. It is the product of re-
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search in US.D.A, itself, and is important because it tesembles a
synthetically produced pyrethrum, the dried flowers of a plant
hitherto imported from British East Africa and the Belgian Congo.
Pyrethrum is virtually nontoxic to warm-blooded animals, and is
therefore a kitchen boon in the fight against houseflies and mos-
quitoes.

Next step?

For some time now it has been the dream of the insecticide busi-
ness to develop a practical systemic insecticide: something that,
applied to the plant once, would not just lie on its foliage but get
into its sap stream, and make every part of it poisonous to any
insect feeding on it. This would have two enormous advantages:
greatly reduced spraying time would give the plant the fullest pro-
tection, and beneficial insects (i.e., those that do not chew or suck
plants} would come to no harm from systemics.

Hundreds of would-b ics are being d by mant-
facturers or are under U.S.D.A. scrutiny, but so far in this country
only one s certified ready for the agricultural market, This is Systor,
a complex organic thiophosphate put out by Chemagro Corp. and
Pittsburgh Agricultural Chemical, for which the U.S., once again,
owes its thanks to Hitler's Gerhard Schrader. The U.S.D.A. permits
its use on cotton for the control of aphids and mites. Several other
systemics, put out by Dow and Monsanto, have been O.K’d for
greenhouse use, but there is not yet any systemic in sight for food
crops. Its arrival, however, would seem to be only 2 question of time.

The herbicides

‘The world of weed killers is much less turbulent and confused
than the world of insecticides, but even more may come out of it in
the long range. For one thing, the farmer's tribute to weeds is con-
spicuously his greatest, but he does not spend as much on weed
control as on other troubles that cost him a quarter as much—
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animal diseases, for example, Yet in the opinion of R. L. Lovvorn
and W. C. Shaw, agronomists writing with all the authority of
Beltsville’s Division of Weed Investigations behind them, the farm-
er's loss to weeds could be halved right now—that is, an economic
waste of $2.5 billion a year could be ended any time the farmer is
so minded. Weeds demand top priority for water, light, and nutri-
tion—and complaisant nature gives it to them. “The average rag-
weed plant,” say Shaw and Lovvorn, “has a water requirement three
times that of com. One plant of common mustard sequires twice as
much nitrogen, twice as much phosphorus, four times as much
potash, and four times as much water as a well-developed oat
plant.”

Dr. Francis J. Weiss, author of Manpower, Chemistry and Agri-
culture,* has illustrated what weed control can mean: with no con-
trol a typical acre may yield 7 bushels of corn in an average season;
with complete control a similar acte can yield 53 bushels—more
than seven times as much. The laborsaving possibilities of chemical
weed control are just as dramatic; in the cotton fields onc man
with the right chemicals can now do the work that once required
the back-breaking labor of a hundred. Last year, says the US.D.A,
a total of 30 million acres of U.S. cropland were chemically treated
to kill weeds, This is impressive—yet it represents less than 10 per
cent of our continental cropland total.

This new state of affairs is traceable back to preWorld War 11
days, when a curious chemical, by name 2,4 dichlorophenoxyacetic
acid, came to the attention of Dr. Percy W. Zimmerman, eminent
and crotchety plant physiclogist at the Boyce Thompson Institute
for Plant Research in Yonkers, New York. This chemical interested
Dr. Zimmerman because of its qualities as a plant hormone, or
growth regulant. Dy. Zimmerman discovered many things 2,4D
would do, some useful and some bizarre, and a number of chemists

* A remarkable staff report to a U.S. Senate subcommittee, 1953; Senate
Document No. 103.
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and plant physiologists enlarged upon this work. In 1943, the year
before DDT stopped the typhus epidemic in Naples, du Pont,
which had been going it independently, got a patent on the use of
2,4-D as a growth regulant. In that same year a small company, by
name American Chemical Paint Co., applied for a patent on 2,4 D,
not as a growth regulant but as a general weed killer: it could
stimulate plants into a morbid adolescence of which they quickly
died. This patent was granted in 1945, and soon thereafter 2,4D
began displaying remarkable powers indeed: it would kill dandelion
and plantain but not harm a lawn.

Swiftly thereafter it became apparent, to the horor of those, like
du Pont, who had been close to Truth but only grazed her brow,
that 2,4-D was a truly miraculous substance and that a great prin-
ciple had been at last confirmed: the principle of the selective de-
struction of plants. 2,4-D attacked broad-leaves but left grasses alone,
and American Chemical Paint’s use patent on 2,4D as a geneal
weed killer retained for it the right to commercialize this quality,
discovered by others. The old and indiscriminate plant killers of
the past, the iron sulfates, sulfuic acids, and refuse crankease oils,
started on the way to oblivion,

Because 2,4-D is not a poison, it represents only a slight hazard
to the animal world. Yet it is certain death to such noxious pests a3
common and giant ragweed, wild mustard, cocklebur, and bu}l
thistle, This does not mean that it can be used carelessly; since it is
a hazard to most broad-leaves, it cannot be permitted to drift by
accident over crops like cottan, clover, grapes, soybeans, or tobacco,
or over such p delicacies as , lettuce, spinach, o
broceoli. It has to be kept away from peas and other legumes. Yet
it can be sprayed over a suburban lawn, the broadest felds of comm,
or over 5,000 actes of wheat with equally good effect.

New techniques

“Control of wild mustard in wheat now scems simple,” say the
Messts. Shaw and Lovvorn, “yet ten years ago this accomplishment
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was impossible.” At present prices, they go on, the chemical cost
is 25 cents an acre, and “at present hourly wage rates, the cost of
2,4D to control mustard in wheat is less than the cost of walking
across an acre of wheat, unless the owner goes at a gallop.” The
new pesticides like 2,4-D have called into being a whole new tech-
nique of application. Airplanes, now in steadily increasing use for
latge operations, can treat a hundred acres via low-gallonage, high-
concentration sprays in half an hour of flying; it is possible, al-
though difficult, to make as little as 3 gallons of spray cover an
acte. Power sprayers have been developed for on-theground work
with spray swaths of from 3o to 5o feet.

The so-called phenoxy group of chemicals, to which 2,4D be
longs, have been responsible for another and extremely powerful
weed-control technique: the so-called “ps £l application.”
The wanted crop is planted; several days later the bare ground is
sprayed in rates of application somewhat higher than for foliage
sprays; weed seedlings, whether of grasses or ‘broad-leaves, are by this
method killed as their first shoots appear, whereas the seeds of the
wanted crop are protected by their tolerance and depth of plant-
ing. A close chemical cousin to 2,4D (Crag Herbicide, as mar-
keted by Union Carbide & Carbon) does even better: it seems to
be completely inert in contact with the foliage of almost all plants,
so that there is no drift danger; but when it comes into contact
with the soil, microorganisms alter it into a herbicide destructive to
seedlings that may be germinating in the topsoil.

The so-called “dinitro compounds,” of which Dow Chemical's
Premerge is a top commercial example, also have selective killing
properties and also, like the phenoxy family, are ‘becoming intens?ly
valuable for preemergent treatments. S0 is caleium cyanamid.
Chemists, biologists, and plant physiologists are hat vexed
that they have only i plete knowledge of the exact
through which their various wonders are performed, but the farmer,
who asks only that a dime invested in such things as weed killers
will make or save him a round buck, is delighted.
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Death to brush

Still another phenoxy compound is assuming constantly larger
importance: this one i 2,4,5-trichlorophenoxyacetic acid, ot 2,4,5°T,
which is death to brush and woody plants but harmless to grasses
and to wildlife. It now, and at last, makes possible the destruction
of sagebrush and mesquite by hanical means. “If sagebrush,”
says the Colorado Experiment Station, “can be controlled economi-
cally by chemicals, about 4 million of the 7 million acres of sage:
brush land in Colorado could produce $7 worth of beef, lamb, and
wool per acre, instead of the present $2 per acre.” In 1953 the US.
Soil Conservation Service announced that something between 6
million and 25 million acres of scrub forests in the Ozatks could
be cleared away, largely by chemical means, for conversion into
grazing country: 2,4,5°T would have a major past in that conver:
sion, whenever it is to begin. In the Southwest there are 75 million
acres of mesquite-infested lands, and they are a most attractive
prospect for the new agnchemicals industry.

But here Dr. J. K. Northway, of the King Ranch in Texas, which
is, among other things, the biggest private bush-cleating agency in
the world, files a mnority report. During a severe and sustained
drought, even the hardiest grasses die, and cattle, if sufficiently hard
pressed, will eat the beans of the mesquite tree, Dr. Northway thinks
the chemical boys should go slow in their plans to get rid of it
altogether. The King Ranch is roting hard for the chemical revolu-
tion in agriculture but thinks it is “still in its Model T stage.”

The ability of 2,4-D to kill broad-leaves and to leave grasses un-
affected was no help to the growers of catton, or to truck farmers,
the two groups whose products account for the greatest number of
man-hours in agriculture. What these men wanted was the precise
reverse of 2,4D: something that would kill grasses and leave broad-
Jeaved plants alone. They have not yet got exactly what they want,
but with the development of isopropyl-N-pheny] carbamate (1rc
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for short) and TCA (trichloracetic acid) some of their prayers were
answered.. A chlorinated carbamate, CIPC, is helpful against crab
grass in cotton, The annual grasses and weeds are now on the run,
but there is still plenty of trouble unsolved from such deep-rooted
perennials as bindweed, nut grass, and Johnson grass. TCA also
goes after the grasses; it finds a major use in Hawaii, where several
million pounds a year are used against grasses in sugar cane.

Defoliants

‘The subtleties of plant-growth control now possible are not at all
confined to selective killing. In cotton, particularly, the rise in me-
chanical picking set up a demand for something that would cause
the leaves to drop off plants, and make it possible for the machine
to do a clean picking job. In 1942, American Cyanamid put its
calcium cyanamid on the market for this specific purpose. Some 55
million pounds of various defoliant chemicals (calcium id
is good for cotton, but not the only specific) were sold to the
farmer in 1g52—and in California alone more than half a million
acres of crop were sprayed with defoliants from the air. They are
needed in soybean harvesting and the production of legume seeds,
as well as to kill the tops of potato vines. This last is a case of
diamond-cut-diamond. Treated with modemn insecticides and fungi-
cides, potato vines grow so luxurantly that it is now necessary to
desiccate them arhificially to preserve potato quality.

Growth regulation

Although 2,4-D, originally marketed as a growth regulator, found
its major usefulness elsewhere, an appreciable quantity still gets
used as first intended. It has now been joined by hosts of other
substances, among them maleic hydrazide and various esters of
complex acetic acid derivatives, to take on the following tasks:

» To thin out the blossoms on fruit trees and thus produce 2
better set of fruit without handwork
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» To delay fruit budding until the danger of late frosts is past
» To prevent fruit from dropping
» To produce fruits without seeds
» To halt flowering where not wanted, as with vegetables like
spinach, broceoli, ete.
» To alter the shape of plants for easier harvesting
» To prevent sprouting in stored potatoes or grains
» To slow the growth of grass and thus reduce the number of
mowings
» To stimulate root formations, as for the rooting of cuttings
» To accelerate ripening, and thus permit growers of heavy produce
like pineapples to stagger npening to fit canning schedules

For many of these possibilities major credit goes to the Boyce
Thompson Institute’s Dr. Zi The ic potential is
beyond present calculation; yet there is scarcely one of these appli-
cations that would not have been thought a crackpot idea a decade
or two ago.

The fungicides

Fungicides do most of their work in oschards, vegetable fields,
seedbeds, and greenhouses, and on the seeds themselves. They have
entered an area that used to be extremely confusing to the farmer.
‘Was tobacco “mosaic” a disease or an act of God? What was the
cause of “damping off” in seedlings? The study of plant pathology
has taken big strides during the Jast decade, and the agrichemical
industry is striding with it. Expert opinion, hopelessly divided on
the question of what are the six most destructive insects or weeds
in US. agriculture, has no trouble at all agreeing on the three
most important diseases caused by fungi: they are apple scab, late
blight of potatoes (the cause of the Irish potato famine in 1846),
and the stem rust of wheat. The control of the first two has now
entered the same revolutionary phase as the control of weeds and
insects; control of wheat stem rust is, says Dr. Richard H. Wellman
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of Union Carbide and the Boyce Thompson Institute, “one of the
brightest will-o™the-wisps currently leading research workers in the
field”

Chemically, most of the new fungicides are carbamates: complex
entities that, like the insecticides, combine rings and chains of
atoms in the same molecule. Tucked away in all of them are oc-
casional inorganic atoms of sulfur, chlorine, or iron. Phenyl-mercury
compounds—such as PMA—are not good protectants against fungi
but find high value wiping out infections after they have occurred.
All these new products are cutting heavily into the old-fasmoned
copper salts and lime-sulfur mixtures of the past. In 1951, out of
600 million pounds of all fungicides sold, only 13 million pounds
were organics—but once again, since the new compounds do so
much on so little, the figures are deceiving. The chemical firm of
Rohm & Haas pioneered in bringing the new fungicides to their
Ppresent market volume.

Seed treatment

Not only fungi but bacteria are now bemg isolated as the causes
of many hitherto obscure plant misfortunes, and the same families
of chemicals that act as icides are also intensely useful as seed
disinf and p Soil mi ganisms that attack seeds
are responsible for hundreds of different plant diseases, ant'l the
disinfection of seeds has now become highly important business.

As an example of how one step in agriculture leads to another,
it was the development of hybrid com, in which that.unhappy
political figure, Henry Agard Wallace, took such a brilliant part,
that stepped up the demand on the chemical industry to develop
seed-protection chemicals. Hybrid-com seeds are extremely expen-
sive compared to the rugged old horse corns of the past, and thetx
disinfection became essential as insurance to the farmer that his
seeds would not succumb to fungus attack before their cotylcdnns
appeared. Recently, a Kansas official estimated that in his state
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“modem methods of seed treatment have saved 5,000,000 bushels
of wheat, 7,500,000 bushels of oats, 5,800,000 bushels of grain
sorghum, and 370,000 bushels of barley: to a total value of $28
million.” One ounce of disinfectant, costing a few pennies, may
protect enough seed to sow a2 dozen acres. “There is no agricultunal
practice,” says the du Pont company, measuring its words as usual,
“that yields as great a retum for so small an investment of time,
labor, and money as seed disinfection.” .

Soil conditioners

Led by Monsanto Chemical’s Krilium, soil conditioners first went
on the market in 1952, and some thirty products, legitimate and
illegitimate, arc before the public now. Soil conditioners are not
fertilizers; their function is to make the soil more friable. By so
doing they can make a soil more stable under the effects of rainfall,
prevent surface baking and crusting, increase the absorption and
retention of water, improve drainage and acration, and lessen the
cffects of erosion. Theit enthusiasts think they might increase the
yield of root crops by between go and 100 per cent.

Conditioners have caused a great deal of public excitement, but
so far as US.D.A’s Beltsville Station is concerned, they are still
on probation. But before these new plastics—for that is essentially
what they are—can show what they can do, their prices will have
to come down. The cost of conditioning 300 square feet of soil is
now around $2.50, which is very high. Meanwhile, however, 1c-
search into conditioning chemicals goes on and on: thousands of
chemicals are being screened each year for their possible soil effects,
for the possibilities are There are hundreds of t} d
of acres of “tight-clay” soils up and down mid-America, which are,
in the farmer’s phrase, “too wet to work before dinner and too dry
to work after dinner.” So far, Jegumes, chemicals in combination
with legumes, and chemicals applied as conditioners have not im-
proved the soil waterhumus selationship enough to make these
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lands profitable in the long term, patticularly for row crops; too big
an fnve in power and equip is needed to prepare and
plant them. But if soil conditioning can improve tilth and produc-
tive capacity, the dollar costs involved might be reduced as much
as one-third on a vast number of farms, particularly on alluvial land
ateas like the Mississippi Delta,

And so?

A roiling turbulence of countercursents is today flowing through
American agricultural-industrial life, The U.S. is a great country,
but twofifths of it, agriculturally speaking, is arid—and of the
almost 2 billion acres that make up the continental U.S., only 400
million are now cultivatable. Since 1940, 1,500,000 farm workers
have left the land for offices and factories—and so far in this
century farm Jabor has dropped from 38 per cent of the total labor
force to 12 per cent. But this fixed patrimony and a declining num-
ber of workers have, thus far, been a problem splendidly met.

A bundred years ago one farm worker could produce food and
fiber for fewer than five people; by 1910 he could produce enongh
for eight; by 1950 he had reached the point of being able to feed,
and partially clothe, almost fifteen. “The increased output for hu-
tman consumption during the last thirty years,” writes du Pont’s Dr.
Goebel, “has been achieved onethird by mechanization and two-
thirds by increased productivity brought about basically by applica-
tion of biological and biochemical research to agticulture.”

But even this great achievement must now be surpassed. The
President’s Materials Policy Commission assumed, in writing its
1952 report, that by 1975 the population of the US. would be
193 million. Its consultants showed good reason why it would be
possible for the US, farmer to increase food and nonfood yields by
better than 100 per cent by 1975, from the fixed acreage we have
':°d3Y- And this is what the farmer is going to have to do, if an
Increasing domestic population is to stay on a rising curve of living
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standards, and the U.S. is to do what is practical and prudent to
share its plenty with that portion of the free world which it does not
propose to abandon to Communism. In today’s mighty effort to
increase food supplics, and the techniques to enhance them, mech-
anization is straining hard, but the chemicals have only now be-
gun to fight. It is on their shoulders that the great future burden
will rest. Talk of temporary crop surpluses, undoubtedly forth-
coming, seems cheap indeed in the face of the future world's need
and hunger,
November, 1953
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Power from the Sun

BY ERIC HODGINS

America is using up its heat-producing raw materials,
Conservationists make it plain that we must tighten
the limits on our use for today and, for tomorrow,
look for ways to tap new sources. Two rich veins of
heat-energy remain to be mined for general use: one
atomic, the other solar. Of the two, sunlight holds the
greater ultimate promise, but it is proving the more
difficult to harness.

“Suppose all the carth’s codl, lignite, peat, tar sands, crude petro-
leum, natural gas, and oil shale that we are ever likelp to produce
in the future . . . were collected and that all our timber were cut
into cordwood, Suppose we segregate dll the uranium and thorium
that we are likely to produce in the future . . . and that it is all
purified for nuclear fission. Thus we have at hand for immediate
use all the earth’s stock of fuels, Then, suddenly, we extinguish the
sun, We ignite our fuel in such fashion as to give us energy at the
Tate at which we are accustomed fo receive it from the sun. In about

173
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three days our entire supply of combustible fuel would be gone.
Then we would get the nuclear reactions under way. This would
last us less than an hour if the ‘breeder principle’ could be applied—
otherwise only a few scconds. At the end of a few days the earth
with its load of ashes and radioactive wastes would begin its descent
toward some temperature only slightly above absolute zero.”

Energy Sources—The Wedlth of the World
Ayres and Scarlott (McGraw Hill, 1933}

Thte sun whose rays are all ablaze with ever living glory is not likely
to go out—but if it did the q would be immediate, and
offer no time for the prudent preparations suggested above; the
radiations that burst from the sun at temperatures up to 500,000°C.
take only eight minutes to reach the earth. The cause for worry
over the future lies less on the sun than on the earth, where ising
population pressures and a desire—particularly in the US—for
consumption on a scale that would eventually grind up the Rock of
Ages for toothpaste are straining our capacities to supply the necs
sary materials, food, and energy to keep ousselves going. In the
hundred years that ended in 1950, Industrial Man consumed two-
thirds as much energy as was used throughout the entire Christian
era of the preceding eighteen and onehalf centuries. That is 2 world
figute: in the US. we now consume fifty times more energy Pef
year than we did when Thomas Jefferson swas President.

As we came to depend more and more upon the burning of codh
ail, and gas, we began to permit a state of affairs in the world of
energy that would horrify even the most complaisant in the world
of finance: today, except for that tiny fraction of our total energy
that comes from fireplaces and dams, we live on 2 capital-dissipa-
tion basis. We can keep this up perhaps for another twenty years
before we begin to find ourselves in deepening trouble. Since the
sun is responsible for the existence of everything living on carth,
and the actions or conditions of everything else, it is to this star, 5O
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minor in the universe but so important to us, that thoughtful scien-
tists now increasingly turn, for help in a jam.

The sun offers to the earth a bounty, an inconceivable bounty,
of a million trillion kilowatt-hours in the course of a year. Sixty per
cent of this the earth immediately rejects; the radiations stuke its
heavy cloud envelope and are absorbed or returned to space. The
balance, a mere 400,000 trillion kwh, strikes land and sea, where
again the largest fraction bounces off. But some 120,000 trillion kwh
becomes the means to the greatest mass-production phenomenon
known to man, which man has contemplated, first stolidly, then
with wonder, and today with respectful but utter helplessness. This
mass production can be described, in terms of a freshman chemistry
textbook, as:

€O, 4 H,0 + light —— C,(H,0), + O,

This means that, under the influence of sunlight, plants combine
carbon dioxide and water, with chlorophyll acting as a catalyst, into
catbohydrates of many forms, all of which have the advantage to
man that they can be bumed, either in living stomachs or in other
converters, for the production of energy. The burning releases water
and carbon dioxide back to the atmosphere for more “photosynthe-
sis” by the vegetable kingdom, which knows so much more than
man, but keeps so silent about it. Each year, as Eugene Rabinowitch,
research professor of botany at the University of Illinois, points out,
“the plants of the earth combine about 150 billion tons of carbon
with 25 billion tons of hydrogen, and set free 4oo billion tons of
oxygen.” He goes on to say that “few are aware . . . that over one-
half—perhaps as much as go per cent—of this giant chemical in-
dustry is carried on under the sutface of the ocean, by free-swimming
microscopic algae”—and thus far beyond human ken.

Yet it is by courtesy of this giant chemical industry that mz{l
lives: it supplies him with his planked shad and roe, his broccoli,
his T-bone steaks; the gas and oil and coal by which he cooks,



Solar Energy

Slowly the U.S. is waking up to the fact that sunlight could be
made to heat houses and provide domestic hot water if as much
engineering thought went mto the design of solar heaters s now
$ocs into air conditioning. The map shows that in two-thitds of
the U.S. the task is easy, or almost easy.
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Light is life, but anly the vegetable kingdom knows how to obey
this Jaw directly. Man, lacking the caulifiower’s instinct, must
fravel by serpentine paths: (A) convert light o heat in flat-plate
collectors and use the heat to produce mechanical energy via
heated water or air; (B) convert heat to electricity directly via a
thermopile of dissimilar metals; (C) convert light to electricity
via the photoelectric effect, such as that which activates the
photographer’s light meter; (D) find closer means of controlling
nature’s own photosynthesis reaction, of Iight to chemical storage
of enesgy, in some convenient form that man can burn or €at, and
Tecreate at will.
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endures the weather, and transpotts himself. But how much of this
giant industry can he at present make any use of? One clear caleuls-
tion comes from Fantington Danicls, professor of chemistry at the
University of Wisconsin. Professar Danicls' caleulations, published
in 1930, show that in the US. the year-round Maine-to-Arizons
average of energy from the sun amounts to about 1 Kilocalore pet
minute falling on 1 square foot of land. {A kilocaloric is the heat
evolved by burming half a wooden match.) In larger terms this
means that 80 muition kilocalories fall, as a daily average, 00 13
acres of “average” land in the U.S~the 13 acres being a significant
figure because that is the area to which each dweller in the US. is
statistically entitled (U.S. continental land area of 2 billion acres
divided by a population—at the time of Daniels’ ¢aleulations—of
150 million). This 1, so to speak, the American energy Dbirthright—
varying matkedly from place to place and from time to time, but
subject to systematic depression only by the rise of population.

