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INTRODUCTION

Dr. Vannevar Bush has served his country and the world
with great. distinction. Durm? World War 11 he was, the
initial Chairman of the National Defense Research Committee
and, since 1941, he has been the Director of the Office of Scien-
tific Research and Development. As head of the latter agency
he directed the mobilization of the entire civilian scientific and
technical power of the nation and welded it toqether into the
military establishment in the greatest industrial research and
develoRment organization man has ever known. .

. At the age of 55, Dr. Bush has achieved distinction in many
fields of science and a position of power and esteem throughout
%gea%/vaonrldaé/vehmh few If any men of science have ever atfained

WhaY is especially striking about this extraordinary man is
that he has over the years contributed significantly to dur scien-
tific knowledge and progress in many diverse ways—as a great
enqmeer, as fne creator of the most complicated and powerful
mathematical tool ever devised, as the inventor of many ingeni-
ous devices, as the successful administrator of a jealously guard-
ed democratic society of scholars, as the brilliant director of one
of the world’s greatest research organizations, and, finally, as
the o_rfganlzer, vqmd_mg spirit and driving force of the nation’s
scientific endeavors ina global war.

_ Clearly here is an unusual man, one in whom nature has seen
fit to compound harmoniously many elements, not the least of
which are those human characteristics which command the re-
spect, admiration and onaItY of men who are themselves able,
respected and admired.” It.is these intensely human char-
acteristics which implement intellectual ab|I|t¥ and give men
endowed with them' power to accomplish great thing$ in great
times like the_one the world Is passmg through. ~ °

In attempting in a limited space to voice an appraisal of Dr.
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v Endless Horizons

Bush, | do not know what | can do better than quote some pas-
sages from a statement | made several years a?o In presenting
him for the Edison Medal of the American Insfitute of Electri-
cal Engineers: _ _ ,

“So'Varied are the fields to which he has turned the attention
of his_fertile mind, and so uniformly has that attention served
to enrich them, that a poll among tfiose who know him and his
work would develop a startling diversity of opinion as to first
place in the order of his claims fo distinction.  One has but to

0 throu?,h the titles of his published papers and addresses and
e long Tist of his patents to be impressed by the catholicity and
Eower of his mind. _ Those of us who know’him well, however,
now that the published record represents but a small fraction
of his diversified interests.. There is little or nothing in this
Pubhshed record of his equipment for automat|c_all¥ regulating
he proper sprinkling of plants in a greenhouse] of his experi-
ments in photography and with viviparous tropical fishj of his
prowess as a navigator. and sk|Pper of ocean cruisers, of in the
scientific commercial raising of turkeys. These and many others,
| susPect, he looks upon a5 relaxation avocations.

“It you are interested in forming an anralsaI_from the
permanient record you must s_upPIem_ent the list of his scientific
and technical work—Ilargely in the field of electricity and engi-
neering—by his contributions to technical educationand its ad-
ministration. You must read his reports on the patent system,
his testimony before Congressional committees, and above all
his annual reports as president of the Carnegie Institution of
Washington. N _ _

“Itisa far cry from the ab_I|ItY required to design apparatus
for ,transferrmg heat mechanically, or a lubricating system for
vehicle wheel Dearings, to that reguired to conceive and design
the most powerful mathematical engine ever devised. By all
customary standards. it is a farther Cry still from the t){pe of
mind which can devise a new electronic tube of a comP Icated
radio Set to one which can administer and direct creatively a
great diversified fundamental science undertaking like the Car-
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Introduction V

negie Institution, Beyond that even is the %reater gaP which
separates the quiet of ‘the laboratory from the turmoil of the
directorship of the Office of Scientific Research and Develop-
ment of a nation at war, where all that is potential in ciyilian
science and technology has to be forged for a maximum of con-
flict power in a minimum of time and with a minimum of con-
flict In the forging, where the g]ob to be done is only partially
one of dealing with inanimate things and largely one"of dealing
with strong and frequently pervérse men.” I never cease to
marvel at @ man who in days filled with such turmoil can find
the time, and, above all, the philosophical detachment needed
to formulate a state paPer like the recent letter to Senator Kil-
gore_on the problem ot technological mobilization. _
Even if time permitted, 1 am not competent to appraise
and judge most of Dr. Bush’s scientific contributions, except
Insofar s they can be judged by their end results. Rather, |
find it pleasanter to deal with the man himself as | know him.
| first came to know Vannevar Bush at New London, Con-
necticut, during World War 1, when, as a young man, he came
to the antisubmarine laboratory. Even thén | Was struck with
those characteristics which 1 was to find later were the hallmarks
of the man—a brilliant versatile mind: an intense interest
in-and curigsity about e\_/erYthmg that came within his ken: an
unc,annz ability to illuminate the dark corners of any matter to
which he gave his attention; his fairness, simplicity and lack

T e | kndFHRE AP oOIR SRRl CEARk e
as a Cape Codder. His roots are deep in the soil of that his-
toric bit of sterile land on which our forefathers landed, and,
metaphorically speaking, his shoes are full of its sand. . Like
thousands of athers before him who have ﬁone a-pmne_ermgi on
and and sea, he returns there periodically. to replenish That
sand ? 50 Ingyre keeping himself a realist'in a too frequently
unrealistic world.

Better than most men he can fight vigorously with any of
the weapons men employ and do it without rancar. | have yet
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Vi Endless Horizons

to see a case in which there was any aftermath of hard feeling
or in which the feeling of respect and affection for him was
not enhanced in the erstwhile antagonist. | _

“What | have sought to convey'is the impression of a very
able, very human man in whon are combined great ab|I|t}/,
?reat energ% a great sense of reality, and. the power of absolute
ruth, togétner with all the common qualities of men, mcludmg
an ability to make_mistakes, Unlike many men, he can an
does admit error without Iosm% face either with himself or any-
ong else; rather, he enhances it.” o

The details of Dr. Bush’s life and some of his achievements
are listed briefly in Who's Who in America and American Men
of Science. The essential facts are these: Dr. Bush was bom in
Everett, Massachusetts, March 11, 1890. He was graduated
from Tufts_ College.in 1913 with the degree of B.S. and M.S.
and in 1916 he received the degree of ENg. D. simultaneously
from Harvard and Massachusefts Institute of Technology. He
oined the_faculty of M.L.T. in 1919, became Professor of

|ectrical E_ngln_eermg in 1923, and Vice President and Dean
of Engmee_rmP in 1932, [n 1939 he was elected President of
the_Camegie nstitution of Washington. _

The Pa[{))ers here assembled give Dut a general outline of the
range of Dr. Bush’s interests. "However, they show something
of RS hasic r[])h|losoph and of his methods of dpproach—the ong
well thought out and consistent; the other, independent, direct
and incisive, _ S

That much of his forward looking picture is destined to pro-
duce controversy is inevitable and. in some cases, | susPe_ct, in-
tended. Of one thing | am certain, however, and that is that
however much men_maY differ from him they will not question
his motives nor his intellectual honesty. o

Some day someone who can do {ustlce_ to it will write the
story of Dr. Bush’s achievements as the Director of OSRD and
of the debt the nation owes him.

] FRANK B. JEWETT,
President, National Academy of Sciences.
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I THE INSCRUTABLE PAST

A review of the mode of living, of our forefathers, if it is to
be useful, should be symCPat_henc in its attitude. The lapse of
time often obscures thie difficulties surrounding a former gen-
eration, and we are apt to smile at crudities when a just esti-

mate should rather leave us to marvel that so much was accom-
plished with so little.

It is e,s;rj]emally pertinent that we should review the technical
accomplishments, of another period only in the light of the
contemporary science. Otherwise, we ma?/ well be quilty of a
patronizing complacency, and as a result [ose the benefit'to be
derived from a really analytical view of history. _

. Take the early Nineteen-Thirties as an example.. From this
distance the mechanical aspects of that time certainly appear
grotesque} but, when we realize that this was the period when
physics was In the throes of conflicting and essentially indepen-
dent tl?et?lrles, the fact that applications were madg at all is
remarkable,

We read of the trials of the men of that day and wonder that
they could have been apparently content with their mode of
lifg, .its discomforts, and ‘its anrioyances. Instead, we, should
admire them for having made thebest of a hard situation, and
treasure the rugged qualities which they exemplified. 1t s
possible that bytaking our minds back, divesting them of their
modern knowledge, and then studying these bygone days in an
attempt really tg apP_remat,e their”trie worth; We shotld lose
some of our ‘satisfaction with respect to the technical accom-
plishments of our own generation, and be better prepared for
advance. At least it is worth the attempt,

1
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Those were mterestln(TJ times, when the second Roosevelt
was elected, and the world was in the midst of the last great
economic readjustment. [t was a time of transition, evident
enough as we now regard it, but perhaps not wholly aﬁpremated
at thé moment. [t was marked by great extremes| the United
States were 1ust emerging from the prroh|b|t|on experiment, and
international affairs Weré chaotic. The system of distribution
had nearly broken down, and there was little real control of
production.  No one_really understood the monetary system
under which the civilized”world then tried to operate, and
which was based on the curious process of IaborlousIY digging
gold out of one hole in the ground in order equally labori-
ousIYl to bury it in another.  Hence, it is |IIum|nat|n(t1 0 review
the fife of & plain citizen of the period and the nature of his
environment,

THE HARDSHIPS OF DAILY EXISTENCE

Consider, for example, a professor in some northern urban
university, and let us attempt to appreciate the sort of life he
led, witha sympathetic attempt to evaluate the extent to which
his efforts were circumscribed by the hardships and discomforts
of his daily existence. _ _

|t is necessary at the outset to realize that he was in the pe-
culiar position of being regarded by many of his fellow coun-
trymen as of outstanding intellect: "while“at the same time his
scale of Tiving was decidedly middle-class. Yet he had much
of comfort, in'the way that comfort was then regarded, and un-
doubtedly he considered himself well off. o

He probabl¥ owned an automobile, for example, and in this
he proceeded trom his home to his work. In many ways his
car was embryonic, for it was, of course, a relatively new devel-
opment. To_ get it under way, he first started the engine turn-
ing over whilg ent|rel¥ free from any operative connection with
the vehicle, and then he had to go through 14 separate motions
with his hands and feet before_get,tmq,the car up to full speed.
It seems hard to realize that this situation could have been'long
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The Inscrutable Past 3

tolerated, but actually it persisted for years. Moreover, these
motions, of various pedals and a hand lever, had o be carried
through in a rigid sequence and with a fairly careful timing of
the operations.” A clumsiness, such as performing one act out
of proper sequence, would spoil the whole affair, and the pro-
fessor would"practically have to start all over.  Yet peaple of
all degnrees learned this ritual and drove cars everywhere. Nor
were these motor cars of the Nineteen-Thirties foys, for in a
curious delusion that weight and riding qualities Were insep-
arable, even the better %rades of automobiles were built so
heavy that they welﬁhe several hundred pounds per pas-
lsjenn ﬁ%la total Weight of as much as 4,000 pounds being not

On nearly all highways traffic moved in bath directions at
the same time!  Moreover pedestrians crossed these roads at
the same level. There was no drying of streets in the cities, so
that they were often wet, and, in extreme weather, covered
with ice. Car speeds seldom got above 60 miles per hour, but
under conditions which then obtained, there was a camage and
literally tens of thousands were killed yearly in the country.
Right in the hearts of citigs there were Prade intersections of
important streets and practically no elevated arteries.  The law
officer who was often stationed at points where important ar-
teries intersected on a level, and who attempted to regulate
traffic by whistling and waving his arms, was often a diverting
spectacle. - His antics are still recalled with amusement by some
of my elderly colleagues. No wonder our professor arrived at
work” with his nerves somewhat frayed, and that the scientific
wHtmgs of tBF Hn?e reflect a s?.rt of general nervousness and
a haste to publish fragmentary Tindings.

It is hard to suppress untoward amusement and to, preserve
the sympathetic attitude when one considers the cIothm%,wmch
our professor wore, It was put on in layers, and, while the
ower layer was periodically washed, the other f_ayers were often
won\ _practically continuously until they d|smte_?rated with
only infrequent dips into various solvents. In spite of this in-
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4 Endless Horizons

tentional protection of the top layers from contact with water,
they sagged and stretched, and this tendency was ineffectually
combatéd by occasional pressing by a highly heated metal im-
plement. It caught out in the rain—for accidental s rmklmg
accelerated this process of deformation—the professor woul
don still another layer called. a raincoat, so designed that it
drained the water principally jnto his shogs. TheSe shoes, 'bK
the way, were never thoroughly washed or even cleansed wit
solvents. They were daubed over occasionally with an imper-
manent vamish, which was_gr:ven some specular reflection_hy
rubbing with a cloth, but which was not really waterproof. The
shoes were of natural_leather, close-fitting arid entirely unventi-
lated, and fastened in position with lacing cords, which fre-
quently became entangled.  The fastening”of his clothes gen-
erally was by buttons. ™ Even though sleeves did not oHen, ut-
tons Were still retained in position &t his wrists, where they were
actually quite inconvenient, as a sort of atrophied appendage.
He ware a collar about his neck, kept meticulously white by fre-
quent changing, as a sort of obvious presentation of one ‘thor-
oughly clean portion_of clothing. Some_of his collars were
rendered stiff and wntatmg b% saturation with vegetable
starches. . They were surrounded by highly colored ornamented
bands which hg tied in intricate knots and ‘adjusted with careful
recision.
p. The lenses by which his vision was corrected were wired to
his ears, or else held on by pincers which é;npped his nose. As
his. accommodation was faulty he carried two sets of lenses
which he alternated in_position on his face, carrying the spare
in a little metal box. Some of his colleagues, wore both sets of
lenses at the same time, made into a combination called bifocals,
so that they could produge. the effect of changing lenses 'bK
tipping the"head and inclining the eyeballs. Of Course wit
this arrangiem_ent_ they went “about Wwith their feet and the
ground. in helrwcmlt¥ in a perpetual haze. .

In his office_the professor ordinarily found other conditions
hardly conducive to logical thought.” Right in the midst of
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his most careful musmgs, anyone, not merely his chosen friends
and colleagues, but iterally anyone, could” interrupt instantly
b}/rcallm him on the teléphone. A bell would ring In his
office and’ convention demanded that_he should immediately
cease everything else and answer. There was no provision
whatever By which a conversation ensued only when both par-
ties had indicated willingness; even tradesmen in the city could
initiate the ordeal. In answerm?, it was necessary that the
professor practically wrap himself up in an instrument. He
would hold one gadget to his ear and another to his mouth, and
entangled in the connecting wires, proceed to try to talk. Some
forms of equipment, then just going out, but strangely enou%h
Rers sting longest in this country, even required thé use of both
ands as wellas the vocal organs.
The sounds heard over thie telephone of the day were rec-
ognizable, but hardly natural, for only a fifth of the useful fre-
quiency spectrum, or even less, was tfansmitted. In fact, peo-
[)Ie habitually listened to radio music in which there was; less
han one-third the spectrum present, although scant enthusiasm
for the result has come down to us, exceptin the amusing and
rha830d|c advertising of the times, .
ur professor was bound to be fal_rIY uncomfortable for other
reasons.  His office was heated in winter, of course, but in sum-
mer was left to_its own devices with the window open to admit
the dirt and noise of the city and the hot, humid air. Even in
winter, while there might possibly have been some control of
air temperature aside from his owin, chance manual re?ulatlon,
there certainly was none of humidity, Also the walls of his
office, with none too certain thermal insulation from the out-
side conditions, took up almost any temperature whatever, and
the conditions for his bodily radiation varied in a wide and
erratic manner, It is strange that these matters were so com-
i)_letely ignared, for theY are hardl¥ mentioned in the technical
iteraturé of the time, although certainly engineers should have
Ig_eenhso_mewhat conversant with the laws of radiation, if not of
lophysics.

.org/
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6 Endless Horizons

. Somewhere on the premises of the college there was a heat-
ing plant, which probably consisted of simply a coal fire with
some distribution medjum such as steam. 'For every thermal
unit released br burning coal, there was transmitted into the
building actually less than a thermal unit, so that the process
was highly inefficient. Thermal umPs were in the early stages
of development, and the central stations played little part in
the heating of a city except perhaps to operate coal-burning
heating plants of their own and sell'steam.

The most striking feature of our professor’s day, however,
and one which he Considered an important O,oart of his work
was the |vm% of lectures. He would stan u%_m front of a
group of 50 Students or so and orally recite a bit of scientific
matter, perhaps meanwhile, drawing crude diagrams on a large
flat black surface with a white crayon. This was done not alone
in the presentation of new thoughts and researches, but as a
means of mpartmg_we_ll-known Information to students. It
would not disturb him in the least that a hundred other pro-
fessors in various parts of the country might be dom? exactly
the same thing at the same time. It was the custom of the day
that he should appear personally for this ceremony, although it
would have been. possible even then to prepare a much more
finished presentation by vocal cinema, realizing of course that it
would not have been stereoscoRlc and that™ the articulation
might have been a bit crude. Thus a fair fraction of our pro-
fesSor’s time was occupied in a rehash of the well-known hefore
large groups, where_anything approaching Socratic dialogue
was patently impossible. Another amusing feature of these
lectures was the so-called taking of notes by the students, who
attempted by simple pencil and paper to reproduce important
Ideas as the affair proceeded. The results were naturally frag-
mentary, but we must remember that under the then existing
sb/shem a word once spoken was lost unless recorded in some
sich manner, _ _

At noon the professor might take a walk, either because of
assumed benefit to the functioning of his organic processes, or
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The Inscrutable Past 1

more likely as a temporary means of escape from the distrac-
tions of his office. If the’latter incentive was his reason, the
attempt was likely to be unsuccessful. The streets were heavy
with the odor and smoke which nearby factories poured freely
into the air almost without restraint,” The price Ba|d by the
i)ubhc for thus distributing unburned fuel on the breeze; and
ater abst_ra_ctmp it from draperies and clothing, was startling.
One statistically-inclined ?erson computed that no less than
70,000,000 tons of soot fell on the country every year, so that
%Llsgnﬁedbundmgs were soon dingy and the sun was at times

He would also meet with din and confusion. Electric cars
on rails, with hard _steel wheels and steel spur gears, were still
used for urban traffic. - They made so much noise that one could
literally be heard a mile away on a still n|cI1ht._ Every auto-
mabile"carried noise-making apparatus, usually in the form of
a d|aphragfm operated by an electric vibrator, ostenmblg for the
purpose 0 cautmmnq pedestrians, although one wanders how
an Incautious one could have peen extant. “Automobile engines,
burmng highly volatile refined hydrocarbons, filled the air
with carbon” monoxide due to faulty combustion. Worse yet,
there was a furor at_about this timé for the use of admixtres
of anti-cietonants. ~ These were really useful in view of the
nature of the fuel on the market commercially and its com-
plete admission before compression, and a very popular type
Incidentally consisted of tetraethyl lead. ApparentIY these "ex-
haust gases did little real harm t0 the Pedestnans, al hough the
data on the point were then incomplete, but the knowletge of
ti}elr loresence Jn the air was disturbing, at least to the scien-
trfically mingea. _

An airplane or two may have roared overhead with un-
muffled exhausts during this noon-hour walk, for there were
uite a few planes in Use. . The professor probably watched
these with a bit of trepidation. In the event of even minor
power-plant difficulty they were obliged to land immediately
and precipitately at high ground speed. There were no landing
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8 Endless Horizons

spots on buildings, nor could they have been used if present
for, the ,i)lanes of the commercial routes came to_the Pround
while still traveling as much as 60 miles an hour. The s aghtest
fog was a serious ‘matter, for it could not be dissipated, and
thére was no way in which the pilot of the usual commercial
plane could, get his position accurategl with respect to the field
except by visual observation. . In order to travel by plane one
usually had first to make an intricate automobile trip  from the
center’of the city out to a field_in the country, and then, if there
were fog or hedvy rain, the trips would be cancelled. In spite
of all these enormous handicaps a few courageous pioneers
operated passenger lines and succeeded in giving acceptable
SErvice.

_Of course the existing competition in the field of long-
distance transportation had its disadvantages. —Electrification
of railroads had not proceeded. far, and it was a common sight
to see a great steam locomotive belching smoke and steam
radiating expensive heat units broadcast, and puffing away at
its load. The drjver leaned out of a Side window I the rear,
one end of him baked and the other end frozen. When the
track curved the right way, he could see ahead. In order to
start a train—for roller, bearmqs were %ust appearmg on rajl-
road cars—the locomotive would first back up to take up the
slack in couplings, and then. go ahead with a great bumpin
and crashing, much to the discomfort of passengers. Air cor-
ditioning was also in its infancy, and the atmadsphere in the
rear coaches of a train on a hot, dry summer day rocking across
the_ country on uneven wood-ties and an unoiléd roadbed may
be imagined. The picture is more unattractive if one considers
that sanitary arrangements were still somewhat barbarous,

Trains were enormously heavy and when well up to speed
required a long distance in which'to stop, for brakes were sim-
ply pieces of cast iron pressed onto the steel wheels by air pres-
sure.  There were many highway c,rossm?s at grade, some of
them actually without an}/ automatic protection except a bell
brought down from the old horse-drawn carriage days and in-
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audible to an automobile driver except when actuallg/ abreast
and not even then in a hl?h wind. ' The locomotivés carried
shrlekmq whistles which blew almost constantly, much to the
discomfiture of the countryside, but there were of course many
grade crossing accidents.

Lunch for”our professor was a ceremony of a sort. Nearly

all the ingredients were of natural origin with very little in the
way of synthetics or products of the biological industries. The
fodds were attractive In their way, but chosen almost at random,
and served in circumstances that were somewhat appallln% T0
the discomforts noted in his office were added in the mmgi
room a complete intermixture of the odors of all the, severa
dishes and usuall}g such incomplete ventilation that a blind man
could have told the instant he entered the door of a restaurant.
In fact he would not have had to dei)end upon his olfactory
sense, for the dishes were of various glasses and ceramic mate-
rials (as well as in some cases the tables themselves), so that
there was plenty of noise from the impact of hard materjals.
. On his return to the office, the same, hectic round would con-
tinye. Perhaps in the afternoon the incessant clatter of type-
writers would_be especially annoying.  For letters were writ-
ten on typewriters, and there was a ﬂreat deal of letter writing.
That was the only way of practically conveying ideas outside
of the archaic telephong and'personal visit.

The library, to which our professor probably turned, was
enormous. - Long hanks of shelves contained tons of books, and
?ilet it was supposed to be a working library and not a museum.

e had_to paw over cards, thumb pages, and delve by the hour.
It was time-wasting and exasperating indeed. Many of us well
remember the amazing incredulity which greeted the first pres-
entation of the unabridged dictionary on a square foot of film.
The idea that one might have the contents of a thousand vol-
umes, located in a couple of cubic feet in a desk, so that by de-
pressing a few keys one could have a glven, page instantly pro-
ected Defore him, was regarded as the wildest sort of Tancy,

his hesitation about accepting an idea, the basic soundness of
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10 Endless Horizons

which could have been tested by a little arithmetic, is worthy
of more than passing notice. For.the tenor of the age was t0
welcome new inventions and theories. In fact the man on the
street was wont to visuglize scientific triumphs as fails accom-
plis even as_theY were being hatched in the laboratory. He
combined a S|m? e cr,edulltﬁ 0n some things, not_erased &ven 'bP]l
the singeing of the Big Bull Market of the late Twenties, wit
a strange resistance to others. It seemed that the ﬂreater the
technical difficulties which accomplished some really revolu-
tlona(ry proposition, the more casually the ordlnar){ Citizen ac-
fePte |[s consummation as being temporarily delayed but a
Ortnight or 0. o

Television was a case in point. To read the, contemporary
popular accounts one would suppose that the basic problem was
solved at least once a month for several years, Yet the public
seemed not to mind. this crymg of wolf; and qu_|etlhl gnored
simple analyses, which showed that to transmit_the “image
of a man’s face in recognizable fashion would require 50 times
the amount of communication channel adequate to transmit his
voice. And when the progress of television proved to be ex-
ceedingly slow (like many other things which in the Thirties
were, asserted to be just around some ‘corner), the layman. was
Oasclmﬁea ttlgﬁts the retardation was because of some corporation’s
Somewhat the ordinary fellow of the Thirties, though he
was by no means o witless as he deemed himself when he
counted up his stock market losses in the earliest years of the
decade, was quite muddled in his thinking process s seen from
our present vantage point. He would, 81 have said, readily
accept the solution of such a complex thing as television tq be
imminent—as something he ml%ht find poking .its way into
his bedroom unawares on a bright Sunday morning. But he
would consider a reasonable improvement in such an elemen-
tary thing as the arrangement of sleeping car space (it was
really being tried by the railroads at the time) as incapable of
realization Tor a couple of generations at least.
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All about him he could see bridges, viaducts, steamships,
engines, and so on, being built in hitherto unprecedented sizes.
And, if some publicity agent issued an optimistic statement to
the press that In the Coniing year they would_be built twice as
large. again, he’d accept such a radical prediction with little
emotion.  Yet, when it was proposed to make it practicable for
those who were neither too fat nor abnormally tall to undress
in an upper berth, his reaction was likely to be exP_ressed in the
quaint vernacular of the day by some such expletive as “balo-
ney” which, .it seems, signified intense incredulity and an im-
patient skepticism. o o

As afternoon wore on the lights in the college buildings
would be started.. These were undoubtedl}/ of the Incandescent
type in which a wire of tungsten in a %as-fl led globe was heated

y direct passage of current. About 9s% of the ener?y fur-
nished the lamp went into heating the room. The color was
yellowish, and, as the sources were usually concentrated, and
small, there was formed a complex system of shadows. Lights
mould be forced Ion_ his attednt{ﬁn faqang as he grove home,h_for

ere were no polarizers and the full beams of an approachin
car WOUTd o?teﬁ strike n ﬁ|s eyes andJ temporarily b?PrP him. ;

The professor’s home had been built in position by the hand
work of men of a dozen trades, who obtained materials by
small-sized purchases from as many dealers, and cut and fit
these materials on the site. It had meant an expensive capital
outlay, and as much as a fifth of his income went into fixed
charges on it. It had a cellar. This cellar, bywai/]of explana-
tion," was a large hole dug in the ground under the residence
and was a relic from the days when heatmg appliances _requwed
a cellar for their distribution pipes, which were so dirty that
it was well to put them undergrotnd, and when thermal insula-
tion was so imperfect that a ground floor of a house without a
cellar was expected, to be cold. Although these factors had
ceased to he determining, the cellar with Tts expensive excava-
tion had been continued'as a sort of tradition. _

Of course the house was immobile, and the idea of disassem-
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12 Endless Horizons

bling and transporting a house to a new site would have heen
considered quite radical. The heating_ plant was as crude as
the one at the office, and even less efficient on account of its
small size. Rooms were not soundproofed, hence many noises
could be heard all over the house. " This was particylarly true
of the plumbing fixtures, which made quite a racket.” The
floors. were_covéred with fabric rugs, with their store of lint
and dirt which was sometimes removed with a suction cleaner—
incidentally the noisiest implement in the place. Some of the
furniture Was also fabric-covered and stuffed with natural
horsehair as a sort of pseudo-elastic filling. 1t is not pleasant
to contemplate In retrospect. _ S
The excess of noise has been mentioned often in this review.
One would think there would have been_general protest, but
the subject was only mildly mentioned_ in_the contemporary
newspaper. There was, in fact, some indication that the people
%enerally liked to have a lot of noise about; at least they may
lave considered that its presence was conducive to interise ac-
tivity in some manner. In no other wa){ can we explain, for
example, a turnstile which had been installed in large numbers
in subways, and which was pur oselﬁ,arranged t0 rq|ve a loud
clack whenever it was operated. This same peculiar love of
noise was also exemplified in the, contemporary music, which
E)herr?(\)Nds so much light on the strained mass psychology of the
The t¥plcal newspa?er of the Nineteen-Thirties was a large
affair, which, reached truly ponderous proportions on Sunday.
A single edition would thén contain as much as 500 square fegt
of fing print. Of course no single individual could read all of
this, and most people read much less than one per cent. Yet
the forests were denuded—for paper was still made from pulp
obtained from fair-sized trees—in order to print this mass of
waste material. Bulky newspapers were ong extravagance
chargeable against the mania for advertising which had reached
grotésque proportions. Nowhere were its extent and its meth-
0ds more ludicrous than in the advertising of such things as
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cigarettes. A single phrase, usually quite absurd, would be
repeated thousands of times in newspapers as well as on large
ﬁlacards placed by the roadsides ﬁof course entirely out of
armony with the scenery), in trolley cars, and evérywhere
where space could be found. All this was done at enormous
expense and without relief from_the monotony of the repeti-
tion.  One would exPect there mn};ht have been a protest in the
form of a boycott of any article thus intrusively offered, but,
on the contrary, such methods apparentl){_ succeeded in their
purpose.  The ‘cost of distribution to a public with so little true
g|scdr|m|nat|on was, as we might expect, a heavy economic
urden.
PECULIAR PASTIMES

~Qur professor, after his dinner, had many possible diver-
sions. It is very likely that he participated in one of the pe-
culiar popular ‘pastimes which swept the country in sudden
waves at about this period in history, exempln‘ym% again the
inexplicable mass psychology in force. One of these was a
game called contractbridge, which persisted for several years
and which was regarded with %reat seriousness hy its devotees.
It was participated in by hoth sexes, althouqh it is hard to
understand how their joint adherence to what was essentially
a cult for mental exercise came about. Very complicated and
artificial rules controlled the action, and thé whole_procedure
must have been wearying, although it was mdulged in by IarPe
sections of the population, sometimes to the substantial exclu
sion of all other mental activity. The force of mass opinion
Was 0 stron? and individualism so repressed, that not to fol-
low the PUb Ic whim of the moment was to lose social caste.
One of the strangest of these pastime manias occurred when
over $100,000,000 Was spent in the building of small gardens
in which the participants knocked little white balls about among
various obstacles. This lasted, as would be expected, for only
a few months,

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



Digitized for FRASER
http://fraser.stlouisfed.org/

14 Endless Horizons

An epidemic of jig-saw puzzles also svv_ePt the land. Though
they were harmless in themselves, the distress of elderly peo-
Fle and children alike when some piece or pieces dropped to the
loor and became md ? in som? out-of-the-way place, was apt
to be expressed in fitful bursts of temper.

It is little wonder that under such hectic conditions many
Professors_develo ed otherwise unaccountable tendencies, and
hat the science of the times was disjointed, heterogeneous, and
very much an opportunist affair. There should be the %r_eat_est
of admiration for one who could do any constructive thinking
at all when thus badgered about during the Nineteen-Thirties.

Today, quite correctIY, we realize that all of the desirable
modifications of our natural environment, which are possible
through simple mechanical means, have been accomgllshed.
Even 20 years ago there were significant indications that the
door to progress along such lines Was fast closing. About that
time the standing Congressional Committee, apRo!nted to con-
sicer the scope of the world’s scientific and technical progress
with special reference to its bearing upon matters to be- dis-
cussed at a proposed conference to be convened for the further
dlscu53||on of mter-govemmental (ebts, v%/ats ablett%hmtclude in
its. preliminary .report the convincing statement that every-
t;nn% wortlh v%nle %acf been done. ’ Y

What a contrast to the Nineteen-Thirties! Then it should
have heen possible, even by the most rudimentary of analyses,
to disclose attractive avenues for constructive effort.

It may be asked why, with all this opportunity, we had to
wait 50 long for the obvious. It could not have béen because of
a lack of leisure} for there were emRhatm_cont_emporary com-
Flamts that leisure engendered by the quickening of produc-
jon had become both burdensome”and notoriously unwelcome,

Perhaps it was ascribable in a measure to the prevailing social
code which then forced all men to dress alike and, t0 some
extent, to think alike. Or, it may have been that the pressure
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of advertising propaganda had induced a mass psychology
which led people to believe the%/ had arrived at some sort of
mecihartucal Utopia with which they were in duty bound to be
content.

These few suggestions are t){pical of the myriad of hypoth-
eses contained inthe extensive literature dealing with this quite
amazm? decade in the h[storg of the Re_?ubhc. From all the
th_ou%h given to the subject but one solitary fact emerges: the
Nineteen-Thirties still remain inscrutable.
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2: AS WE MAY THINK

World War Il was_not a scientist’s war: it was a war in
which all had a part. The scientists, burying their old profes-
sional competition in the demand of a commaon cause, shared
greatly and learned much. It was exhilarating to work in
effective partnership. - Now, for m,an}/_, this appears to be ap-
proaching an end.. What are the scientists to do next?

. For the hiologists, and particularly for, the medical scien-
tists, there can be little indecision, for their war work hardl
required them 1o leave the old paths.  Many indeed were able
to carry on their war research in their familiar peacetime labo-
ratorieS.  Their objectives remain much the same.

It is the physicists who were thrown most_ violently off
stride, who leff academic pursuits for the making of strange
destructive gadgets, who had to devise new methods for their
unanticipated assl%nments. They did their part on the devices
that made it possible to turn back the enemy. They worked in
combined effort with the physicists of our allies.” They felt
within themselves the stir of achievement. They were part of
a great team.. Now one asks where they will find objectives
worthy of their best.

THE BENEFITS OF SCIENCE

Of what lasting benefit has been man’s use of science and of
the new instruments which his research brought into existence?
First, they have increased his control of his material environ-
ment, They have improved his food, his clothing, his shelter;
they have increased his security and released him partly from
the'bondage of hare existence.. " They have given him inCreased
knowledgé of his own biological processes So that he has had

16
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As We May Think 17

a progressive freedom from disease and an mc_reased_siuan_ of
life. "They are illuminating the interactions of his physiological
and psycholo?mal functions, giving the promise of an”im-
proved mental health, _ o

~ Sclence has Rrowded_ the swiftest communication between
individuals} it has provided a record of ideas and has enabled
man to manipulate and to make extracts from that record so
that knowledge evolves and endures throughout the life of a
race rather than that of an individual. o

There is a growing mountain of research. But there is in-
creased evidence that'we are being bogged down todaY as Spe-
cialization extends. The investigator 1s staggered by the find-
ings and conclusions  of thousands of other workers—many
of which he cannot find time to grasp, much less to remem-
ber, as they appear. Yet specialization becomes increasingly
necessary for progress, and the effort to bridge between disci-
plines is c,orresloondmgly superficial. . .

Professionally our ‘methods of transmlttmg and rewewmlg
the results of research are generations old and by now are total-
ly inadequate for their purpose. If the a%;regae time spent in
\Wiriting scholarly works and in reading them' could be evalu-
ated, the ratio between these amounts™of time might well be
startling.  Those who consuentl_ousl(y attempt to Keep abreast
of currént thought, even in restricted fields, by close and con-
tinuous readlnﬁ might well sh¥ away from an examination
calculated to show how much of the previous month’s efforts
could be produced on call. - Mendel’s concept of the laws of
?ene_tlcs was lost to the world for a generation because his pub-
Ication did not reach the few who were capable of %ras |n% and
extending |t|} and this sort of catastrophe is undoubtealy being
repeated-all about us, .as truly squlcant attainments become
lost in the mass of the inconsequential. _

The difficulty seems to be, not so much that we publish un-
duly in view of the extent and variety of present-day interests,
but rather that publication has been extended far beyond our
present ability to make real use of the record. The summation
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18 Endless Horizons

of human experience is being expanded at a prodigious rate
and the means we use for_threading through the Consequent
maée.to the moantarllly important item iS the same as was
used in the days of squa e-ngBed ships. _

But there are signs of a chan?e as new and powerful instru-
mentalities come ifto use. Photocells capable of seeing things
m a physical sense, advanced photography which car” record
what is Seen or even what is not, thérmionic fubes capable of
controlling potent forces under the guidance of less power than
a MoSquito Uses to vibrate his wmgzs, cathode ray tubes render-
ing visible an occurrence so brief that by comﬂarls_on a micro-
second is a long time, relay combinations which will carry out
involved sequences of movements more rehablK than any hu-
man operator and thousands of times as fast—there are plenty
of. me hanical .aids with which to effect a transformation i
scientific records. o . _

Two centuries ago Leibnitz invented a calculating machine
which embodied most of the essential features of récent key-
board devices, but it could not then come Into use. The eco-
nomics of the situation were against it: the labor involved in
constructmg it, before the day$ of mass production, exceeded

, . . . .
bouttoe GuPnECerdd 1) el TR B At RN AR
over,. it would have heen subject to frequent breakdown, so
that it could not have heen depended upon; for at that time
an% Igtr;gsafter, comptlre]xny an?( ubnlrel|ab|llty were syn(tJn mons.
. BabbaSe’ even with remarkably geperous support for his
time, could not produce ﬁ]nl]s greaty a%tRmeHcaF_r%gchlne. HIs
idea was sound enough, but construction and maintenance costs
were then too heavy.” Had a Pharaoh been given detailed and
explicit designs of an automobile, and had hé understood them
completely, 1t would have taxed the resources of his kingdom
to fashion the thousands of parts_ for asingle car, and that car
would have broken down on the first trip t0 Giza,

_Machines with mterchangeable arts can_now be constructed
with great economy of effort. In spite of much complexity,
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they perform reliably, Witness the humble typewriter, or
the’movie camera, or the automobile. Electrical contacts have
ceased to stick when thorou hl?]/ understood. Note the auto-
matic telephone exchange, which has hundreds of thousands of
such contacts, and yet isreliable, A spider web of metal, sealed
in a thin H]Iass container, a wire heated to brilliant %low in
short, the thermionic tube of radio sets, is made by the hundred
million, tossed about in packages, plugged into sockets—and it
works!  Its gossamer parts, the precise location and alignment
involved n Its construction, would have_ occupied a master
craftsman of the guild for monthsj now it is built for thirty
cents.  The world has arrived at an age of cheap complex dg-
vices of great reliability} and something is bound to come of it.

RECORDING DEVICES

A record, If it is to be useful to science, must be continuousl|
extended, it must be stored, and above all 1t must be consulted
Today we make the record ,convennonally{ by writing and pho-
tography, followed by printing}. but we also'record on film, on
wax disks, and on magnetic Wires, Even if utterly new re-
cording procedures do not appear, these present ones are cer-
tainly n'the process of modification and extension.

CertamIY progress in photography is not going to stop.
Faster material and lenses, more automatic Cameras, finer-
grained sensitive compounds to allow an extension of the mini-
camera idea, are all imminent. Let us project this trend ahead
to a logical, if not inevitable, outcome.” The camera hound of
the fuure wears on his forehead a lump a little IarPer than
a walnut, It takes pictures 3 millimeters square, lafer to be
projected or enlar%ed, which after all involves only a factor of
10 beyond present practice. The lens is of universal focus,
down to_any distance accommodated by the unaided eye smle
because it 1S of short focal length. ~THere is a built-i photoce
on the walnut such as we ndw have on at least one camera,
which automatically adjusts exposure for a wide range of illu-
mination. There is film in the walnut for a hundred expo-
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sures, and the sprmgf for operatln? its shutter and, shifting its
film 1s wound once. tor all 'when the film chP Is inserted” It
produces its result in full color. It may well be, stereoscopic,
and record with two spaced glass eyes, for striking improve-
ments in stereosqogm technique are just around the Comer.

The cord which trips its shutfer may reach down a man’s
sleeve within easy reach of his fingers. ~ A quick squeeze, and
the picture is taken. On a pair of ordinary _?I_asses IS & square
of fine lines near the toR of one lens, wheré it is out of the way
of ordinary vision. When an object appears in that square, it
is lined up for its picture. As the'scientist of the future moves
about the laboratory or the field, every time he looks at some-
thing worthy of the record, he trips the shutter and in it goes,
without even an audible click. . Is this all fantastic? The ‘only
fantastic thmg] about if is the idea of making as many pictures
as would result from its use. _ _

Will there be dry photography? _It is already here in two
forms. When Brady made” his Civil War pictures, the plate
had to be wet at the time of exposure. Now it has to be wet
durln% develoPment instead.  In the future perhaps it need not
be wetted at all. There have long been films impregnated with
diazo dyes which form a picture without development, so that
it is already there as soon as the camera has been operated. An
exposure t0 ammonia gas destroys the unexposed aye, and the

icture can then be taken out into the light and” examined,
he process is now slow, but someone mayspeed it up, and it
has no grain difficulties such as now keep photographic re-
searchers busy. Often it would be advantageous. to be able to
sn% the camera and to look at the picture immediately.
nother_process now in use is also slow, and more or less
clumsy. For fifty years impregnated papers have been used
which™ turn dark “af’ ever ﬁomt Wwhere an electrical contact
touches them, by reason of the chemical change thus produced
in an iodine compound included in the paper. ~ They have been
used to make records, for a pointer movmg across them. can
leave a trail behind. If the electrical potential on the pointer
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is varied as it moves, the line becomes light or dark in accord-
ance with the potential. _ n .

This scheme 15 now used in facsimile transmission. The
pointer draws a set of closely spaced lings across the paper one
after another. ~ As it moves, its, potential is varied In ‘accord-
ance with a varying current_received over wires from a distant
station, where ‘theSe variations are produced by a photocell
which s similarly scanning a picture. At evefy instant the
darkness of the line being drawn is made egual to"the darkness
of the point on the Pmture being observed by the photocell.
Thus, when the whole picture has been coveréd, a replica ap-
pears at the receiving end. _ _

A scene itself can be just as well looked over line by line
%,the phatocell in this way as can a photograph of the ‘scene.

iS whole, apparatus constitutes a camera, with the added
feature, which can be dispensed with if desired, of making its
Pl_cture at a distance, 1t Is slow, and the picture is poor in de-
ail. Still, 1t does give another process of dry photography, in
which the picture is finished as soon as it is taken.

It would be a brave man who would predict that such. a
rocess will always remain clumsy, slow, and faulty in detail.
elevision equipment today transmits sixteen reasonably good

?lctures a second, and it involves only two essential diffgrénces

rom the process described above. For one, the record is made
by a moving beam of electrons rather than a movm% pointer,
for the reason that an electron beam can sweep across the picture
very rapidly indeed, The other difference involves merely the
use”of a screen which glows momentarily when the electrons
bit, rather than a chemically treated paper or film which is
permanently altered. This sP_eed Is necessary n television, for
motion pictUres rather than stills are the object.

Use chemically treated film in place of the glowing screen,
allow the apparatus to transmit one picture only rathér than a
succession, and a rapid camera for dry_photography results.
The treated film needs to be far faster in action than present
examples, but it probably could be. More serious is the ob-
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jection that this scheme would involve putting the film inside a
vacuum chamber, for electron beams behave normally only in
such a rarefied environment. This difficulty could be avoided
by allowing the electron beam to Play on ong side of a partition,
and by pressing the film ag?amst heother side, if this partition
were Such as to allow the electrons to ?0 through perpendicular
to its surface, and to prevent them from spreading out side-
ways. Such partitions, in crude form, could certainly be con-
structed, and"they will hardly hold up the general”develop-

ment,

Like dry photography, mlcrophotpgraﬁhy_stlll has a lon
wag to go. The hasic scheme of reducmﬁ]t e’size of the record,
and_examining it by Brolectmn rather than directly, has possi-
bhilities .too great t0 be Ignored. The combination of optical
projection and ,hoto_(]]raphlc reduction Is alreadr%/ Producmg
sone results in microfifm for scholarly purposes, and.the poten-
tialities are_highly suggestive. Today, with microfilm, reduc-
tions by a linear factor of 20, can be employed and still produce
full clarity when the material is re-enlarged for examination.
The limit§ are set by the ?ramm_es_s of the film, the excellence
of the optical system, and the efficiency of the light sources em-
ployed. ~ All of these are rapidly improving. o

ssume a linear ratio of 100 for future use. Consider film
of the same thickness as paper, although thinner film will cer-
tainly be usable.  Even under these conditions there would be a
total factor of 10,000 between the bulk of the ordinary record
on books, and its microfilm replica. The Encyclopcedid Britan-
nica could be reduced to the volume of a mafchbox. A library
of a million volumes could be compressed into one end of 3
desk. |f the human race has_produced since the invention of
movable tyEe a total record,.in the form of magazines, news-
papers, books, tracts, advernsm%_bl_urbs, correspondence, having
a volume corresponding to a billion hooks, the whole affair,
assembled and compresSed, could be Iug?ed off in a moving
van. Mere compression, of course, is not enough; one needs
not only to make and store a record but also to be able to con-
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suit it, and this aspect of the matter comes later. Even the

modern great library is not generally consulted; it is nibbled
at by a few.

Compression is important, however, when it comes to costs.
The material for the microfilm Britannica would cost a nickel,
and it could he mailed ar17ywhere for a cent. What would it cost
to print a million copies? To {),rmt a Sheet of newspaper, in a
Iar?e edition, costs.a small fraction of a cent. The entire mate-
rial” of the Britannica in reduced microfilm form would go on
a sheet eight and one-half by eleven inches. Once it is avail-
able, with” the photographic “reproduction methods of the fu-
ture, duplicates in large quantities could probably be tumed
out for & cent apiece beyond the cost of materials. ~The prepa-

ration of the original copy? That introduces the next aspect of
the subject. ! ! :

RECORDING PROCESSES

7 ° make the record, we now push a pencil or tap a tYpe-
writer. Then comes the process of digestion and _correction
followed by an Intricate process of typesetting, printing, and
distribution. To consider the first stage of the procedurg, will
the author of the future cease writing by hand or typewriter
and talk directly to the record? He does So indirectly, by talk-
qu to a stenographer or a wax cylinder; but the eléments are
aT present if hie wishes to have_hi$ talk directly produce a ty[)_ed
record. . All he needs to do is to take advantage of existing
mechanisms and to alter his language.

At a recent World Fair a machine called a Voder was shown.
A qirl stroked its keys and it emitted recognizable speech. No
human vocal chords’ entered into the, procedure at any point;
the keys simply combined some electrically produced vibrations
and passed these on to a loud-speaker. “In the Bell Labora-
tories there is the_ converse of this machine, called a Vocoder.
The loudspeaker is replaced by a microphone, which picks up
sound.  Speak to it, and the Corresponding keys move. This
may be ong element of the postulated syster,
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_The other element is found in the stenotype, that somewnhat
disconcerting device encountered usually at public meetings. A
girl strokes its keys languidly and looks about the room and
sometimes at the “speaker with a disquieting gaze. From it
emerges a typed strip which records in a phonetically simplified
|language a record of what the speaker is suloposed to have said.
Later this strip Is _retyP_ed into ordinary _ar]?uage, for in its
nascent form it is intelligible only to the inifiatéd. Combine
these two elements, let the Vocdder run the stenotype, and
the result is a machine which types when falked to. _

Our present_ languages are” not especially adapted to this
sort of mechanization, Tt is true. It is strange that the inven-
tors of universal ,Ian%uages have not seized"upon the idea, of
producing one which Detfer fitted the technique for transmitting
and recording speech. Mechanization may yet force the issug,
especially in“the scientific field: whereupon scientific jargon
would become still Tess intelligible to the Tayman..