It is not a bisthright of which we take much advantage. In the
well-fed U.S,, one person's daily food intake is perhaps 3,000 kilo-
calories.* The coat and oft and gas bumed in the US. anuually,
again divided by the population (and by the days in a year), gived
figure of 147,000 kifocaloncs to keep things going for one individ
ual, A daly indsvidual total of 150,000 kilocalories, then, sustains
aur present standard of hiving. But Professor Daniels has shown
that we have available to us not this paltry figure, but something
nearly 2,000 times as gread: these 280 million. The tantalizing fact,
then, is that despite Henry Ford, Macy's, Genersl Foods, Co
solidated Edison, Herbert Hoover, Grand Conlee Dam, and youl
friendly Mobilgas dealer—to name only a few instrumentalities of
human progeess to date—swe so far hobble along on only 0.05 P!
cent of the energy offered us by the sun, and let all the zest slip
from our grasp.

*When physicans and dietitians speak of @ “calorid” they mean ¢ kil

calarie,” thus introducing a thousgndfold confusion into the world of chemstt

and physicists.
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A valiant struggle is now going on to sec if it is not possible to
improve this operating factor. At present the struggle takes two
principal forms: engincering rescarch into the design of cheap heat
collectors to provide energy for running engines, evaporators, stills,
ete; and scientific rescarch into the deeper mysteries of photo-
synthesis. “There are many different ways,” writes Eugene Ayfes,
the brilliant and learned author of Energy Sources, “of capturing
[solar] energy—from desert areas, peat bogs, fertile valleys, forests,
oceans, If photosynthesis can be manipulated to take care of the
world’s food requirements, similar industrialized techniques may be
applied to the growth of fuel. Superior photochemical reactions
will probably be found. We are only at the threshold of knowledge
of such phenomena ”

The trouble with the sun

We are indeed. The better use of sunlight has been l?edev‘lﬁ]i' fl‘:'
Some time by a couple of misconceptions. For one thmg,lsuntxg §
is “free” just so long as we do not try to catch it; the calchmlgd lLlhr::t
out to be an expensive business. For another, the futqre wor ton
does capture solay energy is not likely to be a straight-line projed lm
of our present highly urbanized U.S. factory-system econo:z’mre
the driving of high-powered machines b‘): means of h;g]l::ri:]tli’ng cur
engines and high-speed g of hig] on
tent, Rather, thz in‘;reasing use of solar energy would seem to beefor
the benefit of home and farm, and for spreading more “.Sable;;i;z
into the hitherto underpowered areas of the world vxadm e
Operating at lower temperatures and 51"“*_‘ specds, a:l Tge feel-
producing Jower voltages of old-fashioned direct C;‘“en\ile outte
ings of a city dweller in mid-August notwithstan tmgy it produces
with the sun as an energy source is that the tempera l:@ds 5; a con-
on the carth are not very hot—at least by the standar
ventional heat engineer. " inni

It s signicont that, among nations, neither the f‘i‘i’é"?&’lf
US. nor sun-stunned India takes the highest advantag
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radiation: this distinction belongs to a tight-pressed nation with an
old but active culture, living well in spite of a population density
higher than that of any other major European state (0.85 acres per
person against the U.S’s thirteen), and two and one-half times as
high as India’s, This is Holland. The high level of agricultural pro-
ductivity in Holland, despite heavy geographical drawbacks, attests
the Dutch use of the sun as more efficient than any other nation’s.

They do it, of course, by intensive and intelligent farming, which
includes high use of irrigation on reclaimed land and a good deal
of low-potential local power. (With so much of their land below
sea level, the Dutch hydro-power potential is etemally nil.) The
Dutch proficiency in agnculture demanstrates that it is not neces-
sary to understand photosynthesis in order to profit by it. In what-
ever country, the farm and the forest are the only present-day con-
verters of solar energy of major importance in daily life. The
President’s Matcrials Policy Commission in 1952 published esti-
mates from vanious agricultural economists indicating that crop
yields in the U.S. could be increased anywhere from 7o per cent to
200 per cent, without any change in present dcreage, if all farmers
could be persuaded to use the maximum economic amount of
fertilizer and otherwise lift their operations to the level of the best
practical procedures currently known, But this increased utilization
of solar radiation would be achieved without in any way reaching
the heart of the scientific problem.

The best scientific thought in America seems at present to hold
to two major propositions, The first is that in the long, the ultra-
long, tun, solar energy will beat out atomic energy as the prime
mover of the future world, although both are at present just about
equally uneconomic compared to the sources to which we have been
accustomed since the Industrial Revolution, The second is that, a5
between direct collection of solar energy and its better utilization
by means of greater understanding of photosynthesis, direct collec-
tion (“the bullheaded way” in the language of Vannevar Bush, 2
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pioneer in the field) will have the earlier triumphs, but will be
superseded eventually by carefully controlled photochemical re-
actions either within or without the living cell.

But it will take large drafts of money and of brains to bring these
prophecies true, At present, the domain of solar energy is the most
neglected in all science, “Our children’s children,” wrote Eugene
Ayres, “may be puzzled when they read that in 1951 nearly two
billion dollars was spent for scientific research under U.S. Govern-
ment auspices, but less than one-hundredth of 1 per cent of this sum
was devoted to solar-energy problems.” Mr. Ayres is here referring
to the $150,000 to $200,000 being spent largely by the Atomic
Energy Commission, with a dab of help from the National Science
Foundation and the Office of Naval Research, which is the financial
limit of interest at present expressed by government.

Among private sponsors of solar-energy research only two individ-
uals stand out. New England’s wealthy Godirey Lowell Cabot in
the late 1930’s gave a little over $600,000 each to Harvard and to
M.LT, the income from which was to be used for solar-energy
studies. Since the war, Charles Francis Kettering, retired General
Motors vice president and disector of research, has spent about $5
million of his own funds, mostly on photosynthesis, establishing
research centers at Antioch College in Yellow Springs, Ohio, and at
his home in Dayton, and supporting research in a dozen other
institutions. Solar-energy research is not a field in which business
corporations have shown any interest: unless the chemical indust‘ry
persuades itself that here is a field in which large research appropria-
tions may later pay off in dividends, solar research will continue to
depend on wealthy individuals, although it is hard to think of any
research field more mvested with a public interest. The fact that
the research is bound to extend into chemistry, physics, biology,
botany, and numerous subspecialties demands a powerful research
administration to make things happen across the board. There is no
hint of this in the Washington of today.
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The big encrgy need

Humanity’s primary need for energy is, pathetically enough, just
to keep warm. Even in the high-fuclconsuming, power-hungry,
super-mechanized US, the largest single consumption of fuels
of all kinds goes to what is called “space heating,” which uses over
three times as much fuel as the operation of all the country's il
roads; over twice as much as the running of all its automobiles,
trucks, and airplanes; and 15 per cent more than the total of its
manufacturing and mining operations. So it would certainly seem
to be here that a better utilization of solar energy should begin—
all the more so beeause space heating does not call for high tempera-
tures. Yet it is beginning extremely slowly, and the kind of product

gincering and lical sal hip that has been poured into
refrigerators, home freezer units, and air conditioning is wholly
lacking on the other side of the heat barrier.

The use of large, south-facing windows—preferably with two
thicknesses of plate glass, factory sealed—and a more general under-

ding of the principles of house orientation and ventilation ar¢
two simple essentials to a more practical, immediate use of the
sun’s bounty. A third, which has yet to appear in wholly satisfactory
form, is a system for the long-term storage of heat energy so that it
can be tapped, again as heat, when it is wanted, In the chilly latitode
of Boston, Dr. Maria Telkes, formerly of M.L'T. and now of New
York University, has shown what can be done in the cause of solar
space heating through the judicious combination of publicity and
Glauber’s salt in the experimental Telkes-Peabody-Raymond house
in Dover, Massachusetts, Glauber’s salt, a dehydrated form of so-
dium sulfate, melts at a temperature of go°F; in so doing it absorbs
generous quantities of heat supplied it by solar collectors on the
vertical south wall of the house; when it solidifies it gives this precise
same quantity of heat back to its surroundings. It is not a perfect
system, but 20 tons of Glauber's salt, in cans packed into the “heat
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bins” of the Dover house, hold its temperature relatively level and
make the house livable without standby heat through g5 per cent
of.a New England winter. With some further work, salt hydrates
might eventually supply hot water for bathing and doing the dishes.
Tanks of water and large beds of pebbles or stones can also be used
to store heat, but, says Dr, Telkes, “with salt hydrates sufficient heat
for an ‘average house’ in the New York-Boston-Chicago zone may
be stored in a small cubicle; to provide comparable heat storage
:‘Padﬁes' water may require an entire room, and stones half a
ouse.”

Although the storage system is still the weak link in solar space
heating, the main impediment to it today is a strange socio-industrial
lethargy. Fully one-third of the U.S. falls into a zone of maximum
feasibility—that is, all heating requircments can be met by solar
fadiztion—and another third is a zone of “engineering feasibil-
ity,” meaning that solar heating is a little morc expensive but not
too difficult, Only the dwellers in northern New England and, in
general, the Canadian-border states need to continue to rely, as the
test of the country supinely does, on the combustion of fossil fuels
for keeping dwellings warm.

Why a state like Florida, where population is growing at 2
tremendons rate, and where the incidence of sunshine is almost as
rematkable as the state chamber of commerce would ask you to
believe, has thus far attracted so little attention from any intelligent
sector of the plumbing, heating, and ai ditioning supply in-
dustries is 2 matter that economists and sociologists must explain,
for the barriers do not lie in engineering. The statement is heard
again and again in solar-energy discussions that there is “wide use”
of solarheating equipment in Florida, but except for some few
installations on the state’s east coast, dotted from Palm Beach to
Miami, this is simply not so. No sillier spectacle of a perfect labo-
ratory for practical solar experimentation going almost wholly un-
used can be found anywhere, except perhaps in India. Moreover,
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the sun can just as well be used to power an air-conditioning and
coaling cycle as to supply heat directly—and as has been pointed
out by George O. G. Lof, a chemical engincer wise in the ways of
the sun, it is when the sun shines hottest that people yearn most to
be cool. The fisst cast of solar heating or cooling equipment is high,
but this is so because insufficient industrial thought has been given
to the efficient design of high-valume produced equipment to take 2
wholly unnccessary burden off energy sousces that must be Jugged
bodily into the state and set fire to, while the sun’s energy spills all
about and runs off the cartl’s edges to warm the tropic moon.

Suppose now that solar energy is to be used, by direct colleetion,
not for heating but for power. Again, the sun's low temperatuze
as perceived on the carth is a problem. Its heat is abundant but
diffuse, and the dewire to produce high concentrations of heat, im-
portant for thermodynamie efficiencies, uns head on into a still
more imp desation-—that the coll be as cheap a8
possible in both investment and operating cost. The past history of
solar engines has brought forth great designs which have contem-
plated parabolic mirrors to focus the sun’s rays in a small spot of
estreme high temperature and have even contemplated tuming
these mirrors on stems by clockwork-—or, later, electronic means—
to keep their axes pointed straight at the sun as it traverses the skies.
Such picces of massive techinological jewelry can justify their ex-
pense for special purp such as smelting or Murgical opera-
tions where heat involving incandescent carbon (as coal, coke, of
the catbon electrodes of an electric fumace) cannot be used. Such
an fnstallation is Félix Trombe's solar furnace in the French Pyre-
nees, which can easily produce from the sun a concentration of
“pure” heat of 5,000°F. or bettes, but it has no bearing on the
futare of widely used power from the sun.

The same criticsm applies to the great pianeering work done in
the US. by Dr. Chardes G. Abbot. Dr. Abbot, now secretary
emeritus of the Smithsonian Institution, has devoted a great pact of
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his lifetime to solarenergy research and has produced a solar engine
that consists of 2 parabolic collector focusing the sun's rays on a
flash-type steam boiler. Dr. Abbot’s engine, now in the Smithsoni-
an’s archives, is estimated to cost $1,000 in 2 horsepower size and
could under favorable circumstances supply power for about 10
mills per kilowatt-hour: since the average generating cost for electric
cureent in the U.S. is only 7 mills, this is too high except for special
smalloutput uses in power-short areas. Engmeenng thought is now
well agreed that the future of economic solar collection does not lie
with mirrors and focusing devices. Instead, it hes with a stmple
black box.

Greenhouse principle

This box can be of any dimensions you please, except that it
should not be more than a few inches deep. Its bottom is made of
blackened metal, and its top 1 fitted with a lid of glass. It 15, in
effect, a miniature of an antique invention: the greenhouse. Inside
stch a box the temperature will readily rise to 300°F. or better, and
through a series of such boxes, perhaps occupying not merely square
feet but acres, water or air can be airculated to carry this moderate-
temperature heat off for whatever the purpose at hand.

IEit is this simple, why is not the problem of the direct collection
of solar energy solved? It is not solved because, even after fifty
years of experiment, nobody yet knows how to make the black bot
cheap enough. Two sheets of glass, sealed together with dead air
space between them, make a much better 1id than one sheet—and
four are better than two. But glass is expensive—particularly the
iron-free glass that serves best. Again, the box will collect much more
heat jf the glass 15 coated with a fuoride or silicate, as camera
lenses are coated, or has its surface etched to reduce total reflection
(that is, reflections that are squirted away by the glass and never
get iuside the bov at all), Treated glass, such as has been used

peri Ily i the solar h heating project at M.LT,, could
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be tumed out in large quantities for about 20 cents a square foot.
This is 5 cents higher than the cost of good iron-free plate glass,
which nmns into money fast.

At MLLT, Professor Hoyt C. Hottel, chairman of the Cabot
committce on solarenergy utilization, has tentatively concluded
that, using four thicknesses of treated glass, 580 square feet of
collector would be needed to produce a steady kilowatt of electrical
capacity, in the extremely favorable latitude and climate of El
Paso, Texas. Anyone with ambitions to construct the equivalent of
a yoo,cookilowatt generating station “fueled” by solar collectors
would thus face a bill of $46 million for glass alone, to say nothing
of the cost of using the 1,330 acres of land necessary for collectors.

The high cost of sunlight

1f it were possible to construct a collector, plas the necessary
piping, for $1 per square foot—which would yield 15 kwh per
year—then the “fuel” cost of each kwh would come to between 6
and 7 mmlls. “This is, at present, a magician's cost for collectors,”
says Professor Hottel, “but even assuming it were real, it should
be sufficient to prevent the public from getting the idex that sun-
light is free energy.”

It 50 happens, in the U.S,, that where sunlight is abundant, fossil
fuels are at present cheapest; in the Southwest, for example, the fuel
cost of power is atound 2.5 mills. Does this comparison mean that
power from direct solat collectors is an impossibility? Not at alt. It
does mean that at present solar energy for pawer is relegated to
those same areas where nuclear energy is at present also economic:
those parts of the world—or the U.S.—~where fuel costs are con-
siderably higher than they are throughout most of this country, In
countries like India, or Africa, ot parts of Latin America, where
great treasure-troves of materials await development in the interests
of the free woild, the possibilities are much more immediately
hopeful.
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Power for the desert

Neither here nor abroad is an equation between directly collected
solar energy and high-tension alterating electric power the most
Tikely coupling to look for. A most logical use for direct collection,
next to space heating, would be the pumping of water for irriga-
tion—for here the troublesome storage problem is eliminated, and
the intermittency of sunlight is not a problem. “Any scientist who
visits one of the deserts of this earth,” writes Arthur von Hippel, of
M.IT,, “will be struck by the paradox of the situation: glaring
sunlight burns the last traces of vegetation off the ground; but below
the sand, there is water in many places that could be pumped by
the same solar energy to the surface and transform the desert into 2
Garden of Eden.”

Dr. Vannevar Bush is now proposing that in many places irmiga-
tion can in the future be accomplished much more simply and
inexpensively by the use of a slow-moving heat engine—in effect a
combined air compressor and pump. It is not only slow but, from
the standpoint of engineenng design, deliberately and happily
crude. Essentially this heat machine consists of two tanks, roughly
5 feet in diameter and 1 5 feet high, connected at their bottoms by a
U tube, In these tanks, water, about 10 tons of it, has been set to
surging, Heated air from black-box collectors is sucked through a
valve into tank A by the downward surge of water. After the inertia
of the water in tank A has carried its level below that of tank B,
another valve opens and sprays cooling water into tank A’s. a'ir
space. The air contracts, and the surge of the water reverses. Air in
tank A is thus now compressed and some of it is forced through an
outlet into a storage tank. The net output of this “surge-pump
type of machine operating on hot air at atmospheric pressute 1s a
supply of cooled compressed air, which is then used in an airlift
Pump to raise water for irrigation.

The success of the system will depend on the cost of the flat-plate
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collectors, But if the economic details work out as now seems pos-
sible, a considerable short cut in irrigation methods will be in the
making, The Bush heat engine would not only operate slowly, but
intermittently, upon the whim of the sun. In so doing it would
avoid some of the costs we must pay today because so much of our
power is always ready for use whethier we want it or not.

Other paths

Everything discussed so far relies upon the direct collection of
solar radiation and its conversion into mechanical and thence, if
desited, into electrical encrgy. But there are other possible paths
that involve nexther “the bullheaded way” nor the penctration of
the mystenies of photosynthesis within the living cell. The trouble
with most of them is that they are not as good as they sound—at
least not yet, There is, for example, the thermopile, which converts
heat to electricity directly when one set of junctions of dissimilar
metal wires is kept cool and heat strikes the other set. The thermo-
pile is in wide industrial use for the measutement of temperatures,
but it shows no present disposition to provide quantities of elec-
tricity larger than those that will move a delicate galvanometer
needle. There is also the photoclectric cell, which converts light to
electricity directly (as in a photographer's light meter), and this
would certainly become the world's greatest convenience if it could
be made to produce currents in large quantities and efficiently.
Perhaps someday it will. Pethaps someday the whole idea of the
battery will improve enormowsly over today's concept of small
power-storage units that crank an automobile or light a flashlight
bulb from energy previously stored in them. The so-called “wet
photovoltaic™ battery at present offers a possible form. It is esser-
tially a battery in a transparent case. The electrolyte around one
clectrode is exposed to the light; when the other is kept dark, an
electric current flows. The day may come when batteries will be
able to supply great quantities of electrical energy, as direct cusrent
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at high voltages, via an electrolyte that is a frec-flowing stream
between the battery, where the energy is released, and the regenera-
tion side of the cycle, where light energy is comverted to a chemical
form for storage.

The lack of ability to store encrgy successfully is a sore lack. In
one sense, of course, a chemical company stores energy when it
converts raw materials, via heat, into a bag of fertilizer—but such
forms of storage are not frecly circulating convertible currency in
the energy world. In the world of theoretical physical chemistry
there are many reactions by which a temporary energy storage can
be achieved; the trouble with almost all of them 1s that the reactions
would as lief run backward as forward and no means has been found
of making them reversible only at man’s convenience. For this
reason it could be that an expenment begun at M.LT. back in 1945
may have highly important consequences.

Light to chemical storage

This was an experiment made in the department of physical
chemistry under the direction of Professor Lawrence J. Heidt. In
effect, Professor Heidt and his associates decomposed water into its
gaseous constituents of hydrogen and oxygen by means of a beam
of light—in this case h ic ultraviolet—thus for the first
time successfully using light to produce chemicals that will retum,
on demand, the energy they have stored. This decomposition was
achieved in the presence of a couple of complex inorganic chem-
icals, perchlorie acid and fonized cerium salts, which, although es-
sential to the reaction, were unchanged by it, and thus performed
the functions of a true catalyst—by analogy playing the same part
in this “nonbiological pk hesis” that chlorophyll plays in
breaking up carbon dioxide.

The cerous ions in the solution do not react to the full spectrum
of sunlight but only to that 4 per cent which comprises the ulmf‘
violet radiations—and the usefulness of Professor Heidt’s experi-
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ment has been questioned on this ground. It has not yet progressed
beyond laboratory experiment, 5o no one has any idea of the cost
or elab of the equip necded to reproduce it on any
sort of going basis. But its commercial implications ate clear: hydro-
gen and oxygen, weight for weight, provide the most violently
energy-releasing chemical mixture known to man when they re-
combine into water: and the temperature of the hydrogen-oxygen
flame in controlled combustion is extsemely high. The hydrogen-
oxygen fame could be used to heat a fiuid for a conventional heat
engine, but a more attractive idea might be to develop an extremely
high-temperature internal-combustion engine that could be a distant
cousin to the jet engines of the present day.

It is too soon to begin designing a heat cycle or a new kind of
“explosion motor” to take advantage of Professor Heidt's discovery;
its full possibilities are likely to be known only when some large
industrial enterprise endows it with sufficient money to test its
practicality. This idea, of course, involves “photosynthesis” just as
much as does the growing of a piece of sugar cane or a eucalyptus
tree, except that it exists entirely apart from living cells.

Back to nature

If the free world is to have a rational development duting the rest
of this century, power will be needed mostly where there now is
little or none. Dr, Bush's heat engine for irrigation is one example
of how solar power might be brought to aridity. Another example
Ties in solar stills to produce potable fresh water from the sea. This
was a wartime project for saving lives of aviators or sailors adrift
on rafts, but it has great applicability to the p ime development
of tropic arid lands near the sea.

The idea of adapting engines and other energy converters to the
fuel on hand in a given area is growing. It is a recognition of the
world’s steadily increasing need for power on terms that represent
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a shorter connection between solar energy and the energy man can
use than is represented by coal and oil deposits that have been
geological aeons in the making. In England now, for example, there
is being developed the so-called “Ricardo engine.” The most star-
tling thing about the Ricardo engine is that there is nothing startling
about it at all: for it is a small, slow engine, capable of producing
not much over one horsepower, and is designed to bum wood for
fuel, But the wood is eucalyptus wood, and the Ricardo engine is
designed principally for use in India.

In India the tree Eucalyptus globulus grows at a rate of almost 10
tons of combustible wood per acre per year and has a heat value
a little more than half that of the same weight of bituminous coal.
The Ricardo engine will have an enlarged boiler and a draft ar-
rangement to keep the easily extinguished fucl alight. Dr. Edward
C. Bullard, director of Britain’s National Physical Laboratory, has
calculated that, at least in theory, about 8 square miles of eucalyptus
forest would perpetually provide enough fuel for a wood-consuming
power station ta supply 10,000 continuous kilowatts of power, The
Ricardo engine, designed for lighter tasks than this, such as pump-
ing water and driving light machinery, would have a much lower
efficiency, but would provide some improvement over the bullock,
which is the standard of rural power in India, and which must be
continuously fueled whether it works or not.

This new emphasis on the old, exemplified by the Ricardo engine,
underlines an imp point in all sol g ion studies:
the costs of assigning an acre of land to agricultural growth and
then buming the resultant crop remain lower than the costs of
installing the cheapest presently imaginable direct col]ectf)rs on the
same acre, and using the entrapped heat. However, getting power
from eucalyptus trees, for example, demands 2 land area dcvotf:d
to their growth forty times greater than the area needed to acquire
the same amount of power from the sun via flat-plate collectors—it
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only the cost of the colleetors would permit it, Hese, to an enginees,
is at once the enticement and the frustration of solarcnergy cales
lations today.

Photosynthesis

So far, nature knows best. But nature won't tell, Untl secently,
the chemasts, biologists, botanists, and physicists delving inte th'c
intacacies of photoss nthesss were badly stuck: they could not dupli
cate amy of the reactions w the living plant by testtube meass, 0%
could! they even agree on the order and complesity with which thes¢
reactions occurred wm nature. Assume, said Professor R:binom'lfh
in recounting past cfforts, “that chemical methods of fractionating
the plant cell contents are too drastic, and {that we should] ;m\:npr
instead to take the cell apart by mechameal means. We take 3 5‘” t
green cell, such as are formed by some algas, and prick it wilh 2
needle w an attempt to rexch its interior, Immedistely phatosf™
thesis ceases. Vhus we find oursshes in the position of bcmg asked
to find out how an avtemobile operates without beisg P‘“”‘m'3 o
1ift the hool.™
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the ideal; 2 wellh d comn crop, for ple, yields back to the
farmer perhaps 1 per cent of the solar energy that was available to it.

CHlorella

‘While one group of photosynthesists sweat and quarrel over their
enormous tashs, another group are interested in how nature could be
manipulated for higher food or fuel yields to meet emergencies that
might occur before a truer understanding dawns, Man derives a
sizable portion of his nutrition from algac and algal substances
generally—but usnally indirectly, as where he feeds on fish nourished
by algae. A singlecelled green alga, by name Chlorella, has long
interested biologists, principally because 1t can be propagated with
temarkable speed and ease. In 1950 the beginmng of the Korean
conflict gave Chlorella a sudden importance in the geopolitical-
energy world. While the U.S. was preparing for almost any eventu-
ality, a group of scientists, many of whom had been a part of the
Manhattan Engineer District in World War IT, cast about to find a
largescale practical objective for intensifying the work they had
since been doing on photosynthesis. Japan’s I} as a base for
United Nations forces was heavily threatened by possible submarine
warfate, since a quarter of all its food must be imported; therefore a
massive research program designed to make the Japanese food supply
less vulnerable to blockade p d itself as hing of high
importance. Many scientists were atiracted to the idea because it
seemned to provide militarily useful research that would have an even
greater value after the conflict; “it was atomic energy but it wouldn't
blow up.” Although World War I1I did not develop from Korea—‘l
not then, at any rate—the pk hesists’ propesal stimulat
Japanese scientists to tumn their attention to algae culture, and
specifically to Chlorella, For Japan this scemed a thoroughly prac-
tical development; the population is used to catmg seaweed (marine
algae) in its party dishes, and the proteins in Chlorella have a con-
stitution very similar to those in the soybean.
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Algae in Japan

At the same time, interest in the idea of cultured algae entering
into the food-energy cquation of the world arose in the Camegie
Institution of Washington, and resulted in a good deal of practical
work on its propagation; the firm of Arthur D, Little, Inc, in Cam-
bridge recently reported back to Camegie on a set of experiments
conducted on its behalf. The intensive growth of Chlorella is es-
sentially an cxercise in hydroponics, i, the cultivation of living
materials without soil but in nutrient streams of water. A Chlorella
farm of the future might envisage streams of nutrient solution, with
the growing algac suspended in them, flowing through flexible,
transparent tubes of a plastic like polyethylene, laid out acte after
acre, absorbing sunlight and reducing carbon dioxide to energy-
beating substance.

By varying the nutrients it is possible to breed Chlorella selec-
tively for high-fat or high-protein content. The Little experiments
produced a yield of something Iike 15 tons of dry-weight substance
per acre per year, and pointed to 35 tons as a possibility. In Japan a
shorter-term experiment produced 2 yield equivalent to 30 tons per
acre per year. “The method used in Japan,” said Professor Hans
Gaffron of the University of Chicago, writing in the British maga-
zine Research, “was to let the suspension [of algae and nutrients]
flow and circulate through open concrete ditches, periodically re-
charging it with carbon dioxide in a tower where air enriched with
carbon dioxide was bubbled through the liquid.” If the Little ex
periments give a guide to the future, algae can be produced for
about 25 cents per pound of dry weight. This is still too high to
make sense, but at 15 cents a pound algae could become patt of the
world’s food-fuel supply.

'This is certainly a new world, if not particularly a brave one. It
is one in which Professor Gaffron makes the inference that Europe
is slowly on the way to becoming vegetarian, to say nothing of thase
countrics like Japan and other patts of Asia, or Puerto Ricos “It
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s, of course, impossible to predict how soon the countries of West-
em Europe will become either so poor or so overcrowded that
dairy products will no longer be available . . .” But apparently
this is inevitable, at least if man does not show more determination
about the nature of his future than he seems disposed to show so far.
“The reporter of the future,” says Professor Gaffron, *“will certainly
hail it as a great achievement when our crowded great-grandchildeen
shall subsist contentedly—because they know no better—on hydro-
Iysed sawdust and predigested, vitaminized algae. But we, should
we not rather strive to preserve for them conditions where they may
still be able to find a garden in which to pick fruit from a live tree?”
There is more than one way of saving ourselves from a future in
which the world is long on population and short on everything else,
most notably foods and fuels, It has been suggested, and by many of
the authorities quoted in this atticle, that massive governmental
funds, on just such 2 scale as went into the production of the atomic
bomb, be applied to every aspect of research to improve solas-energy
utilization. But there is also a countersuggestion. It is made by
M.LT.s Professor Hottel, questions: “Should we suggest that the
government spend money in a difficult search for more power rather
than an easy search for better use of presently available power?”
The latter would at least postpone a day of reckoning if it is
within the American temperament to canry it out. Of total US
energy consumption, we use up 5o per cent just for space heating
and automotive transportation. We have, today, says Professor
Hottel, “enough technical know-how to cut in two our energy con-
sumption in these two fields, and might well clinch the application
with a2 modest amount of research. To cary, on the average, pethaps
Lz passengers in a 3,500-pound vehicle hardly makes sense; and to
refrain from building houses so that they require half their Pfienfy
fuel for the same usable fAoor p: also seems
Tt does—but whose will be the first hand to reach to closea valve?
September, 1953
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The Peaceful Atom

BY FRANCIS BELLO

The sccond new energy is the atom, as full of po-
tential blessings as of destructive forces. In the next
five years half a billion dollars will be spent by Busi
ness and the Atomic Energy Commission to bring
nuclear power into our homes and factories.

Ten years, almost to the day, after the fantastic morning whent
the atom burst forth from behind a curtain of total secrecy, over
sixty nations convened in Geneva to tell each other what they
knew about peacetime uses of nuclear energy. Over thirty coum
tries presented mote than 1,000 papers, and while they did not
reveal all, the big three—the U S., Russia, and the UK —disclosed
more about nuclear technology than anyone would have dared
hope even a few months before. The International Conference o1
the Peaceful Uses of Atomic Energy, August 8-20, climaxed a swift
serics of cvents that clearly established 1955 as Year One of the
Peacetime Atom,

196
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Trz crear Fact of our times is that in the contest for world
prestige, the ability to tame the atom has assumed incalculable
significance. Since January 1, 1935, scarcely a day has gone by
without 2 new atomic pronouncement from industry, the AEC,
Congress, or the White House. “I think,” said one thoughtful
nuclear scientist, “we must be near the peak of the decibel curve.
The curve of technological progress is, as usual, rising more slowly.”
Industry has never had a bandwagon to match atomic energy, and
everyone, it seems, is battling to get aboard. There arc already
specialists in atomic-energy law, and there are atomic investment
funds, atomic public-relations lors, and atomic-information
vendors galore.

But behind the noisy headlines, many firms are quictly making
solid progress, and the progress is not all concerned with nuclear
Power. Nearly 1,000 companies have built “hot” labs and about
200 have become regular customers for the AEC's radioisotopes.
These byproducts of atomic weaponry have given rescarchers 2 new
tool of inquiry into the physical world at least as useful as the micro-
scope. In addition, atomic radiations can influence chemical re-
actions, keep potatoes from spoiling, alter the quahities of plastics,
and sterilize frankfurters, None of these applications has yet reached
commercial scale, but any of them soon might. On all nonpower
Uses of atomic energy, industry plans to spend about $150 million
through 1958, This estimate was recently published by the Atomic
Industrial Forum, an atomic trade organization with about 300
members,

But no matter how provocative are nonpower applications, it is
the atom as power source that dazzles the businessman—and the
world. There seems to be a market for nuclear-power reactors as
limitless as man’s demand for energy. As of mid-1g55, at Jeast
seventeen U.S. firms said they were prepared to buld nuclear-
Power reactors, and the list is still growing.



Industry and the Atom:
The Score in Mid-1955

1f you are prepared for a complicated answer, just ask almost any large
manufacturer if he 15 planning to build nuclear reactors. The firms that
appear in the directory below have built reactors, have firm contracts
for them, or are prepared to accept orders.

THE REACTOR BUILDERS: LARGE HOPES,

Companies offering reactors:
General Electric

Westinghouse

American Machine & Foundry
Babcock & Wilcox

Fluor Corp.

North American Aviation
Alco Products

Allis-Chalmers

American Standard
Combustion Engineering
Curtiss-Wright

Foster Wheeler

General Dynamics

Wealter Kidde Nuclear Labs.
Martin (Glenn L.)

Nuclear Development (NDA)
Sperry Rand (Ford Instr. Div.)

SAR—Submarine advanced reac-

tor
SFR—Submarine fleet reactor

Central station
Nuclear Power Group

A AEC-Duquesne

Rural Coop. Power Assn.
Con Edison
Yankee Atomic
Consumers P.P.D

MM MM MM

LSR—Large ship reactor
APPR-—Army package power r&
actor
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Not included in the dircctory are 2 number of firms that will play an
P M S L E e dae e 41 Loy A el

clear Metals.

FEW FIRM ORDERS

Package power Propulsion Research

X A Seawolf: Mark A& B x

SAR, ANPP
x A Nautilus: Mark 1&11 x
2 SFR’s, LSR

x x AMUF,; A Battelle

x x A U.of Mich.

x

x A Armmour

A APPR

x x x

x x x

x x

x x x

x x x

? x ?

x

x

x x x

x
ANPP—Aircraft nuclear power A—Built or under construction
project Al others: under study

*—Prepated to take contracts

-
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Understandably, the actual achievements of Year One are rela-
tively puny. Just before the Geneva Conference opened, power
generated by a nuclear reactor was fed into a commercial Amer-
ican transmission line for the first time. The power came from
a General Electric-built prototype of the reactor for the country’s
second atomic submarine, the Seawolf. The reactor is at West
Milton, New York, near Schenectady. The AEC generated the
world’s first electric power from the atom-—enough to operate about
a hundred toasters—in December, 1951, using a small experimental
breeder reactor. Subsequently, as the US. concentrated on sub-
marine propulsion, the Russians eamed the distinction of building
the world's first civilian nuclear-power station—a modest 5,000kw
unit that reportedly went into service in 1954.

Who will be first to the summit?

The big race, however, lies immediately ahead—the race to de-
velop a large nuclear-power plant capable of producing power at 3
cost mo greater than conventional fossil-fuel plants. Here lies the
great opportunity for the AEC and U.S. industry working together.
The Atomic Energy Act of 1954 seems to have unleashed, at last,
the massive and diverse talents of U.S. industry. The pacification
of the atom stands, like an Everest, as a towering challenge to the
nations of the world. Russia, Britain, the U.S.—and others—will
follow different routes to the summit. Each understands clearly that
the winner will be hailed only if he makes the fruits of his victory
quickly available to the rest of the world.

The obstacles to success are more than technolagical. The whole
effort could be hobbled by a shortage of certain kinds of scientists
and engineers. In both the U.S. and Britain those familiar with the
problem are not optimstic that it will be easily solved. The effort
could be just as serionsly hobbled if the AEC failed to simplify
soon the tangle of security regulations, including the recent setting
up of a so-called “gray area,” which has nearly everyone confused.
One leading atomic consultant estimates that the ritual of con-
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forming to security regulations takes up about one-third of his time.
Gordon Dean, former AEC chainman, declares that if all reactor
technology is not thrown open quickly, the Atoms for Peace pro-
gram will simply fizzle ont.

Beyond these matters, the U.S. faces a special handicap: conven-
tional power in the U'S, is dirt cheap. Nuclear power will be com-
petitive in many parts of the world long before it is competitive in
the US. Yet before U.S. industry is prepared to build reactors for
others on a major scale, it must acquire substantial experience at
home. This means operating at home for many years in the red. The
British, and perhaps the Russians, may be able relatively soon to
operate at home in the black.

This fact was documented early in 1955 in a British White Paper
entitled A Programme of Nuclear Power, which disclosed a gov-
emment plan to build twelve large nuclear-power stations over the
next ten years at a cost approaching $1 billion. (The program has
since been expanded substantially.) Estimated cost of power from
the first stations: about 7 mills per kwh, or about the same as power
from new British coal-fired power stations.

In June, 1955, although the Russians disclosed no details, Georgi
M. Malenkov, Minister for Electrical Power Stations, revealed that
the Soviet Union would have a large nuclear-power plant—of
50,000 to 100,000 kw—in operation next year, or before the first
British plant at Calder Hall. The British plant, also of 50,000 to
100,000 kw, had been, until then, advertised as the world’s first l?ig
installation. The 60,000 pluskw U.S. nuclearpower plant at Ship-
pingport, Pennsylvania, jointly financed by the AEC and Duquesne
Light Co,, was to have been the world's second large plant. Now,
it appears, Shippi heduled for pletion late in 1957,

may come in third.

Six plants on drawing boards

Meanwhile, in mid-1gs5 the AEC had befare it s.ix nuclear.
power-plant proposals from utilities—private and public:



Sponsor
Power Demonstration Reactor Program:

CONSUMERS PUBLIC POWER DISTRICT,
NEBRASKA

DETROIT EDISON GROUP: Central Hudson
Gas & Electric Corp., Cincinnati Gas &
Electric Corp., Consumers Power Co.,
Delaware Power & Light Co., Detroat Edi-
son Co., Long Island Lighting Co., Phila-
delphia Electric Co., Rochester Gas &
Electric Co., Toledo Edison Co., Potomac
Electric Power Co,, The Southern Co.
(and subsidiaries)

NUCLEAR POWER GROUP: American Gas &
Electric Service Corp., Bechtel Corp.,

Commonwealth Edison Co., Pacific Gas
& Wlonbrin n [Tnine Blas s e -

v

Maine Power Co,, The Hartford Electne
Light Co., The Connecticut Power Co.,
‘Western Massachusetts Electric Co., Pub-
lic Service Co. of New Hampshire, Mon-
taup Electric Co., New Bedford Gas &
Edison_Light Co., Cambndge Electric
Light Co,, Central Vermaont Public Serv-
ice Corp.

Other Proposals:

CONSOLIDATED EDISON CO, OF N.Y,

RURAL COOPERATIVE POWER ASSOCIATION
(nINN.)

I

Sodium-
graphite
Fast-
breeder

Dualcycle
boiling-
water

Pressurized-
water

Pressurized-
water
Closed-
cycle
boiling-
water
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SIX PROPOSED NUCLEAR-POWER PLANTS:

Reactor type  Designer or builder

North Ameri-
can Aviation
Not yet de-
cided

General Eles:
tric

Monsanto
Chemical Co-
and Fluor
Corp.

Babeock &
Wilcox

American Ma-
chine & Foun-

dry

Tota!



713,000 KW BY 19607

Plant size
(kw)

75,000

100,000

180,000

100,000

236,000

22,000

713,000

Estimated cost
(1n millions)

$20-$25

$54

$45

$25-$30

$55
$6

$205-%215

Costper  Location Probable oper-
kw

$266+  Nebraska

$540 Michigan

$250 4; miles SW
of Chicago

$2504+  Rowe, Mass.

$233 Buchanan, N.Y.

$273 Elk River, Minn.

ating date

1958

1959

1960

1958

1960

1959

|
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Four of the proposals were made in resp to an AEC request,
in January, 1955, that industry take part in a Power Demonstra-
tion Reactor Program. As its contribution to the program the AEC
offercd: (1) to make a free loan of nuclear fuel until July 1, 1962,
charging only for net fuel consumed, and for any processing per-
formed on the spent fuel by the AEG; () to perform research and
development work in AEC lab ies without charge; and (3) to
Pay in cash, in advance, for “technical and ic information”
that may be acquired in the course of building and operating the
nuclear-power plants,

The four proposals submitted in direct response to the AEC's
invitation vary widely in details. Commonwealth Edison Co.,, Chi-
cago, speaking for the Nuclear Power Group (itself and seven
associates), said it was ready to go it alone with no subsidy or cash
advance from the AEC. Taking the other three proposals as a group,
the AEC estimates 80 to go per cent of the total cost would be
borne by the utilities. The fifth praposer, Consolidated Edison of
New York, simply asked for a license to build a nuclear-power plant.
The Rural Cooperative Power Association at Elk River, Minnesota,

AEC’s FIVE-YEAR REACTOR
Heat output

Reactor type Designer (kw)
Pressurized-water reactor (PWR)  Westinghouse Electric Corp. 26400

Experimental boiling-water reactor Argonne National Lab. 20,000
(EBWR)
Sodium reactor experiment (SRE)  North American Aviation 20,000
Homogeneous reactor experiment  Qak Ridge National Lab. 10,000
(HRE-2)
62,500

Experimental breeder reactor Argonne National Lab.
(EBR-2)
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which made the sixth proposal, said it was ready to contribute
about $750,000 in existing facilities, and asked the AEC to build
@ power reactor, which the cooperative would operate and even-
tually purchase over a period of years, In all, the six plants would
have a total capacity of 713,000 kw and would cost over $z00
million, If begun promptly, the first might be running in 1958,
the Jast by 1g60.

Pilot plant vs. big plant

Concurrently with this power-demonstration reactor program, the
AEC is financing, at an estimated cost of $250 million, a Five-year
Reactor Development Program (see below), under which at least
five different types of reactors are already under construction or in
the planning stage. Except for the Shippingport PWR, all the units
il be of pilot-plant size, i.e, just large enough to test principles
and provide design data for future scaling up,

‘Why should industry build large nuclear-power plants—all frankly
Uneconomic—at the same time that similar and advanced reactor
types are under devel P ? Answer: 1ly, it shouldn’t. But

DEVELOPMENT PROGRAM

Eleetr outpus Probable
(i) Estimated cost Location operating date
89,060-100,000 $8smillion *  Shippingport, Pa. 1957
5,000 $17million  Lemont, Il 1956
7500 $1omilion t  Santa Susana, Calif. 1952
$47 million Qak Ridge, Tenn. 195
$4omillion  Arco, Idaho 1958

} Includes $5 million from Duguesne Light Co.
#ucludes 3.5 million from North American Aviation
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there has never been anything normal about atomic energy, and its
peacetime development will be no exception, It is as obvious to
businessmen as to politicians that the world desperately wants the
atom put to peaceful use. As the AEC has declared, “the early de-
velopment of economically competitive nuclear power by the US.
is an important national objective.” It follows that anyone who
promotes this objective may be obliged to make business decisions
that lack conventional economic justification.

Utility executives, however, are not motivated solely by an urge
to bring cheap nuclear power to the world, One of their chief reasons
for acting, perhaps the most important one, is referred to only
guardedly. The utility industry is mortally afraid of public power.
“You know what happens,” says one of the industry’s leaders, “if
you leave a vacuum, Something will £l it. We don't propose to
leave an atomic-power vacuum.”

Regardless of motives, the net effect of building big nuclear
power plants immediately is to gain experience quickly. This ex-
perience inevitably will be more expensive than if acquired at 2
more leisurely pace, but the U.S. seems willing to pay the price.

Who will pay?

‘Whatever the cost of nuclear power, it will be borne in the US.
—as in Britain—by the public, one way or another. The British
program will be wholly financed by the government. In the US.
the bill will be passed on to the customer, Consolidated Edison, for
example, can generate power in a modem fossil-fuel plant for about
7.5 mills per kwh, or just about the U.S, average. It estimates that
its nuclear power will cost perhaps ¢ mills, which is perhaps as 1
Tiable a figure as any quoted today. It is higher than the British fig-
ure of 7 mills, not because U.S. technology is inferior, but eviden‘lly
because of differences in financing practices, in pl credits,
and in construction and labor costs.

Fortunately, there are so many electric light and power cus-
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tomers in the US. that the per capita cost of financing the power-
demonstration program will be invisible. There will certainly be
1o rise in rates. Nevertheless, the six proposed plants will, if ap-
proved, cost perhaps $50 million over and above the cost of con-
ventional plants of the same capacity. In addition, nuclear power
from the six plants will cost, cach year, about $10 million more
than conventional power, if the nuclear is dearer by only 2 mills
per kwh,

This money must come from somewhere. Probable source: over
the next ten years it is predicted that the U.S. will have to double
its electricgenerating capacity (now 102 million kw). This will
Tequire scores of new and efficient fossil-fuel plants, which will
Produce power at a cost below the present average, and thus more
than offset the higher price for a small amount of nuclear power.

The utilities’ contribution will represent only a part of the in-
vestment needed to make nuclear power competitive. Other sizable
contributions will be made by equipment manufacturers in the
form of absorbed d lop costs. A i allthe,‘_
nuclearpower plants get built, it is likely that over half a billion
dollars in private and government funds will be poured into reactor
technology in the next five years, with no guarantee that nuclear
Power will, at the end of the outlay, be economic.

Competitive power: when?

When will nuclear power compete in the U.S. with fossil fuels?
The optimists say the second generation of power plants, gomg into
service between 1962 and 1965, may be able to tum the trick by
Producing power in the 5-to-6-mill range.

At this I:atc, nuclear ;ower would be as cheap as, or _Ch?P“
than, 68 per cent of the conventional power generated in large
fossil-fuel plants built in the last ten years. . )

The AEC, in what it called an “optimistic” estimate, made ;‘
1954, forecast that the atom would supply 10 per cent of all US.
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ing a sodium-cooled reactor for the world’s second atomic sub;
marine, the Seawolf, (2} designing the SAR, or submarine ad
feactor, and (3) sharing in the effort to develop nuclear-powered
aircraft,

Tn March, 1955, C Ith Edison d that G.E.
%as prepared to build a so-called “dualcycle” boiling-water reactor
for the Nuclear Power Group’s proposed plant. G.E. has offered to
ronstrict the complete plant, for $45 million, or $250 per kw. Com-
monwealth Edison, which will own and operate the plant, fgures
that 2 conventional installation of the same capacity would cost
%30 million (8167 per kw), consequently it has agreed to con-
tidute that sym toward the nuelear plant. It will also share part
of the emaining $15 million of cost with the seven other com-
Panies that are in for the “experience.” Since it is \wde}y‘ believed
that the plant win actually cost much more than $45 million (per-
haps a5 much a5 $6o million), it follows that G.E. is prepared to
make a heavy contribution of its own.