(One can now picture a fyture investigator in his laboratory.
His hands are free, and he is not anchored. As he moves about
and_observes, he Johotographs and comments.  Time is auto-
matically recorced to tie the two records together. I he goes
into the” field, he maK_ be connected by radio to his recorder.
As he ponders_over his notes in the evening, he again talks
his comments into the record.. His typed record, & well as
his photographs, may both be in minidture, so that he projects
them for examination, _

Much needs to occur, however, between the collection of
data and, observations, the extraction of parallel material from
the eX|st|n(11 record, and the final insertion of new material into
the general body of the common record. For. mature thought
therg is no mechanical substitute. But creative thought and
essentially repetitive thought are very different things, For
the latter'there are, and may be, powerful mechanical dids.

Adding a column of figures Is a repetitive thought process,
and it was long ago properly relegated to the machine. True
the machine is Sometimes controlled by a keyboard, and thought
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of a sort enters in reading the figures and poking the corre-
sponding keys, but even this is avoidable.  Machines which will
read typed Tigures by photocells and then depress the corre-
sponding keys may come, from combinations of photocells for
scanning' the type; electric circuits for s_ortm% the consequent
var_latlo?s, 1nd r(eanY urmilt for mtggretmg the result into the
action of solenoids to pull the keys down.
. this complication is needed because of the clumsy wa
m which we have learned to write figures. If we recorde
t em positionally, simply by the configuration of a set of dots
on a card, the automatic feading mechanism would become
comparatively simple. In fact, if the dots are holes, we have
t e punched-card machine Iong ago produced by Hollerith for
t e purposes af the census, and now used throughout busingss.
om tg/epes of.complex businesses could hardly operate with-
out these” machines.
Ing is, only one operation, To perform arithmetical
computation involves also subtraction, multiplication, and divi-
°n>and in addition some method for temporary. storage of
resu ts, removal from storage for further manipulation, and re-
/(ioae gng Aof final fresults by Drinting. dMac?]l_nes ][or these pur-
Aar.now of twq types: keyboard machines for accountin
an te ke manuaﬁy%%ntroﬁ%] for the Insertion ofa data, an
usua Y automatically“controlled as far as the sequence.of oper-
lons Is concerned} ‘and punched-card machines in which sepa-
ca e operations aré usua I}/ delegated to a series of machines,
n the cards then transterred bodily from one to another.
o Ormsareve usefulF but as, far as complex computations
0 concerned, hotff are stifl inembryo. N
fn apld electncal counting appeared soon after the physicists
thUn® . fsha" e ountco§m|%rgy?]. For me{r own pur ose?
e% ysicISts promptly constructed thermionic-tube ecﬁm men
apablé of counting eléctrical impulses at the rate of 100,000, a
econ . The advanced arithmetical machines of the future will

e e ectneal In nature, and they will perform at 100 times pres-
efit Speeas, or more.
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Moreover, they will be far more versatile than present com-
mercial machines, so that they may readily be adapted for a
wide variety of oPeratlons. eY will be controlled by a con-
trol card or film, they will select their own data and manipulate
them in accordance ‘with instructions thus inserted, they will
perform complex arithmetical computations at exceedingly hqh
speeds, and they will record results in such form as to bé readily
available for distribution or for later further manlﬁulatlo_n.
Such machines will have enormous appetites. One of them will
take instructions and data from a whole roomful of girls armed
with simple keyboard punches, and will deliver sheets of com-
puted results every few minutes.. There will always be plenty
of things to compute in the detailed affairs of millions of ped-
ple doing complicated things.

SPECIAL MACHINES

The repetitive processes of thought are not confined, how-
ever, to matters of arithmetic and statistics. In fact, every time
one combines and records facts in accordance with established
qulcal _Frocesses, the creative aspect of thinking is concerned
only with the selection of the data and the process to be em-
ployed, and the manipulation thereafter is repetitive in nature
and hence a fit matter to be relegated to the machines. Not s0
much has been done along these lines, beyond the bounds of
arithmetic, as might be done, primarily because of the economics
of the situation.” The needs of business, and the extensive
market qbviously waiting, assured the advent of mass-produced
arithmetical machines just as soon as production methods were
sufficiently advanced.

. With machines for advanced analysis no such situation ex-
isted | for there was and is no extenSive market; the users of
advanced methods of manipulating data are a very small_part of
the population, There are, however, machines for solving dif-
ferential equations—and functional ang mte%ral equations, for
that matter. There are. many special machines, such as the
harmonic synthesizer which predicts the tides. There will be
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many more, aploearm certainly first in the hands of the scien-
tist and in small numbers.

If scientific reasonm(]] were limited to the logical processes
of arithmetic, we should not get far in our understanding of
the physical world. One might as well attempt to grasp the
game of proker entirely by the use of the mathematics of prob-
ability.  The abacus, with its beads strung on parallel wires,
led the Arabs to positional numeration and"the concept of zero
many centuries before the rest of the world; and it was a use-
ful tool—so useful that it still exists.

It is a far cry from the abacus to the modern keyhboard ac-
counting machine. 1t will be an equal step to the arithmetical
maching of the future. But even this new machine will not take
the scientist where he needs to go. Relief must be secured
from laborious detailed manipulation of higher mathematics
as well, if the users of it are to free their brains for something-
more than repetitive detailed transformations in  accordance
with established rules. A mathematician is not a man who can
readily manipulate figures; often he cannot. He is not even a
man Who can read|l?/ perform the transformations of equations
b}(/_ use of calculus. He is primarily an individual who is
skilled in the use of symbolic logic on & high ﬁlane, and esPe-
cially he is a man of “intuitive judgment in the choice of the
mami)ulanve processes he employs.

~All else he should be able to turn over to his mechanism,
{ust as confidently as he turns over the propellmp of his car
0 the intricate mechanism under the hood. .Onx then will
mathematics be practically effective in brgngm? the %rowmg
nowledge of atomistics to the useful solution of the advance
problems of chemistry, metallurgy, and biology. For this rea-
son there will come more machines to handle advanced mathe-
matics for the scientist, Some of them will be sufficiently hi-

%arre t auit].the. most fastidious connoisseur of the present arti-
aCts of civilization.
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SELECTION TECHNIQUES

The scientist, however, is not the only person who manipu-
lates data and examines the world about him by the use of
logical processes, althou&h he sometimes preserves this appear-
ance by adopting into the fold anyone who becomes logical
much in the manner in which a Brifish labor leader is elevated
t0 kmé;hthood._ Whenever logical processes of thought are em-
ployed—that is, whenever thought for a time runs _annE an
accepted groove—there is an opportunity for the machine. For-
mal ‘logic used to be a keen instrument in the hands of the
teacher in his trying of students’ souls.. It is readily possible
to construct a machine which will manlﬁulate premises in ac-
cordance with formal logic, simply by the clever use of relay
circuits. Put a set of prémises into stch a device and tun the
crank, and it will readily. pass out conclysion after conclusion,
all in accordance with logical law, and with no_more slips than
would be expected of a keyboard adding machine.

Logic can become enormously difficult, and it would un-
doubtedly be well to produce more assurance in its use. The
machines for h|ghe_r analysis have usually been equation solv-
ers, Ideas are Deginning' to appear for equation transformers,
which will rearrange the relationship expressed by an equation
In accordance with Strict and rather advanced logic. Progress is
inhibited by the exceedingly crude way in which mathematicians
express théir relationships. They employ a symbolism which
grew like TOP'SY and has little consistency; a strange fact in that
most logical field. N

A new symbolism, probably [J_osnmnal, must apparently Rre-
cede the reduction of mathematical transformations to machine
Frocesse,s. Then, on beyond the strict logic of the mathema-
ician, lies the application of logic in everyday affairs. We may
some day click off arguments on a machine with the_same assur-
ance that we now enter sales on a cash r_eglster. But the ma-
Ic_hmg of Ié)gllc will not look like a cash register, even the stream-
ined model.
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_ S0 much for the manipulation of ideas and their insertion
into the record. Thus far we seem to be worse off than before
" for we can enormously extend the record] yet even in its
present bulk we can hardly consult it. - This'is a much larger
matter than merely the extraction of data for the purposes” of
scientific research; it involves the entire process by which man
profits by his inheritance of acquired knowledge.” The prime
action of'use is selection, and here we are halting indeed. There
may be millions of fing thoughts and the account of the exi)en-
ence on which they are based, all encased within stone walls of
acceptable architectural form; but if the scholar can %et, at only
Ene a week b¥ diligent search, his syntheses are not likely to
eeg) up with the current scene. _

election, in this broad sense, is a stone adze in the hands of
a cabinetmaker. Yet, in a narrow sense and in other argas,
something has already been done mechanically on selection.
The personnel officer of a factory drops a stack “of a few thou-
sand employee cards info. a selécting machine, sets a code in
accordance with an established convention, and produces in a
short time .2 list_of all employees who live in Trenton and
know Spanish.  Even such devices are much too slow when it
comes, Tor example, to matching a set of fm?e_rprmts with one
of five million on file. ~Selection devices of this sort will soon
be speeded up from their present rate of reviewing data at a
cw hundred a minute. By the use of photocells and micro-
film they will survey items at the rate of a thousand a second,
and will"print out duplicates of those selected.

This. process, however, is simple selection: it proceeds. by
examining in turn every one of a large set of items, and by pick-
ing out those which have certain specified characteristics. “There
i another form of selection hest illustrated by the automatic
telephone exchan?e._ You dial a number and the machine
selects and connects just one of a million passible stations. It
does not run over them all. It pays attention only to a class
given by a first digit, then onIY to a Subclass of this given by the
Second digit, and 'So onj and thus proceeds rapidly and afmost
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unerringly to the selected station. It requires a few seconds to
make the"selection, although the Process could be speeded up
If increased speed were economically warranted.  1f necessary,
it could be made extremely fast by Substituting thermionic-tutie
switching for mechanical “switching, so that the full selection
could be made in one one-hundredth of a second. . No one
would wish to spend the money necessary to make this change
mhthe telephone system, but the general idea is applicable else-
where.

Take_ the prosaic problem of the great department store.
Every time a charge sale is made, therg are a number of things
to be’done. The Tnventory needs to be revised, the salesman
needs to be given credit for the sale, the general accounts need
an entry, and, most important, the customer needs to be
char%ed. A central records device has heen developed in which
much of this work is done_conveniently. The. salesman places
on a stand the customer’s identificatiori card, his own card, and
the card taken from the article sold—all punched cards. When
he pulls a lever, contacts are made through the holes, machin-
ery at a central point makes the ne_cessar¥ computaﬁons and
enitries, and the proper receipt is printed tor the salesman to
pass to the customer, _ _

But there may be ten thousand charﬂe customers doing busi-
ness with the store, and before the fufl operation can bé com-
pleted someone has to select the right card and, insert it at the
central office, . Now rapid selection can slide just the proper
card into position in an instant or two, and return it afterward.
Another aifficulty occurs, however. Someone must read a total
on the_card, so thiat the machine can add its computed item to it,
Conceivably the cards might be of the dry photography type |
have described. Existing totals could then be réad' by photo-
cell, and the new total entered by an electron heam. _

The cards may be in miniatdre, so that they occupy little
space.  They must move quickly. They need nof be transferred
far, but merely into position so that thie photocell and recorder
can operate on'them. Positional dots can enter the data. At the
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end of the month a machine can readily be made to read these
and to print an ordinary bill. With tube_ selection, in which no
mechanical parts are irivolved in the switches, little time need
be occupied in bringing the correct card into use—a second
should suffice for the entire operation. The whole record on
the card may be made by magnetic dots on a steel sheet if de-
sired, instead of dots to be Observed optically, following the
scheme by which Poulsen long ago put speech on a magnetic
wire.  This method has the advantage of simplicity and ease
of erasure. By using photography, however, one can arran%e
to_progect the “record In e_nlargied_ form, and at a distance by
using the process common In television e(wmment.
{

One_can_consider rapid selection of this form and distant
projection for other purposes. To be able to key one sheet of
a million before an operator in a second or two, With the possi-

dity. of then addm? notes thereto, is su?(%estlv_e in many ways.
It might even be of use in libraries, buf that is another story.

t an&/) rate, there are now some interesting combinations possi-
ble. One might, for example, speak to & microphone, in the
manner, described in connection with the speech-controlled

ewriter, and. thus make his selections. It would certainl
%%t the usuamne glsean )

MEMEX INSTEAD OF INDEX

The real heart of the matter of selection, however, goes
eeper than a Ia? in the adoanon of mechanisms by librafies,
ora  °f development oJ_ewces for their use, ur_lne?,tl-
tude in getting.at the record is largely caused by the artificiality
°systems of indexing. When data”of any sort are placed in
stordge, they are filed alphabetically or numerically, and infor-
mation is found (when_ It is) by tracing it down from subclass
to subclass, It can be in only one place, unless duplicates are
used: one has to have rules s to which path will locate it, and
t e rules are cumbersome, Having found one item, moreover,
one_has to emerge from the s¥stem and re-enter on a new path.

The human mind does not work that way. It operates by
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association. With one item in its grasp, it snaps instantly to the
next that is suggested by the association of thouc_ihts, in"accord-
ance with some Intricate web of trails carried by the cells of the
brain. It has other characteristics, of course] frails that are not
frequently followed are prone to fade, items are not fully per-
manent, memory is transgtor}/. Yet the speed of action, the
intricacy of trail$, the detail of mental pictures, is awe-inspiring
beyond“all else in nature.

. Man cannot hope fully to duplicate this mental process arti-

ficially, but he certainly ought to be able to learm from it.
In minor ways he may even improve, for his records have rela-
tive permanency. The first idea, however, to be drawn from the
ana_Io&;y concerns selection. Selection by association, rather than
by indéxing, may yet be mechanized. "One cannot hope thus to
egual the spee_d and flexibility with which the mind follows an
associative trail, but it should be possible to beat the mind de-
cisively in regard to the permanence and clarity of the items
resurrécted from storage.

Consider a future device for individual use, which is a sort
of mechanized private file and library. 1t needs a name, and,
to coin one at random, “memex” will ‘do. A memex is a device
in which an individual stores all his books, records, and com-
munications, and which is mechanized so that it may be con-
sulted with exceedlng% SR_eed and flexibility. 1t is an”enlarged
Intimate supplement 1o his memory.

It consists of a desk, and while it can presumabIY be oPerat_ed
from a distance, it is primarily the piece of furniture at which
he works. - On the top are slanting translucent screens, on which
material can be projected for convenient reading. There is a
keyboard, and sets of buttons and levers. Otherwise it looks
like an ordinary desk.

In one end is the stored material. The matter of bulk is
well taken care of by improved microfilm.  Only a small part
of the interior of the memex is devoted to storage, the rest to
mechanism.  Yet if the user inserted 5,000 pages of material
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a dag it would take him hundreds of years to fill the repository,
S0 he can be profligate and enter matérial freely. o

Most of the memex contents are purchased on microfilm
ready for insertion. Books of all_sorts, pictures, current peri-
odicals, newspapers, are thus obtained and dropped into place.
Business correspondence takes the same path. And there is pro-
vision for direct entry. . On the top of the memex is a trans-
parent platen. On this are placed longhand notes, photo-

raphs, memoranda, all sorts of things. When one is in' place,

e depression of a lever causes it tobe photographed onto the
neﬁt] bEank sgace in a section of the memex film, dry photog-
raphy being employed. _

There is, of course, provision for consultation of the record
by the usual scheme of indexing. If the user wishes to consult
a"certain hook, he taps its code on the keyboard, and the title
page of the book promptly appears before” him, projected onto
one of his viewing positions.” Frequently-used codes are mne-
monic, o that he ‘seldom consults his code book; but when he
does, a single tap of a key projects it for his use. Moreover,
he has s_uHPIementaI levers, On deflecting one of these levers
to the right he, runs through the book before him, each page in
turn being projected at a Speed which just allows a recognizing

lance at"each. If he deflects it further to the right, he steps
rough the book 10 pages at a time; still furtherat 100 pages
Bgc?(vt\;gr]s Deflection {0 the left gives him the same confrol

A special button transfers him immediately to the first page
of the index. Any given book of his ll_brar% can thus be called
up and consulted with far greater facility than if it were taken
trom a shelf.  As he_has Several projection positions, he can
leave one jtem in position while he calls up another. He can
add marginal notes and comments, taking advantage of one
possible type of dry photographr, and it could even bé arranged
5o that he can dothis by a stylus scheme, such.as is now ém-
plo?;ed in the telautograph seen in railroad waiting rooms, just
as though he had the physical page before him.
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ENDLESS TRAILS

All this is conventional, except for the Pro;fectlon forward of
present-ciay mechanisms and gadgetry. It affords an immedi-
ate step, however, to associative indexing, the basic idea of
which Isa provision whereby any item may be caused at will to
select immediately and automatically another. This is the es-
sential feature of ‘the memex. The process of tying two items
together is the important thing.

When the user is building a trail, he names it, inserts the
name in his code hook, and taps it out on his keyboard. Before
him are the two items to be }omed projected onto adjacent
viewing positions. At the bottom of each there are a number
of blank  cocle. spaces, and a pointer is set to indicate one of
these on each item. The user taps a single key, and the items
are permanently_joined. In each code space appears the code
word. Qut of View, byt also in the code sRace, IS inserted a set
of dots for photocell viewing; and on each item these dots by
their positions designate the index number of the other item.

Thereafter, at any time, when one of these items is in view,
the other can be instantly recalled merely by tapping a button
below the correspondingcode space. Maredver, wheén numer-
0us items have been thus joined toglether to form a trail, they
can be reviewed in turn, rapidly or Slowly, by deflecting a lever
like that used for turning the pages of a'book. It is exactly as
th_ou?h the physical items had Teen gathered to?ether from
widely separated sources and hound together to Torm a new
book.” It 'is more than this, for any itém can be joined into
numerous trails. - _

The owner of the memex, let us say, is interested in the
orlgln_ and Rropertles of the bow and arrow. Specifically he is
stu ymg Wi % the short Turkish bow was apﬁarently stiperior
to thie English long how in the skirmishes of the Crusades. He
has dozens, of p053|bIY pertinent books and articles in his
memex,  First he runs through an encyclopedia, finds an inter-
esting but sketchy article, ledves it projected. Next, in a his-
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tory, he finds another pertingnt item, and ties the two together.
Thus he goes, building a trail of many jtems. Occasionally he
inserts & comment of "his own, either ||n|_<|n? it into the main
trail or joining it by a side trail to a particular item. When it
becomes evident that the elastic Propertles of available mate-
rials had a %[eat deal to do with the bow, he branches off on a
side trail which takes him through textbooks on elasticity and
tables of ph?]/_smal constants.  He inserts a page of longhand
analysis of his own. Thus he builds a trail”of his interest
through the maze of materials available to him.

And his trails do not fade. Several years later, his talk with
a friend turns to the queer ways in which a people resist innova-
tions, even of vital interest. “He has an example, in the fact
that the outranged Europeans still failed to adopt the Turkish
bow. In fact h& has a trail on it. A touch brings up the, code
book. Tapping a few keys projects the head of the trail. A
lever runs' thfough it af will,"stopping at interesting items
?omg off on side xcursions. It is an' Interesting trail, pertinent
0 the discussion. So he sets a reproducer in action, photo-
?raphs the whole trail out, and passes it to his friend for inser-
|oq in his own memex, there t0 be linked into the more gen-
eral trail.

HORIZONS UNLIMITED

‘Wholly new forms, of encyclopedias will appear, ready-made
with a mesh of associative trails running through them, read
to be dropped into the memex and there amplified, The law-
yer has at his touch the associated opinions and decisions of his
whole_experience, and of the experience of friends and authori-
ties, The_Patent_attorne_ has on call the millions of issued
patents, with familiar trails to every point of his client’s inter-
est, The physician, puzzled by a patient’s reactions, strikes the
trail established in studying an earlier similar case, and runs
rapidly through analogous “case histories, with side references
to the’ classics for the pertinent anatomy and histology. The
chemist, struggling with the synthesis of'an organic compound,
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has all the chemical literature before him in his laboratory, with

trails follqwmg the anal glles of compounds, and side trails to
their physical dnd chemical behavior. ~

The historian, with a vast chro_noloqlcal account of a peaple
parallels it with a skip trail which soPs only on the salient
items, and can follow_at any time con emporar}; trails which
lead him all over civilization at a particular epoch. There isa
new profession of trail blazers, those who find delight in the
task of establlshlng useful trails throu?h the enormous mass of
the commaon record.  The inheritance from the master becomes,
not only his additions to the world’s record, but for his disciples
the entire scaffolding by which they were erected.

Thus science may |mPIement the ways in which man pro-
duges, stores, and consults the record_of the race. It might be
striking to outline the instrumentalities of the futuremare
spectacularI)L, rather than to stick cIose_I(;j/ to methods and ele-
ments now known and undergoing rapid development, as has
been done here. Technical, difficulties of all sorts have been
ignored, certainly, but also ignored are means as yet unknown
Which may come any day t0 accelerate technical progress as
violently as did the advent of the thermionjc tube. I order
that thé picture may not be too commonplace, by reason of
sticking to, present-day patterns, it may be well to mention one
such possihility, not ‘to prophes%/ but merely to suggest, for
prophecy based on extension of the known has substance, while
3{J%gshecy founded on the unknown is only a doubly involved
All gur steps in creating or absorbing material of the record
proceed through one of the senses—the tactile when we touch
Keys, the oral when we speak or listen, the visual when we read.
IS"it not é)t?s,s)lble that some day the path may be established

Y’

more dire

. We know that when the eye sees, all the consequent informa-
tion is transmitted to the brain by means of electrical vibrations
in the channel of the optic nerve.” This is an exact ananPy with
the electrical vibrations which occur in the cable of a telévision
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set: they convey the picture from the photocells which see it to
the radio transmitter from which it is broadcast. We know
further that if we can approach that cable with_the proper
instruments, we do_not need to touch its we, can pick up those
vibrations by electrical indyction and thus discover and repro-
duce the scéne which is_being transmitted, just as a telephone
wire may be tapped for its méssage. _

The impulses which flow in the arm nerves of a tyﬁlst convey
to her fingers the translated information which reaches her eye
or ear, in"order that the fingers maY be caused to strike the
Proper, keys. Might not these currents be intercepted, either in
he_original form n which information is conveyed to the brain,
or in the marvelousl7y metamorphosed form in which they then
proceed to the hand’ _ _

By bone conduction we already introduce sounds into the
nerve channels of the deaf in order that they may hear. Is it
not possible that we may learn to introduce them without the
F_resent cumbersomeness of first transforming electrical vibra-
lons to mechanical ones, which the human mechanism prompt-
I){ transforms back to the electrical form? With a couple”of
électrodes on the skull the encephalograph now produces pen-
and-ink traces which bear some relation to the electrical phe-
nomena (iomg on in the brain itself. True, the record is un-
intelligible, éxcept as it points out certain Pross misfunctioning
of the"cerebral mechanism j but who would now place bounds
on where such,a thing may’lead? o

In the qutside world, all forms of intelligence, whether of
sound or sight, have been reduced to the form of varying cur-
rents in an glectric circuit in order that they may be transniitted.
Insice the human frame exactly the same Sort 0f process occurs.
Must we always transform to ‘mechanical movements in order
to proceed from one electrical phenomenon to another? It is a
suggestive thouﬁht, but it hardly warrants prediction without
losing touch with reality and immediateness.

Presumably man’s spirit should be elevated if he can befter
review his shiady past and analyze more completely and objec-
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tively his present problems. He has built a civilization so
complex that he needs to mechanize his records more fully if
he is to push his experiment to its logical conclusion and “not
merely become bogged down part way there by overtaxing his
limited memory. "His. excursions maY,be more”enjoyable if he
can reacquire the privilege of fo_r%e tmq the manifold things
he does not need to_have' immedjately at hand, with some &s-
surance that_he can find them agam If they prove important,

The applications of science have built’ man a well-supplied
house, and are_ teaching him to live healthily therein. ~They
have enabled him to throw masses of people against one another
with cruel weapons. The?/ may Yet allow him truly to encom-
pass the great record and to grow in the wisdom of ace experi-
ence. He may perish in contlict before he learns to wield that
record for his'true good. Yet, in the application of science to
the needs and desires of man, this would'seem to be a smgzularly
anortunate stage at which to terminate the process, or 1o lose
ope as to the outcome.
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3. APROGRAM FOR TOMORROW

In a letter dated November 17, 1944, President. Roosevelt
requested mY recommendations on the_following points;

,%1) What can be dong, consistent with military security, and
with ‘the prior approval of the military authorities, to”make
known to the world as soon as possible the contributions which
have been made during our war effort to scientific knowledge?

_(2) With particular reference to the war of science against
disease, what can be done now to organize a program for con-
tmumq in the future the work which has been done in medicine
and refated sciences? _

~(3) What can the Government do now and in the future to
aid research activities, by public and private organizations?

éb& Can an effective program be proposed for discovering
and developing scientific talént in American_youth so that the
continuing fyttre of scientific research in this count&y may be
aigru?red on a level comparable to what has been done during the

It is clear from President Roosevelt’s letter that in speaking
of science he had in mind the natural sciences, including biology
and medicine, and | have so interpreted his questions. Prog-
ress n other fields, such as the social sciences and the humarii-
ties, is likewise important: hut the, program. for science pre-
sented in my report warrants immediate attention. |

In seeking answers tq President Roosevelt’s questions | have
had the assistance of dlstm%mshed committees specially quali-
fied to advise in respect to these subjects. The committées have
ﬂ%ven these matters the serious attention they deserve; indeed,
they have regarded this as an opportunity to participate in shap-
ing" the policy of the country with reference to scientific re-
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40 Endless Horizons

search, They have had many meetm?s and have submitted
formal reports. | have been’in close fouch with the work of
the committees and with their members throu%hout. | have
examined all of the data they assembled and the suggestions
}htety submitted on the points raised in President Roosevelt’s
etter.

Although the report which | drew up is my own, the facts
conclusions, and recommendations are based on the findings of
the committees which have studied these questions.

A single mechanism for implementing the recommendations
of the Several committees is essential.” In Rroposmg such a
mechanism | have departed somewhat from the Specific recom-
mendations of the committees, but | have since heen assured
that the plan | am proposing is fully acceptable to the commit-
fee members. N

The pioneer spirit is still vigorous within this nation. Science
offers a largely unexplored hinterland for the pioneer who has
the tools for ‘his task. . The. rewards of such exploration for
both the nation and the individual are great. Scientific progress
is one essential key to our security as a nation, to our better
health, to more jolds, to a higher standard of living, and to our
cultural progress.

NATIONAL PROGRESS

We all know how much the new drug, penicillin, has meant
to our grievously wounded men on the grim battlefronts—the
countless lives it has saved—the incalcllable suffering which
its use has prevented. Science and the goreat practical genius of
this nation made this achievement possible. _

Some of us know the vital role which radar has played in
bringing the United Nations to victory over Nazi Germany
and "In “driving, the Japanese steadily back from their island
bastions.  Again it was painstaking scientific research over
mewhyears that made radar possible.

at we often forget are the millions of pay envelopes on a
peacetime Saturday night which are filled becadse new products
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and new industries have Prowded jobs for countless Americans.
Science made that possible, too. o
In 1939 millions of people were employed in industries
which did not even exist at the close of the last war—radio, air
COﬂdItIOﬂIn?, rayon and other synthetic fibers, and Rlastlcs_ are
examples of the' products of these industries. But these things
do not mark the end of progress—they are but the beginnifg
if we make full use of our sCientific resources. New manufac-
turing industries can be started and many older industries
strengthened and expanded if we continue to study nature’s
laws and apply new knovvledge to practical purposes.”
Great advances in.agriculture are also based upon scientific
research. Plants whicly are more resistant to disease and are
adapted to_short growing seasons, the prevention and cure of
livestock diseases, the contral of our insect enemies, better fer-
tilizers, and improved agricultural practices, all stem from
painstaking Scientific research. _
. Advances in science when put to practical use mean more
|o,bs, higher wages, shorter hours, more abundant crops, more
eisure for recreation, for study, for learning how to [ive with-
out the deadening drudgery vihich has_beer the burden of the
common man for a?es_ past.” Advances in science will also bring
higher standards of living, will lead to the prevention or curg
of " diseases, will _E)romote conservation of our limited national
resources, and will assure means of defense against ag?ressmn.
But to achieve these objectives—tg secure a figh lever of em-
ployment, to maintain d position of world leadership—the flow
gtfarrw]t% scientific knowledge must be both continuous and sub-
Our population increased from 75 million to 130 million
between 1900 and 1940. In some countries comparable in-
creases have been accompanied by famine, In this country the
Increase has been accompanied by more abundant food su%ply,
better I|vm?, more leisure, longér life, and better health. This
S, Iargfely, he product of three factors—the free play of initia-
tive Of & vigorous people under democracy, the feritage of
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grte,at natural wealth, and the advance of science and its appli-
cation.

Science, by itself, Frowdes no panacea for individual, social,
and economic ills. [t can be effective in the national welfare
only as a member of a team, whether the conditions be peace
or war. But without scientific progress no amount of achieve-
ment_in other directions can insure our health, prosperity, and
security as a nation in the modern world.

GOVERNMENT RESPONSIBILITY
It has been basic United States Policy that Government

should foster the opening of new frontiers.” It opened the seas
to clipper ships and furnished land for pioneers. Although
these frontiers have more or less _dlsaﬁpeared,_the frontier of
sclence remains. It is in keeping with the American tradition—
one which has made the United States great—that new fron-
tiers shall be made accessible for development by all American

citizens.

Moreover, since health, well-being, and security are proper
concerns of Government, Scientific progress is, and must be, of
vital interest to Government, Without scientific progress the
national health would deteriorate; without scientific progress
we could not hope for improvement in our standard of ,Ilvm(%
orfor an increased number of jobs for our citizens; and withou
scientific progress we could not have maintained our liberties
against tyranny. o
. From_early days the Government has taken an active interest
in scientific mattérs. During the nineteenth century the Coast
and Geodetic Survey, the Naval Observatory, the Department
of Agriculture, and the Geolo?mal Survey were established.
Throu%h the Land Grant Col e?_e Act thie Government has
supported research in state institutions for more than 80 years
on a gradually increasing scale. Since 1900 a large number of
scientific agencies have "heen established within”the Federal
Government, until in 1939 they numbered more than 40,
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~ Much of the scientific research done by Government a%enues
is intermeiate in character between the two types of work com-
monly referred to as basic and applied research. Almost all
Government scientific work has ultimate practical objectives
but, in many fields of broad national concern, it commanly in-
volves long-term investigation of a fundamental nature. Gen-
erally speaking, the_scientific agencies of Government are not
so concened with immediate Practlcal objectives as are the
|aboratories of mdustrY nor, on the other hand, are they so free
to explore an?{ natural phenomena withqut regard to possible
economic applications as are the educational and private re-
search institutions.  Government scientifi¢ agencies have. splen-
did records of achievement, but they are limited in function.

We have no natignal policy for science, The Government
has only begun to utilize ‘scierice in the nation’s welfare, There
is no body within the Government charged with formulating or
executing a national science policy. There are no stan_m[q
committees of the Congress devoted to this important subject.
Science has been in the Wings. It should be brou?ht to the cen-
ter of the stage—for in it lies much of our hope for the future.

There are argas of science in which the public interest is acute
but which are IlkeI% to be cultivated inadequately if left with-
out more support than will come from Prlvate surces.  These
areas—such as research on military problems, agriculture, hous-
mgi, public health, certain medical research, and research in-
volving expensive capital facilities beyond the, capacity of pri-
vate institutions—shauld be advanced by active Government
support.  To date, with the ,excePtmn of the_intensive war re-
search conducted by the Office of Scientific Research and De-
veIOﬁment, such support has been meager and intermittent.

The publicly and privately supported colleges, universities,
and research institutes are the centers of basic Tesgarch. They
are the wellsprings of knowledge and understanding. As long
as they are wPorous and healthy and their scientists are free
to pursue the fruth wherever it may lead, there will be a flow
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of new scientific knowledge to those who can apply it to prac-
tical problems in Government, in industry, or elsewhere.

‘Many of the lessons learned in the war-time application of
science Under Government can he profitably applied in peace.
The Government is peculiarly fitted to pefform certain func-
tions, such as the coordination and support of broad proi]rams
on problems of great national importance. But we must pro-
ceed. with caution in carrying over the methods which work in
wartime to the. very differént conditions of peace, We must
remove the rigid controls which we have had to impose, and
recover freedom of inquiry and that healthy competitive scien-
tific sglrlt 30 necessary for' expansion of thé frontiers of scien-
ce knowleage.

Scientific Fro?ress on a broad front results from the free play
of free intellects, working on subjects of their own, choice, in
the manner dictated b¥_ eir curiosity for exploration of the
unknown.  Freedom of inquiry must'be preserved under any
plan for Government support of science.

Note: Although Chapters 3 to 8 constitute a single unit) they
have been separated for the convenience of the reader.
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4: THE WAR AGAINST DISEASE

The death rate for all diseases in the Army, including the
overseas forces, was reduced from 14.1 per thousand in the
last war to 0.6 per thousand in World War 1.

Such ravaging diseases as.yellow fever, dysentery, typhus
tetanus, pneumonia, and meningitis have been all but conquered
by penicillin and the sulfa drugs, the insecticide DDT, better
vaccines, and_improved hygienic measures. Malaria has been
controlled,  There has been dramatic progress in surgery.

. The striking advances in medicine during the war were pos-
sible only because we had a Iar%e, backlog of scientific data ac-
cumulatéd through basic research in many scientific fields in the
years before the war. | _ _
~ Inthe last 40 years life expectancy in the United States has
increased from a9 to 65 years largely as a consequence of the
reduction in the death rates of infant$ and children: in the last
20 Years the death rate from the diseases of childhood has been
reduiced 87 per cent. o

#Diabetes has been brought under control by insulin, per-
nicious anemia by liver extracts; and the once wldeeread e-
ficiency diseases have been much reduced, even in the lowest
income groups, by accessory food factors and improvement of
diet. Notable advances have been made in the early diag-
r}?ms,of cancer, and in the surgical and radiation treatment of
the disease. _

These results have heen achieved through a great amount of
basic research In medicine and the preclinical Sciences, and b
the dissemination of this new scientific kn,owled?e through the
thsmans and medical services and public health agenCies of
he country. In this cooperative endeavor the pharmaceutical
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industry has played an important role, especially during the
war. All of the medical and public health groups share Credit
f(]gr tthese achievements; they form interdependent members
of a team.

Progress in combating disease depends upon an expanding
body 0f new scientific knowledge.

UNSOLVED PROBLEMS

As President Roosevelt observed, the annual deaths from
one or two diseases are far in excess of the total number of
American lives lost in battle during this war. A Iarqe fraction
of these deaths. in our civilian population cut short the useful
lives of our citizens. This is our present position despite the
fact that in_the last three decades notable progress has been
made in civilian medicine. The reduction in death rate from
diseases of childhood has shifted the emphasis to the middle
and old age %_roups, particularly to the _mallqnant_ diseases and
the degenerative processes prominent in later life, ~Cardio-
vascular disease, mcludmlg chronic disease of the kidneys, ar-
teriosclerosis, and cerebra hemorrha%e, now account for 45 per
cent of the deaths in the United States. Second are the in-
fectious diseases, and third is cancer. Added to these are many
maladies (for example, the.common cold, arthritis, asthma and
hay fever, p%ptm ulcer) which, though infrequently fatal, cause
inCalculable disability. _ o _

Another aspect of the chan(rnng emphasis is the increase of
mental diseases.  Approximately 7 million Rersons in the
United States are mentally ill: more than one-third of the hos-
P_I'[a| beds are occupied by such persons, at a cost of $175 mil-
ion a year. Each year 125,000 new mental cases are hos-
pitalized. _ _ _
_Notwithstanding great progress in lorolonglnq the span_ of
life and in relief Of Suffering,” much illness rémains for’ which
adequate means of prevention and cure are not yet known.
While additional Tphrsmans, hospitals, and health programs
are needed, their full usefulness cannot be attained unless we
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enlarge our knowledge of the human organism and the nature
of disease. Any extension of medical facilities must be accom-
Egar}lc%j by an eéxpanded program of medical training and re-
Discoveries pertinent to medical progresshave often come
from remote_and unexpected sources, and it is certain that this
will be true in the future. It is wholly probable that progress
In the treatment of cardiovascular disease, renal disease, cancer
and similar refractory diseases will be made as the result of
fundamental discoveries in subjects unrelated to those diseases,
and perhaps e_ntlreIK unexpectéd by the investigator. Further
progress requires that the entire “front of medicine and the
underlying Sciences of chemistry, physics, anatomy, biochem-
|s_tr>{, 0] ysmlogy, pharmacoloqy, bacteriology, pathology, para-
sitlogy, etc., bé broadly developed. _ _
. Progress in the war “against disease results from discoveries
grgigte]rcr%(s)te and unexpected fields of medicine and the underlying
Penicillin reached our troops. in time to save countless lives
because the Government coordinated and supported the E)ro-
gram of research and develoPment on the drug. The develop-
ment moved from the early aborator}/_ stage t0 Iarge-scale pro-
duction and use in a fraction of the time It would have taken
without such leadership. The search for better anti-malarials,
which proceeded at a moderate tempo for many years, has been
accelerated enormously by Government support during the
Aar. Qther examples can be cited in which medical progress has
een similarly advanced. In achieving these results, the Gov-
ernment has provided over-all coordination and support; it has
Innot dnlgtt_a%tetdoﬂow the work should be done within any cooperat-
Institution.
iscovery of new therapeutic agents and methods usually
results from hbasic studies in medicine and the underlying sci-
ences. The development of such materials and methods fo the
Point at which they. become available to medical practitioners
requires teamwork” involving the medical schools, the science
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departments of universities, Government, and the pharmaceuti-
cal industry. _Government initiative, su;l)port, and'coordination
can be very effective in this development phase.

Government initiative and suPport for the development of
newly discovered therapeutic materials and methods can reduce
the time required to bring the benefits to the public.

ACTION IS NECESSARY

The primary place for medical research is,in the medical
schools and  universities. In some cases coordinated direct at-
tack on special problems may be made by teams of investigators,
supp_lementlng similar attacks carried on by the Army, Navy,
Public Health Service, and_ other or?_amz_anons. Apart from
teaching, however, the primary  obligation of the medical
schools and  universities is to continue the traditignal function
of such institutions, namely, to provide the individual worker
with an opportunity for frée, untrammeled study of nature, in
the, directions and by the methods s,ngested by his interests
curisity, and imagination. The history of medical science
teachesclearly the“supreme importance of affording_the pre-
Par_ed mind Complete freedom for the exercise of initiative.
1 is the special province of the medical schools and. universi-
ties to foster medical research in this way—a duty which cannot
be shmted 10 Government agencies, industrial organizations, or
any other institutions.

Where clinical |nvest|?at|ons_ of the human_ body are re-
uired, the medical schools are in a unique position, because of
their close relationship to teaching hospitals, to integrate, such
investigations with the work of the departments of preclinical
science; and to impart new knowledge to Inhy5|C|ans in trammgi.
At the same time, the teaching hosgltas are_especially well
qualified to carry on medical research because of their clode con-
ne%lon with the medical schools, on which they depend for
staff and supervision. _
Between World War | and World War 11 the United States
overtook all other nations in medical research and assumed a
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position of world Iead_ershli)._ To 4 considerable extent this
progress reflected the liberal financial support from university
endowment income, qifts from individuals, and foundation
grants in the 20°s. The growth of research departments in
medical schools has been véry uneven, however, and in conse-
quence most of the important work has been done in a few
large schools. . This should be corrected b%/_ building up the
weaker institutions, especially in regions which now"have no
strong medical research activities. _

The traditional sources of supi)_ort for medical research,
largely endowment income, foundation grants, and private do-
nations, are diminishing, and there is no"immediate prosPect_of
a.change In this trend. ~Meanwhile, research costs have steadil
risen. “More elaborate and expensive egmpment IS required,
supplies are more costly, and the wages of assistants are higher.
Indystry is only to a limited extent a source of funds for basic
medical research. o _ N

It is clear that if we are to maintain the progress in medicine
which has marked the last 25 years, the Government should
extend financial support to basic medical research in the medi-
cal schools and in the universities, through grants both for re-
search and for fellowships. The amount which_can e effec-
tively spent in the first year should not exceed 5 million dol-
lars.” After a pro%ram IS under way perhaps 2o million dollars
a year can be spent effectively.
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5. THE PUBLIC WELFARE

_In the late war it became clear be?/ond all doubt that scien-
tific research is absoluteI}/ essential to national security. The
bitter and dangerous baitle against the U-boat was a hattle
of scientific techniques—and our margin of success was dan-
?_erously small. The new eyes which radar supplied to our
Ighting forces qmckIK evoked the de_veIoPment of scientific
countermeasures which could often blind them. This again
represents the ever continuing battle of techniques. . The V-|
attack on_London was finally"defeated by three devices devel-
oped during the war and used superblx, in the field. V-2 was
countered only by capture of the launching sites. .

The Secretaries of War and Navy recently stated in a joint
letter to the National Academy of Sciences: ~

“This war emphasizes threg facts of supreme importance to
national security: (1) powerful new tactics of defense and of-
fense are developed around new weapons created by scientific
and engineering research| (2) the competitive time element in
developing those weapons and tactics may be decisive, () war
Is increasingly total war, in which the armed services must be
_supplem?ntt_e by active participation of every element of civil-
lan population.

¢ _opmsure continued preparedness along farsighted techni-
cal lines, the research scientists of the country must be called
upon to continue in peacetime some substantia Pornon of those
types of contribution to national security which they have made
S0 effectively during the stress of the present war, . . .”

There must be more—and more adequate—military research
during peacetime, . We cannot again rely on our allies to hold
off the enemy while we struggle to cafch up. Further, it is
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clear that only the Government can undertake military re-
search; for it must be carried on in secret, much of it has no
commercial value, and it is expensive. The obligation of Gov-
ernment to support research on military problemsis inescapable.

Modern war requires the use of the most advanced scientific
techniques. Mang of the leaders in the development of radar
are scientists who before the war had been exploring the nucleus
°f the atom. While there must be increased emphasis on Sci-
ence in the future training of officers for both the Army and
Navy, such men_cannot he expected. to be specialists in ‘Scien-
tific research.  Therefore a professional partnership between
the officers in the Services and civilian scientists is necded.

The Army and Navy should continue to carry on research
and development in the improvement of current weapons.
For many years the National AdwsorY Committee for Aero-
nautics has ‘supplemented the work of the Army and Navx by
conducting basic research on the problems of ‘flight. There
should now e Permanent, civilian activity to_supplement the
lesearch work of the Services in other scientific fields so as to
carry on in time of peace some Pa_rt of the activities of the emer-
gency war-time Office of Scientific Research and Development.

Military preparedness, requires a permanent independent,
civilian-cgntrolled organization, having close liaison with the
Army and Navy, but with funds directly from Congress and
with"the clear power to initiate military research which will
supPIement and strengthen that carried ‘on directly under the
control of the Army and Navy.

One of our hopes is that there will be full emploklment, and
that the production of goos and services will serve to raise our
standard of living. We, do not know yet how we shall reach
that goal, but it s certain that it can be achieved only by re-
leasing the full creative and productive energies of thé Ameri-
can people.

Surely we shall not get there bg standm% still, merely by
taking ‘the same things we made before and selling them 4t
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the, same or higher prices. We shall not get ahead in inter-
national trade Unless we offer new and more attractive and
cheaper products.

. Where will these new products come from? How shall we
find ways to make better products at lower cost? = The answer
is clear” There must be a stream of new scientific knowledge
to turn the wheels of private and public enterprise. There
must be Plenty of men and women trained in science and tech-
nology, for upon them depend hoth the creation of new knowl-
ed%% and its application to practical purposes. . _

ore and better scientific research is essential to the achieve-
ment of our goal of full employment.

THE IMPORTANCE OF BASIC RESEARCH

Basic research is performed without thought of practical
ends. It results in general_knowledqe and an understanding of
nature and its laws. This general knowledge provides the
means of answering a large, number of important practical prob-
lems, though it may not'give a complete specific answer to any
one of them. Theé function of applied research is to provide
such complete answers. . The scientist doing basic research may
not be at all interested in the practical applications of his work,
Yet the further progress of industrial development would even-
ually stagnate If basic scientific research were long neglected.

One of the peculiarities of hasic science is the variety of paths
which lead to productive advance. Man¥ of the mast impor-
tant discoveries have come as a result of experiments under-
taken with very different purposes in mind. ~ Statistically it is
certain that important and highly useful discoveries will result
from some fraction of the undertakings.in basic science; but the
results of any one particular investigation cannot be predicted
with accuracy. L

Basic research leads to new knowledge. It provides scientific
capital. It creates the fund from which the practical a@ohca-
tions of knowledge must be drawn. _New products and new
processes do not appear full-grown. They are founded on new
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principles and new conceptions, which in turn are painstakingly
developed by research in'the purest realms of science.

Today, it"is truer than ever that basic research is the pace-
maker of technoIoPl_caI propress._ In the nineteenth century,
Yankee mechanical” ingenuity, building largely upon the basic
discoveries of European scientists, could greatly advance the
technical arts. Now the situation s different, o
A nation which, depends upon others for its new hasic scien-
tific knowled%e_wnl be slow In its industrial progress and weak
m its competitive position in world trade, regardless of its
mechanical skill. o

Publicly and privately supported colleges.and universities
and the endowed research institytes must furnish both the new
scientific knowledge and the trained research, workers. These
institutions are uniquely qualified by tradition and_by their
sRemaI characteristics t0 _ca_rr_)( on_ basic research. The)r are
charged with the reSpOHSIbIh){_ of conservm? the know ed?e
accumulated by the past, |mPar ing that know ed?e fo students,
and contributing new knowledge of all kinds. Tt is chiefly in
these Institutions that scientists may work in an atmosphere
which is relatively free from the adverse pressure, of conven-
tion,. pre!udlce,, or commercial necessity. - At their best they
provide the scientific worker with a strong sense of solidarit
and security, as well as a substantial degrée of personal intel-
lectual freedom. Al of these factors are of great importance
in the development of new knowledgi_e, since much of new
knowledge is certain to arouse opposition because of its ten-
dency to challenge current beliefs or practice. . _

IndustrY is generally inhibited by preconceived goals, by its
“wn clearly. defined standards, and by the constant pressure
°f commercial necessity. Satisfactory progress in basic science
seldom occurs under Conditions prevailing in the normal_in-
dustrial laboratory. There are Some notable exceptions, it is
true, but even in’such cases it is rarely possible to match the
Universities in respect to the freedom which is so important to
scientific discovery.
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Ta serve effectively as the centers of basic research these in-
stitutions must be strong and healthy They must attract our
best scientists as teachers and investigators. ~ They must offer
research opportunities and sufficient” compensation to enable
them. to compete with industry and government for the cream
of scientific talent. _ _
_ Durl,n? the past. 25 ){e_ars there has heen a great increase in
industrial research invo vm%_the application of Scientific knowl-
edge to a multitude of practical purposes—thus providing new
products, new industries, new Investment opportunities, and
millions of jobs. During the same period research within Gov-
ernment—a?am Iargely ap?lled research—has also been greatly
expanded. 1n the lecade from 1930 to 1940 expenditures for
industrial research increased from $1 16,000,000 to $240,000,-
000 and those for scientific research in Government_rose from
$24,000,000 to $69,000,000, During the same period expen-
ditures for scientific_research in the colleges and universities
Increased from $2,000,000 to $31,000,0007 while those in the
endowed research institutes declined from  $5.200,000 to
$4.500,000. These are the best estimates available. The fig-
ures have been taken from a varlet){_ of sources and, arbitrary
definitions have necessarily been applied, but it is believed that
they may be accepted as indicating the following trends:

a) Expenditures for scientific research by industry and Gov-
ernment—almost entirely a{)ghed research—have ‘more than
doubled between 1930 and 1940. Whereas in 1930 they were
i times, as Iarge as the research exgendnures of the colleges,
universities, and research institutes, by 1940 they were nearly
ten times as large. o _

(gb) While, expenditures for scientific research, in the colleges
and universities increased by one-half during this period, those
for the endowed research Institutes have slowly declined.