Like Westinghouse, G.E, declines to indulge in the currently
Popular numbers game of predicting the kwh cost of nuc}mr power,
Bat obviously G.E. believes its dual-cycle reactor will produce
Power at lower cost than any rival type at this stage of the art.

Who's No, 3

Behind Westinghouse and G.E., four or five firms are ]ccke%nng
for position, each with its own claim to eminence. Notth Ametican
Aviation, with more than 6oo people in 1ts Nuclear Eng‘mitr::é
and Manufactuxing Division, probably has the largest technical § of
among the contenders. N.AA. is also contributing $2'§°°’°wtor
the $10million cost of the medium-sized sodium graphite ret::;ns
ihat it i buiding for the AEC in the Senta Susana Sdeing
3bout 30 miles from Los Angeles. The AEC is now Comv which
Proposals to Jink this Teactor to a 7,500kw turbogeneral e’ energy
would make it the first nonmilitaty U.S. reactor to produc
for commerciz) use.
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Nuclear Development Corp. of America, White Plains, New
York, headed by a brilliant young nuclear engineer, John R. Menke,
is another contender for third place. N.D.A, has contributed to
the design of many of the important reactors built and proposed in
the U.S. in the last seven years. Not content with being just a
designer, N.D.A. recently bounght 1,200 acres of land 40 miles north
of New York City where it will experiment with reactor assemblics.
Working now on aircraft-propulsion reactors, N.D.A. aspires to be
a builder of other power reactors as well.

Another able organization is Walter Kidde Nuclear Laboratories,
headed by Karl Cohen, a young scientist who made pioneer stadies
of the gascous-diffusion process. With the support of the Walter
Kidde organizati hich is an engineering and construction firm
as well as a maker of fire extinguishers—Kidde Nuclear is prepared
to build power reactors up to 100,000 kw. “We were quoting $250
per kw when everyone else was saying $500,” recalls Cohen. His
firm's most recent quotation for a 75,000kw plant: $216 per kw.

One of the sharpest contests for supremacy is taking place 2mong
the leading boilermakers: Babcock & Wilcox, Combustion En-
gineering, and Foster Wheeler. F. W. is ready to take orders for the
aqueous homogeneous type of reactor, and C, E. is driving hard to
win ordess for propulsion reactors. But it is B. & W. that seems to
be moving most swiftly.

Many nuclear engineers were surprised when B. & W. was selected
by Con Edison to build the reactor for the proposed Indian Point
plant. They were even more surprised at the announced cost of the
complete plant: $55 million for 236,000 kw, or only $230 per o

Qil to boost the atom

There is, however, one important gimmick in the Con Edison
plant design that helps to explain the Jow kw cost: only 140,000 fw
will be provided by the reactor itself; the remaining 96,000 Tew will
be produced by an oil-fired superheater that will raise the tempera-
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te of the reactor-produced steam to 1,000°F., several hundred
degrees beyond the steam temperatures that will be available at
Shippingport or in G.E’s dual-cycle plant. The high steam tempera-
ture will boost the heat efficiency of the Con Edison turbine plant
from 26 to 31 per cent. Moreover, the oil-produced kw will be cheap
compated to the nuclear. The stratagem is reminiscent of the early
days of the steamship when shipbuilders, trying to have the best of
Doth worlds, combined sails with steam propulsion.

In addition to its Con Edison project, B. & W. has been studying
the fast-breeder reactor—for producing both power and high-grade
plutonium—that Detroit Edison and ten associated utilitis propose
to use in their 100,000-kw power plant. No builder has yet been
selected for this plant, but jts design is being supervised by Atomic
Power Development Associates, consisting of Detroit Edison and
thirty-odd utilities, engincering firms, and manufacturers. Some
experts no longer consider breeding so attractive as it seemed several
years 2go when uranium was scarce and plutonium more valuable
thanat present, Nevertheless, the Detroit Edison group believes the
breeder deserves to be pushed. .

Looking beyond the power plants of the two Edisons, B.& W.is
growing enthusiastic about the liquid-metal fuel reactor, or L'MFR,
which it has been studying closely with Brookhaven scientists re-
sponsible for conceptual design.

Also Boston and Nebraskd

For its power demonstration program, the AEC is also weighing
the proposal of the Yankee Atomic Electric Co. (a group. of twelve
New England utilities), and another proposal by the CO"sum.c:hs
Public Power Dustrict, a state-owned public:power agency Wi
headq; at Columbus, Nebrask .

Yankee proposed a 100,000kw plant, using a P’ess“mzd"vz:
teactor similar to that at Shippingport. Expected cost: “‘;" te
2 million and $30 million. Present plans call for the reactor £0
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mental: it appears that long-cherished estimates of the country’s
coal supplies have been grievously in error, On the basis of 1gog geo-
logical inferences, it has long been accepted that the U.S. possesses
coal reserves of about 3.1 trillion tons of all types, equivalent to a
3400-year supply at past peak consumption rates of 600 million tons
a year.

The vanishing coal pile

Recently, the U.S. Geological Survey has taken a hard look at
coal and has concluded that the reserves recoverable at close to
Present mining costs are possibly only onetenth the earlier estr
mates, These figures have been further scrutinized by Palmer Coss-
Iett Putnam, jn his remarkable back, Energy in the Future, prepared
at the request of the AEC and published in 1953. Putnam measures
energy teserves in terms of a helpful new quantity, Q. (One Q=1
billion billion Btu. The total U.S. energy demand is now about
0035 Q per year.) By this measure, the 3.1 tollion tons of coal—if
they existed—would contain 67 Q. According to the best current
estimates, the coal actually available in the U.S, at no more than
twice 1950 costs, contains perhaps 6 to 8 Q. Putnam figures that
natural gas, oil, and oil shale add only another 0.9 Q. He further
estimates the world fossil-fuel reserve at 38 Q, of which coal is 32 Q.

Using plausible assumptions of population growth and a 3 per
cent annual increase in per capita energy demand, Putnam suggests
that peak production of coal m the eastern U.S. may be reached
before 1975, and of all coal in the U.S. before 1990 From this he
concludes: “If we are to avoid the risk of seriously increased real
unit costs of energy in the United States, then new low-cost sou{iczs
should be ready to pick up much of the load by 1975 or soomner.

Only time will tell 1f Putnam is roughly correct. Mea{nwhﬂ: he
has helped enormously to make the atom 2 sizzling business pros-
pect,

One question remains: How are we fixed for uranium? Things
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» But tonnage is only part of the story, overweighted as it is by
steel’s current, massive production, 50 huge as to hide all signifi-
cant detail. If stecl and the major light metals arc plotted on a
more realistic basis by volume, then 2 much more significant
factor appears. In the st decade the kight metals have moved up
from 2 small to a pondenable percentage of steel's volume and,
since they are growing at a much faster rate, they are going on,
by projection through 1975, to challenge the primacy of steel itself.
» But volume, too, is only part of the story, for the most significant
aspect of the last decade’s explosion in metals is the vasiety of new
metals coming up, small in volume but vital to a host of new
industries and technologies. How fast they have gtown is shown

This chart shows the rough d jons of the metals

It compares steel with major hight metals—alloy stecls, alummum,
magnestm, and ttanim—on the realistic baws of volume in
enbic feet snstead of tons. By projection, the light metals are
shown rising on an upcurve through 1975 to 26 per cent of steel’s
valume.

Quontities by volume

tprojectd
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by one fact: in 1941 the number of metals on the US. list of
scaree and strategic materials was twelve; in 1951 the number was
well over thirty.

In other words, we are at the real tuming point of 2 great revo-
Iution. War and defense have had much to do with its speed, but its
advance is implicit in the whole, complex technical civilization
being built on this continent. While metals, starting from a much
older and broader base, cannot show the phenomenal short-term
growth of chemicals, they are exhibiting some of the same dynamics,
the ability to create, or recreate, industries, new markets, new
competition, new relationships in endless profusion. Since metals
are, indeed, basic, this revolution is economic, political, and social,
as well as technological, and its import is seen clearest in the per-
spective of history.

The ages of metals

From remotest time to the sixteenth century, men worked with
but seven metals: gold, silver, copper, tin, iron, lead, and mercury.
The next three centuries added seven more, antimony, zing,
bismuth, arsenic, nickel, cobalt, and manganese, of which two
(bismuth and arsenic) were hardly considered metals at all. Up to
1900, with chromium and tungsten just coming into use, that was
about the lot. About half a dozen major metals carried the wealth
and weight of the world. Yet, in the next fifty years, the number of
different metals known to commerce tripled, and not merely
tripled, for with the development of high alloy steels and super-
alloys a broad stream of mew materials became available. What
caused this unprecedented upsurge and why was it so late in coming?
‘The answers ar¢ important.

The old metals industry grew up in the fived world of the
ancients, secretive, prcscientiEC. There were the noble metals and
base metals of antiquity—those found closest to a pure state—
and no more. Workable ore bodies were few. The great metal and



222 THE MIGHTY FORCE OF RESEARCR

elements. OF the 100 clements now known, over thee-fourths can
be classed as metals,* Yet this large group has been the slowest to
emerge. Of the eighty-three known metals, only about 2 third so
far are of important tonnage or value, about a third are still of
minor importance or just coming into use, and a third sre prac
tically unknown metals waiting future development, Thus nearly
two-thirds of the arca is still frontier. When it comes to putting3
name to the cra in which this fronticr is being sweepingly emc'rcd,
the familiar “Light Metals Age” won't do, It is more than light
metals; it is a plethoric mixture of metals. For want of a better
term, and provisionally, it is the New Metals Age.

The amazing metals mix

The new age has three leading characteristics. It Is consuming
metals, old and new, at a rate never before known in hi;mr.y..AS
the 1952 report of the President’s Materials Policy Commission
underlined, the U.S. alone since Word War 1 has sed met
metals in quantities excecding the total used throughout the enti¢
world in all history preceding 1914. 1t is an age that, undes ths
driving consumption and a second round of armament in 2 dECf{d"
is running into imbalances, temporary shortages, and sharply risite
casts, particularly in the older, strategic metals. And, finally, it B
the age of a multiplicity of metals, which in the long run offers e
best solution to supply difficulties. .

Under all these pressures, and with technology moving P ot
relieve them, steel, copper, and most of the older metals conhn;:
to grow bigger—steel embarking on a $goo-million, TOWEE
taconite-ore program to hold its stake in the thinning Mesably ‘,Vh"k
throwing out giant new supply lines to high-grade iton dep os!t‘sd“:
Labrador and Venezuela, It is plain that the time-tested 010€

en, fluorine, 60T

¢ The nonmetals: hydrogen, helium, carbon, nitrogen, oxyge™s 0N

phosphorus, sulfur, chlorine, argon, bromine, krypton, fodimes
and radon.
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metals are neither going to disappear nor much diminish for a long
time to come. But the new metals grow faster. And while each
metal has its own character, and many are irreplaceable in certain
uses, the sheer variety of new metals introduces an explosive new
freedom of choice and action.

It is this power of technology to create new materials and tech-
niques on an ever widening scale that injects a new element into
twentieth-century economics, confounding both Marx and Man-
chester. Reasoning from the still fairly static materials of nineteenth-
centuty industrialism, it was easy to foresce a concentration of
power in polies, oppressive or shining, depending on the view-
point. But, while the concentrations of power have taken place,
technology is now constantly ereating new situations, shifts in
power, and a new kind of competition that make old monopolistic
concepts less and less operative. This is nowhere more clear than
in the metals, where in the upthrust of new materials, markets are
in the greatest flux in history.

The real force of this new arder may be seen in a development
that, in the last few years, has made a new material out of the
oldest of all ferrous products, dormant and declining for a century
=—cast iron, International Nickel's laboratories, searching for im-
provements in nickelalloy cast irons, developed a method for
making brittle cast iron as strong and tough as ordinary steel by
small additions of magnesium. Called ductile or spheroidal graph-
ite iron, it was an entirely new material—strong, ductile, wear-
Tesistant, heat-resistant bining the casting of iron
with many of the advantages of steel,

Few metal developments have moved so quickly as ductile iron.
Opened to Yicensing in 1049, the process had, within three years,
over 200 licensees in eighteen foreign countrics and the u.s,
operating in over 6oo foundries. It is replacing gray iron, cast
steel, wrought steel, bronze, and even aluminum in big diesel
and automotive crankshafts, gears, beatings, plowshares, pistens,
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compressor heads, valves, pipes, and fittings. And, through precision
casting by the shell-molding ptocess, it is opening up for foundries
a whole, new, low-cost ficld of precision-parts manufacture, Jt i
in fact, putting the foundry industry, with over 3,000 smal), dis-
persed units, back in competition with big steel and big stee
fabricators.

The shifting mix

Across the board, the metals shift and strain as developments
rise and the p vary. Alumij takes an i ingly sul
stantial bite into copper’s wire and cable markets, and bites steaddly
into other copper uses. The can industry pushes coatings on s_!:ﬂ
to replace perennially critical tin in 8o per cent of its production,
while a new aluminum solder moves in to displace tin alloy in
smoothing automobile bodies. And the Malayan tin industry 53}’“
back with i { research and of ample supply. Union
Carbide’s Electromet division makes a notable development oé
manganese-containing stainless steel to cut in half the content 9
critical nickel, urgently needed elsewhere. Titaninm alloys 1798’:1‘
ta displace stainless steel in aircraft. And continuous casting 20
hot extrasion of stainless bring it within range of Competlng""‘t
aluminum for other markets. General Motors develops an alummuerg
dip for coating steel to replace zine, which js also being ‘squeez %
out of i ing numbers of ive parts by aluminum die
castings. And moving up behind aluminum are magnesivm (‘n;
castings, propelled by the economics of getting more parts per poun
from a metal lighter than aluminum. \der

No small part of the flux is economic, in which regard the'o o
metals industry s increasingly vulnerable as it is forced to thmf;
ores, deeper mining, more distant ore bodies, with costs mountifg
all along the way. Over a 1939 base, zinc prices had by 1952 5‘;‘
280 per cent, lead 275 per cent, pig iron 145 per cent, COPPEr ;‘bg:;
cent, while the higher-priced newes metals as a whole ha
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held to the well-managed price levels of the chemica) ind 25
per cent above 193, with aluminum actually SPﬁCtﬂl’: ,““’Y; 2
Unless the older metals companies attack their cos clow 1939,
and more aggressively develop new markets, the co s, ':".‘ﬂsxfy,
between o1d and new will close tighter, And not mpetitive gap
squeeze of new metals, for the chemical industry _°ﬂ1)' u'ndcr the
and catholic in developing new materials. Plyyy is ambidextrous
ready have ousted SomE 9,000 ons 3 year of agu‘*)‘fmc plastics al-
tons of stainless steel in making vefrigeraton :An"gﬂum and 2000
Fber Jaminates ate coming up fastasa ‘mﬂrk.zb] polyester-glass-
material, makwng its bow in allplastic, stock € new enginecring
For the nest quarter of @ century at Jeast g Sportscar bodies.
mix will be precipitating a new industrial mﬂ::rlmg materials
The light metals
To see some of the major directions iy whi
building, it is necessary t0 review the pey ich this structure i

f.\mctions. The first group 11 l_’“iﬂ! of sirg, gr groups and
s the structural light metals, in which the ﬁ) amics, and prowth
rise to tonnage proporhions- Bl fact is the rapid
H ! ~hese
o gls—

L pusesy sees i . rinto
Digh-technology industrics: Now abau ;" ament, and oth*
e U PR Cont nf anvat reeh

e €

world's largest, with two radically yey, | Viio, prow-:—
for Tow-carbon ferrochtome and el Production Fe™
e chypme 20¢
e
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nese, Expanding in scale below Electromet is a tight, competitive
group of less-diversified alloy suppliers, including Pittsburgh Metal-
lurgical, Ohio Ferro-Alloys, Vanadium Corp. of America, and
Climax Molybdenum,

Aluminum is now running at five times its 1940 rate of produc-
tion. Yet the industry consensus is that aluminum has only begun
to realize its potential, so far primarily based on aircraft and trans-
portation but beginning to exploit the building, construction, elec-
trical, automotive, appliance, and air-conditioning industrics.
Versatile, still-developing alloys will open still other fields. Only
since 1945 the number of aluminum fabricators has jumped from
5,500 to nearly 20,000.

Magnesium is moving at more than twenty times 1940 produc-
tion. The lightest of structural metals, magnesium had the disad-
vantage of following closely on aluminum in time and end uses,
with some peculiarly tough fabricating and corrosion problems of
its own, But in 1951 mag gistered a significant growth
stage when its wrought products passed castings in volume; and
increasing markets in the automotive, trailertruck, materials
handling, machinery, and appliance fields, as well as in aircraft
and ordnance, indicate that the metal has reached a major tuming
point. In the long view, moreover, magnesium’s limitless availa-
bility, lightness, and strength in evolving alloys must lead it to
parallel aluminum.

Titanium, almost non-existent as a pure metal a few years ago, is
on the most spectacular growth curve of all, up from nothing fo
1,200 tons in 1952. Defense goals for 1955 were hiked twice n
twelve months, first to 10,000 tons, then to 22,000. In contrast to
aluminum's or magnesium’s quartercentury struggle to reach like
tonnages, this is the fastest development in history of an entirely
new metal. It is the more phenomenal in that the problems be-
setting titanfum make those of the older light metals gale. A
highly reactive metal in the molten state, ductile titanium 1
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wrested from ilmenite and rutile-ore sands only by the most labo-
rious meaus. The only commercial methods thus far are based on
the USS. Burean of Mines’ cumbersome Kroll process, by whicl:
the metal is batch-handled in inert helium atmospheres and
vactum-are furnaces, producing 2 mill-finished product at $15
to $30 a pound. Yet titanjum has such a combination of high
strength, light weight, and good heat and corrosion resistance—
bridging the gap between aluminum and stainless stecl—that even
at the price it is a natural for high-speed aircraft, naval construction,
and ordnance.

Getting the new metal into production, while simultaneously
solving its multiple alloying and fabricating problems, has gen-
erated a scramble unlike any previously known in the metals.
Nearly everyone has going a research project to outflank the Kroll
process, including Union Carbide, Monsanto, Dow, National
Research, Horizons, Inc., Glidden, Kennecott Copper, New Jersey
Zinc. To encourage the market and build expenence, the Air
Force has now specified titanmum sheet and parts m two advanced
jet planes. Originally overglamorized as 2 metal to withstand hi_gh
jet-engine heats, titanium is now more soberly seen as a major
2ddition to the structural metals, important not only to the mili-
tary but to many prospective industrial users.

The rare metals

Ranging far below the light metals in volume, but wider in 4variety
of use and outlook, 15 2 growing group of materials that mxg:ht be
called the rare metals. Except for such older items as Pl'atmum,
palladium, and indium, these are, for the most part, rising new
metals of specialized uses that may grow to considexab'lc pound;';ge
but never perform more than small, critical functions in advancing
technologies. A few, however, may someday soar out of the rare
category on some tum of events, for this group forms part of the
metals frontier.



228 THE MIGHTY FORCE OF RESEARCH

Perhaps the member of this group closest to the light metals is
titanium’s sister metal in ductile form, zirconium, which has many
of the same properties as titanium, is obtained by the Kroll process,
but is more difficult and expensive to get into pure ingot form.
Thus far its only outstanding property is high permeability to slow
neutrons, a factor useful in nuclear-reactor construction; hence the
Atomic Energy Commission has been pushing production, Only
two producers have made zirconium in pure bar form, Foote Min-
eral Co. and Westinghouse, working up 2 laboratory process to
industrial scale to produce metal to the fantastic purity of 997
per cent, The program for more basic production now includes a new
$2,400,000 plant operated by the Carb dum Metals Co. for
the AEC at Akron, New York, to supply sponge zirconium and
hafnium, a metal closely associated with zirconium in its ores and in
its properties. Unti secondary or civilian uses appear for the metal,
however, private producers are reluctant to risk their own money
on zirconium metal. Less pure or alloying forms have been made
for some time by Carbide’s Electromet, National Lead, and others,
for deoxidizing high-alloy steels and for creating a growing num-
ber of nonferrous alloys. A new zirconium-cerium alloy of mag:
nesium so raises strength and stability at medium temperatures
that it has put magnesium castings into some jet-engine parts:
More aggressive development of high-punty zirconium alloys will
probably produce special, high-corrosion-tesistant materials and
a possible repl for scarce

The work on titanium and zirconium has stimulated much wor.k
on getting other metals into highly pure forms, for with titanium it
was discovered that small impurities could change the entire char-
acter of a metal. Inclusions of oxygen and nitrogen beyond 0.2 per
cent, along with other slight contaminations of carbon, silicon,
aluminum, ot iron, made all the difference between getting ductile
metal and a useless, brittle composition. Union Carbide, Climax
Molybdenum, Foote Mineral, Battelle, and others have been work:




THE NEW METALS AGE 229

1; 1uh

ing in turn on ultrapure y
columbium, tungsten, silicon, calcium, manganese, lithium, boron,
and hafnium, In pure form these are to be classed as rare metals,
with characteristics quite different from previously known forms.
They are just beginning to develop uses and are likely to lead to a
whole range of new alloys.

The range of the rare

The range of rising new metals is bewildering. There is germa-
nium, the semiconductor or electronic-transistor metal, which is
moving so fast that dozens of small manufacturers, trained by
Bell Labs and others, are springing up to meet demand, and West
Virginia’s coal beds are being ransacked for germanium-bearing
seams to extend the supply. Zinc concentrates are the only U.S.
source thus far, and Eagle-Picher Co. is the mamn supplier. But
there are also other developing semiconductors: silicon metal,
selenium, tellurium, gray tin, and 2 new cadmium sulfide erystal
that may equal germanium in efficiency. .

And there is silicon metal itself, which is going into th‘e big
growth of silicone plastics, and moving into the nsing field of inter-
metallic coatings on metal. And lithwum, the lightest metal known,
but reactive wath air and water, which goes into lithium-silicone
}‘igh-tempemture greases, new alloys, and al
welding and brazing compositions, and which may become the
main source of tntium, or heavy hydrogen for the hydro‘.gcn bomb.
Lithivm compounds are in expansion, mainly by Lithium Corp.
and Foote Mineral,

Then there is galliom, a metal that melts in the hfind, and e
pands like water on freezing, whose unusual properties are being
explored on the basis of a few hundred pounds’. production by
Eagle-Picher and Alcoa. And there is a \veir(‘!, |mp‘ort‘ant,‘ ncvj

ion of bismuth and £ called B -ﬁ,
by powder metallurgy in the Naval Ordnance Laboratory. This
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material, though both constituents are nonmagnetic, forms 2 per-
manent magnet with the highest coercive force known, aimed to
supplant high-nickel-cobalt Alnico magnets in many uses.

Finally, just about to come into much wider exploitation are
the rare-earth metals, a group of fifteen or so metals with fantastic
names, which are neither very rare nor earths, but which are so
closely mixed in their ores that most of them until recently have
resisted separation in any quantity. Cerium, the best known of the
group, has been available for a long time in a mixture of rare earths
more propesly known as misch metal, which makes lighter flints, and
is growing as an alloy in magnesium and in stainless and other
steels, where it adds workability. But development under the AEC
of ion-exchange extraction and a new liquid-toliquid industrial
separation process is now bringing out in kilogram amounts for the
first time relatively pure rare earths: in order, lanthanum, cerium,
praseodymium, neodymium, promethium, samarium, europium,
gadolimum, terbium, yttrium, dysprosium, holmium, erbium, thu-
lium, ytterbium, lutecium, And discovery of large, new rare-carth
ore bodies in the West has increased activity. This is a vast area of
unknown propetties and uses to be explored. But one of the metals,
gadolinium, has the highest known absorption of slow neutrons,
which makes it potential atomicreactor material, and there i
likely to be found in the group a range of entirely new light-metal
alloys and additives to steel and super-alloys.

The hot metdls

The next large group, the refractory metals, embraces the most
pressing and intense area of development on the metals frontier.
The salient point of this frontier 1s the bladed turbine wheel of the
aircraft gasturbine or jet engine. Under the blasting hot tempera-
tures and centrifugal loads and stresses at which these blades must
operate, they ate pressing the ultimate limits of preseatly known
metals, The thin turbine blades must maintain their strength,



THE NEW METALS AGE 231

curvature, shock resistance, and dimensional stability in the red-
hot range of 1,300° to 1,600°F. and beyond. Stecl in this whirling
inferno would burn out like paper. Titanium, whose high melting
point (3,300°F.) had built high hopes for a great heat-resistant
metal, has so far developed no alloy that does not begin to lose
strength sharply around 1,000°F. Stainless steel, a ranking high-
?cmpexature metal, starts to lose its grip rapidly at 1,300°F. Yet the
Jet engineer, to gain the efficiencies inherent in the thermo-
dynarics of his engine, is pressing for metals or materials to break
the heat bartier at 1,60c0° to 2,000°F.

So far the only working metals approaching this barrier are a
group of complex nickel-ch balt-molybd lambi
tungsten super-alloys, containing little or no iron. These are re-
lated to or descended from the old Stellite cutting-tool alloys
developed by Haynes Stellite Co., another dwision of Union
Carbide, which underlies most of U.S. metallurgy, and which is the
major supplier of super-alloys to the hottest spots in jet aircraft. Also
within the super-alloy range, but in limited use in this country, is
a British group of nickel-chrome alloys, minus cobalt, called the
Nimonic series, which bears the brunt of British jet production.
The newest Haynes cobalt-base, high-temperature alloy, however,
has reached an operational level of 1,600°F., and for short intervals,
4,800°, which is the ultimate thus far.

The working and shaping of such refractory metals has the bang:
ing, brawny air of 2 frontier. Only the oldest, heaviest type of mills
€an work these red-hot hard metals, which give forth deep groans
and crunching protests in the working, The critical turbine blades
are either forged or cast, and a big producer like Thompson Prod-
ucts does both. Haynes Stellite has adapted to bucket-blade mass
Pproduction the “lost wax" or investment-molding method of pre-
cision casting, ancient to the jewelry and dental arts.
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The Transistor

BY FRANCIS BELLO

If we are living in the pushbutton dge, what lies be-
hind the button? The transistor, only the size of
pea, deserves this chapter to itself, for it has the po-
tential to revolutionize the great electronics industry,
not fo mention the way America lives,

For nearty rive veans the electronics industry lived with a pes-
sized time bomb called 5 transistor, a device that can replace
vacuum tubes for many jobs. Then came 1953, the explosive year
when the transistor went into volume prodaction and the vacuum
tube, unchallenged for nearly half 4 century, passed over to the
defensive. Since the electronics industry warks under high com-
petitive pressures and enjoys matchless manufacturing fexibility,
the transistor was in a Position to move swiftly into an im}’ﬁ{““t
fraction of the industry's products, More important, the transistor
promised, to a large degree, to free electronics from the vacuym
tube’s anerous limitations—relatively short life, high power con-
sumption, bulkiness, and fragility,

234
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m’g "‘;; i‘;n“;e Jet engine represents a whole family of reaction mo-
hea;! ylon a growing faml_ly of synthetic fibers, so the transistor
: ds a new ?Iass of electronically active solids, The industry has
ats:d ::Ch soﬁllnldsd for years, but usually in conjunction with evacu-
and meg;:_ e .tubes (e.g., the phosphors in fluorescent Jamps
vacuum t I‘;" picture tubes; the cathode coatings in ordinary
which elet s}, The transntl?r symbolizes the new electronics in
Sss un ectrons go about their work, with a minimum of heat or

S5, Wlthqut ever leaving the solid state,
tog: ?:t;(vf{ bit of solid substar'lce in a transistor is barely visible
2l aked eye; yet the transistor and its minute relatives will
4 ost certainly stimulate greater changes in commerce and in-
]’:SISYY :haxf will reaction motors, synthetic fibers, or even, per-
w_ d’; d ;l Om‘iven.efgy. Reason: the new solid-state devices will pro-
e e re'mbfhty, corlnpacmess, and low power consumption

eeded fo lift information-handling and computing machines—
fhe ﬂ_l!b of the second industrial revolution now upon us—-to any
soliis degree of complexity. In the istor and the new
olidstate electronics, man may hape to find a brain to match
atomic energy’s muscle.

It was in 1948 that physicists at Bell Telephone Laboratories
Weze running crucial experiments with germanium that led to the
announcement of the transistor, the first practical sohd device that,
like a vacuum tube, could amplify an electric signal. Five years
late:x, in 1953, engineers of Western Electric, Bell Labs’ manufac-
tuting affilate, were getting ready to set in motion machinery to
put at least a dozen varieties of transistors mto mass production.
As the year opened, the production rate of Westesn Electric, Ray-
theon, R.C.A,, G.E., and others, combmed, was probably under
50,000 units a month, The plant that Western Electric was equip-
ping at Laureldale, Pennsylvania, was to have a monthly eapacity
of 1 million transsstors and related devices. (U.S. vacuum-tube
Pproduction is about 33 million per month, of which the largest
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producer, R.C.A,, may make about one-quarter.) The Lanreldale
facilities and pilot lines at four other locations (operated by G.E,
Raytheon, R.C.A,, and Sylvania) were being financed by the Army
Signal Corps on behalf of the Department of Defense, at a cost
approaching $13 million.

Understaternent, solid-state division

By prevailing publicity standards, the transistor received one of
the most restrained send-offs in recent memory. The New York
Times of July 1, 1948, cartied the big news on page 46, buried at
the end of a column of radio chitchat. The import of the an-
nouncement was not lost, however, on commercial tube makers,
who had heard rumors of the device. When Bell continued to refer
to its bombshell with rare circumspection, panic was allayed. In
fact, the tube makers’ mitial constemation soon tumed to frus-
tration as each tried to get sample transistors out to its customers,
only to run into one wall after another.

The onginal device announced by Bell Labs was the so-called
“point-contact” transistor, In mdgs1 Bell disclosed a second
major development, the junction transistor, in some respects an
improvement over the first device. For a considerable period pilot-
production lines operated by Western Electric were the chief
source of both types used experimentally by the armed forces.

In a couple of years, when production figures take on more
meaning, no one should be surpused if the leading transistor mak-
ers turn out to be today's leading tube makers: RCA, GE,
Raytheon, and Sylvania. (Western Electric will continue to pro-
duce primarily for jts own and military needs.) The big companies
have been loath to release transistors until they were reasonably
sure the product was reproducible and free from performance
quirks. “Once we put transistors in our catalogue,” says onhe of the
big tube makers, “we're saying we can duplicate that device from



THE TRANSISTOR 237

here out, and heaven help us if they start going sour after a few
years of service.”

No fewer than twenty-five U.S. firms and ten foreign (chiefly
NATO) manufacturers have taken Bell licenses with the inten-
tion of getting into the transistor business. (In addition, RCA.
licensees, which number over 300, may make transistors under
existing R.C.A-Bell agreements.) Much of the widespread inter-
est in the transistor can be credited to the wise government deci-
sion, urged by Bell scientists, that secrecy would hurt the US,
by stifling free exchange of ideas, more than it would hamper the
Russians. To convey transistor theory and technology to licensees
and others, Bell has given three intensive courses, five to eight
days in length, in addition to publishing dozens of papers and
providing speakers for scores of lectures. Only manufacturing tech-
niques have been withheld from the public, and even they are
only in the mild “restricted” category. “The transistor develop-
ment,” says Ralph Bown, research vice president of Bell Labs,
“indicates the depth and power of present-day technology. The
vast buildup and research being put into the transistor, in ad-
vance of any commercial return, reflects industry’s faith that sci-
entists and engincers know what they are talking about.”

Eaily in 1953 the first small commercial retumns began coming
in. Toward the end of 1952, the transistor made its debut in a
commercial product—the Sonotone heating aid. Sonotone an-
nounced that in its new $229.50 instrument, one of three vacuum
tubes had been replaced by a transistor, pesmitting “double the
power at half the operating cost.” Within a matter of weeks over
fifteen hearingaid manufacturers boasted they were using transis-
tors, Thus, only eighteen months after the junction transistor was
announced, it was beginning to supplant vacuum tubes that had
enjoyed forty-five years of steady refinement. To be sure, the first
transistors used in hearing aids cost perhaps $5 to $8 each, as
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against $1 to $1.60 for a subminiature tube, but the game is still
young,

Military godsend

Western Electric’s 1953 million-a-month transistor crash pro-
gram was designed solely to meet military needs. The military Re-
search and Development Board recognized in the fall of 1951,
shortly after the announcement of the function transistor, that the
transistor was too vital to wait for firm demonstration of military
usefulness before creating production facilities, Hence the program,
modeled after the warhme atomic project, went ahead with ap-
plication and plant construction simultancously.

In 1952, to study applications, the three services could obtain
only about go,000 transistors, mostly point contacts. Since the Air
Force spends a significantly higher fraction of its equipment dol-
lar for electronics than do the other services, it will probably find
the most work for the transistor to do. About 25 per cent of the
cost of modemn combat aircraft goes into electronics, and in some
cases the figure is over 5o per cent. Electronic devices may per-
form as many as thirty functions in aircraft, compared to three or
four at the start of World War II,

A survey made by the Air Force in 1952 disclosed that, allow-
ing for practical difficulties, “transistorization would be technically
sound at present” for about 40 per cent of the jobs performed by
vacuum tubes in airbome navigation, fire control, and radar. (It
is never possible to pull a tube out of a socket and substitute a
transistor; 2 new circuit must be designed from scratch.) ‘The te-
port concluded that with the then existing transistors and com-
ponents (which can now be miniaturized to match the transistor),
aitbome equipment could be cut onefifth in size, one-fourth in
weight, and that failures would be slashed 40 per cent. The Jast

figure evidently assumes no transistor failures in the life of the
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equipment.* The Air Force finds that ordinary vacuum tubes have
an aitbomne life expectancy of only 100 to 500 hours.

Computers in shoe boxes

1t is possible that the Army, and particularly the Signal Corps,
will benefit from the transistor nearly as much as the Air Force.
An armored division, for example, now carries 120,000 opemt‘we
vacuum tubes, four spares for every socket, and 150 clectronics-
maintenance men. While the Signal Corps is doing considerable
transistorizing, top priority is going to wholly new devices never
considered practical with vacuum tubes.

Item. In Korea, as in World War II, most casualties were
caused by enemy mortars and smallarms fire. By one methud. of
locating their source, the Army tediously plotted information
phoned or radioed in by spotters. The Signal Corps is at work on
a “shoe-bavsize computer” that will do the job faster and more
precisely than men ever could. o

Item, A “Telesynd” group in the Signal Corps is engineering a
low-error communication system for transmtting COITIPIEX )ntFl-
ligence long distances over ordinary telephone circuits. The in-
formation transmitted is that which ordinanly passes between
1adar spotting devices and fire-control radars. A Telesynd ‘tmnsmxt-
ter and receiver built with vacuum tubes together weigh 1,400
pounds and consume 2 kw of power. On Signal Corps Fontfact
Bell Labs has gone far enough to demonstrate that translstonzeg
equipment should require only about onetenth the power &
weigh less than one-fifth as much. .

‘With their present limitations, transistors will find their greatest
value in p and in ication systems whose freq_uen-

* Bell Labs actually does not know how long transistors will Iuir ;r;.;.z;m{;
made n 1950, by immature fechmques, have been on ¢§tma‘ mg’msm" e
indicate an average bfe of about 75,000 hours For moré 1é
says experience 1s too short to ustify an extrapolation.




240 THE MICHTY FORCE OF RESEARCH

cies are low enough to be handled by wire. Whereas vacuum tubes
operate up to 10,000 megacycles and beyond, it is difficult to make
transistors that will operate much above 150 me. (Ordinary TV
frequencies are around 100 mc; the new UHF channels range up
to 8go mc.) Transistor experts, however, recognize no theoretical
limitations on frequency, and point out that the transistor alveady
goes to higher frequencies than tubes did at a comparable stage
of development. They are equally optimistic about overcoming the
transistor's other hmitations—i.e., somewhat higher noise than
tubes, and loss of reliability above 175°F. The transistor is so
young that difficulties that loom large today will undoubtedly end
up as footnotes in the future history of the development.

Transistors in the home?

The transistor could right now, in theory, take over the work
of go per cent of the 1 billion or so vacuum tubes in U.S, radios
(114 million} and television sets (22 million). In 1952, when
R.C.A. showed its licensees over twenty expenmental applications
for transi including radwos, phonographs, and other sound-
handling devices, even some of R.C.A.’s competitors were aston-
ished. The hit of the show was a portable TV receiver compleiely
transistorized except for the picture tube.

“Our transistor symposium,” says Dr. C. B. Jolliffe, vice presi-
dent and technical director of R.C.A,, “appears to have generated
greater excitement in the industry than any technical presentation
we have ever made, including color TV. We have been flooded
with follow-up requests for information.” R.C.A. feels sure that
the transistor will be propelled into home instruments well before
its use can be justified by price alone. Reason: it will simplify cir-
cuits and lead to important manufacturing economies.

* Even without the home instruments market, there will evidently
be eager customers for every transistor produced. Automobile
manufacturers suspect that a variation of the transistor, the phote-
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transistor, may soon replace the photomultiplier tube for operating
automatic headlight dimmers. International Business Machines
and others are testing transistors in computers that may find their
way into both plant and office within the near future. The transis-
tor should fnally dispel the notion that in the automatic factory
electronics-maintenance men might outnumber the workers in
present-day plants,

Transistors for telephones

No one has greater need for the transistor than the Bell System.
Says Ralph Bown, research vice president of Bell Labs: “One half
O_f the total telephone plant, the local half, is now built—of neces-
sity—substantially without vacuum tubes. This is where transistors
will come in. The transistor requires less than 1/100,000th the
power required by a vacuum tube; hence we can afford to use it in
places and in quantities we could never use vacuum tubes. The
transistor gives us the tool to do the things that the future of our
business will require.”

One illustration will indicate what Ds. Bown has in mind: An
antomatic-dial office of average size contains about 65,000 mechan-
ical relays that connect one phone with another in response to the
number dialed by a customer. The relays, which can perform
slightly Tess than 1,000 switching operations per second, limit the
number of calls that can be handled at any one time. Vacuum
tubes might easily perform a million switchings per second, but
their excessive power demand, size, and over-all cost are tao high
a price to pay. Transistors, which can switch as fast as vacuam
tubes, do not have the tube’s drawbacks. Moreover, Bell Labs
has no doubt that most of them can be built to last for the tele-
phone office’s engineered life, ie. forty years.

But even the transistor cannot «revolutionize” the telephone
business. A $12-billion plant investment can be txanshzrmec? only at
an evolutionary rate. The best place to use the transistor immedi-
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ately is in a new device that will extend the capability of the pres-
ent system, and that is just what Bell is doing. Bell's first important
use of the transistor is in a device called a card transiator. Its job
is to provide quick and automatic selection of routes for lang:
distance phone calls, Inside the device are as many as 1,000 metal
cards, about 5 inches by 7%z inches, standing like books on a shelf,
Each card {representing the name of the called exchange and its
geographe area) carties a distinctive code perforation and can be
jiggled up or down magnetically. A light shining through the card
stack emerges at the far end in a pattern dictated by the up or down
position of the cards. This pattern, read by 2 grid of phototransistors
and amplificd by transistors, provides the key to available intercity
circuits. The card translator will select called routes in less than a
half second.

The transistor’s family iree

“The transistor,” says Ralph Bown, “certainly ranks as one of our
most fortunate strokes.” When Bell Laboratories announced that
a tiny piece of germanium, with a wire on the bottom and two “cat
whiskers” on top, would amplify an electric signal, dozens of physi-
cists in other laboratories felt that with Juck they might have dis-
covered the same effect, Some could hardly believe it was anything
but an accidental discovery.

Most of them now know better. The transistor was as close to 3
deliberate invention as any such thing can be, and it underscores
once again the absolute importance of fund 1 research, The
history of the invention briefly was this: X

From the earliest days of radio it had been known that certain
natural crystals, notably galena (lead sulfide), had the ability to
transform an altemating curtent into a direct one. This i called
rectification and is essential to radio reception. A piece of galena
with a “catwhisker” probe (technically a crystal diode) became 2

standard part of eatly radio sets,
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Galena rectifies because it falls into the class of materials known
as semiconductors. In the Tiwenties the electronics industry fastened
on to the vacuum tube, which could not only rectify but amplify,
and forgot all about the odd substances that fall midway between
insutators and highly conductive metals. The fundamental explana-
tion why some substances conduct and others do not had to a\vaft
the claboration of quantum mechanics by some of the most bn'l-
liant theoretical physicists of the last half century: Niels Bohr, Louis
de Broglie, Erwin Schrédinger, Wermner Heisenb Wolfgang
Pauli, and Paul Dirac, Important details were filled in by Amold
Sommerfeld, Enrico Fermi, Frederick Seitz, A. H. ‘Wilson, Eugene
‘Wigner, and others. .

As the Thirties opened, very few industrial laboratories saw any
profit in quantum mechanics or in what avantgardists were begin-
ning to call the “solid state.” Bell Laboratories was among Lh'e few,
and its scientists began experi ing with semicond ctors in the
light of the new theorehical understanding. These studies Ifed Bell
and others to develop one extremely useful sclxd:state ‘licvxce, the
thermistor (thermally sensitive resistor), in which resistance de-
ereased with rising temperatore. In ordmary electric cucults‘res‘nf‘k—
ance increases with ure. The thermistor proved

in P ing for r perature variations tered by cross-
continental phone lines. Bell also \vorkeq out one or tw}t‘) gﬂ&f:
solid state devices, and by 1940 such devices about matche

number of vacuum tubes in the telephone system.

Solid state key to radar

1d

During World War I scientists found that vacaum :}l:bestss:ed
not rectify extremely high-frequency radar signals, svo ,,3 alena,
once again to crystal diodes. This time the crystal was £ ,

ili i ing the war, crystal diodes were
!Ju_‘t‘ s:hconL or germanium. F:ﬂ;?wu')g m,]ays e e

o i VAC,
way fnto television xece‘iveﬁ and into computers. (The UNT A
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sophisticated descendant of the 18,000tube ENIAGC, contains over
18,000 diodes and only 5,400 tubes.) G.E, the largest producer
of germanium diodes, expected to make about 10 million in
1953-

Superficially a transistor is a diode (a two-wire device) to which
a third wire is attached, but to create such a device that would
actually amplify required new physical insights. The man chiefly
responsible for obtaining these insights was William Shockley. In
1939, then a twenty-nine-year-old Ph.D. from M.LT. and a mem-
ber of Bell Labs’ physical research staff, Shockley began trying to
figure out ways to make a semiconductor amplify.

It is not often that the events leading up to a major invention
can be descubed so simply as in the case of the transistor. Between
1940 and 1945 William Shockley had to drop his quest for solid-
state amplification to work on war problems. “It was shortly after
the war,” he recalls, “when 1 cooked up a possible form of sofid-
state amplifier on paper. When we tried it, however, we got negli-
gible results even though we could caleulate what results we should
get. John Bardeen [a member of Shockley’s group] proposed a theory
involving surface traps to explain why the device didn't work. You
see, we started with a device idea, then got a physics idea. This led
to more physics experiments to learn more about surface states.”

Two and one make three

The team that conducted the surface-state experiments consisted
of John Bardeen, a theoretical physicist (now at the University of
Illinois), and W. H. Brattain, an experimental physicist who had
worked on semiconductors during the Thirties. The key expeﬂ:mcnt
involved a germanium diode immersed in an electrolyte {ie, 2
solution that conducts electricity) that was connected to @ source
of direct current, This, in the words of Bardeen and Brattai, “led
to the concept that a portion of the current was being carried by



THE TRANSISTOR 245

holes fowing near the surface. Upon replacing the electrolyte with
2 metal contaet, transistor action was discovered.”

The transistor first announced in June, 1948, thus consisted of a
small slice of germanium carrying two fine wires on top and a
heavier wire soldered undermeath, This was called a “point-contact”
transistor. Simultaneously, Shockley had worked out the design of
another possible amplifying device, which he called a junction
transistor, It proved originally far more difficult to make than the
point-contact type, but a working model, built by Morgan Sparks
20d Gordon Teal, was demonstrated by Bell Labs in June, 1951,
The junction provides greater amplification and requires less power
than the point contact, but it is not necessarily better for every
Ppurpose,

Bell Labs could not foresce how many fractious problems would
have to be solved before the two types of transistors, so simple in
concept, could be put into production, The man who has carned
the heavy development responsibility is Jack A. Morton, the elec-
trical engineer who devised the microwave transmitting tube that
telays television signals from coast to coast. In all, Bell has about
100 scientists and engineers working on transistor theory and d‘ev
velopment. In addition, almost as many Bell and Western Electric
engineers are working on production methods.

Today a laboratory without a special “solid-state” research. group
is mean indeed. The transistor has inspired a vigor‘ous re-examination
of many solid-state phenomena that are still imperfectly iy
stoad. These nclude: thermionic emission (source_of electeony iy
ordinary vacuum tubes); photomission (key process in standard ‘'
camera tubes); Juminescence (source of ]}ght in TV pl(‘,lllllr‘ [
and in & lamps), pt d n (sou:cc ol 'I'V gy
in the Vidicon tube used in R.C.A's m{dget “Walkle fanl it
camer; also the basis of a new photographic process culle rtigye

raphy).
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Of the group, luminescence, particularly in fuorescent lamps,
has been brought to the highest state of efficiency. Recently Syl-
vania, one of the leading lampmakers, has been working on a
method for taking fluorescent lighting out of glass tubes. In its so-
called “Panel " system, phospl are sandwiched between
glass sheets. While the sandwich does not yet shine so brightly
as conventional fluorescent lamps, Sylvania hints it will scon make
its appearance in a commercial product.