If the colle(]qes, universities, and research institutes are to
meet the rapidly. increasing demands of industry and Govern-
ment for new scientific knowledge, their basic research should
be strengthened by use of public funds.
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RESEARCH WITHIN THE GOVERNMENT

Although there are some notable exceptions, most research
conducted within Governmental laboratories is of an applied
nature. This has always been true and is I|keI¥ to remain 0.
Hence Government, like industry, is dependent upon the col-
leges, universities, and research ‘Institutes to expand the basic
scientific frontiers and to furnish trained scientific investigators.

Research within the Government represents an important
part of our total research activity and needs to be strengthened
and expanded.  Such exRansmn should be directed to fields of
inguiry and service which are of public importance and are not
adeti]uately carried on by private organizations. _

The most important single factor in scientific and technical
work is the quality of personnel employed, The procedures
currently followed within the Government for recruiting, clas-
sdying and compensatmg, such personnel place the Govern-
mént under a severe handicap in .com etm? with mdustr%/ and
the universities for first-class scientific talent.  Steps should
be taken to reduce that handicap.

In the Government the arran?ement Whereby the numerous
scientific agencies form parts of larger departments has hoth
advantages” and disadvantages. BUt the present pattern is
firmly established and there’is much to be said for it. There is
however, a very real need for some measure of coordination of
the common scientific activities of these agencies, as to both
policies and budgets, and at present no such means exists.

A permanent Science. Advisory Board should be created. to
consult with these scientific bureaus and to advise the executive
and legislative branches of Government as to the policies and
budgets of Government agencies engaged in scientific research.
This board should be composed of diSinterested scientists who
have no connection with the affairs of any Government agency.

INDUSTRIAL RESEARCH
The simplest and most effective way in which the Gover-
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ment can strengthen industrial research is to support hasic re-
search and to_develop scientific talent. _ _
The henefits of basic research do not reach all industries
equally or at the same speed. - Some small enterprises never re-
celve dny of the henefits., It has been suggested that the benefits
might be hetter utilized if “research clinics” for such enterprises
were to be established.  Businessmen would thus be able to
make more use of research than they now do. This proposal is
certainly worthy of further study. _
. One of the most important factors affecting the amount_ of
industrial research is the income-tax law. Govermnment action
in r,es(Pect to this subge,ct will affect the rate of technical progress
In industry. Uncerfainties as to the attitude of the Bureau of
Internal Revenue regarding the deduction of research and de-
velopment expenses are a“deterrent to research expendnure.
These uncertainties arise from lack of clarity of the tax law as
to the proper treatment of such costs. The' Internal Revenue
Code should be amended to remove present uncertainties in
re?ard to the deductibility of research and development expen-
ditures as current charges against net income, _
Research is also affected by the patent laws. They stimulate
new invention and they make it possible for ngw industries to
be built around new devices or new processes.  These industries
gnenerate new jobs and new progucts, all of which contribute to
e welfare and the strength of the country.
. Yet, uncertainties in the operation of the patent laws have
impaired the ability of small industries to translate new ideas
into processes and products of value to the nation. . These un-
certainties are, in part, attributable to the difficulties and ex-
pense incident to the operation of the patent system as it pres-
ently exists, These uncertainties are also attripytable to the
existence of certain abuses which have appeared in the use of
patents. The abuses should be corrected. They have led to
extravagantly critical attacks which tend to discrédit a basically
sound systen, _
It is Important that the patent system continue to serve the
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country in the manner intended by the Constitution, for it has
been 4 vital element in the industrial vigor which has distin-
quished this nation. _ o

The National Patent Planning Commission. has reported on
this subject. In addition, a detdiled study, with recommenda-
tions concerning the extent to which madifications should be
made in. our Patent laws, is currently bemgz made under the
leadership of the Secretary of Commerce, It is recommended,
therefore, that_ specific action with reggard to the patent Jaws be
withheld [%endm the submission of the report devoted exclu-
sively to that subject.

INTERNATIONAL EXCHANGE OF INFORMATION

International exchange of scientific information is of growmq
uuportance.  Increasing specialization. of science will make |
more |mloortant than éver that scientists in this country keep
continually abreast of developments abroad. In addition a flow
°f scientific information constitutes one facet of general inter-
national accord which should be cultivated.

The Government can accomplish significant results in several
Ways: by al_dlng I the arrangement’ of international science
congresses, in the official ac_credltm(%_ of American scientists to
such gatherings, in the official reception in this country of for-
eign Scientists of standing, in. making ,oo_ssmle a rapid flow of
technical information, including translation service, and . pos-
sibly in the provison of international fellowships. —Private
foundations and other Proups partially fulfill some of  these
a%ra%lons at present, but their scope is incomplete and inade-

The Government should take an active role in promoting the
mternational flow of scientific information.

THE SPECIAL NEED FOR FEDERAL SUPPORT

We can no longer count on ravaged Europe as a source of
fundamental knowledge. In the past we have devoted much
°f our hest efforts to the application of such knowledge which
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has been discovered gbroad. In the future we must pay in-
creased attention to discovering this kn_owled?e for oursélves
Barncularly since the scientific”applications of the future will
e more, than ever deBendent upon such basic knowledge.

New impetus must be given to research in our country. Such
new impetus can come promptly only from the Government.
Expenditures for research in thé colléges, universities, and re-
search institutes will otherwise not be able to meet the addi-
tional demands of increased public need for research.

Further, we cannot expect industry adequately to fill the
Eap. Industry will fully rise to the challenge of pplying new

nowledge to new products. The commercial incentive Can be
relied upon for that. But basic research is essentially non-
commercial in nature. It will not receive the attention it re-
quL[es if left to mdu%try. .

or many years the’ Government has wisely supported re-
search in_thie ‘agricultural colleges and the henefits have been
?reat. The time has come when such support should be ex-
ended to qther figlds.

In providing Government support, however, we must en-
deavor to Rre_ser,ve as far as possible the private support of re-
search both in industry and in the colleges, universities, and
research Institutes. These private sourceS should continue to
carry their share of the fmarclmal burden,

I{ is estimated that an adequate program for Federal sup-
port of basic research in the colleges, urilversities, and research
Institutes and for_financing important applied research in the
public interest, will cost about 10 million' dollars at the outset
and may rise to about 50 million dollars annually when fully
under way at the end of perhaps 5 years.



6: RENEWAL OF SCIENTIFIC TALENT

The responsibility for the creation of new scientific knowl-
edge rests on that small body of men and women who under-
stand the fundamental laws of nature and are skilled in the
techniques of scientific research.  While there will always be
the rare individual who will rise to the top without benefit of
formal education and training, he is the exception and even he
mught make a more notahle Contribution if he had the benefit
of The best education we have to offer. | cannot improve on
President Conant’s statement that;

.. In every section of the entire area where the word sci-

ence may propérly be applied, the limiting factor is a human
one. We shall have rapid or slow advance in this direction or
in that depending on the number of really first-class men who
are en?aged in the waork in question. ... S0 in the last analysis,
the fu éjre of s enc?_ In this country will be determined by our
basic educational policy.
. It would be folly to set up a program under which research
in the natural sciences and medicing was expanded at the cost
of the social sciences, humanities, and other studies so essential
to natignal v_veII-ben}g This point has been well stated by the
Moe Committee as follows:

As citizens, as good citizens, we therefore think that we
must have in mind while examining the_question before us—
the discovery and develoPment of Scientific talent—the needs
of the wholé national welfare. We could not suggest to you
a_program, which would syphon into science and technol_og%y a
disproportionately Iar[ge share of the nation’s highest abilities,
without doing harm fo the nation, nor, indeed, without crip-
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one can select from the bottom those who will be the leaders at
the top because unmeasured and unknown factors enter into
scientific, or any, leadership. There are_brains.and character,
strength and health, happiness and spiritual vitality, interest
and motivation, and no one knows what else, that must needs
enter into this supra-mathematical calculus. _

“We think we probably would not, even if we were all-wise
and all-knowing, write you a plan whereby you would be as-
sured of scientific leadership at one stroke. “We think as we
think because we are not inferested in setting Ui) an elect. We
think it much the best plan, in this_constitutional Republic, that
opportumtz be held out to all kinds and . conditions of men
Wherehy, t_eY can better themselves. This is the American
way; this is the way the United States has become what it is.
We think it very important that. circumstances be such that
there be no ceilings, other than ability itself, to intellectual am-
bition. We think It very important thiat every boy and girl shall
know that, if he shows'that he has what it takes, the sky is the
limit. Even if it be shown subsequently that he has not what
it takes to fqo to the top, he will go furthér than he would other-
wise go if there had been a céiling beyond which he always
knew he could not aspire. _ _

¢ B% proceeding from point to point and taking stock on the
way, by giving further opportunity to those who show them-
selves yvorthE/ of further opportunity, by giving the most op-
portunity to those who show themselves Continually developing
—this 1S the way we propose. This is the American way: a
man works for what he gets.” _

Higher education in“this country is largely for those who
have the means. If those who have the means coincided entirely
with those persons who have the talent we should not be squan-
dering a part of our higher education on those undeserving of
It, nor neglecting great talent among those who fail to atfend
college for economic reasons. There are talented individuals
in every segment of the population, but with few exceptions
those without the means of buying higher education go without
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it. Here is a tremendous waste. of the greatest resource of a
nation—the intelligence of its citizens. _ _

If ability, and not the circumstance of family fortune, is
made to determine who shall receive higher education in Sci-
ence, then we shall, be assured of constaritly improving quality
at every level of scientific activity, .

We "have a serious deficit in"scientific personnel partlr be-
cause the men who would have studied science in the colleges
and universities have been serving in the Armed Forces. Ma,n%/
had begun their studies before thiey went to war. _Qthers wit
caRacny for scientific education went to war after finishing high
school.” The most immediate prospect of making, up, some of
the deficit in scientific personnel is by salvaging sCientific talent
from the generation in uniform. . For even if we should start
now to train the current crop of h|?h school graduates, it would
be 1951 hefore they would complete %radua,te studies and be
Prepared for effective scientific research. This fact underlines
he_necessity of salvaglng potential scientists in uniform,

The Armed Services should comb their records for men who,
prior to or during the war, have given evidence of talent for
science, and make prompt arranﬁements, consistent with current
discharge plans, for ordering those who, remain in uniform as
soon as mllltanly possible to"duty at institutions here and over-
seas where they can continue their scientific education. More-
over, they should see that those who study overseas have the
benefit of the latest scientific developments.

The countr_¥ may be proud of the fact that 95 per cent of boys
and girls of fitth grade age are enrolled in school, but the drop
In erirollment aftér the fitth grade is less satisfying. For every
1,000 students in the fifth grade, 600 are lost’to education be-
fore the end of high school, and all but 72 have ceased formal
education_before Completion of college. While we are con-
cerned primarily with methods of seleCting and educating h|%h
schoo| graduates at the college and h||gher levels, we caninot e
complaCent about the loss of potential talent which is inherent
in the present situation.
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Students drop out of schoal, college, and graduate schoal, or
do not et that far, for a variety of reasons: they cannot afford
to go.on; schools and colleges ‘orowdmg courses equal to their
capacity are not available locally; businéss and mdustr?]/ recruit
many of the most promising before they have finished the train-
ing of which they are caﬁa le. These reasons apply with par-
ticular force to science: the road.is long and experisive; it ex-
tends at least 6 years heyond high schiool: the percentage of
science students who can obtain first-rate training In institutions
near home is small. _ o _

Improvement in the ,teachlnlg of science, is imperative, for
students of latent scientific abifity are particularly vulnerable
t0 h[%h school teaching which fails to" awaken interest or to
provide adequate instriction. To enlarge the group of spe-
cially qualified men and women it is necessary to increase the
number who go to college. ~This involves’ improved high
school instruction, provision for helping individual talented
students to finish high school (primarily the responsibility of
the local communities), and opportunities for more capable,
prom|3|n%,h|gh school students to go to college, Anything
short of this means serious waste of higher education and neg-
lect of human resources.

T0 encoura%,e and enable a larger number of young men and
women of ability to take uP, sciénce as a cargef, and in order

radually to reduce the deficit of tramed scientific personnel,
it is recommended that provision be made for a reasonable num-
ber of (a) under?raduate scholarships and graduate fellow-
ships and” (b) fellowships for advanced traifing and funda-
mental research. The details should be worked out with ref-
erence to the interests of the several States and of the univer-
sities and colleges, and care should be taken not to impair the
freedom of the"institutions and individuals concerned.

_The program proposed by the Moe Committee would pro-
vide 24,000 undergraduate Scholarships and 900 graduate fel-
lowships and would cost about $30,000,000 annuallg when in
full operation. Each year under this program 6,000 under-
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graduate scholarships would be made available to high school
graduates, and 300 graduate fellowships would be Offered to
College graduates. Approximately the scale of allowances pro-
vided for under the educational pfogram for returning veterans
has been used in estimating the cost of this program.

The plan is, further, that all those who receive such scholar-
ships or fellowships in scignce should be enrolled in a National
Science Reserve and be_ liable to call into the service of the
Government, in connection with scientific or technical work in
time of war or other national emer%ency_ declared by Congress
or proclaimed by the President. Thus, in addition o the gen-
era] benefits to the nation by reason of the addition to its trajned
ranks.of such, a corps of Scientific workers, there would be a
definite benefit to the nation in having these scientific workers
on call in national emergencies. Thé Government would be
well advised to invest the money involved in this plan even if
the benefits to the nation were thought of solely—as they
are not—in terms of national preparedriess.
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1. RECONVERSION OPPORTUNITIES

We have been living on our fat. For more than five years
man¥ of our scientists fought the war in the laboratories, in
the Tactories and shops, and at the front. We directed the
energies of our scientists to the development of weapons and
matgrials, and methods, on a large number of relatively narrow
projects initiated and controlled by the Office of Scientific Re-
search and Development and other Government agencies. . Like
troops, the scientists were mobilized and thrown into action to
serve their country in time of emergency. But they were di-
verted to a greatér extent than is generally appreciated from
the search for answers to the fundamental problems—from.the
search on which human welfare and progress depend. . This is
not a complaint—it is a fact, . The mobilization of science be-
hind the lines aided the fighting men at the front to win the
war and to shorten it; and it reSulted incidentally in the accu-
mulation of a vast amount of experience and knowledge of the
application of science to particular problems, much of which
can be put to use now that the war Is over. Fortunately, this
country had the scientists—and the time—to make this contri-
bution“and thus to advance the date of victory. _

Much of the information and experience acquired during the
war is confined.to the agencies that gathered it. Except to the
extent that military secUrity dictates otherwise, such knowledge
should e spread tpon the'record for the benefit of the public.

Thanks to the wise provision of the Secretary of War and the
Secretary of the Navy, most of the results of ‘wartime medical
research” have been published. The material still subject to
security classification should be released as soon as possible.
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It is my view that most of the remainder of the classified
scientific material should be released. as soon as s, practicable.
Most of the information needed by industry and in education
can_ be released without disclosing’ its embodiments in actual
military material and devices. Basically there is no, reason to
believe that scientists of other countries will not in time redis-
cover e\_/erythln?_ we now know which is held in secrecy. A
broad dissémination of scientific information upon which” fur-
ther advances can readily be made furnishes a sounder founda-
tion for our national security than a policy. of restriction which
would |m_Bede our,own ro(?ress although |mr§)osed in the hope
that possible enemies would not catch up with us. _

During the war it was necessary for selected qro,ups of  sci-
entists tg work on specialized problems, with rélatively little
information as to what other groups were doing and had done,
Working against time, the Office of Scientific_Research and
Development was obliged to enforce this practice during the
war, although it was réalized by all concerned that it was an
emergency ‘measure which prevented the continuous Cross-
fertilization so essential to fruitful scientific effort.

Our ability to overcome, ﬁoss,mle future enemies_ depends
upon scientific advances, which will proceed more rapidly with
diffusion of knowledge than under a policy of continued restric-
tion of knowledge ndw in our possession.

COORDINATION AND DISSEMINATION

In planning the release of scientific data and experience col-
lected In connection with the war, we must not overlook the
fact that research has gone forward under many auspices—the
Army, the Navy, the Office, of Scientific_ Research and Devel-
oPment, the National Advisory Committee for Aeronautics
other departments and agencies of the Government, educational
institutions, and many Industrial or%am_zatmns. There have
been numerous cases“of independent discovery of the same
truth in different places. To permit the release of information
by one agency and to continue to restrict it elsewhere would be

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



68 Endless Horizons

unfair in its effect and would tend to impair the morale and
efficiency of scientists who submerged individual interests in
the controls and restrictions of war.” _

A part of the information now classified which should be
released is possessed jointly by our allies and ourselves. . Plans
for release,of such iriformation should be coordinated with our
allies to minimize danger of international friction which would
result from sporadic uncontrolled release. _

The agency responsible for recommending the release of in-
formation from mllltarY classification should be an Army,
Navy, civilian body, well grounded in science and technology.
It should be comﬁetent to advise the Secretary of War and
the Secretary of the Navy. It should, moreover, have suffi-
cient recognition to secure” prompt and practical decisions. To
satisfy these considerations | recommend the establishment of
a Bodrd, made up equally of scientists and military men, whose
function would be to pass upon the declassification and to con-
trol the release for publication of scientific information which
Is now classified. _ _ o

The release of information from security regulations is but
one phase of the problem, The other is to provide for prepara-
tion of the material and its publication in a form and at a Prlce
which will facilitate dissemination and use. In the case of the
Office of Scientific Research and Development, arrangements
have been made for the preparation of manuscripts while the
staffs are still assembled and in possession of the records.

\We should get this scientific material to scientists everywhere
with qreat promptness, and at as low a price as is consistent with
suitable format. We should also get it to the men studying
ot\)/erseas so that they will know what has happened in their
absence.

It 15 recommended_that measures which will encourage and
facilitate the preparation and publication of reports be adopted
forthwith. by all agencies, governmental and private, possessing
scientific information released from security control.
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8: THE MEANS TO THE END

The Federal Government should accePt new responsibilities
for promoting the creation of new scientific knowledage and the
development”of scientific talent in our youth. In discharging
these responsibilities, Federal funds should be made availaole.
We have given much thought to the question of how plans for
the use of Federal funds may be arranged so that such funds
will not drive out of the picture funds from local governments,
foundations, and private donors. We believe that our proposals
will minimize that effect, but we do not think that it Can be
completely avoided. We submit, however, that the nation’s
need for more and better scientific research is such that the
risk must be accepted. o _

It is also clear that the effective discharge of these responsi-
bilities will require the full attention of some over-all agency
devoted to that purpose. There should be a focal point within
the Government for a concerted program of assisting scientific
research conducted outside of Government. Such an agency
should furnish the funds. needed to support basic research in
the colleges and universities, should coordinate where possible
research programs on matters of utmost importance to the na-
tional welfare, should formulate a national policy for the Goy-
ernment toward science, sho_uld_sPonsor the interchange of Sci-
entific information among scientists and laboratories both in this
country and abroad, and should ensure that the incentives to
research in industry and the universities are maintained.

There are within Government departments many groups
whose interests are primarily those of scientific research. "Nota-
ble examples are found within the Departments of Agricul-
ture, Commerce, Interior, and the Federal Security Agency.
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These ?roups are concerned with science as collateral and pe-
ripheral to the major problems of those departments. These
roups should remain where they are, and continue to perform
eir present functions, including the_support of agricultural
research by grants to the Land Gyant Colleges and Experiment
Stations, since their largest contribution lies in applgmg funda-
mental knowledge to the special problems of the departments
within which the¥ are established. _

By the same token these groups cannot be made the repository
of the new and large responsibilities in science which belong to
the Government and which the Government should accept.
The recommendations which relate to research within the Gov-
ernment, to the release of scientific information, to clarification
of the tax laws, and to the recovery and development of our
scientific talent now in uniform can be implemented by action
within the existing structure of the Government.  But nowhere
in the. Governmental structure receiving its funds from Con-
gress is there an agency adapted to supplementing the support
of basic research in the universities, in both medicine and the
natural sciences} adapted to supporting research on new weap-
ons for both Serwces[,)l or adaf)ted to administering a program
of science scholarships and fellowships,

A new agency should be established, therefore, by the Con-
gress for the purpose. Such an a%ency, moreover, should be
an independent agency devoted to the Support of scientific re-
search ‘and advanced scientific education alone. Industry
learned many years ago that_hasic research cannat, often be
fruitfully conddcted as an adjunct to or a_subdivisign of an
operan_n? agency. or deFartment. Operating a%enues have
immediate operatl_n? goals and are under constan Rre_ssure to

roduce in a tangible way, for that is the test of their value.
one of these conditions Is favorable to basic research. Re-
search is the exploration of the unknown and is necessarily spec-
ulative. It is inhibited by conventjonal aploroaches, traditions,
and standards. It cannot be satisfactorily conducted in an
atmosphere where it is gauged and tested by operating or pro-
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duction standards. Basic scientific research should not, there-
fore, be_placed under an operating agen%/ whose paramount
concern is anything other than research, Research will always
suffer when put in"competition with operations,

| am convinced that these new functions should be centered
in one agency.  Science is fundamentally a unitary thing, The
number of independent ag%enmes should be kept to a minimum.
Much medical progress, Tor example, will come from funda-
mental advances in chemistry. Separation of the sciences in
tight _comPartments, as would occur if more than gne agenc
were involved, would retard and not advance scientific kiowl-
edge as a whole.

FIVE FUNDAMENTALS

There are_certain hasic principles which must underlie the
program of Government sugport for scientific research and edu-
cation if such support is to be effective and if it is to avoid, im-
pairing the very things we seek to foster. These principles
are as follows:

E)ll) Whatever the extent of support ma%/ be, there must he
stability of funds over a period of years so that long-range pro-
grams may be undertaken.

(23 The agency to administer such funds should be com-
posed of citizens selected only on the basis of their interest in
and capacity to promote the work of the agency. They should
be persons of broad interest in and understanding of the peculi-
arities of scientific research and education.

(3) The agency should promote research through contracts
or grants to organizations outside the Federal Goveérnment. It
should not operate any laboratories of its own. _

(4) Support. of basic research in the public and private col-
leges, universities, and research institutes must leave the in-
ternal control of policy, personnel, and the method and scope
of the research to theinstitutions themselves. This is of the
utmost importance. _

(5) While assuring complete independence and freedom for
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the nature, scope, and methodology of research carried on in the
institutions receiving public funds, and while retaining discre-
tion in the allocation of funds among such institutions, the
Foundation proposed herein must be résponsible to the Presi-
dent and the Congress. Only thr,ough such responsibility can
we maintain the proper relationship Detween science and other
aspects of a democratic system. The usual controls of audis,
reports, budgeting, and the like should, of course, apply to, the
administrative and fiscal operations of the Foundation, ‘subject,
however, to such adjustments in procedure as are necessary to
meet the special requirements of research.