Photoconduction is pethaps the least understood of the four proc-
esses and one to which R.C.A. is looking hopefully for valuable
new applications. The Vidicon pickup tube, for example, promises
to operate with even less light than R.C.A."s famous image orthicon,
the standard television tube today.

Two other solid-state ph are also iving much atten-
tion. They are ferromagnetism, perhaps the first solid-state phenom-
enon recognized by man, and ferroelectricity, a rather new subject.
(A ferroelectric substance stores electric energy directly, much a5
a ferromagnetic substance stores magnetism.) The biggest recent
advance in fer ism was the develop by Philips (the
Dautch firm) of ferromagnetic spinels—ceramiclike magnets that,
unlike ordinary magnets, do not conduct electricity readily. RC.A.
has high hopes that the spinels will crack the problem of providing
electronic computers with nearly instantaneous memory units.

Ferroelectrics, usually ceramics, have recently found practical use
in memory devices. One such device announced by Bell Labs, al
though still in early development, has a far higher storage ¢a-
pacity per square inch than R.C.A’s spinel memory. The Bell
memory crystal (barium titanate) can store 2,500 energy dots, of
bits of information, per square inch.

The intense research effort going into the solid state is without i'n-
dustrial precedent. R.C.A., for example, has over a quarter of its

300man research staff at work on solids; Bell Labs has concen-
trated about ighth of its 2,300 hers in the same area.
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While the chemical industry may be putting somewhat more re-
search money into Plastics, the money probably does not exceed a
conservative 3 per cent of sales, . )

The research money being spent on the solid state is toan l?it?og:
dinaty degree gambling money. Present sales of strictly sox1 sta °
clectronic devices are relatively insignificant. The inescapabl (le con
clusion: industry expects the solid state to pay off handsomely.

March, 1953
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The Automaiic Factory

BY FRANCIS BELLO

A panel of distinguished industrialists and scientists
here talk over the goods and evils of an impending
industrial revolution, brought on by sutomatization
of factory practices. If you want to know the future of
American productivity, nothing is more revealing
than the shoptalk of the men who ultimately deter-
nune i,

Histonuns will have to decide if a Second Tndustrial Revolution
actually got under way sometime around the middle of the twen-
tieth century. By popular definition the second revolution will re-
place man's sensory apparatus and brain——in doing toutine jobs—
as the first replaced human (and animal) musclc pawer. The first
revolution, still continuing, } d

The second will automatize them; ie., it will remove man (mm the
manufacturing operation ﬂstlf and xdegate him to m:xmtenance
and supervisary roles, A g to this definiti

has made significant progress in thc oil, chemical, and similar fuid-

248
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handling 1 1 . .
pmi};::::ﬁsmcs, but selatively little progress in industries that
To learn how aut ization is ing i Teorder

W aul prog g in the kin,
::::f;embl}’-lme industrics, Forfune invited representatives frox:
& partic?mtles'y ¢cach with a large stake in the Automatic Factory,
b ﬁlia eina r'ound-table discussion. Also present: an author-
e O o.mechams_ms from M.L'T,, an eminent sociologist from
authon O;r;EtY of (‘:hICago, and E. W. Leaver and J. J. Brown, the
Menr Pm.a_rfune s November, 1946, article, “Machines Without
oy d icipants were sent a reprint of the 1946 article, which

’I‘; 35 a take-off point for the discussion.
—-bec: ‘Iltounfd Tz';ble seemed to agree that the next eight to ten years
Thl'rﬁcs_e 0‘113 llgh‘t Ia?mr supply resulting from the low-birth-rate
outon s t\Vl l:trovfde mdusuy.\vith an ideal opportunity to go all
v umu‘ om:m?atlon. One estimate presented to the Round Table
hghers industria] [?roduchwty mght need to be over 40 per cent
s a“l ;960 than in 19501 the presently surging population is to
o {J_s st ndard of living moving upward at the rate to which
st o B d. Since facturing productwvity in the
:at' ?s risen only about 3 per cent per year, it is evident that the
*on's engineers will have to exploit the potentialities of automatic
production without stint.
. At Lhc'same time the daylong meeting made it clear that US.
l;dustry is so complex, and progress in specialized areas so rapid,
that the mep charged with increasing the nation’s productivity have
gfef!l difficulty exploiting modem technology to full advantage.
With Fortune Editor Eric Hodgins as moderator, the Round Table
concentrated on seven questions. The first:

1. Is Automatization Gaining Momentum?

‘The Round Table agreed that incentives to automatize are com-
pelling and that new technological lop rovide engil
with expanded means for doing the job. Much of the documenta-
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tion supporting this conclusion was to be found in the brief open-
ing remarks made by cach Round Table member.

MR, BEARDSLLE (General Electric; manager, manufacturing en-
gineering services): We have been working on this problem of
mechanization for some thirty-five years.* A formal organization
in each operating department is assigned specifically to the job of
mechanizing our operations. Within the last two years we have
divided these organizations into two sections: those fighting day-
to-day fires, and those that are looking down the road, and each
group does nothing but that.

1 think that the forces within our company that are really mo-
tivating us to work aggressively toward this end of an Automatic
Factory are probably, first of all, the president, who is insistent that
we make progress in this field; second, the willingness of our man-
agement to invest heavily in this approach, which we don't think
is experimentation. We think 1t is coming. We think it will prob-
ably be an evolution, not a revolution. We have had enough failures
and enough successes to have a pretty good feel of the subject.
Me. EMMERT (General Motors; executive in charge, fucilities and
processes staff): Those of us who were actively in management of
our factories fifteen or even ten years ago remember that we had
great difficulty in making changes in our methods, particulatly if
they resulted in fewer people for that particular operation. Now
just a few years ago, when Mr. Wilson was working on a five-year
contract with the union, he came up with the idea that our em-
ployees are entitled to share the benefits of those improvements.
And out of that came the thought of the annual improvement
factor, which, in our case, was 4 cents per hour for each year of the
five-year contract.

It is pretty clear that much of our progress is brought about by
competition, Most of our mathematics are quite simple. We pay

* General Electnic uses the term mechanization to include what others would
call automatization.



THE AUTOMATIC FACTORY 251

so much for material, so much for labor; we add that up and
subtract it from what we sell it for, and we hope the figure is plus;
and if it isn’t we have to work on it.

MR, PATTERSON (Ford; general manager, engine and foundry divi-
sion): Iiam a veritable neophyte at the sort of Automatic Factories
Y.hcsc scientific fellows write about. What they are talking about is
in dreamland,

The automation we have installed enables us to get the capacity
from 'the machines which were formerly controlled by manual
handling, Automation eliminates much of the drudgery. It makes
for safer operation, and also improves our quality, And, of course,
we are also very anxious to produce at least cost.

Mr. Tasker of Republic Avation and Professor Pease of MLT.
explained that their interests in automatism were rather special
and, as it happened, closely related.

MR. TASKIR (works manager): Our current interest in automatism
is forced upon us by the govenment sponsorship of the heavy-
forging press program. M.LT. is trying to help us solve the problem
of machining forgings to finished size automatically m the least
possible time,

We have just finished what, in our industry, is considered a very
high, long-term production schedule. We started in 1946 and have
just concluded building one type of airplane, the F-84. We have
built between four and five thousand units. Throughout the history
of this airplane, during production, we have accepted an average of
315 engineering changes per week. Gentlemen, the aviation ‘mdu‘s-
try is still a custom operation. We hope to achieve automatism in
the near future. [Laughter.]
PROFESSOR PEASE (director, serve }
you have all heard of M.LT/'s progmm«:onholled milling machine.
As Mr. Tasker says, we are trying to apply the machine to the pfub-
lem of finishing forgings that come off the big presses. The forgings

mechanisms laboratory): 1 think
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can be quite intricate and the problem is to code onto a punched
tape all the instructions necessary for the milling machine to pro-
duce a finished forging to specification, without human interven-
tion,

The remaining industry members of the Round Table repre-
sented companies interested pnmarily in selling the components of
the Automatic Factory to others. There were seven of these com-
panies: Cross Co., Electronic Associates (the Canadian fim of
E. W. Leaver), International Business Machines, Minneapolis-
Honeywell, Pratt & Whitney, Raytheon, and Remington Rand.
To this group must be added General Electric, which sent Dr.
Rader to represent 1ts specialty control department.

MR. CROSS (executive vice president): My company builds transfer
and other types of automatic machines, and our interest in the
Automatic Factory is a purely selfish one. We are interested in
promoting 1t for our own good.

MR. LEAVER (couthor of the 1946 article): Having been mixed
up with radar and €lectronics for a considerable period of time, 1
am interested in the possibility of applying electronic concepts to
industrial problems. My company and I think automatism has
electronics in 1ts future.

pr. turo (LB.M,; director, applied-science division): We are inter-
ested in the fild of computation, and in all discussions of automatic
controls, computers enter. We are nterested in the collateral prob-
lems of inventory control, production scheduling, etc., which are
problems more directly not in the field of automatic production,
but of an Automatic Factory—indeed, of an automatic industry.
MR, scHUCK (Mnneapolis Honeywell; chief, aero research): Honey
well’s interest in life 15 automatic control. That interest is as broafl
as the field of automatic control is broad. We feel that our exper
ence along these lines typifies the basic and inexorable trend of
man’s economy, and we believe our future lies in furthering that

trend.
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e
; ::st“:‘;m (Pratt & \'Vhitney division of Niles-Bement-Fond;
e Cramanager, machinery engincering d 1): We, like
m;‘_smm::dare aLt.raordmar.ily selfish abont this business of auto-
Wealso ha y which is ized, We are selling it.
stoa Ea"e a gauge end to our business. If this Automatic Factory
gaugianang not 'cnl)-' must tlfe work be produced and gauged, but
2 mag hgine Sei]‘]:ms information has to be fed back to the input of
aleranen ;Sﬂtht at it can n?pentedly bring its tools to the center of
e ﬂm; hO at the machulle will not drift. It is this closing of the
hat as still to be achieved, and we are in the middle of it.
ing 1o dev:i (Raytheon; manager, research division): We are try-
exoting OhP appasatus for the automatic control of more ot less
it :n m[ac ine toals and handling machinery For instance, the
followi ol fc'ontmn' controls for milling and turning, to permit the
data oo g o templates, or perhaps, at some future time, to follow
iy | a‘"mg n O.n'pu'nched cards, tape, or whatever. We also have
i rge amvmg in the modern computer field.
Yoy £ares (Remington Rand; vice president and disector): The
lops :‘?agement of Remington Rand decided neatly ten years ago
o e how electromc devices might be apphed either to the office
0 the factory. To this end, we injtiated research and development
projects at our Norwalk Advanced Engmeering Laboratory, and
we have also purchased two compani the Eckert-Mauchly com-
pany, developer of the Univac, and Engineering Research Asso-
clates. These three sizable operations have made it possible for us
to advance greatly all phases of automatism.
D&, mavrR (G.E.; general manager, specielty control department):
G.E. got into the control business to satisfy the needs of industry.
I would say that the greatest motvation we have is the custemer
who says, “I have a problem, help me solve it” In genewl, the .
great majority of our problems Stilh deal with indrvidual functions,
é_lnd of course we are very much interested in tying things together
in ways that will make good £COTNOMIC SEnse.
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‘While the foregoing remarks indicated strongly that
might be gaining momentum, the Round Table was asked specifi-
cally whether it believed this to be true, or if, conceivably, there
might be an actual slowdown because the easier advances had
already been made.

DR, ®ADER: Nothing has been said today about the new materials,
the new developments, which have been coming along at quite
some speed recently, which are going to make automatism a lot
easier to accomplish. I have reference to things like pressure-sensitive
barium titanate and light-sensitive cadmium sulfide, plus all the
semiconductors, transistors, and so on, which we need to make 2
contyol system work.

One thing T want to mention especially is the magnetic amplifier,
which eliminates a lot of objections to electronics. It is not fragile.
It represents something really new in electric circuitry.

MR. scHUCK: My point is along this line: the requirements are con-
tinually getting more complex, The demand for higher and higher
performance forces us to greater automatism just to make it pos-
sible for the human being to keep hold of the process.
Despite many declarations that industry was pushing autom-
atism with all its energy, a few Round Table members thought
the job should be moving ahead faster. For example:

Mr. LEAVER: | tealize only too well that our economy and out
production facilities are very large, very complex operations, and
certainly you cannot revolutionize them ovemnight. However, 1
don’t believe that a pletely evolutionary development neces-
sarily represents the best approach.

Where industry has attempted to automatize, Brown and I feel
that it has too often got off on the wrong foot by trying to ceae
highly specialized machines. I don’t think you can escape the con-
clusion that some of these machines rival Rube Goldberg. They
have little chains and gears and rods popping in and out all over,
and it seems as though the thing may have gone slightly astray. One
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of the reasons we are told that automatism is not applied more than
itislies in the great cost involved, and you can sec that a great many
of these special- purpose machines have to be custom-made, and of
course they are costly.*

Tt is the Leaver and Brown thesis, first presented in 1946, that
ism need not be prohibitively costly if one keeps basic
operations rather than the product in view. They argued that it
should be possible to link basic units together to perform any de-
sired sequence of operations,
Professar Riesman wondered how receptive industry would be
to the Leaver-Brown thesis or to any other unconventional pro-
posal.

PROF. RIESMAN (professor of social sciences, University of Chicago):
Ihave somehow the feeling that when you go to your management
for permission, for budget, for manpower, you may meet certain
tesistances based on a conventional concept of the factory as 3 p_lac}
with people in it, but concealed under the surface is, “This is
Visionary.”

DR, RADER; T don’t think you have got the concept of the modem
factoty at all, Professor. Actually, there are many, many men at

work all the time continuously all the p s we have.
They are the ones that come up with jdeas for doing things more
efficiently,

PROF. RiEspan: | have a sensc of that kind of activity and energy-
1 was thinking when Mr. Patterson was talking about Ins new
Cleveland engine plant, suppose someone had gone to Ford man-
woutav fo comment on

¢3, Some of the
+ We begin with

vt o ¢at of the Elec-
) T tani

P wto-
now
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agement and had said, “Before you build this huge plant which puts
together all these pi 1 developments, and fzes many of
them brilliantly, let us try the Leaver-Brown concept of process
orientation rather than product orientation.” Where do you think
he would have gotten?

Mg, BEARDSLEE: We could tell you. . . . Right outside the gate.

2, What Are the Most Difficult Jobs to Automatize?

While Professor Riesman’s hypothesis received no support from
the Round Table generally, the engineers spent much time talk-
ing over obstacles that blacked the way to greater automatism.
Round Table members agreed with Mr. Emmert that automatism
is most eauly apphed “to any series of operations which can be
sequentially determined ahead of time.” Even this, however, may
not be enough. Take, for example, the problem of automatizing
the assembly line:

MR. PATIERSON: From my humble point of view, trying to aw
tomatize an assembly line is a terrific problem, Automation of sub-
assemblies will have to be the first step. We have the greatest diffi-
culty in getting machine-tool builders to give us subassembly ma-
chines with any degree of productivity. As for the final automobile
assembly line, I think it would be quite a task to assemble the cloth
trim mechanically. We will solve it someday, but it won't be
tomorrow,

MR. EMMERT; You can easily imagine the complication of assem-
bling as compared with machining. However, we are making con-
siderable progress in automatizing subassemblies, For instance, we
have a radiator-cap assembly machine, It puts together some stamp-
ings, rivets, screws, gaskets, and springs, and inspects the finished
assembly.

Fortune asked if a “handJaying” machine for assembling auto-
maobiles conld not easily be built if someone were willing to S;{md
the cffort that MIT.'s wartime Radiation Laboratory put into
the development of gunlaying radar,




THE AUTOMATIC FACTORY 257

PROF. PEASE: e
ought t’;";"; :::II: $Imo million buys'a lot of 'effort. but I think it
inon de clear that the basic operation of gun laying is
itely more simple than the basic i e
2 radistor cap, Yo hae i oper.ahons of assembling even
laging, The :;oble:; i:\; 321)'[{ two motlnons to deal with in gun
manipulation, problem with lm accum-te ly a'nd fast. Assembly is a
varizbles, ore dimensions and many more
M
PX‘;‘;::;’::‘;SN: Mr. (.Imss, would you be willing to give me a fixed
i 0‘3 machine for assembling engines?
would Plobab];cxl:ilzl \1\;5 probably could dream up a price, and you
::‘;- :’::m.xso.v: That is exactly the answer I wanted.
eng'me";;e 1 gloubt very m):ch that we will ever see an automobile
Mmoo m ed automatically in my Lfetime.
in f:he b:ﬂfh If one makes up one’s mind that a problem is insoluble
. maching"t]}?mg’ 'lt always 15. I don’t think we should expect to see
th desic at will put together the present Ford engine. After all,
tonnded gtf}‘led to be put together by men. You should not be as-
N a-t it will not go together easily automatically. Surely
eoods sign and product-design people can arrange 1t so the
oo go together easter, or better, or that registry is easier than it is
’l)oRt‘ Blfm\vu (coauthor of “Machines without Men”): We've got a
& of men on these assembly lines. Now men, by definition, are
‘fﬁc.lﬂt and tricky things to play around with. You have employee-
:?:Iahons men, timestudy men; you have training and education
tors; you have p 1 men, h men, cafeteria men.
Yo'u have got a public-relations problem. That all costs money. My
point is this: that if we could take some of the money that we are
spending in trying to ease the pain of our assembly-line personnel,
and apply that money for some cesearch to get the men out of there
entirely, we would be far better off in the long run.
Mr. prarosiee: We have been taking quite a few socks at Mr,
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Leaver and Dr. Brown taday; so 1 should like to get on the other
side of the fence and say in their defense that, with a liftle vision
and doing some of the things they cited, we have made considerable
progress in mechanizing production of one of our electrical prod-
ucts. We saw that the wires in the chassis of this product presented
an almost i ib) hanization problem, It was ¢ bl
to putting the cloth trim in an automobile.

Our approach was to redesign the chassis so we could substitute
a stamped circuit for the individua) wires. To mechanize the as-
sembly of the other circuit components we fixed it so that all
components could be fed automatically from the top, so that we
don’t need any turnover mechanisms. We have asked manufacturers
to supply resistors and other components in magazines ready to be
fed into our bl hine. The comp ts are joined to the
stamped circwit automatically by dip-soldeting,

1 would say that probably on assembly more will be done by
product engineers than by machine-tool builders.

The last word on the problem of the assembly line came from
a somewhat unexpected source, the Round Table's mathematician.

bR, HurD: To me the most provocative problem of all is how do you
assemble an assembly line. It seems to me than the most useful
analogy which I can see for the assembly line is that the assembly
Iine—~or more generally, a complete production line—~is 1ike a com-
puting machine.

Now this is a useful idea, becanse a modern computing machine
is a completely automatic thing; but it is completely automatic in 2
very general and flexible sense. .

‘What you do is that you specify a certain number of opeﬂfmns,
and then you also specify a form of control which ean provide mt.er-
connection between these basic operations. Thus it is that_v.nth
about thirtytwo operations like add, subtract, multiply, dl}/ldﬂ.
compare, transfer, and so forth—you can solve any computational



THE AUTOMATIC FACTORY 259

problem in the world, provided that you translate the problem into
those basic operations, 5

The provocative aspect of this analogy is that if you can organize
a production line logically from this point of view by defining these
basic elements—then you can evalnate the economics of the mter-
connections between the various elements and find out whethe.r this
idea can be advanced with a great amount of acceleration.

Rather surptisingly, no one, at the time, seemed to grasp the
striking fmplications of Dr. Hurd’s remarks, Perhaps without real-
Lzing it himself, Dr. Hurd had restated precisely the fhree fanda-
menta) concepts that Leaver and Brown hammered at seven years
earlier: process, flexibility, and electronic linkage. By drawing his
analogy from the eleatronic computer, which exists, Dr. Hurd
helped to make clear that the Leaver- Brown argument may notbbe
50 visionary after al], The analogy 15 somewhat wronic, however, be-
cause Leaver and Brown are quite insistent that the giant computer
ttself has no place mn the factory they visualize—a pomt that colmcs
in for discussion later. From Dr, Hurd's point of view the analogy
is irome because it envisions a factory like a computer, and does
1ot necessarily require that the factory be contolled by one.

3. Why Have the Oil and Chemical'l ndustries
Become So Highly Automatized?

The Round Table members most familiar with il and Ch}fmllec:clﬁ

were Mr. Schuck, whose company, Honcgwel],xxi ome of the

- Alahnle wha
ine e Venus o1

question No. 3.

MR, NICnO1s: A man with his hands can easily handle sg]id ;‘:ie:}:sc.
It is pretty damed difficult to make a machi‘x‘x; !‘};al r:n yoouwgo the
ten fingers—along with the ey do. Well now, _
into the processing industries, which tend to involve fhe ;:;o}c::;s
of liquids or gases, and man is awfully poor at trying

liquids anq gases.
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No one ever thinks of arguing whether or not to build 2 mechani-
cal device, namely a pump, to transmit Hguids from one place to an-
other. Then you go further and you measure volumes and armange
to change the ontput of the pump automatically.

»n. scstvek: Wouldn't you say that inherent instability of gas and
liquid flow has had a lot to do with forcing the process industries
to antomatic control and what we call contintous feedback? It s
fairly easy to make a relatively stable machine that will stamp o
grind out pasts to a given dimension.

ME, Neuots: I think that is right. You can build an automatic
screw machine which has, as far as I am concerned, no feedback at
all, and yet it can turn out serews satisfactorily for an eighthour
shift.

You can’t do this in a chemical plant because, in the first place,
the ingredients coming in wall not be that catefully controlled.

This scemed to answer a question that was raised by Fortune:
“Would the metalworking dustries need as much feedback con-
trol as now exists m 3 modern refinery to achieve the same degree
gf nutoﬁmznsm"‘ Messrs, Schuck and Nichols indicate the answer
3 no.

Fortune next asked if modern oil and chemscal plants wese really
as sutomatic as the average person had been led to behieve.

Mg, wrcnors: 1 think the chemical and petrolenm plants are PO
where near yet at the peak of being made completely automatic.
They contain a tremendous number of segulatoss and controliers,
but the important feedback edement is still carried out by 2 man.
1, for example, the specific gravity of the product begins t0 g0 off
specifications, you don't automatically, without human interven®
tion, ga back and change things. You have an aperator who decides
how £0 bring this gravity back.
One of the big jobs yet to be done in ofl and chemical plants it
* Ds. Brown: “To achieve what [ call sutomatisme {not fust what Ford ealls
h more control

squtomation’) the metalworking industries would sequire mucl
equipment and feedback than exist in refineries todsy.”



THE AUTOMATIC FACTORY 261

beable to sense the actual variables that they really want to control,
and to be able to hook those into perhaps faitly complicated
scheduling or computing mechanisms to replace the j dgments now
made by men.