. Basic research is a long-term process—it ceases to be basic if
immediate results are expected on short-term s_upRort. Meth-
ods should therefore be found which will permit the agency to
make commitments of funds from current appropriations for
programs of five years’ duration or longer.  Continuity and
stability of the program and its support may be expected (a)
from the growing realization by the Congress of the benefits to
the publi¢’ from “scientific research, and "(b) from the convic-
tion which will grow among those who conduct research under
the auspices of the agency that good quality work will be fol-
lowed Dy continuing Supgort.

MILITARY RESEARCH

As stated earlier, miljtary preparedness requires a perma-
nent, independent, civilian-controlled or?amzatlon, haymgi
close liaison with the Army and Navy, hut with, funds direc
from Co_n?ress and the clear Power to Initiate military research
which will' supplement and strengthen that carried on directly
under the control of the Army and Navy. As.a temporary
measure the National Academy of Sciences established the Re-
search Board for National Securlt¥ at the request of the Sec-
retary of War and the Secretary of the Navy In order to avert
interfuption in the relations betiveen scientists and military men
after the termination of emergency wartime organization,

| believe that, as a permanent ‘measure, it would be appro-
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Prlate to add to the agency needed to perform the other func-
lons recommended the responsibilities for civilian-initiated and
civilian-controlled military research. The function of such a
civilian group would be primarily to conduct long-range scien-
tific research on military problems—Ileaving to the Services re-
search on the improvement of existing weapons. _

_ Some research on military problems should be conducted, in
time of peace as well as in"war, bK civilians independently of
the military establishment. It is the primary responsibility of
the Army“and Navy to train the men, make available the
Weagons, and employ_the strategy that will bring victory in
combat. The Armed”Services cannot be ex&ected t0 he experts
in all of the complicated fields which make it _possible for a
(f]r_eat nation to fight successtully in total war. There are cer-
ain kinds of research—such as research on the improvement of
existing weapons—which can best be done within the military
establiShment. However, the job of long-range research Ini-
volving application of the newest scientific discoveries to mili-
tary néeds should be the responsibility of those civilian scien-
tists in the, universities and in Industry who are best trained to
discharge it thoroughly and successfully. It is essential that
hoth kinds of research go forward and that there be the closest
liaison between the two' groups.

Placing the civilian m|l|tarY research function in the pro-
posed agenc% would bring.it into close relationship with a broad
program of basic research in both the natural sciences and medj-
ciné. A balance between military and other research could
thus readily be maintained.

The establishment of the new agency, mcludmg a civilian
military research group, should not be delayed by the existence
of the Research Board for National Security, which is a tem-
gorarY measure. Nor should the creation of the new agency
e delayed by uncertainties in regard to the postwar or%amza-
tion of our miilitary departments themselves. - Clearly, the new
agency, including a civilian military research group™ within it,
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can remain sufficiently flexible to adaPt its gperations to what-
ever may be the final organization of the military departments.

NATIONAL RESEARCH FOUNDATION

It is my judgment that the national interest in scientific re-
search and scientific education can best be promoted by the cre-
ation of a National Research Foundation.”

Purposes: The National Research Foundation should de-
velop.and promote a national policy for scientific research and
scientific education, should support”basic research in nonprofit
organizations, should develop™ scientific talent in American
youth by means of scholarships and fellowships, and should, by
contttract and otherwise, support long-range research on military
matters.

Members: Responsibility to the people, through the Presi-
dent and the Congress, should be placed in the Rands of, say
nine Members, wiio should be persons not otherwise connected
with the Government and not representative of any special in-
terest, who should be known as National Research Foundation
Members, selected by the President on the bagis of their inter-
est in and capacity to promote the purposes of the Foundation.
The terms of the Members should be, say, 4 years, and no
Member should be eligible for immediate réappointment pro-
vided he has served a full 4-year term. It should be arranged
that the Members first appointed serve terms of such length
that at least two Members are apﬁomted each succeeding year.
The, Members should serve without compensation but should
be entitled to their expenses incurred in the performance of
their duties. _ _
The Members should elect their own chairman annuallg.
. The chief executive officer of the Foundation should be a
director appointed by the Members. Subject to the direction
and supervision of “the Foundation Members (Iactlng as a
board), the director should d|scharge all the fiscal, legal, and
administrative functions of the Foundation. The director
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should receive a salary that is fully adequate to attract an out-
standing manto the post. . _

. There should he an administrative office responsible to the
director to handle in one_place the fiscal, legal, personnel, and
other similar administrative functions necesSary to the accom-
plishment of the purposes of the Foundation, "

With the exception of the director, the division members,
and one executive officer appointed by the director to administer
the affairs of each division, all employees of the Foundation
should be appointed under Civil Service regulations.

Organlzatlon: In order to accomplish the purposes of the
Foundation the Members should establish several professional
Divisions. to be responsible to the Members. At the outset
these Divisions should be: _ o

_Division of Medical Research; the function of this Di-
vision should be to support medical research. .

~Division of Natural Sciences; the function of this Divi-
sion should be to support research in the physical and

natural sciences, .

. Division of National Defensej it should be_the func-

tion of this Division to support long-range scientific re-

search on military matters. o

Division of Scientific Personnel and Education; it
should be the function of this Division to sui)port and to
supervise the grant of scholarships and fellowships in
science.

Division of Publications and Scientific Collaboration;
this Division,should be charged with encouraging the pub-
lication of scientific knowledge and promoting international
exchange of scientific information.

Each Division of the Foundation should be made up of at
least five mempers, appointed by the Members of the Founda-
tion. In making such appointrents the Members should re-
quest and consider recommendations from the National Acad-
emy of Sciences which should be asked to establish a new Na-
tional Research Foundation nominating committee in order to
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bring togFther the recommendations of scientists in all_ organi-
zations. "The chairman of each Division should be appointed by
the Members of the Foundation. _

The Division Members should be appointed for such terms
as the Members of the Foundation may determine, and may be
reappointed at the discretion of the Members. . They should
receive their expenses and compensation for their services at a
Eer diem rate of, say, $50 while engaged on business of the

oundation, but no division member should receive more than,
say, $10,000 compensation per year. _

Membership of the Division of National Defense should in-
clude in addition to, say, five civilian members, one representa-
tive designated by the Secretary of War, and one representa-
tive designated by the Secretary of the Navy, who should serve
without additional compensation for this duty.

Functions: The Members of the Foundation should have the
foIIowm% functions, powers, and duties: _

To Tormulate over-all policies of the Foundation.

To establish and maintain such offices within the United
States, its territories and possessions, as they may deem
Necessary. _ N _

To meet and function at any place within the United
States, its territories and possessions.

To obtain and utilize the services of other Government
agencies to the extent that such agencies are prepared to
rénder such Services. _

To adopt, promulgate, amend, and rescind rules and
requlations to carrg( out the provisions of the legislation
and the policies and practices of the_Foundation.

To review and balance the financial requirements of the
several Divisions and to propose to the President the an-
nual estimate for the funds required by each Division,
Appropriations should be earmarked for"the purposes of
specific Divisions, but the Foundation should be left dis-
%retéon with respect to the expenditure of each Division’s
unds.
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To make contracts or grants for the conduct of research
by negotiation without advertising for bids. _
And with the advice of the National Research Foundation

Divisions concermned— _ _

To_create such advisory and cooperatln% agencies and
councils, state, regional, or national, as in theif judgment
will aid in effectuating the purposes of the legislation, and
to pay the expenses thereof.

. To enter into contracts with_or make grants to educa-
tional_and nonprofit research institutions™ for support of
scientific research, _ _ o
~To initiate and finance in apﬁroprlate algenmes, institu-
tions, or organizations, research on problems related to
the national defense. _ o

To initiate and finance in_appropriate organizations re-
search projects for which existing facilities are unavailable
or inadequate, _ o

To establish, scholarships and fellowships in the natural
sciences including biology and medicine. _

. To promote the dissemination of scientific and technical
information and to further its international exchange.
_To support international cooperation in science by Pro-

viding financial aid for international meetings, associations
of scientific societies, and scientific research” programs or-

ganized on an international basis. _

~ To devise and promote the use of methods of improv-
ing the transition between research and its practical ap-
lication in industry. _

he Divisions should be responsible to the Members of the

Foundation for— S

Formulation of programs and policy within the scope of
the particular Divisions. _

Recommendation regarding the allocation of research
programs amon% research organizations.

ecommendation of appropriate arrangements between
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the Foundation and the organizations selected to carry on
the program. _

Recommendation of arrangements with State and Jocal
authorities in regard to cooperation in a program of science
scholarships ang” fellowships. _

Periodic_review of the quality of research being con-
ducted under the auspices of the particular Division and
revision of the program of support of research.

Presentation of budgets of financial needs for the work
of the Division. = o

_ Maintaining liaison with other scientific research agen-
cies, hoth governmental and private, concerned with"the
work of the Division. _

Patent Policy: The success of the National Research Foun-

dation in promoting scientific research in this country will de-
P_end to a very large degree upon the cogperation of organiza-
lons outside ‘the Government. _In making contracts With or
grants to such organizations the Foundation” should protect the
public interest adequately and at the same time leave the co-
operating organization with adequate freedom and incentive to
conduct Scieritific research. The public interest will normally
be adequately protected if the Government receives a royaItP/-
free license for qpvernmental purposes under ar%patents result
ing from work Tinanced by the Foundation. There should be
no obligation on the research institution to patent discoveries
made asa result of sugport from the Foundation. There should
certainly not be any absolute requirement that all rights in such
discoveries be assigned to the Government, but it should be left
to the discretion of the director and the interested Division
whether in special cases the public interest requires such an as-
signment. Legislation on this_point should leave to the Mem-
bers of the Folndation discretion as to its C}oaten_t policy in orcler
that patent, arran%emen,ts may be adjusted as circumstances and
the public interest require. _

Special Authority: In order to insure that men of great com-

petence and experience may he designated as Members of the
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Foundation and as members of the several professional Divi-
sions, the legislation creating the Foundation should contain
speuﬁc authorization so that the Members of the Foundation
and the, Members of the Divisions may also engage in private
and gainful employment, notwithstanding the™ provisions of
any other laws: provided, however, that no compensation for
such emplo?{me_nt IS received in an¥ form from any profit-
making institution which receives funds under coritract, or
otherwise, from the Division or Divisions of the Foundation
with which the individual is concerned. In normal times, in view
of the restrictive statutory prohibitions aqamst dual interests on
the part of Government officials, it would be virtually impos-
sible to persuade persons having private employment of any
kind to serve the Government in"an official capacity. In order
however, to secure the part-time services of the mast competent
men a5 Members of the Foundation and the Divisions, these
stringent prohibitions should he relaxed to the extent indicated.
. Since research is unlike the procurement of standardized
items, which are susceptible to competitive b|dd|nlq on fixed
specifications, the legislation_ creating the National Research

oundation should free the Foundation from the ,obhganon_ f0
prla_ce_ns contracts for research through advert|3|n1g or hids.

his is particularly so since the measure of a successful research
contract lies not in the dollar cost but in the qualitative and
quantitative contribution which is made to our knowledge. The
extent of this contribution in turn depends on the “creative
spirit and talent which can be brought to bear within a research
Iaborat0r¥. The National Research Foundation must, there-
fore, be Tree to place its research contracts or ?rants not only
with those institutions which have a demonstrafed research ca-
pacity but also with other institutions whose latent talent or
creative atmosphere affords promise of research success.

As in the case of the research sponsored during the war b%/
the Office of Scientific Research and Development; the researc
sponsored by the National Research Foundation should be con-

org/
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ducted, in general, on an actual cost basis without profit to the
Institution, fecelving the research contract or grant. . _
_There is one ofher matter which requirés special mention.
Since research does not fall within the category of normal com-
mercial or procurement operations which dre easily covered by
the usual contractual relations, it is essential that Certain statu-
tory and regulatory fiscal requirements be waived in the case of
research contractors.  For ‘example, the National Research
Foundation should be authorized by fe_ﬁ]lslatlon to make, modi-
fy, or amend conracts of all kinds with or without legal con-
sideration, and without performance bonds. Similarly, advance
Payments should he allowed in the discretion of the Director of
the Foundation when required.  Finally, the normal voucher-
ing requirements of the General Accounting Office with respect
to"detailed itemization or substantiation of vouchers submitted
under cost contracts should be relaxed for research contractors.
Adherence fo the usual procedures in the case of research con-
tracts will impair the efficiency of research operations and will
needlessly inCrease the cost of the work to the Government.
Without the broad authority along these lines which was con-
tained in the First War Powers Act and its implementing Ex-
ecutive Qrders, together with the special relaxation of voucher-
gﬁ_ requirements granted by the General Accounting Office, the
ice of Scientific Research and Development would have been
gra\_/ely handicapped in carrymg on research on milifary matters
uring the war.  Colleges and universities in, which” research
will be conducted principally under contract with the Founda-
tion are, unlike commercial institutions, not e_(iwpped to_handle
the detailed vouchering procedures and auditing technicalities
which are required of the usual Government contractors.
Budget: Studies by the several committees provide a partial
basis for m_akmg% an estimate of the order of magnitude of the
funds required to implement the proRosed progiam.  Clearly
the program should grow in a healthy manner from modest
beginnings. The following very rough estimates are given for
the first'year of operation after the”Foundation is drganized
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and operatierllgt and for the fifth year of operation, when it is

Fxpelcted that the operations would have reached a fairly stable
evel:
. Millions of dollars
 Activity First year Fifth year
Division of Medical Research $0  $20.0
Division of Natural Sciences 10.0 50.0
Division of Scientific Personnel and Edu-
catjon 7.0 290
Division 0f National Defense 10.0 20.0
Division of Publications and SCieific Cal-
|aboration 5 1.0
Administration 10 2.5
35 1225

ACTION BY CONGRESS

The National Research Foundation herein proposed meets
the urgent need of the days ahead. . The form of the organi-
zation suggested is the restlt of considerable deliberation. “The
form is inportant.  The very successful pattern of organiza-
tion of the National Advisory Committee for Aeronautics,
which has promoted basic research on loroblem_s of flight during
the {Jast thirty years, has been carefully considered in_propos-
ing the method_ of appointment of Mémbers of the Founda-
tion and in defining their responsibilities. Moreover, what-
ever program is established it is vitally important that it satisfy
the Five Fundamentals. _

Legislation is necessary. It should be drafted with great
care. “Early action is imperative, however, if this nation I to
meet the ¢ aIIen%e of science and fully utilize the potentialities
of science.  On the wisdom with which we brmg science to bear
against the problems of the coming years depends in large mea-
slire our future as a nation.
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It is not necessary for me to expound at length on the im-
portance of new weapons in modern warfare. “That point is
generally understood. Today it is evident to all thmklnq peo-
Ple that the evolution of new’ weapons ma)( determine not only
he outcome of battles, but even the total strategy of war. That
hag always heen true to some extent, but today the rate of evo-
|ution_of military weapons is much more_rapid than it has ever
been in the history of human conflict.  Tomorrow the impact
of new weapons may be even more decisive.
. The great changé in pace which science and technology have
introduced :nto warfare underlines the vital importance”of con-
tinuing an effective research on military Broblems, in times of
peace.” In the past, the pace of war has been sufficiently slow
S0 that this nation has never had to pay the full price of defeat
for its lack of preparedness. Twice we have just got by be-
cause WE were given time to prepare while others fou?h_t. In
1941 the margin was narrower than in 1914. The next time—
and we must keep that eventuality in mind—we are not likely
to be so fortunate. T

The speed and surprise with which great damage could be
done to_our fleet at Pearl Harbor is_only a mild ‘warning. of
what might happen in the future. The” new German flying
bombs and rocket bombs, our own B-29, and the many electronic
devices now in use which were unknown five years ago, are
merely. the forerunners of weapons which might possess over-
whelring power, the ability to strike suddenly, without warn-
ing, and without any adequate means of protection or retalia-
tion. . I do not medn that some methods of protection or_re-
taliation could not be developed. | mean only that we might
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not be given sufficient time within which to deveIoP those
means, once hogtilities had be?un before disaster overtook us.
s |mi)erat|ve, therefore, that we begin at once to prepare
mtelllgenty for the type of modern wa” which may confront
us with great suddenngss some time in the future. We all _hoBe
that no Such event will occur. We all hope that means will be
found to secure Be_ace_ among nations, and we are anxious to do
our full part in bringing about in due time an international or-
gam,zaﬂon and understandmag that will truly preserve peace,
Ut In the meantime we need to_keep our powder dry. More
specifically, we need to be effectively organized. _
| think 1t is clear that we must not™go back to either the
organization or the philosophy which prevailed with regard to
scientific research on military matters in the years between
1918 and 1939. Let me make myself fully “clear.  Many
admirable things were done by both the Armied Services and
civilian groups n those twenty-one years. Both the Army and
the Navy, for example, can be proud of some real technical ad-
vances during that period. - But that is not the whole story, To
?ne_t a full picture we must rememlfer also the neglect and the
istakes. "Of these there was a full quota. _
Yet, in my judgment, it is truly remarkable, that the Services
were able toaccomplish as much“as they did in the face of the
tremendous obstacles which beset themi on every hand in the
Peaceﬂme years. The fundamental difficulty, of course, lay in
he attitude of the American people towar O'oreparedness for
war. The American people were not prepared to build sound-
IK for war durln% times of peace. We cannot, therefore, exRect
the Services to Nhave accomplished what the people, by their
attitude, made it impossible to do. | might add, at this point,
that to the best of my own recollection, the Congress in those
Yearg re?ularly voted the research appropriations requested by
he Services. _ _
In addition to the attitude of the American people, however,
there were at least two. fundamental obstacles to a truly suc-
cessful program for military research inherent within the” Serv-
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ices themselves, First, and more important, was the internal
organization. of the Services.. That organization gave insuffi-
ciént recognition to science, its regu!r_ements or potentialities
as a phase of warfare. Second, in addition to the grganizational
difficulties, service personnel, by tramm%_ and tradition, did not,
by and large, appreciate either"the position which scientific re-
search must occupy or the contribution it could make to any
successful program’ for the national defense. .

The essential fact is that we failed during Feace to do as
much as we most assuredly should. Certain 0f the reasons for
that failure are obvious. ~ They should be cured with all the
vigor at our command. And it will require both vigor and
courage, for the roots of the trouble are deep. o

Since someone i certain to suggest that the answer lies in
extending our wartime organization into the peace, let me meet
that argument now. The argument has deceptive plausibility.
It is deceptive for two reasons. In the first place, no temporary
expedients, effective as they may be, can outlast the emergency
P_ressures which gave them being and vitality. War improvisa-
lons should he recognized for what they dre. In the second
Blace, no temporary Improvisation, excellent as it may be, can

e completely effective if the fundamental organization upon
which it is superimposed is either weak or unsound.

Under the pressures of war, our temporary expedients have
worked well. * It is not necessary for me to"describe in detail
these_temporary expedients. The Office of Scientific Research
and Development is one. It brought civilian scientists of the
very highest calibre into active participation on matters of mili-
tary research. It _?ave a civilian body reportln? directly to the
Président, authority and funds bothto supporf and 1o’ initjate
research on matters essential to the national defense.  Within
the Services there have been similar expedients. The% have
been explained by their responsible officers. The New Devel-
opments Division in the Army, under Brigadier General Wil-
liam A. Borden, and the Office of the Coordinator of Research
and Development in the Navy, under Rear Admiral J. A,
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Furer, are notable. Within the structure of the military itself
moreover, and reporting directly to the Joint Chiefs of Staff
is the Joint Committee on New Weapons and_Equipment, over
which it has been my privilege to preside. . This is the senior
staff body within the” military” organization itself on new weap-
ons and equipment. T

When a new emergency arises it ma¥ well be necessary to
Create new emergency organizations for. temporary action.
There is a great advantagé in_new organizations created for
explicit emergency purposés. They have not accumulated the
rigidity and formalism toward which all or%anlzatlons are like-
ly"to frend with the passing of time and when not under pres-
sure, They are_cut from Whole cloth, and the vigor of youth
ap;%}les to Organizations as well as to individuals. |

et the continuation of an emergency organization after the
emergency has passed is likely to oe &S great an error as the
failure to create it when needed. We should not mistake emer-
gency remedies for a permanent cure. .
_ NOr does the solution to the problem lie simply in the estab-
lishment of an agency through which the assistance of civilian
non-Governmental sclentists Can be made available to the Army
and Navy. The. Fartlupatlon of civilian scientists in the scien-
tific aspect of mi |ta%y problems is onIY one small portion of
the total Problem. The very heart of the problem of an ade-
quate postwar organization for the conduct of research and de-
velopment lies in the organization of the, War and Navy De-
Partments themselves. “Unless this major problem s reso-
utely faced and afflrmatlvelﬁ resolved,” the solution of the
peripheral problems (such as the form of organization for civil-
lan participation in military research) will not enable us to pre-
pare ourselves adequately Tor the wars which may come.

It may well be maintained that if the Army and the Navy
are properly organized, and if they approach’the problem of
science and” scientific research in the postwar era In a_sound
and thorough fashion, the enthusiastic. cooperation of civilians
will more readily follow. Even more important, a sound mili-
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tary_organization, which is receptive to the role of science and
of Civilian scientists, will enable an auxiliary civilian organiza-
tion to operate to maximum advantage. . The converse is equal-
ly true. No mere addition of an 3uxiliary civilian body’ de-
signed to aid the military effort will insuré adequate develop-
ment of weapons in timé of peace if the military organization
itself is unsound or unreceptive. .

This question of postwar or?amzatmn for military research
and development i an integral part,of the maij]or Guestion of
the over-all peacetime militdry organization of this country. It
seems to me that the surface of thie problem of adequate or ef-
fective organization for the defense of this country has only
been scratched. N

Since the over-all postwar military framework has not yet
been fixed, it is difficult for me to discuss the problem of or-
ganization for military research and deve_lo[nment in any ex-
Phcn way. Yet certain fundamental ﬁrmmp es seem clear. In
he hope that it may be helpful, I should' like to summarize
four of the important principles which, to my mind, should be
observed in any postwar organization for military research.

PLANNING AT THE TOP

(1)~ There must he adequate planning at the top both for
the' evolution of weapons and for the strategic use.of new

Weapons.

_A% the outset, | should make it clear that in this discussion,
which will involve some criticism of the military system, I dif-
ferentiate between the_ system and the officers who operate
under it. There is no infention on my part to criticize any of
the officers in whom this country has placed its conficence and
who are among the most able military leaders this country has
ever produced; These officers and men have performed most
effectively under a system which is not calculated to make the
most of science and technology in modern war.