4. Is Electronics the Key fo the Automatic Factory?

. To nontechnical people it seems fairly obvious that f electronics
is the key to inconcenvably swift and clever military devices 1t
ought to be a vital key to the Automatic Factory. The Round Table
spht as sharply on this point as on any other.

MR, 1EAVER: Sensory devices and control devices of vatious types
are frequently most easily produced if one uses electronic principles.
Electronics could tie together various aspects of machines to make
!.hcm self-controfled—automatic—so it seems to me that electronics
is an essential key or common denominator.

Mr. cross: In our machines we have all the basic clements of
control that Mr., Leaver and Dr. Brown speak of, but we don't use
flwmnif—i because generally 1t is too delicate for the machine-tool
industry. We do it in what Mr. Leaver calls a Rube Goldberg way
because it has to be rugged.*

T will take issue with some of the people here who have in‘terests
in promoting program devices. The difficulty with such devices as
the punched card or magnetic tape is that they have no flexibility.
Programs have to be changed rapidly production, and even the
time it takes to punch a tape would be too long for us.

We now program the changing of tools. 1f we were to use 2
punched-card system to program our tool changes, we would h:}vlle
to create a new card-punching department to take care of the
program problems.

MR. LeAVER: How do you change programs now?
MR, cross: Manually.

* Mr. Leaver: “I thought this statement hardly needed refuting, electronic

devices are used by the hundreds of thousands n factories-
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Mg, LEAVER: Every few minutes?

M. cross: No, whenever trouble occurs.

DR, BROWN: You call in your setup man, in other words.

Mr. cross: No, I won't take the time to deseribe what we do.

Mr. LEAVER: Wauld it not be practical to combine with the program
a little bit of sensing information and collate the two?

MR, cross: We have a Jot of sensing information. We need certain
things more

M. LEAVER: May 1 ask one question? Is the reason that you don't
collate your sensing information with your program information
because it would be difficult to do in view of the form in which
your program is, on the one hand, and the information abaut what
is happening, on the other?

Mg. cross: You said a mouthful there, but I can say yes to it, I
guess.

pr. nurp: You'd better not!

Dr. Hurd meant, of course, that Mr. Leaver had set an electronic
trap for Mr. Cross. Evidently Mr. Cross had no intention of avoid-
ing it, feeling a5 he does that electronic devices are too delicate
for the factory floar.

MR. cross: If we could find some way of doing mechanically what
the man does now, that is, looking, listening, feeling-—to detect that
a tool is worn out—and if we could fecd that information back to
our control apparatus, we would be able to take a big step forward.
1f any of you have any electronic devices that will do such things,
we would Tike to see them very much.

At the break for lunch, Dr. Rader lost no time reaching Mr.
Cross to tell him that G.E. had electronic devices that might meet
his requirements.

5. Should the Automatic Factory Be Flexible?

In their 1946 article, Leaver and Brown asgued that the Auto-
matic Factory should and could be extremely flexible.
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Mz cross: Now the main difficulty with the original Leaver and
Brown article, as  see it, is the fact that they fail to realize that we
have to deal with physical objects. Certain clements of the proc-
essing equipment have to conform to the shape of the product. But
we do not make any more of it conform than is absolutely neces-
sary; we strive for flexibility.

Y(Y)'m transfer machines a?; made up like an Erector sct. We have
certain basic components—electric motors, drilling heads, Ckc‘-‘_—{
and we can reconstruct them so they will machine parts of a dif-
ferent size and shape. Maybe 6o or 75 per cent ofa trnnsfer ma-
chine will be made up of these basic components, wh.:ch -'ﬂ::
in a sense, what Leaver and Brown talk about—operation
chines, .

We have even gone a little beyond that. We hay:hqcvxszs eg
system of mounting the piece of work on a pal'let, w}{;c is mm
through our machines, from station to station. 'We cmchinc
machine two or three different palletized parts on the same mX “m-
DR, HURD: When M, Cross speaks of Erector sets and tells usn"Cd
his machine is made of basic components }Nhich Cﬂ“.be ':‘mt :n 1
to make a variety of parts, it makes me think that his ::Jh ;q:h -
the concept of Leaver and Brown aré much closer tog
had imagi jer.* -
Ma:. :’T:-xg-:al:zzg;?’rll'l:ere is much flexibility in our concePt’:’il 2‘;‘;’::;
tion, but—with all due respect to Mr. C‘“s—._wcb;?;s, we can’t
misunderstanding. If we ar€¢ machining engine of

o1 s semnd
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move a few levers and start machining cylinder heads, There are
no machines like that that I have seen anyhow.*

6. What Role for the High-Spced Computer?
Probably no aspect of the Automatic Factory has aroused so
much vague and confused thinking as the tole to be played by
the modem high-specd electronic computer, Inasmuch as such
machines can compute infinitely faster than a man and perform
prodigious feats of logical reasomng, it seemed obvious that they
aught to fit 1t the Automatic Factory somewhere. But where?

DR. RADER: Actually, the question seems ta be one largely of econom-
ics, It is hard to get a man to buy 2 compurter and a control for his
machine that might cost five times what the machine costs. How-
cver, it may be possible to transfer nformation from a computer
onte a tape, which, i tum, can run a machine. In this way one
computer can service a large number of machines. That is one of
the possibilities G.I. is investigating.
M. LTAVER: 1 don't myself see a computet set up to operate 2 fac-
tory at the moment. I think myself that Automatic Factories will
grow out of small individual automata, which later can be inte-
grated to operate together.f

In reference to the suggestion heard in some quarters that an
Automatic Factory might simulate the functions of 3 Jiving 0rgan-
ism, all under control of a big brain, T would like to paint out that

* Dr. Brown. “Flexibility 15 the most vexatious problem in the W"°’°f¢i§’, :t
o e ik achre

RPRRE S

Elecisonics, when ke questions the role of the computer.”
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:::s:egréanisl:ls 121": not necessatily brain-controlled. Most of them
c -controlled, and I think d ies wi
bing the o — a good many factories will end up

TaAblieﬂ‘:s d{)scussinn de\'clo_ped it was evident that many Round
o embers wondered if the representatives of either LBM.
e ington Rand would be able to present a good case for the
Round';‘cbc]ompule(. At this point 1t should be noted that the
st ah e had viewed a short film, loaned by Ford Motor Co.,
ol eclmque for Tomorrow, which was a guided tour of Ford’s
discussisve and foundry and engine plant. In s closely reasoned
e on of the role of the computer m the Automatic Factory,

1. Hurd of 1.B.M. referred to what he had just seen i the film.

:‘;:{:‘“‘”:é*{m going to present an argument which indicates that
. a sufficient degree of automation 1s attained, we in fact need a
P?Zﬂh‘gh'sl’eed and a very largecapacity automatic digital com-
msv.wﬂl begin by referring to what was Hlustrated in the Ford
: ie. We saw there the marvelous steps taken forward in the Tast
€W years from the standpoint of automation. We also heard such
:’Olt%s from the narrator as “This requures skill and experience,”
This Tequires just the right touch.”
. }t seems thit what we have got to get at is replacing these human

g , and in replacing human judgment perhaps the crucial
question, or the crucial distinction between the human as the judger
and the machine as the judger, is that the human is a multichannel
flevice‘ ‘This has not been explicatly stated here, but it is extremely
important in the economics of the situation. The human is a mult-
channel communicator, multi-channel device. He feels, touches,
smells, and sees, and instantaneously takes all these factors into his
brain, arrives at a rationalization, and makes a decision.

However, most of the digital computers are still single-channel
devices. They operate with extreme speed, but perform ancl]y one
operation at a time. The machine is immediately at a disadvantage
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with the human who is a multichannel communicator and 2 multi-
channel communicator analyst.

1 think then that you can perceive that the machine will need to
go through 2 tremendous number of operations in 2 comparatively
short time, because it is only a single-channel communicator. There
fore it must be very fast. And if it is fast, it has got to be large. This
means an expensive machie. You cannot stand this economically;
50 you think of putting all of this kind of decision-making for the
whote production line into one machine.

So I have advanced an argument here, and please notice that it is
only an argument because nobody has ever tried this.”

Dr. Hurd made it clear that all this was for the future, How far
into the future could be judged from an observation he made at
another point.

or. #urD: The problem of the Automatic Factory, if couched in
sufficiently general terms, brings you immedistely to the fact that
thete is not a sufficient amount of information concerning the
appropriate mathematical models of the Automatic Factory. Sec
ond, you will find that you can prove that there ar no mathematical
methods known of sufficient strength to solve some of the problems
in the math ical dation of the A tic Factory. We
need better mathematics.

7. Is the Automatic Factory Socially Desirable?

For its last question of the day Fortune asked: “How much
weight should industry give to the somal desirability of the Auto-
matic Factory?” Almost without exception Round Table members
feared that most workers would view the emesgence of the A
tomatic Factory as a threat to their security.

* Mr, Leaver: “Dr, Hurd apologizes for the hmitations of but orly
he would thnk of using a computer at all, There are a great many simple elee-
tronic devices which can bypass the need fos a digital computer completely.

Y Mr. Leaver: “This 1s a nuce general statement, but relatsve 1o the problem at
hand the mathemattcs are vequired only if you use a piece of apparatus fie.e
computer] which s really unnecessary to the job at Rand.”
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The comments of Mr. Hitchi
3 . Hitchings, manager of ¥ i
analysis department, were typicﬂl.g . ¥ Fords ceanomic

::C‘i;l"fcflmlcff I thi.nk 2 better selling job has to be done on the
oy peaplc of Az d mechani: :.:x., because even though
o P! :Iccq')t'the idea that well,.yes, it is a good thing to have
o Ero uctivity, .they always point to the particular situation
sy, ‘Well, that is bad, because you displace labor in that
particular spot.”
l’;‘ukr-dgﬂmlf:x: I don’t think we are consciously trying to eas the
- dn of our workers, nor consciously trying to improve their
ndard of living, These things take care of themselves, They have
a f_eedback of their own that closes the loop automatically. I don't
think that it is the part, nor can it be the part, of industry to try to
plan the social aspects of this thing.

Professor Riesman, the Round Table's sociologist, surprised
some of hus listeness by supporting Mr. Jaeger.

PROF, RIESMAN: | have a feeling that 1t is 2 kind of grandiosity for
each trade to worry about the social consequences of its work.
Journalists are inclined to be awfully pious about how cifective
they are. Social scientists worry about ‘manipulation before they
have any cause to worry, because they aren’t that good, Engineers
warry about the consequences of their achievements.

1 think of the Rust brothers who used to worty about their cotton
picker in the early 1930’s. Tt tumed out that some of the people
displaced by st are working in the Boeing plant in Wichita. It was
sengeless to worry. It wasn't their job.
that sociologists might not be en-

He didn’t mean, however,
ences of the Automatic Factory.

titled to worry about the consequ
Pror. Reesman: T am interested in Jeisure, and the feeling of many

Americans that leisure is a threab, 2 problem, burden, or hazard,
rather than as man has thought for centuries, a clear gain—and 1



268 THE MIGHTY FORCE OF RESEARCH

have somehow the feeling that this fear of leisure may be one of the
factors holding back further antomatization.

My second interest is in work itself as an emotional hazard for
men and women which can be relieved by automatization. I think,
for instance, of a study by William Whyte (not Forfune’s) of the
crying waitress—~why waitresses cry, caught as they are between
irascible customers and even more irascible coaks.

When { sce an Automat, [ would like to bow down and salaam
to it a5 a blessing, because it gets rid of the crying waitess, only
qualified by my feeling that there may be some waitzesses with 2
vested interest in their mserjes, and I think the problem of the
Automatic Factory and transition to it is that of taking care of
those with a vested interest in their deformities, such as a maso-
chistic need to work too hard.

1 am also thinking of the one institution in our socicty where
automatism has moved very fast, namely the home, and where we
have a whole cadre of unemployed people, namely children. We
are bringing up, it seems to me, a generation of people who tack
the industri and work-mindedness of the present generation.
The development of the Automatic Factory is salutosy if only to
keep the level of production rising to meet the growing population’s
growing needs,

Of the technically trained people at the Round Tabile, only

Dr. Brown and M. Leaver seemed deeply concerned about social
COHSCqUCﬂCCS.

DR. BROWN: My view about the whole field of automatism is that

it is a subject whase farreaching implications almost na oné has

grasped, Correctly applied, it will cause a change in Westem living

habits and attitudes toward work that will dwarf the effects of ih't

Industrial Revolution, My hope is that because of what 1 thiok B8

our greater awareness of human values, we can find a way to 753p

the vast benefts of antomatism without incurring too many of its
scrious penalties.
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Editorial afterthoughts

The Round Table offered further proof, if any were needed,
that technology continues to be the most explasive force in modem
society. It was also quite obvious that a company ke General Elec-
tric, whose mterests range from transistors to nuclear reactors and
gun-laying radar systems, is in a better position thzq mo;t m‘ ]II‘I"
together the diverse P needed to clively
‘When this breadth of interest is combined with a dctcr.mm:mnu
to make progress, as Mr. Beardslee indicated, great things may
be expected. o

In the nature of things, man will create an Automatic Factory—
as he climbs Mount Everest, and aspires to rcach the mngn—lur
teasons no one has ever cleaily expressed. Except that he is man,

October, 1953
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The Information Theory

BY FRANCIS BELLO

Man's patterns of commusication are widely yaried.
But they are also often plain cumbersome, Under the
radically niew inf ion theory, fcatit

hers, psychologists, linguist: 1t who deal in
the realm of meaningful contact between human be-
ings—are charting new ground, thanks to what may
turm out 1o be the most important mew scientific
theory of our generation, as relativity wos of the
last.

Grear sctewtvc Tieomses, like great symphonies and great
novels, are among man’s proud d ravest: ions. What
sets the scientific theory apart from and, in a sense, above the o{her
creations is that it may profoundly and rapidly alter man’s view
of his world.

In this centusy, man’s views, not to say his life, have already
been deeply altered by such scientific fnsights as relativity theory
and quantum theory. Within the last few years a new theory has

270
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appeared that seems to bear some of the same hallmarks of great-
ness. The new theory, still almost unknown to the general public,
goes under either of two names: communication theory or infor-
mation theory. Whether or not it will ultimately rank with the
endwring great is a question now being resolved in a score of
major laboratories here and abroad.

'I:he central teachings of the theory are directed at electrical
engineers, It gives them, for the first time, a comprehensive under-
standing of their trade. It tells them how to measure the commodity
they are called upon to transmit—the commodity called “infor-
mation"—and how to measure the efficiency of their machinery
far transmitting it. Thus the theory applies directly to telegraph,
telephone, radio, television, and radar systems; to electronic com-
Puters and to automatic controls for factories as well as for weapons.

It may be no exaggeration to say that man’s progress in peace,
and security in war, depends more on fruitful applications of in-
for.mation theory than on physical demonstrations, either in bombs
Orin power plants, that Einstemn’s famous equation works. As might
be expected, military applications are coming first. For example:
The “Distant Eatly Warning Line” of automatic radar stations,
stretching from Alaska to Greenland, almost certamly incorporates
more of the lessans of information theory than does any other com-
Munication system yet devised. The waming line was designed by
the two organizations that should know more about the theory
than anyone else: Massachusetts Institute of Technology (work-
ing through its Lincoln Laboratory) and Bell Telephone Lab-
oratories,

The theory has an unusual joint origin. To M.LT’s A
mathematician, Norbert Wiener, goes the major credit for dis-
covering the new continent and grasping its dimensions; to Claude
Shannan of Bell Laboratories goes the credit for mapping ﬂ‘.: “e‘:’
tettitory in detail and charting some breath-taking pelks Wiener's
basic contribution was to recognize that communication of mfor-

’s eminent
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mation is a problem in statistics, 2 view he first stated cleatly in a
secret World War 11 document that dealt with the problem of
shoating down airplanes. He followed this in 1048 with his now
famous book Cybernetics, or Control and Comimunication in the
Animal and the Machine. The same year Shannon published his
great work, A Mathematical Theory of Commumication, aisted
specifically at the electnical engincer.

The fascination of the theory, as Cybernetics indicates, is that
it insists on thrusting beyond the confines of electrical engineering.
In particular it is Wiener's belief, shared by many others, that one
of the lessons of cybemetics is “that any organism is held to-
gether by the possession of means for the acquisition, use, retention,
and i of infi ion.” Naturally, therefore, attempts ate
being made to use information theory in a dozen fields from psy-
chiatry to sociology. In 2 few ficlds, notably psychology, neuro-
physiology, and lingustics, the theory has already been applied with
considerable success.

What information medns

What the theory daes for the first time is provide a precise
unit of measure for the “amount of mformation” in various broad
classes of messages. The class may be represented by a voice on
the telephone, a picture on a television screen, the Janguage of
Shakespeare, or the music of Beethoven. When the engineer has
used the theory to measuse the inf ion content, or i tion
density, of such messages, he can tell how large his transmission
channel must be to carry each.

Information, as used in the theory, is very carefully defined,
and information theorists have trouble forcing people to stick
with the definition. To Wiener and Shannon, information is C?ﬂ‘
tained, to great or less degree, in any message a communication
engineer is asked to transmit. He is not interested in semantics o¢
meaning; he must assume that even gibberish may have meaning




The Encoding of Information

To‘hansmil information—words, music, pictures—the communi-
cation engineer must encode it. A central teaching of the Wiener-
Shannon Theory of Communication is that encoding should take
adantage of the statistical nature of messages.

_Oﬂc code system of great value uses only two symbols, o and 1,
which are called binary digits, or “bits” for short. The diagrams
on thel following page show how ordmary letters can be coded
into bits. If two letters, A and B, appear n a message at random
(hence with equal probability), an efficient code will let A=o0
i"d B =1 (or vice versa). Similarly, each letter in a four-letter

all?h“h“," A, B, C, D, will require a twobit code, provided,
3gain, that one letter is as probable as another.

Suppose, however, an information source has an A-B-C-D
alphabet but uses some letters more frequently than others. Then,
52ys the theory, each letter does not carry a full two bits’ worth
of information, hence does not deserve a two-bit code. If a source
Creates messages that contain, on the average, half A’s, one-quarter
B’s, and one-eighth C's and D's, 1t can be shown that an efficient
code lets A = o, B == 10 (“one-zero,” not “ten”), C = 110, 2nd
D =111, With this code a typical message BDAAABCA be-
comes: 10111000101100. So coded the total message contains
only fourteen bits, or 1% bits per letter—not two bits.

The basic method for creating an efficient code is shown at the
bottom of the next page. The symbols are hung on an asym-
metrical “mobile” so that the first decision point (marked o or 1)
divides the symbols mto two equally probable groups. (Here, A is
25 probable as B, C, and D combined.) The next deciston point
again divides the remaining symbols into two equally probable
groups, and so on, The “mobile” is rigged correctly if random trips
through it will generate messages that have the samcllcttex fre-
quencies as those composed by the information source nscl_f.

Information theorists say that it is possible to make a similar,

Continued on page 275
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The Encoding of Information (cont)

Communication’s Basic Network

Chanoet

Wevsage Signat Recewed Hzssy
lnfor‘r‘nzierm Tranimiter wgnat Reteuer Destisstion
pa

Hovse source

Communication theory deals with the gencralized communication system
shown above. The key to efficient cammunicahon is maximuin compres
sion {1.¢., proper encodmg) of the message at the transmitier,

44 s
<l £D

L
L

The symmetncal “code mobiles,” above, indicate the basic smethad for
establishing an efcient bnary-digst (o and 1) code for two or four letters,
provided the letters appear 1 a message witk equal frequency, The code
15 determuned by the "o’ and “2” signposts that ase passed en route to
«<ach letter. The asymmetrical “mobile,” below, yields an cfﬁmn}‘mde it
the engineer 1 trying to transmst messages composed half of As, ooe
quarter of B's, and one-cighth of C’sand D's.
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E:;iiamﬂll; t‘code mobi\'c" that would provide a coding of
indicates, :n U‘;"WY for ordinary literary Euglish. As the diagram
alls for {Jc h‘f’f mfzry (cqunl-prol?ability) mobile for the alphabet
Shanate ecn four and ﬁ\:e bits per letter (4.7, to be exact).
s, o ‘l;::rleng condlusion is that sensible written Englsh
lmer.'(Fordcu;::ge; ;:;y about one bit of information per

The alphabet in 4.7 bits per letter

HE RS
CEFGHI JKLMHMOPGRSTUVWXYZ

The weather map, bit by bit

Socbon o scanmung e

“ 561 0001 000000 O =iSkits

smplecode =0 W1

n-co COE-0
e et OO -

(R o 0 O |
oo u ] 01 ~12bits

10 [ [l

'{: transtnit 2 weather map, facsymile uses, m effect, a bunary code. As
€ scanner traverses the map it sends a pulse, or 3, at each umt of Back
$pace, a0 “a0 pulse” or o, 4t cach anit of white. The trouble with this

sendsng nothing {1
white space). Recently the Mictowave Research Institute (Pofytechmie
Tnstitute of Brooklyn) demonstrated a more efiacat system fo1 transmit-
ting maps. The system uses a code similat to the “better code” shown.
The object is to transmut long stretches of white space quickly, i€, in
hort code, at the penlty of sending mérequent Black unts in 2 code
Tonger than the present simple code.
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tensity of every dot on every one of the 525 scanning lines 30 times
a second, To do this tequired a bandwidth of some ¢ million
cycles, or nearly 1,000 times that required for ordinary radio. Shan-
non recalls that one of the questions motivating his early work
was; could television be compressed into a smailer bandwidth, or
couldn’t it?

‘While information theory now shows that it can, no one has
progressed much beyond paper plans, for the job is extremely
tricky and takes 3 lot of hardwate,

It is precisely here that the value and power of a good theory
become difficult to describe. A theory builds no machinery, But
inevitably, when good theories are enunciated, they make machin-
ery easier to build. “Before we had the theoty a lot of us were
deeply troubled,” says Jerome Wiesner, ditector of M.LT.s Re-
search Laboratory of Electronics. “We had been dealing with 2
commodity that we could never see or really define. We were in
the situation petroleum engineers would be in if they didn’t have
a measuring unit like the gallon. We had intuitive feelings about
these matters, but we didn’t have a clear understanding.”

One “bit” of information

Ta provide a measure for information, which makes it possible
to measure the “something” in different sorts of messages, infor-
mation theory builds from the simplest of all bases, It considers
two symbols, say A and B, and the way they may be combined into
messages. We have already seen that an endless string of A's pre
sents nothing that needs transmitting. Information begins with
uncertainty-~with the fist B. As more B’s are mixed in with the
A’s the engineer has to send out more signals, In the extreme cast
when there ace as many B's as A's and they appear at random, i€+

predictably, the flow of signals—hence the Bow of i ti
—~reaches a maximum. The simplest possible code for A and B
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fro and 1, If the engincer sends the 1 over a channel as one electric
mpulse, and the o as “no impulse,” he has achieved all the
teonomy possible.