_ | also want it clear beyond' all possibility of misunderstand-
ing or misconstruction that, in my judgment, the military and
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civilians, _workm? together, fought the technical aspect of the
late war in an effective partnership., On the scientific front, on
research and new weapons, thm%s in general went remarkably
well when we consider the great organizational handicaps un-
der _vvthlch we started and which, tosome extent, continued to
ersist,
P Military tradition, for example, has in the past, called for
planning jn terms only of existing weaPon,s._ Such. p_Iannl_n? IS
done in'view of all thg complexities of logistics, training, intel-
ligence, and personnel to fit into an over-all strategic program.
The failure fo_have at the top levels of the military organiza-
tion trained scientists and military leaders who plan‘in térms of
future weapons or weapons in process of evolution may be cost-
ly in terms of lives and battles. Of course, Iannm? for im-
Mediate camﬁalﬁ;ns must always be done in terms of existing
weapons.  The ong rang%e planning of a whole war, however;
must go further. It must be done in the terms of the evolution
of weaPon_s and strategy.. In the future, the presence or ab-
sence of this tyPe of planning at a high level may determine the
entire course Of war. . . _
Traditionally, the advanced military thinking on the im-
Brovement of "weapons and on new methods of combat has
een left to the lower echelons. The theory has been that
anr matter of sufficient importance will forcé itself up from
below upon its.own merits, and. demand the attention it de-
serves. There is, of course, a hasis for this ar%ument. Yet, the
course of modern war |s_so_Iar%eI¥ determined by the evolution
of new technigues that it is abso uteIY_ essential”that first-class
thinking be_done which combines military considerations with
the possibilities opened by technical progress. This thinking
can be dane only at the top. To proceed without it in @ modern
war is simply. not good enough. Progress, in complex tech-
nical matters’is slow enough i the facé of inertia. limited vi-
sion, obstln,acK, vested position, tradition, and all the other ills
that flesh is heir to without supen_mRos,mg the orﬂamzatlonal
handicap of making new thinking fig

t its way to the attention
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of the top level commanders who ought to be giving it affirma-
tive consideration,

Lest it be thou?ht that this is merely a matter of generalities,
examples can best be drawn_ from the first World " War. The
three great technical innovations of that war were tanks, poison
as, and aircraft. All three produced effects on the course of

e war, yet these were essentially temporary and local. If
sufficient ?rasp and vision had beenpresent to See possibilities at
the outset and prepare for full-scale Surprise use thorou%hl
followed up, there is little doubt that the war could have been
shortened, one Wa¥ or the other. In particular, tanks, in their
then crude form, but in the absence of air opposition or anti-
tank weapons, could undoubtedly have turned immobile trench
warfare into a war of movement at that time as well as later
had they heen exploited to the full instead of tentatively and
on.a shoestring. . To have brought this about would have re-
quired the combined vision of Mmilitary men with those who
understood the numerous possibilities of tracked vehicles. The
Procedure whereby enthusiasts, with a novel method, convinced
he HIPh Command sufficiently to overcome skepticism and ob-
tain a frial, could bring only $mall results; which it did.

. There is need for technical planning at the toi) not only to
ive affirmative direction and drive to new developments and
eir use; there is an almost equal need for such planning at

the top in order to coordinate the work of the several branches

of the Services, hoth in the development and in the use of the
netwdweapons in which more than one branch is directly inter-
ested.

Our present military and naval organizations were built for
much more static armament than we have today. In the days
of wooden,shli)s and iron men it was not_only Sufficient, it was
highly desirable, to place the full responsibility upon one officer
to"seé to it that those ships were soundly built, and upon an-
other to see that their guns were the bést that could be con-
structed. We have come a long way from that situation, hoth
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in techniques and_in organization; but our techniques have out-
run our orﬂanlzatlon for handling them.

It is still true and it will always remain true, that for the
effective performance of any or?amzathn, especially a military
organization, responsibility must be definitely assigned and ré-
spon3|b|I|t5{ and authority must ?o together. ~ This sound_prin-
ciple should never be départed Trom.” In the case of military
research, however, this sound principle has been departed from
by the Services themselves. "Whenever a new research pro-
gram or development appears which is not directly and entirely
within the cognizance. of a particular branch, there has been no
hody with responsibility and authority to direct and coordinate
the work of the several branches. It is essential that there be
such a person with power hoth affirmatively to direct new pro-
grams and to integrate existing programs”when they involve
more than one Bureau or Service branch. 7

Modern weapons call for complex Rrograms mvolvch]_ many
skills—so_much so that an item as humble as a flashlight if
designed for special operational use may find itself the victim
of overlapping jurisdictions and competing demands for control
over both its development and procurement. Today, a sm([JIe
complex unit of offense or defense, such as a radar-controlled
anti-aircraft installation, may cut across many of the traditional
branches of the m|I|tar{//serV|ce. A complexweapon on the or-
der of the German V-bombs might, for example, involve
Chemical Warfare if it were an incendiary, Air Forces if it were
borne by v_vm;{;s, Signal Corps if 1t involved cantrol devices,
Engineers. if it needed emi)lacemen_ts for_Iaunchmg, and Ord-
narice. -~ Similarly, a new type of mcendlalr:y bomd would in-
volve both. Chemical Warfdre and the Air Forces. Each has a
responsibility and each must be satisfied as to its own specifica-
tions, standards of safety, and performance. No_one branch
aees tt_he whole picture.” No one branch can give over-all

irection.

The requirements of modern war have outrun the erstwhile
satisfactory formal organization. Bureaus and Services can
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have responsibility for parts of a complex development, insti-
tuted and ordered from the top. but often no one Bureau or
Service can do the whole job itself. Nor in fact, can it be done
from the top unless some of the men in positions of great ay-
thority grasp the trends of science and its implications. This
they can'do only if science and its applications have bulked large
in their professional careers.

The_problem, therefore, is to provide some means by which
scientific and technical thinking of the highest calibre may fuse
with military thinking at the top level of command. A nimber
of things can and should be done to bring this about. The pre-
cise steps which must be taken will, of course, to.a large extent
depend_upon the ultimate framework of the m|I|tar¥ Organiza-
tion.  The full solution will, naturally, come slowly, particu-
Iarl%/ since the art of using scientific arid technical thinking as a
?ar _of top level planning will not ensue merely by providing
for its presence. There must be a conviction within the Serv-
ices that individuals must_ be so placed, Moreover, such indi-
viduals must be of the intellectual fiber and background to
enable_them to synthesize the two types of thought; military
and scientific, intd an integrated whole.

TECHNICIANS IN UNIFORM

- (2) ' The position of the technical man in uniform must he
improved.

FI)t IS not enou?h merel};_that technical and scientific planning
be done at the fevel of high command. The position of the
technical man should be improved throughout the length and
breadth of both the Services. Men in responsible positions
should have better technical training. ~ Conversely, “sound|
trained technical men should be eligible for high”command.
Lastly, broad or complex programs of research and develop-
ment’should have a status at a staff level. _

Under conditions of modern war a %ras, of broad technical
trends would seem to be as fine a qualitication, when combined
with indoctrination in the art of command, as an officer of the
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top rank could possibly have. Yet, the practice of the two
American Services seems. to_have been based on the assump-
tion that technical specialization is incompatible with high com-
mand. 1t is hard to see how this tradition ever arpse\ yet it
has certainly existed for a long period_ of time. It is reflected
in many ways: in the limited Courses in science given at West
Point and Annapolis, in the failure of the regulations on pro-
motion and selection for high command, to give due credit to
advanced scientific and technical accomplishment—in effect, the
road to high command lies through field command alone. As
an example, the Construction Corps of the Navy, although it
certainly” produced outstanding combat ships and . although it
attracted, while it existed, some of the finest minds in the Navy,
nevertheless did not furnish a corresponding quota of officers
to_positions of high command. The difficulty under which the
scientist labors s also reflected in the fact that research unsuc-
cessfully conducted places.a permanent blot on a miliary ca-
reer. It should be recognized, however, that in research hich
is forward looking and ‘advanced in nature, many failures are
the M)rlce, of one Success. _

en In uniform should receive better and more nearly fun-
damental scientific training. Provision should be made for
advanced scientific training of large numbers of officers either
at special Service schools or through a fuller utilization of ex-
isting colleges and universities. The War College idea is a
sound one. It should be extended to include an advanced mili-
tary college devoted to the evolution of weapons and its rela-
tion to strategy. It should bring together for training officers
of land, sea, and air. Its courses and problems should e tough
50 a to test and exert the best brain power. Successful com-
pletion of the course should (%lve an officer definite credit to-
ward promotion in the line that leads to great responsibility and
h|gP command. _ _

he Service schools themselves will want to bring new meth-
0ds of teaching and new subjects to their curricula.” They will
want to follow the moderntrend and give more attention to

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



92 Endless Horizons

expanding the horizons and broadening the mental grasp of
the officers-to-pe, . _ -

Until technical men in uniform are given better training and
until they find a readier route to pogitions of command; it is
certain that the top levels of our military command will not
grasp the full |mRI|cat|ons of military innovations and will not

e o_rqamzed to handle them to optimum advantage in some
nossible future highly technical war, We have, of course, to-
day some officers at "high levels with a technical hackground
and appreciation. The Trapid technical advance of air warfare,
and the constant peacetime association of the Navy with tech-
nical matters, inevitably has produced such individuals. =M
point, however, is that we must have many. more such individ-
uals and they must have a broader scientific preparation for
their responsibilities. _ _

The position of technical men in the Services suffers not only
from the failure to give a position of importance and respon-
sibility to skilled scientists and technicians, but also from' the
failure to qwe an independent and, important status to research
and technology itself. " In the Services, research is subordinated
8 incidental To the work of branches whose primary interests
and responsibilities are in other directions,

The Services have not yet learned—as industry was forced to
learn a_long time ago—that it is fatal to place™a research, or-

anization Under the produgtion department. In the Services,
it is still the procurement divisions who maintain the research
orﬂanlzatlons. The evils of this arrangement are many. Basi-
cally, research and procurement are incompatible. New devel-
opments are upsetting to procurement standards and procure-
ment schedules.. A procurement. group is under the constant
urge. to reqularize and standardize, particularly when funds
aré limited. Its primary function is to produce & sufficient sup-
ply of standard weaporis for field use. Procurement units are
Judged, therefore, by production standards.. Research, how-
ever, is the exploration 'of the unknown. It is speculative, un-
certain. It cannot be standardized. It succeeds, moreover, in
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virtually direct proportion to its freedom from performance
controls, production pressures, and traditional approaches.

. In the case of research, a scientist agrees to use.his hest efforts
in the solution of a particular problém and he is paid for the
effort and_talent which he_devotes to the job. Since research
Is speculative, a research scientist must be ﬁa|d—_or promoted—
whether or not he succeeds in solvmg the assigned problem.
In the case of procurement, on the other hand, one must fur-
nish a particular product to meet stated specifications and one s,
therefore, paid—or promoted—only for a product which satis-
fies those specifications. o

Moreover, a procurement unit is under constant pressure to

Broduce sufficient quantities of material for use on the far-flung

attlefronts and can make no adequate or special provision for
the prompt supply in small quantities of important new devices.
To be effective, new devices must be the responsibility of a
group of enthusiasts whose attentions are undiluted by other
and conflicting res?0n3|b|l|t|es. As it is now, with nedrly the
entire procurément scheme geared to the mass production of
great quantities of standardized equipment, the small special
0b becomes an orphan.

The union in the Services of the research and procurement
functions has one other unfortunate consequence. A procure-
ment unit which also is responsible for research is not anxious
either to use or to recqgmze the merit of developments. made
by those outside the unit. Human nature being what it is, and
it is, certainly no different inside military organizations from
outside, the result is to slow down the adoption”of devices which
first appear or are first suggested outside of the procurement
unit, "This may be particularly serious when we remember that
modern weapons may either ‘draw their comFonents from or
be, at least in part, the responsibility of severa comPetmg pro-
curement units—each of which is in a position to re
vance the_ progress of the other, S
. What is required is a separate organization within the Serv-
ices for research, for development, and for rapid procurement,

ard or ad-
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in experimental production, of small lots of new equipment to
be ysed for field testing, and in critical situations for actual use
a?amst the enemy. Such an organization must be in the hands
of trained enthusiasts, and,_althoth linked at all levels with all
branches of the Services, it should report directly to an officer
on the very top level of command who has the training, vision,
and com[Jetence to direct the broad formulation of néw weap-
ons and to_devise the techniques by which they should be em-
ployed. This will make it @ mairi staff function to coordinate
research, procurement and requirements—a éob which can be
done only by men who thoroughly understand all three.

INTERLINKAGE BETWEEN THE SERVICES

(3) ~ There should be a genuine scientific interlinkage be-
tween the two Services. _

It is hard to realize that there was a time not so long ago
when the two Services were complete_IP/ insulated from™each
other in certain technical areas. The failure of the two Services
to have technical cooperation at all levels was not only waste-
ful and short-sqhted from the point of view of technical prog-
ress,tbut harmful to adequate preparation for the defense of the
country.

_ Thg problem of technical interlinkage between the Services
is, of course, only incidental to the important, broader problem
of adequate interrelation between the Services on all Subjects.
That problem is one which should be explored very thorough-
ly. In whatever way adequate linkage between the Services
may be brought about, whether by a permanent Chiefs of Staff
organization “or otherwise, it is evident that such interrelation
must be extended to technical matters. o

_On this question_of mechanics, however, it is my personal
view that, in peacetime, the device of linking the two Services
with Jo!nf boards which report only to the two Services will be
ineffective.  Such Boards would hiave no one in a Rosmon of
authority to resolve the inevitable differences. The Boards
could operate only by unanimous consent. In wartime, how-
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ever, such an arrangement does manaﬁe to.work. The reason,
of course, lies in thé fact that, under the exigencies of war, men
will agree. In peace, there is no comparable stimulus to agree-
ment.” Moreover, operating on a hasis of aqreement throng
|

joint boards is contrary t0 the fundamental and ever va
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military principle that Some one person, must have the respon-
sibility; and the power, to resolve all differences.

The technical problems of the two Services are, of course,
not the same. Yet, there are broad areas in which they over-
lap. . The, fact that the problems and points of view” of the
Services differ to some extent would be a distinct advantage in
any interchange of ideas. . This cross-fertilization of ideaS be-
fween two groups, each with its own F_arncular set. of problems,
has long been established as an essential prerequisite to Success-
ful resgarch.  Scientific achievement on one set of problems can
often furnish the key to progiress on a broad front. _

. Adequate_interlin a?e will also avoid unnecessary duplica-
tion of facilities and effort, particularly when it comes to build-
ing large numbers of expensive devices. This does not mean,
however, that there should not he parallel programs within
the two Services. In the earIY stages of research and develoi)-
ment on any problem, paralle programs are essential, not only
to insure that all avenues of attack are covered, but because a
parallel approach affords the necessary stimulus of competition.
It keeps research scientists on their togs. Parallel effort is often
hlgw%/ economical in a long-range sense. |

‘Whatever interlinkage of the Services is ultimately pro-
vided, it should not be allowed to inhibit the esprit dé corps
and the pride in or%anlzatlon which is at the heart of much_ of
our military strength, We owe too much to the aggressive
fighting spirit of or Navy, of our Marines, of our Air Forces
and of our indomitable Infantrz to take any steps which would
reduce the justifiable price of belonging to unique, aggressive,
skilled, fighting organizations. The S|?n|f|cance of thé uniform
should ndt_be dildted in the name of economy. Rivalry. be-
tween Services and branches, extending even &s it sometimes

.org/
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does to absurdities, nevertheless is a real source of military
strength.
PARTNERSHIP WITH CIVILIAN SCIENTISTS

(4) . There should he some form of partnership between ci-
vilian scientists and the military. o N

An improved form of civilian collaboration with the military
on matters of mﬂ_ﬂarx research should be worked out. This
may be done within the Services themselves or outside of the
Services, by means of a_civilian scientjfic bodK with both the
power and the funds to initiate research. Both of these alter-
natives are worth a brief examination.

. The problem of working out within the Services a status for
civilian‘scientists and technical men is particularly acute. Amer-
ican practice has,been to insert such civilians at"various levels.
As a result, civilians have had to r_eﬂort directly to the uni-
formed personnel at the level to which they were attached. In
spite of notable individual exceptions, this practice does not at-
tratlct Imbto the Services scientific and technical men of the high-
est caliber.

American Rractme has also been to keep the civilian organi-
zations attached to the Secretaries small. They operate”pri-
marily to keep the Secretaries informed and especially in con-
nection with “procurement, to implement the policies of the
Secretar¥ i connection with the business affairs of the depart-
ment.  The philosophy, and it is a sound ong, is that the Sec-
retary will, determine” Internal ?ollmes and conduct external
relations with other agencies of the Government, but will not
interfere with the detdiled performance of essentially militar
matters.  Thus, in this country we do not find civilians operat-
ing important branches within’ the department and reporting to
the Secretary. _ _
British practice has been somewhat different, In the Admir-
alty, for example, there has long been a civilian structure, on
matters of finance and business; reporting.to_ the permanent
Secretary of the Admiralty. Separate ministries for procure-
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ment divide the business from the military affairs of Army and
Air Force up to the level of the Cabinet. In these circum-
stances, and under the pressure of war, there has heen a decided
trend toward the organization of research and developmental
matters in such a way that civilian research workers report
through civilian organizations to the top.

In this country during the late war the Office of Scientific
Research and DeveloPment, an _emeré;enc% agency, produced
some of the same results. 1t was linked to the uniformed Serv-
ices at all levels, but reported directly to the President. QSRD
also maintained sufficient mde_Pende_n_ce and initiative to insure
vigorous action, and to hold its civilian workers under civilian
gonttrol, which they understood and under which they worked

est.

One solution to the problem thus lies in the great expansion
of the offices of the Secretaries in time of peace, with a civilian
branch devoted to research and development.  This has its dis-
tinct advantages. It can be carried to the point where there is
a full structire, on basic research, on far-reachmg develop-
ments, in civilian hands, within the control of the department
itself, but in Rarallel with the current improvement of existing
weapons by the Bureaus and Services. The experience of the
British, and their further development of this scheme after the
war, will be worthy of serious study. The scheme is, however,
contrary to what has long been preivar American practice.

Another approach lies in revised organization within the
emstmgz branches of the Services so as to achieve more effective
use of their civilian employees. The emphasis should be on an
essential professional _Fartnershlp_between scientists and mili-
tary men. The conditions of civilian employment should ap-
proach, in opportunity for recognition, freedom of action, and
?r_oup esprit de corps, those of the better university and indus-
ral or?amzatmns, if scientific men of the highest caliber are
to be attracted.
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~ Arthird approach lies in e_xh)andin? and imPrqvin the Serv-
ices’ system of contracting wit ana e laboratories for research
tasks. It is important that contractors be given a free hand to
carry out their assigned tasks in accordance with their own con-
ce#mon of what should be done. In the last ar_lalrms, it is the
effort and the particular talent of the skilled civilian scientists
that should be sought. That effort and that talent will only
suffer if the Services seek to substitute their own ideas and in-
structions or the ideas and instructions of their lower echelons
for that of the skilled technical men in the contractor’s empll(?.
The research scientist is, after all, exploring the unknown. He
cannot be subjected to strict controls, nor can he be given de-
tailed instructions as to the solution of the problems which he
Is retained to solve.

Which of these or other approaches should be adopted by it-
self, or in combination with others, must depend in the ‘last
analysis on what our postwar military structure may turn out
to be, on whether the position of the scientist within the Serv-
ices is improved, and on whether the over-all or%anlzatlon for
research and development within the Services is adequate.

Regard_les_s of what the internal or_ganlzatlon of the Services
may De, it is desirable to have outside of the Services them-
selves a civilian bod%/_ with authority, and funds, to conduct re-
search on matters which have military significance.

Such a body would suRpIement the work of the Services with
the freshness of approach and independence of mind which are
invaluable to successful research. For nearly thlrtg years the
National Advisory Committee for Aeronautics has been such a
body. That Committee, of which it was my privilege to be
Chairman for several years, suPerws_es and directs the scien-
tific study of the problems of flight in the closest of coopera-
tion with both the Army and the Navy. If it had not heen
for this Committee, our” country would not have been in the
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strong position in which it found itself in aeronautical matters
at the beginning of the late war.

We must face up to the fact that although research on mili-
tary problems and military weapons is largely a military mat-
ter, 1t is not entirely so.” The job is primarily one for the
trained Professmnal_smentlst and engineer. It is a mistake to
believe that since science has military importance, scientific re-
search should be run exclusively by military men.

The two Services exist to fight. That is their primary rea-
son for being. In order to fight a modern war, the military
must draw upon industry, agriculture, science, and all the other
facets of our economy. Because industry, agnculture, and sci-
ence have vital military use does not mean, however, that they
should be made the exclusive responsibility of the military.

It is true that the Services have been charged with the de-
fense of our country. It does not follow from that premise,
however, that all aspects of the civilian economy which have
vital military significance should be the exclusive function of
the military. Not only would that be illogical, it would be a
great practical mistake. The military cannot be expected to he
experts in all the complicated fields which make it possible for
a great nation to fight successfully a total war. The job of
fundamental research can succeed” best if given to those best
trained to handle it,

Civilian science must clearly do the job, which by specialized
training it is equipped to do. " Civilian science cannot make its
true contribution, however, if its efforts are subject to the com-
g%lete direction of the m|I|tarY or if it has no independent funds.

he real answer to the problem, of course, is a partnership be-
tween the military and civilian scientists, But a true and effec-
tive partnership can come about only if both are equals in a
common endeavor. They must be equals and independent in
authority, in prestige, and in funds.
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| am so sure that the evolution of weapons is exceedingly
important in the conduct of modern war, 0 anxious to impress
this importance that we may be fully prepared for what may
lie ahead of us in the future, that I should add a word to be
sure | am not misunderstood. The weapon is an adjunct and
a tool only. 1t should be better than the tool in the” hands of
the enemy. But wars are fought by men. The fighting strength
of this country rests on many factors, and we will be strong
only as each element is strong. It rests on the skill of mili-
tary leaders, their ab|_I|tY_ to command, their readiness to ac-
cept aEpaJIlng responsibi |t?]/ which would crush men of weaker
fiber, their knowledge of their complex profession. It rests on
business men, on their patriotic willingness to take chances in a
common cause, on their ability to organize and manage_ com-
?_Iex affairs. 1t rests upon every laborer at the bench or in the
leld, upon their technical skills and their determination to sup-
port their sons in combat by supplying them fullx. It rests
upon the women of the country, as they endure the stress of
war, and as they encourage and support their men folk, and
carry on men’s work. It rests especially upon the men in the
ranks, upon their ruq%edness_of _bod?]/ and mind, upon their
fighting spirit, upon their belief in their cause as they come
to defineit. _

The scientists in war are merely one more group in a country
which fights. They have special skills and training, which can
be especially useful when intelligently applied, and which
should not be squandered. They are in no sense a privileged
classj they are just one more group in a democratic society,
ready and willing to put forth their best efforts in whatever
way will best serve the common cause. They are exceedingly
proud to have been full partners in the dangerous effort just
Bast, and they will stand ready to serve their country in peace
ty a(zdmg their bit to the national effort to maintain this coun-
ry strong.
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Development of systems for the control and utilization of
atomic energy is the” most |mEortant task ever faced by the
governments "of the warld. ~For the continued progress. of
Civilization, it is imperative that people be s_afeFuarde against
sudden destruction by atomic bombs. " |t is highly to be deSired,
for the betterment of living for mankind ever%/where, that the
great resources of useful power offered by further development
of atomic science become generally avaifable.

No more intricate and exacting problem was ever posed to
overnments than this one. It iS inherently comPIex because
e science of the atom is complex, The fdct that the deadly

military potentialities of the atomic bomb and the beneficent
industrial applications of atomic power are almost inextricably
intermixed complicates it further, The urge to prevent wars is
very strong in all minds, for we have just emerged from a ter-
rible war. ~ The desire to enjoy the bétter life promised by ap-
plications .of atomic power is Strong also. . Because the means
of produ_cmg this peaceful power can readily be converted into
an atomic pomb for destruction, the mechanism for world
peace and the mechanism for world control of atomic energy
are_profoundly interrelated. = Preventing war is a long tas

which must bé done bit by bit; so also s the development of
peaceful atomic power. The two must be related in our thinking.

In a nationalistic world, all peoples will seek to attain an
equal footln? with respect to_anything so powerful as atomic
energy. If the mechanism of world peace is available and is
strofg enough, peoples may be_expected to relinguish some-
thing of their traditional nationalism to attain that equal footing

101
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through international organization. If no dependable mech-
anism is available, a secret arms race in the surreptitious devel-
opment of atomic bombs may be foreseen. Any well thought
out plan for orderly progress toward the banishment of war
will start here, withthe prevention of such secret preparations.
The end of open preparations may then follow, to be followed
in turn by the end to war itself. “The start of the journey to-
ward this great gtoal i5 in such a seemingly simple thing as the
establishment of the complete flow of information—particularly
of basic scientific information—across national boundaries.