Thus_ the engineer is working hardest, in the simplest case, when
“afﬂmﬂting two symbols of equal probability. This suggested to
Wiener and Shannon that the unit of information be defined as
"M't which makes a decision between two equally probable events.
This |}nit was baptized the “bit” becanse the symbols o and 1 are
f?chmcally known as “binary digits,” which someone had pre-
“'°“st abbreviated to “bits.” Thus to transmit a random string of
A' s and B's the engineer has to transmit one full bit of information,
Z:']-]he‘ ©or 1, every time the message source utters one letter or the

er,

By stringing together code groups composed of bits—iust as
Morse used dots and dashes—it is possible to code the entire
alphabet of twenty-six letters, or “alphabets” of any desired Tength.
A code group two bits long provides four combinations, €0, o1, 10,
11, hence can be used to encode a fourletter “alphabet,” say, &,
Bf C, D. A three'bit code can be amanged in eight possible com-
binations: oo, 001, 010, 011, 100, 101, 110, 331, hence will specify
an eightletter alphabet. Note that as the code lengthens by one
bit, the number of combinations doubles. Thus an eight-bit code
Provides 256 combinations startmg with cocoocoe and ending with
i,

Information theory tells the engineer that his codes are efficient
only when each o and 1, i.e., each bit, 1s working just as fxard as it
can. When this is achieved, says the theory, the engineer can
count up the number of bits he has used, and this will tell him the
net amount of mformation m the original message.

Since the engmeer, obviously, cannot be expected tossit down a;d
test every possible way of encoding 2 message into o and 1%, the
theory provides him with an equation that gives, it bits, the amount
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of information per symbol in any message~—~be it speech, music,
or pictures.® All the engineer has ta put into the equation is the
relative frequency with which each symbol appears in the message.
This is not hard to do for a single message, but the answer ob-
tained in this way is not very useful, What should go into the equa-
tion are freqnencies with which groups of symbals ate used in a
large sample of messages.

This concept is easiest to follow if we consider written English.
Morse dealt only with frequencies for each lettes, However, he
might have counted the frequencies of letter pairs, of which there
are 676 possibilities from AA to ZZ. These he could have ranked
in d order of frequency, assigning a langer code to each
as he went down the list. (Had he done this, of course, telegraphers
would have given up in despair.) If the 676 letter pairs were coded
into binary digits, with no regard to frequencies, the average code
length would be about 9.4 bits, doubling the 4.7-bit average code
length needed for the simple, twenty-six letter alphabet. On the
other hand, if the 676 symbols were coded according to frequency,
some cosmonplace letter pairs (for example, TH and 1E) would
be assigned cades only two or three bits long, while the least fre-
quent pairs would carry codes sixteen or seventeen bits Jong. it
ordinary English were translated into such a code, a count would
show that, on the average, only 7.2 instead of g4 bits had been
used to encode each pair of letters. This works out to 3.56 bits per
Jetter as against the 4.7 bits requited swhen the code is assigned with-
out any reference to frequencies.

The question that fascinated Shannon was how little information
does ordinary English really contain. If he could determine this

* In written messages the symbols are the letters of C’he c!phal:cz,- in 'pii";
" eipes e % e the 3 b o
.

sound wave of the music mio g succession of numerical yaluet.
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he would know how tightly English might theoretically be encoded.
With existing frequency tables he could go only one step be-
yond twoletter frequencies, to threeletter frequencies (calculated
2s an 2id to cryptographers). These, in Shannon’s equation, re-
duced the code requirement to 3.3 bits per letter.

It is easy to see why no one ever carried the frequency tables be-
yond three-letter groups: there are 17,576 possible ways to arrange
twenty-six letters into groups of three, and nearly half a mlhion
combinations of fourletter groups, from AAAA to ZZZZ. Shan-
non, however, was determined to press further; so he reasoned that
2ny average speaker of English ought to have a tremendous “built-
in” knowledge of English statistics. To tap this knowledge, Shan-
Bon resotted to ingenious guessing games.

The guessing game

In one game he would pick a passage at random, from a book,
2and ask someone to guess the letters, one by one. He would tell the
subject only if he was wrong, and the subject would continue
until he finally guessed the right letter (or space}. Shannon quickly
discovered that the average person requires substantially fewer
than 3.3 guesses to identify the correct letter in ordinary text. The
relation between guesses and bits of information should become
cleater in what follows.*

One of Shannon’s favorite passages for this type of game was
“There is no reverse on a motorcycle a friend of mine found this
out rather dramatically the other day.” In this passage tl'iere are 102
letters and spaces, including a final space after “day.” QOJng through
the passage letter by letter, one of Shannon’s subjects guessed

L SR te - tho mamen ooy Deioshions as an exercise in their
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right on his first guess 79 times, and corectly identified all s02
letters and spaces with only 198 guesses, or less than two guesses
per letter or space.

In Joyce, a compression?

After mathematical analysis of many such experiments Shannon
concluded that in ordinary literary English the long-range statistical
effects reduce the information content to about one bit per letter.
That is to say, if one sees the fist 50 o1 100 letters of a message, be
can be reasonably certain, on the average, that the next folfowing
letter (which he hasn’t seen) will be one of only two equally
probable letters. To remove this much uncertainty requires, by
definition, only one bit of information.

Naturally, the amount of uncertainty, hence amount of informa:
tion, varies among different samples of English. In his basic paper
on communication theory, Shannon writes: “Two [opposite] ex-
tremes of redundancy in English prose are represented by Basic
English and by James Joyce's book, Finnegans Wake. The Basic
English vocabulary is limited to 850 words and the redundancy is
very high. This is reflected in the expansion that occurs when a
passage is translated into Basic English. Joyce on the other hand
enlarges the vocabulary and is alleged to achieve a compression of
semantic content.”

Shannon’s calculation that the average letter of English {in 2
long passage) contains only one bit of information has this sur-
prising implication. It says'that with proper encoding it should be
possible to translate any page of ordinary English into a succes:
sion of binary digits, o and 1, 50 that there are no mare digits
than there were letters in the original text. In other words, twenty-
four of the twenty-six letters of the alphabet are superﬂuous.‘so
far as printed English is concerned, this is the goal that information
theory establishes for the ¢ ication engineer.”

ue. It is Eng-

h i val!
* However, the theory recognizes that redundancy often has e ity vasy

tish's hogh vedundancy, for example, that makes typographical erro
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To help engineers visualize how English might be tightly en-
mdfd, Shannon asks them to imagine a communication system in
whmh. the transmitting device “guesses” upcoming letters in the
way his subject guesses the letters in “There is no reverse on a motor-
cycle!” The numbers under cach of the following letters (and
spaces) indicate the number of guesses the human subject required
for the first words:

THERE IS NO REVERSE
111 5 112112 11351171112

In theary, one could build a transmitter or encoding device that
would approach this performance by providing it with a swmtable
set of operating wstructions or program. It might, for example, be
programed to guess T to start every message. After T it might al-
ways guess H, then E. After E, however, its programed sequence of
guesses, in order, might be space, S, I, Y, and R. Presumably the
human subject ran through some such sequence before guessing
R. Like the human, the machine finds that its program of frst
and second choices works fine until it reaches the R and V in
REVERSE,

With such a transmitter, the symbols that go over the channel
ate not the letters in the message but the numbers (1 binary code}
corresponding to the transmitter’s guesses. (Naturally, strings of
Vs would be coded into more economical form.) The receiver at
the other end is an “wdentical twin” of the transmitter, hence it
“knows,” for example, that its own fifth guess after T-H-E would
beR, and so on.

To reach the goal of two bits per Jetter—let alone the Lheoretfml
one bit—such a transmitter should not even start to guess until it
had inspected at least the first ten letters of the message. Once
it starts guessing it should make every guess on the |_:asxs of prab-
abilities established by the preceding ter letters. This means that

to catch. By using a few, extra binary digits, it is possible to design error<checking
and error-correctmg €90es-
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right on his first guess 79 times, and correctly jdentified all 102
{etters and spaces with only 198 guesses, o Yess than two Guesses
per letter ot space.

In Joyce, ¢ compression?

After mathematical analysis of many such experiments Shannon
concluded that in ordinary literary English yhe Jong-range statistical
effects reduce the information content to about 0n¢ bit per letter.
That is to say, if one see8 the fisst 5o o1 100 Jetters of 2 MESSIZEr he
can be reasonably certain, on the averages fhat the pext following
Jetter (which he hasn't seen) will be one of only two equally
probable letters. To remove this much uncertainty 1equites, by
definition, only one bit of information.

Naturatly, the amount of uncertainty, hence amount of informa-
tion, varies among different samples of English. In his ‘asic paper
on communication theory, Shannon writes: “Two [op\)osite] e
tremes of redundancy in English prose ar¢ xepres:n(ed by Basic
English and by James Joyee's book, Finnegans Wake. The Basic
English yocabulary is limited to 850 words and the redundancy 5
very high, This is reflected in the expansion that OteuTS when &
passage is transtated into Basic English, Joyce o7 the other hand
enlarges the vocabulary and is alleged to achieve 2 compression of
semantic content.”

Shannon's calculation that the average letter of English (in 2
Tong passage) contains only one bit of information has this st
prising implication. It says that with proper encoding it should be
possible to translate any Page of ordinary Englisl\ into 3 succﬁ.s'
sion of binary digits, © and 1, so that these 1€ no mofe digits
than there wese lettets in the ariginal text. In other words, twenty”
four of the twenty-six letters of the alphabet 2¢ superfuous:

far as printed English is concerned, this is the goal that information

theory establishes for the communication engineer’

: is Eng-
« However, the theoy recognizes that redundancy often fas value. ILE
1ish's high ‘redundancy, for example, that makes t,pogmphi:n! errors fairly essy
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right on his first guess 79 times, and correctly identified all 1
letters and spaces with only 198 guesses, or less than two guess
per letter or space,

In Joyce, a compression?

After mathematical analysis of many such experiments Shanno:
concluded that in ordinary literary English the long-range statistica
effects reduce the information content to about one bit per letter
That is to say, if one sees the first 50 or 100 letters of a message, h¢
can be reasonably certain, on the average, that the next following
letter (which he hasn't seen) will be one of only two cqually
probable letters. To remove this much uncertainty requires, by
definition, only one bit of information,

Naturally, the amount of uncertainty, hence amount of informa-
tion, varies among different samples of English. In his basic paper
on communication theory, Shannon writes: “Two [opposite] ex:
tremes of redundancy in English prose are represented by Basic

v lish and by James Joyce's book, Finnegans Wake. The Basie

' vocabulary is limited to 850 words and the redundancy is

Ty high, This is reflected in the expansion that occurs when 2
Ppassage is translated into Basic English. Joyce on the other hand
enlarges the vocabulary and is alleged to achieve a compression of
semantic content.”

Shannon’s calculation that the average letter of English (in a
long passage) contains only one bit of information has this sur
prising implication. It says that with proper encoding it should be
possible to translate any page of ordinary English into a sucees-
sion of binary digits, o and 1, so that there ate no more digits
than there were letters in the original text. In other words, twenty-
four of the twenty-six letters of the alphabet are superfluous. S0
far as printed English is concerned, this is the goal that information
theory establishes for the jcation engineer.”

has value. It is Eng:
ical erros faily ecsy

* However, the theory recognizes that redundancy ofte
lish’s high redundancy, for example, that makes typograp
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recognize sixteen of the most important phonetic sounds. When
AUDREY recognizes a phonetic sound she signals a hiss-buzz gen-
exator (like the Vocoder's) to reproduce it. The result, while not
yet equal to the Vocoder product, is surprisingly good. When
AUDREY was expected only to recognize digits she frequently had
trouble with digits spoken by anyone but her two inventors. Nov'v,
however, she can surmount this difficulty. Whereas she may s‘hll
be unable to Tecognize a poorly spoken digit, she can signal the hiss-
buzz generator to reproduce it accurately enough so it can be rec-
°guized s a poorly spoken digit.

1f hovked into a phone system, the only signal auprey would
send over the line would be a four-bit code wdentifying, in sequence,
the particular phonetic sounds uttered by the speaker. Since an
average speaker produces about ten of these per second, the chan-
el need have g capacity of only about forty bits per second. This
happens to be very close to the capacity needed to send the same
message at the same rate by ordmnary telegraphy.

Television i predictable

In television the room for imp is about as great, and
the incentive to do something about it is possibly greater. It is
much easier to visualize the redundancy in pictures on a 'I'V screen
thanin g te] ph ion. As in a seq of movie fra:m:;,
there s usually very little difference in the successive pic n”'
Beamed onto a TV screen. Bell scientists estimate that frexq'ucgl 'y
the redundancy in TV runs as high a3 g9 pet cent. When this :\l}:
Pens, the signal, in theory, could be ]hansmxtted ©on a 40,000CY¢
instead of a gmillion-cycle, channel, o -

Since the l;ell Systcg has almost sole rcsponsxbxhlyhforag‘q::::f
Retwark television around the country, it i_s more eager 1! i:: O(YPCF
else to slice away at the redundancy. With a compress AL
haps 100-to-1 it might be possible to senfl television :‘grdim o
the ocean in one hop as is now done with shortwave
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Labs is designing experimental equipment that may achieve the
first practical compression of a TV signal,

The battle against noise

The communication art changes rapidly, however, and it is con-
ceivable that ten or twenty years from now channel capacity will be
much cheaper than it is today, and the Bell System may no longer
feel any urgency about compressing television signals. Reason:
Bell has in the laboratory new types of signal-carrying systems that
will accommodate—in a single “pipe” called a “waveguide”—hun-
dreds of standard TV channels. Nothing, however, is gained with-
out cost. In the new “pipes” high capacity is achieved by speeding
up the signaling process. This makes the signal more vulnerable
to imperfections in transmission, which cause what the com-
munication engineer calls noise. The term “noise” covers 2 host of
electric disturbances that degrade a signal. The uitimate unavoidable
source of noise is the “thermal” motion of electrons (the hiss}
in the electronic equipment itself.

Noise, basically a random phenomenon, is another fundamental
problem to which information theory has applied the powerful
tools of statistics, The theory tells the engineer how to establish
the accuracy with which a message may be transmitted through a
naisy channel, As Wiener points out, if there were no noise, the
engineer could, in theory, transmit a perfectly measured voltage
and thereby transmit an infinity of information. Thus 2 voltage
measured precisely out to the billionth decimal place could repre-
sent a coded message a billion digits long. i

If the engineer finds he must pass a TV signal through a w‘xde
but noisy channrel, he will probably turn to a relatively new (305_1"2
system called “pulse code modulation,” or PCM, which ml'mmszcs
the effects of noise by cutting wave forms into slices and coding
the height, or amplitude, of each slice into 2 series of large, uni-
form pulses. PCM, in other words, encodes music, pictures, 0f any
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;‘éi‘i?&’v: t'(f): :!}§3§g€ into the pulse-and-no-pulse of a binary code,
foult for ctive in eotr}bat‘ng noise because it is extremely dif-
cisting P;l{\szf: to give tise to a spurious pulse, ot to Blur out an
Iu::;ﬁﬂ:;h}f 15}5( U.S. patent on. ITCM was issued in 1942, there is
n clieve that PCM's virtues would have gone largely
shn\?e)‘ri fateg if it hafl ot been for information theory. Shannon
b Orlk ¢ first time pxecfisely how the capacity of 2 channel
T is rf_ ated to the bandwidth, the signal power, and the noise.
o :‘{;‘; fon showed that noise conld be combated etther by
P }i @ mglrnal power, by increasing the bandwidth, or by chang:
mcth signaling method. The theoty also suggests that signaling
ethods even better than PCM remain to be discovered.

How perfect?
N R,'F the mark of a great theory that, beginning with certain
intuitive concepts, it erects a series of relationshups, which, ngor
ausly extended, lead to propositions that are not at all selfevident
Thus the intuitive basis of relatwty theory would have seemed
}Basrma‘u\e to Anstotle, but 3ts conclusion that enexgy and mass 31&
interchangeable would not.
While information theory does ot contain anything so dramatic
s E=xme?, it daes contain One concluson of great subtlety that
continues to astonish sts most diligent students. 1t is a conclusiont
lhat,by extension, has great 3 for demgners of computers
and automatic factones, on the one hand, and newsaphysiol ist:
on the other, And there ate those who beheve it may one day have
significante in the everyday (i€ ‘nonelectronic) affaurs of mes.
The striking conclusion is this: After setting uP the relationship
between channel capacitys bandwidth, power, and naise, Shan-
non ghes on to prove that if a0 information sowrce produces infor-
mation at a rate that docs aot exceed the channel capacity, there
exists a method for putting the in!

formation through the channel
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and recovering it at the other side with negligibly small eror.
Simply stated, this means that a channel, no matter how noisy,
can give, 25 a limit, ideal performance—in short, pecfection from
imperfection. “This to me," says M.LT.'s Robert Fano, who teaches
information theory, “is still a very astonishing thing. It has been
definitely proved, but, except for trivial cases, we don't know how
to do it.”

Evidence is accumulating that living organisms long ago ac
quired the secret for obtaining near-perfect perf from
relatively imperfect app . For ple, g tions of phys-
iologists have puzzled over the ability of the ear, which seems quite
grossly designed, to distinguish two tones almost identical in
pitch. Recently, W. H. Huggins obtained his doctorate at M.LT.
with a brilliant theory of heanng that seems to explain the mystery.
‘What the ear emplays, evidently, is an extremely clever encoding
system. While Huggins made no direct use of information theory,
his work is g ily inctuded in inf; fon theory's fast-growing
body of lterature, for its speaks of an information-handling
mechanism,

Man as communicator

Some of the most interesting applications of information theory,
ovtside of electrical engineering, are being made in cxpcrimmm
psychology. To the psychologist, man may be cansidered either as
2 yessage soutce or as a channel, but not very seadily as a transmit-
tex or a receiver. If you try to measure his abilities purely as a trans-
mitker or receiver, you find you are really nsing him as a channel.
Thus thete scems to be no good way to ascertain the rate at which
the eyc or ear may receive information except by measuriog the
amount that is remembered or otherwise played back.

In tests rum at MLLT,, subjects were asked to point fo numbered
squares a5 fast as they could read pumbers flashed in yandom
sequence. The test was run with two numbers and two squarss:
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four numbers and fous squares, and so on up to 4,096 numbers and
4096 squates, As might be expected, the subject can hit quite a
fesw squares per second when he has only a few to choose from,
but when he has 1,024 (each worth ten bits) he does well to average
1.5 per second. In terms of information theory, it tums out that
the average person can handle about fifteen bits per second.

The highest human channel capacity that M.LT. psychologists
have measured is forty-five bits per second, determined by a variant
of the experiment just described. The world's fastest typist, in typing
149 words per minute, is handling just about twenty-five bits per
second, if each letter be given a value of two bits. (This seems fair
fince she probably cannot grasp the long-range clues that, accord-
ing to Sk reduce the inf jon to one bit per letter.)
The world’s shorthand record is 282 words per minute, which, on
the same basis, works out to about forty-seven bits per second.

These figures provide an upper limit for the amount of infor-
matjon a person may handle in a lifetime. The upper limit: roughly
50 billion bits.* One can now appreciate the immense channel
eapacity used to transmit television. The information handled in
the most diligently spent lifetime could, if suitably encoded, be
transmitted over a television channel in about sixteen minutes.
The information handled o an average lifetime could hardly keep
a TV channel occupied more than ten seconds.

There ase dangers, of coutse, in overworking any concept, no
matter how helpful. Some psychologists who originally encour-
aged their colleagues to study information theory and to al{'PlY ‘t. in
their experiments now feel that the theory is f‘e":l“f"dy m',sz',pp¥led
by psychologi d almost inevitably misapplied by &

Inside the nerve
) . . . t enthu-
As Norbert Wiener perceived with his characteristic grea
he lts ofpin(onnation theory apply directly to neuro-

siasm, the concep!
twelve hours a day for sixty years.

* Fifty bits per second,
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physiology. Largely as a result of his inspiration, M.L'T, has become
one of the leading centers for the study of the central nervous
system, The work, which comes under the Research Laboratory of
Electronics, not only has high significance in its own right, but since
biological reflexes are the most economical known, it may suggest
ways to improve man-made systems.

To learn more of fundamental nerve circuitry, the M.LT. inves-
tigators insert dozens of ultra-tiny electrodes into the spinal cords
of anesthetized animals to chart the detailed flow of nerve mes-
sages. In the old technique for recording nerve impulses, a relatively
large clectrode was clamped outside a bundle of nerve fibers, This
methad, explains one M.LT. scientist, was about as helpful as try-
ing to analyze the communication network of the entire U.S. using
only the signals picked up by ships stationed off the coast. The new
electrode-insertion method requires complex €lectronic recording
gear that is available only at a relatively few places like M.LT, 2nd
the work goes slowly.

Information and life

So far no mention has been made of 3 word that appears in in-
formation theory with great frequency. The word is “entropy,” and
Shannon uses it as synonymous with “amount of information.”
‘When Shannon had derived his equation for calculating “amount
of information,” he found it way precisely the same equation Lh'j“
physicists use to caleulate the quantity known as “entropy” in
thermodynamics. What the physicist means by “entropy” has
stumped freshman physics students for well over seventy-five years,
but it is really not too difficult a concept. In thermodynamics, €0-
tropy the degree of rand . or disorder, in atomic and
molecular systems. The more disorder, the higher the entropy, The
famous second law of thermodynamics states that in an isolated
system, entropy may stay constant or increase, but never decreasc.
For an analogy, consider a shoebox into which one puts a handfol
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of white beads at one end and a handful of black beads at the
other. If the box is never touched, the beads will stay in their re-
spective ends, i.e., entropy (disorder) will stay constant. However,
th,e moment the box is disturbed the beads will begin to mix, and
disorder, ie., entropy, will increase.

In Shannon's view, entropy (or amount of information) reaches
a r}mximum when all the symbols in a message appear independently
with equal probability, i.e., in random order.* Shannon does not
suggest that there is any real identity between his entropy and
thermodynamic entropy. Other scientists, however, have speculated
that some deep, underlying identity may exist.

The identity seems tantalizingly real when one considers the na-
fula of life. Life appears to refute the second law of thermodynam-
ics, until one considers that life cannot continue in a closed system.
In his book, What Is Life?, Erwin Schrodinger, the Austrian-bom
physicist, stated a view that has gained populanty when he observed
that life feeds on high-grade enexgy or negative entropy, that is, on
substances with highly ordered structures. But the question remains:
how does a simple leaf utilize solar epergy to erect the primary
ordered structures (e.g., sugar, starch, protemns)? It does this, Wie-
ner and others suspect, because photosynthesis employs catalysts
that somehow have the power to suspend the second law of thermo-
dynamics, locally and temporarily. Such sorting agents, first pro-
posed by Clerk Maxwell, have been called “Maxwell Demcn.s.'
For the demon (catalyst) to operate it has to obtain information
about the particles it is sorting. 1f Tife 15 thus viewed as 2 x_-nam?ﬂla-
tion of energy and information, Wiener and others consider it fit-
ting that both carry “entropy” as a common measure.

. © et _ seotor o view information

o them,
gnything
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