The three governments which shared knowledge and skill to
enable scientists to achieve the chain reaction and industry to
create the materials for the hombs that ended the war have
fittingly made the first move toward the establishment of mech-
anisms “for the_control of atomic energy and for the develop-
ment of peace for which that control is an essential requirement,
The declaration which grew out of the recent conference of
President Truman, Prime Minister Attlee, and Prime Minister
King is a very important document. It would have been im-
Portant simply as a declaration for a peaceful world. It is of
he very greatest importance because it chose the right path
to the goal, blocked out the journey into practical, sensible
stagles, and clearly mapped the crucial first marches. The
declaration is notable moreover because it entrusts to the United
Nations Organization this momentous international responsi-
bility, It is of the utmost importance that the member states,
espeual(ljy the great powers, upon whose co-operative effort
success depends, do all within their capacity to assure that suc-
cess. The way to international collaboration and control has
been opened. “But it will be a long way. As we progress along
it, the separate national states must Set their own’ houses in
order, establish internal systems of control, and thus bring into
being agencies which can sulp ort the international agency.

Eagerness to assure world peace is laudable enough. The
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reat hazard,is the kind of over_-eagerness which cannot endure

e long patient work which will be needed, and which there-
fore argues for quick answers, such as “outlawing” the atomic
bomb. Premature outlaer could well be disastrous, for it is
impossible to outlaw when there is no effectively supported law.
The first task_is to create this. A good start"has been made.
The best possible support which our government can b_rm(I;_ t0
that good start is the expeditious pasSage of sound legislation
for domestic requlation, and development of atomic energy.
During the Ieng_hy_i)enod necessary for creation of an inter-
national sxstem, it will be possible for this government not only
to enact the needed legislation but also to~operate, test, and if
necessary revise the domestic control s¥stem which that legisla-
tion establishes. By the experience qf o doing, we may well
secure experimental evidence that will be helpful in the per-
formance of the international task. _ o
. Moreover, the passage of suitable domestic control legislation
i urgently needed for pureQ/ domestic reasons. The"present
state of world affairs demands a strong United States. This is
no time to let delay d|35|[Jate our strentqth,_ to let doubt ang
indecision hamper the grea program of atomic science on which
we are well embarked, People are getting tired of hearing
about the atom, and_when people get'tired, they tend to turn
away from issugs. This is an_Issué which cannot in conscience
be S0 ignored. Between the first and second World Wars, the
United” States experimented with disarmament in an u_norgian-
ized world—to sad result, The sort of thinking which that
involved should Ion? ago have been discredited. If we are tg
do our fair share in the exacting, patient work of international
requlation, we must vigorously™ get at the domestic task now.
Though the ﬂroblem itSelf is great and new, it is susceptible of
solution by the same means Which have brought %overnments
Into being; gradually rendered them more efficient as agencies
for the %eneral_bet erment of man’s lot, and reached & high
Romt in the United Nations Charter, Those means are hard-
eaded analysis and honest good will. The first, used to the
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full in determining_our internal control system, will clear the
Waz for the second'in international affairs.” .

rom this point of view, then, let us consider general princi-
ples which legislation for internal control and development of
atomic energy should embody. _ _

The vast physical EJ(Iants, the stockpiles of materials, the
varied ap’(J/lhcatmns of knowledge which taken to%ether consti-
tute the Manhattan Engineer District belong nof to any man
or group of men, not to any corporation or ?rou? of corpora-
tions. They are the property of the people of the United
States through their government, in which are vested title to
the physical properties and patent rights covering the engineer-
Ing processes.  This is as 1t should be, for the power of this
development, for good or for ill, is too ([;reat to be otherwise
held. Legislation Tor the further control and the further ex-
tension of this development should fortify this condition. At
the same time, it should make proper provision for the active
{Jammpatlon of private individuals and"private corporatigns in
he further utilization of atomic energy, under sound regulatory
procedures embodied in a sensible licensing system.

For the years immediately before us, the deadly rather than
the beneficent power of atomlc_ener_?y will confinue to hold
first place in men’s minds. Unti] suitable and effectual means
for international control of military apPI|cat|ons of atomic
energy have heen established and proved, the atomic bomb will
continug to be a menace. Rigorous provisions for security
concerning military exploitation of atomic energy, therefore
will continue to bé essential, QOur experience here will be of
double value in the international effort, for it can become the
basis for provisions to eliminate from the war machinery of
nations not only atomic weai)ons but also other weapons néarly
as deadly, by which we should be s_er|ouslyr|mper|le in another
war if atomic bombs had never existed. To solve the problem
of the bomb is important in itself, and of greater importance
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still as a contribution toward solving the entire international
problem of war.

The manufacture of fissionable materials is by Ionqnodds the
most dangerous manufacturing process in which’men have ever
engaged. - The process is accompanied by the production of
radioactive hy-products as poisonous as the hasic material itself;
should the process used in producing power be ill mana([qed and
get out of hand it would produce a great and deadly volume of
such poisons.  Improper or incautious mani uIatln? of substan-
tial amounts of fissionable materials b{ inadequately trained or
irresponsible investigators is a danger fo the public Safety which
government must avert. Legislation for the internal control of
atomic energy would be shortsighted indeed if it did not make
thorough provision in this regard. _

No better illustration of the complexity of the atomic energy
problem can be had than the dilemma posed b}/ this need for
security and public-safety provisions as against the, need for
scientific freedom in thé further study and investigation of
atomic science.  Atomic ener%y as we riow know it and as we
have employed it in the making of atomic bombs came about
as a result of long and patient experimental mvesﬂpanon. |f
we are to press forward with the further development of atomic
science for employment in peaceful power installations, if we
are to explore to the full the beneficial possibilities in medical
use of the radioactive by-products of the fission process, if we
are to.go ahead with the search for pure knowledge in the field
of which our present atomic knowledge is but a small Part, We
must s arran?e controls that the research worker will possess
the right and the freedom to carry on his studies. _

A nice line. of distinction hence must be_ drawn in secuntY and
safety provisions, in order to make Poss_lble not only untram-
meled investigation but also the publication and shafing of re-
sults through ‘which alone can we be sure of the fully produc-
tive thought on which scientific advances are based. “The best
way of determining this line is to define the critical situation
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that trenches. on safety or security and provide for regulation
up to that point onI%/. _ _ _

The United Stafes is on record in favor of open doors in
laboratories throughout the world and has, declared its readi-
ness to open its own doors if others will do likewise. Our legis-
lation must be so drawn as to give substance to this declara-
tion.  Study of safety and security provisions must in addition
take into consideration such questions as whether we should
go beyond the declaration and open our laboratories before we
are sure this is world P,ollcy, and whether we should provide for
dissemination of our findings re?ardless of reciprocation.

. Extreme care in the formulation of the legislation, extreme
{udmmusness in the selection of men to administer the legisla-
tion once drawn, are essential if we are to insure against freez-
ing the science at its present stage, hamstringing further study,
and repelling able minds from this field. =~ ~ .

. Not at onte, but surel%/ In a reasonable time, it will be prac-
ticable for man to use the controlled energy of the atom for
direct peaceful purposes. Atomic energy as"a source of steam
power and of electric power will in due Course—and not neces-
sarily a long course—become available. If only because, the
best ‘way to Insure a(ialnst the existence of atomic bombs is to
separate and distribute their components in industrial installa-
tions, we should seek to bring about the industrial use of atomic
power at the earliest moment.

The foregoing five principles, it seems to me, must be prop-
erly recognized™in legislation for the domestic control and
development of atomiC science. Such legislation must insure
to the American People their control of plant and process, must
safequard knowledge of the military applications of atomic
enerqy, must propérly guard the physical well-being of the
people against the many"hazards to life and health which the
Investigation and production of atomic enerqy involve, must
provide for free and full research and interchange of knowl-
ed?e in this new and prom_mmg field, and must reckon with the
future task of putting fissionable materials to useful work.
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11: RESEARCH AND THE WAR EFFORT

One of the advantages of a democracy is that when it is en-
?aqled in a war, no one feels that everything should be con-
rolled by the military. There are great areas where civilian
organizations can operate to better advantage, and this is and
has been our accepted policy. The joints may creak at times,
and there is.bound to be confysion simply in,view of the enor-

d there is_bound to be conf ply fth
mous ma?mtude of the job involved, But in general we get
along faster when civilian organization producés the weapons
with“which the Army and Navy fight. The same advantages

th which the A d Navy fight. Th dvantag
may be cited for civifian research and deveIoEJ_ment, collaborat-
ing'closely with the armed services, and mee |n? their needs as
far as is physically possible, but acting with that flexibility and
freedom which come from Independent organization,

| believe, and 1 know that | am joined in this belief by most
of the men with whom | have worked closely in the past few
E/ears, that we qot on more rapidly and more effectively during
he late war inthe development and introduction of new weap-
ons under the form of Organization whereby civilian groups
supplemented the work of the Army and Navy than we would
have had the entire affair been closely under military control,
There are many reasons for this. Qne of them is the fact that
the ArmY, and” Navy were exceedingly busy with immediate
considerations. It would be difficult indeed “for a military or-
ganization to provide adequately for the long-range ‘view
While at the same time_carrying itS enormous responsibilities in
reqard to the battle which ma>r come inafew months.

feel sure that new and valuable ideas are much more likely
to come to fruition if they can develop their formative stages
among groups of independent scientists and engineers before
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being subjected to the nqors of military association. When we
are éngaged with skillfil and resourcéful enemies, we should
not at any point underestimate them. o

Certainly Germany had too long a history of scientific and
technical accom_i)llshment for us to underrate its possibilities in
applying its skill to the conduct of war. It is no secret that

ermany was fully engaged in the development of war tech-
nigues for a much’ longer time than the demacracies. Never-
theless, | helieve thatthe rigid military regime in Germany
was at a disadvantage, whenit came t0 thé development of
really new ideas, as compared with the United States, with its
Ingenuity and resources. | believe that this is especially true
in'view of the fact that the organization under which we" gper-
ated gave full rein to the in eﬂendent efforts of some of the
finest™scientists and engineers that the country has produced,
under conditions in which they. worked substantially in their
own way and in accordance with their chosen methods, but
toward 4 common end. _ _

But a demacracy in wartime has_certain handicaps also. Un-
fortunately, from”one point of view, our own country has a
strlkln% difficulty in adapting itself to modern war which is not
generally realizéd. We are a people who think in terms of mass
production.  This is excellent, and it constitutes one. of qur
g_re_atest factors of_stren?th. |t has, however, the distinct lia-

ility that we are likely To think in terms of freezing of designs
and F)_roductlon of great masses of standardized equipment, and
we think much less readily in terms of a rapidly changing tech-
nical situation. In modern war it is a serious thing to be Inflex-
ible in this regard. _

Weapon_s,are continually changing. . Some years ago | used
to meet military men who ook tfie point of view that once war
Wwas entered upon, th,e,flghtm_? would have to_be done by utiliz-
ing the instrumentalities avaifable at the beginning of the con-
flict. | have not heard this view expressed for quite a long
while now, Ever¥ phase of warfare Is changing and is chang-
ing radically, and the change is coming about primarily because
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the methods used are vastly different. The central problem,
therefore, in the effective conduct of war from this standpoint
is to be sure that our weapons are thoroughly up to date, This
involves a long chain of endeavor, beginning with scientific re-
search and engmee,rmg development, “and proceeding through
tests, procurement, installation, and the training of personnel, to
the final use in combat, If any one of these steps is not thor-
oughly and carefully taken, the end result will not be sufficient,

ut the process must be swift also, and mass mindedness is a
dangerous state for us unless we also keenly realize its dangers.

Under ordinary peacetime circumstances the progress from a
brand new idea to_its use in quantity by the public occupies at
least five years. There has to be research, development, and
engineering design. - There has to be design for ‘oroductlo_n_ and
user experience obtained under carefully controlled conditions.
Qut of this can come a well-engineered device adapted for pro-
duction in quantity to meet @ mass need in an economic man-
ner. Under ordinary peacetime conditions a company that is
introducing a new product will short-circuit this proper and
deliberate method at its peril, for large indeed are the penal-
ties of plun mg into quantity production before all of the loose
ends are tucked in. Yet intime of war we are faced with the
dilemma of_shortenln% this process or else being dangerously
behind the times.  Under the stress of war it is possible to com-
press the time scale somewhat. If it is compressed too much
and proper en meerm% is not accomplished, the results may
be very sad,  On the other hand, delay in getting new devices
into operation in time ma}/ have consequences that are dis-
astrous.  The attainment of a proper balance in this regard is
one of the most difficult problems confronting the mdustrY that
Produces the devices and the military groups that utilize them.

feel that on the whole we have done a remarkable job of at-
taining a just balance and | wish to emphasize strongly that the
matter can never receive too much consideration and attention
in a country such as ours, where all our normal peacetime habits
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lie along the lines of standardization and large-scale produc-
tion.
FORMATION AND FUNCTION OF OSRD

~In the progress of a new weapon, from the first idea to the
final use, engineers and scientitic men of professional grade
enter at many points. Notably they appear as a ﬁart of the
personnel of ‘the armed services themselves, and they appear
also in those services which _are_aumharK 0 manufac_turm? ef-
fort but none the less essential if the whole scheme is to func-
tion adequately. 1 shall not attempt to trace all aspects of
this matter by any means. | feel, however, that it will be worth
while to trace the phase that is concerned primarily. with the
development of the new weapon from the standpoint of the
government organization which was charged with this respon-
sibility in the late war. _ _
The scientists and engingers of this country were organized
under governmental alspices for the development 0f new
weaponS when in June, 1940, there was formed the National
Defense Research Committee, charged by the President with
the duty of research and development 0f new weapons and
instruments_ of war. The initial organization was relatively
small, but it grew to a considerable scale, In June, 1941,a
reorganization occurred and the Office of Scientific Research
and Development was formed by executive order. QSRD was
given the broad task of coordinating the efforts of scientists
and technical men in connection with’ many phases of the war
effort, but it was also given the definite char?e of pursuing
ag%resswe_ly the work that had already been started by NDRC]
and for this purpose NDRC was incarporated into its organiza-
tion. At the same time OSRD also was c_harged_wnh the car-
rying on of medical research closely associated with the prose-
cution of the war, and it did so through the efforts of the Com-
mittee on Medical Research which was a part of its organiza-

tion,
Toward the end of the war, OSRD was making expendi-
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tures at the rate of about $175,000,000 a year. In terms of
the over-all war cost this is not a large sum of money. It is,
however, a substantial sum when considered in termis of re-
search and development. OSRD operated entirely by con-
tracts with existing academic_ institutions, industrial” organiza-
tions, and government agencies, This method was designed
to utilize to the utmost available facilities and personnel and
to avoid, as far as it could be accomplished, the construction of
great new laboratories. About 2,260 contracts for the carrying
on of research, were entered into. Approximately 315 indus-
trial laboratories and 150 cqllet[qes and universities were en-
gaged in work on OSRD projects, and the number of men of
professional grade involved was in. the neqhborhoo_d of 6,000.

The way i which the organization functioned will, | think,
be of interest. There was the closest sort of interrelationship
with the Army and Navy at all levels. NDRC was broken
down into 18 megqr divisions concerned with various phases of
war research, and in many cases these in turn were subdivided
into sections. Each section was composed of scientists and engi-
neers who were specialists on some phase of the enormous
range of war instruments. Workm% closely with them_ were
officers from the Army and Navy who were also specialists in
the fields concerned, but who had in addition the war experi-
ence and the contact with tactical reasoning which is essential
for sound planning.. _ _

The research projects arose in the sections, usually by reason
of round-the-tahle discussion of the changing situationand the
need for improvement. Out of such disCusSions came usually
a definite request from either the Army or the Navy that
OSRD undertake a development alqng_a certain line.” The
section was charged with the duty of finding the best laboratory
for the conduct ‘of the work and the hest Personnel to carry it
on. After these considerations were met, the section then fec-
ommenced a contract for the accomplishment of the work. This
recommendation was reviewed by NDRC, and if the Commit-
tee approved, it passed the recommendation, together with its
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endorsement, to the director of OSRD, who authorized the
work to proceed.

The NDRC examined the oPeratmns of divisions through
the medium of small subcommittees, and by bringing before” it
the chiefs of the several divisions.

The manner in which NDRC oPerated in this connection was
of great |m{)ortance since it was the central reviewing agenc
which tied together the entire program. Dr. James Conant,
president of Harvard University, was the chairman of NDRC,
and its members were as follows: Dr. Roger Adams, head of
the department of chemistry of the University of Illinoisj Dr.
KarI Compton Hore3|dent of the Massachusetts Institute of
Technology rank B. Jewett, president of the National
Academy of Suences Dr, Richard C. Tolman, dean of the
graduate school of the California Instltute of Technolog a/

These men prtmart grepresente American science and engi-
neerm Conwatﬁ oe, then Commissioner of Patents, ias
also a member: e brought to NDRC wide knowledge of in-
ventions and their appropnate handling. Notable among the
Service representatives were Major General C. C. Williams,
whose office In the War Department’s Services of Supply wes
in touch with developmental work throughout the Army and
was also in touch with the needs of the Army; and Captain
Lybrand P. Smith of the Navy Department, \ihere he served
iri the Office of the Co-ordinator of Research and Development.

Once a project had been authorized by OSRD in the manner
described above, the office of the chairman of NDRC was
char%ed with the dutY of administering the project from its
scienitific and technical standpoint. For this purpose the line
of author|t¥ flowed from the director of OSRD, through the
chairman of NDRC, to the divisions, and members of thse di-
visions. became the authorized representatives of the office in
the guidance of the contractors in their scientific and technical
research, in order that their efforts could be directed along the
lines that had been approved by NDRC as hest adapted 10 the
needs of the services. In this way also adequate reports of
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pro%ress were made available promptly to the interested parties
In the Services. _

Since OSRD was concerned with many broad aspects of the
relationship between the military Services and the civilian or-
ganizations, the director of OSRD also had the benefit of an
advisary council representative of many points of view. The
council ‘comprised: Harvey H, Bundy, special assistant to the
Secretary of War; Rear Admiral J. A. Furer, co-ordinator of
research’and development of the Navy; Dr. James B, Conant
representm_? NDRC: Dr. A. Newton Richards, chairman of
the Commiftee on Medical Research; and Dr. J. C. Hunsaker,
chairman of the National Advisory Committee for Aeronautics.

It also included in its discussions Dr. Harvey N. Davis, di-
rector of the Office of Production Research and Development
of the War Production Board. By special direction of the
President, the director of OSRD also had the benefit of the ad-
vice of the president of the National Academy of Sciences
who joined in many council deliberations. The wark of all of
these_ organizations will be discussed later, for their interrela-
t|ont in the technical phases of the war effort is of much im-

ortance.

P T0 continue, however, with the actual functioning of OSRD,
| wish to mention several other phases of its activities and some
of the problems that it faced. The business affairs, concerned
with contracts and the like, were handled b¥ the executive sec-
retary of OSRD, Dr. Irvin Stewart, who also conducted rela-
tm% with other governmental agencies on financial and legal
matters.

It was a task of no small ma?n_ltude 50 to fit OSRD into the
framework of government that it could operate in a smooth
and effective fashion.. Throughout its existence, the agencz
was a part of the Office for Emergency Management, whic
was in the executive office of the Président. OS Dat_tem?te_d,
and | believe with extraordinary success, to carry on its affairs
strictly within the framework as laid down by Congress, and
in accordance with the regulations for the conduct of govern-
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ment business with which these various a%encles were charged.

Throughout the rapid growth of OSRD it had exceedingly
effective Support from all of the agencies with which it neces-
sarily came into contact, notably with the Bureau of the Budget,
the General Accounting Officé, the Civil Service Commission,
and many other groups with which it was concerned as an inde-
pendent agency within the executive office of the President. It
15 a pleastire fo report that throughout my experience as the
head of a new and vigorous government agencY, | never met
with anything but the most helpful attitude on the part_of the
agencies with’ which | was called upon to deal, and with the
committees of Congress that had to do with the affairs of

RD, This was in no small de?ree due to the excellent sup-
port of the executive secretary of the agency. _

OSRD included also a liaison office, espansible to.the direc-
tor and charged primarily with the duty of conducting appro-

riate technical interchange with the alliés of the United States.

nder specific instructions from the President, there was insti-
tuted verY early a close interchange with the British on tech-
nical matters and this relationship” continued in a cordial and
effective manner. 1 feel sure that this m_terchanPe expedited
the work of scientists and technical men in En_% and in their
magnificent efforts for the E)rotectmn of the Brifish Isles, and
| am sure that it benefited the United, States in its war effort,
The liaison office served the London mission of OSRD through
\t/yh|ch there were contacts with the British Government at all
Imes.

The close interrelationship of science and engineering is es-
sential in the early aspects of the development Of a new weap-
on. Accordingly; the divisions of NDRC were made UP' of
men chosen from both fields, working closely in collaboration,
Incidentally, these men were selectéd hoth™from universities
and from industry, from large colleges and small colleges and
from private laboratories, anid they Were drawn from all over
the cquntr%. _ManK of them served without remuneration on a
part-time Tasis; others were on the government payroll while
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on leave of absence from, their or?amzatmns. They served in
every.case, of course, as individuals, and they were” chosen for
their individual qualifications. _ _

_In the introduction of a war weapon info use there is a spe-
cial problem which is unique and which is not encountered in
the same form by industry in the course of its development of
new devices. During thé course of the introduction of a new
weapon it ﬂassed from the hands of OSRD directly into the
hands of the armed services. . OSRD was charged with the
research and develpﬂment, but it was not charged with procure-
ment and use, which were in the hands of the armed services
themselves,  Needless to say, the armed services themselves
directly and through contract'carried on a %reat deal of research
and development,and many of their new Oevices came through
their own channels. This | will mention again later. However,
at this point | wish to trace the handling of the problem which
occurred by reason of the transition of devices from the labora-
tory into the hands of the military. . In order to. coordinate
this aspect of its work, NDRC maintained two special pieces of
organization. One was an engineering panel, made up of engi-
neers who were at the same time members of the various divi-
sions, together with certain other engineers chosen for their
over-all ?rasp. This panel, was charged with the duty of seeing
to it thal appropriate_ engineering skill was made available t0
the divisions and sections in an effective way at such time as a
new device approached the period in its development where it
began to be adopted for actual production and use.

he other special piece of organization was the so-called
transition office, which was charged with the responsibility of
foIIowm(l; the Progress of devices, in order to make certain that
the problem of scarce and strategic materials was considered in
sufficient time. The transition”office also arranged with the
armed services for initial production_ in order to Carry the de-
VICe throuc};h the transitional phase,.in which it emerged from
the laboratory hut did not appear in quantity. At fhis point
there was usually involved the production of a sufficient num-
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ber of pieces of equipment, often produced by hand methods,
for purposes of extended tests in the field. " There were in-
volved ‘also the selection and indoctrination of an appropriate
manufacturer,

CONFIDENTIAL WORK OF OSRD

~In order to appreciate the way in which OSRD operated, it
is necessary to realize that practically everything it did was
highly secret. Inewtablr, it was not possible to carry on work
under conditions of great secrecy with the same dispatch which
i possible when no such conditions obtain. For reasons of se-
curity, appointment of personnel in any capacity throughout the
or?anlzatjon_ was made only after careful investigation. A
rufing principle, and one which was observed by the ArmY and
the Navy, was that secret matters were to be field carefully in
compartments.  This meant that no member of the organiza-
tion could learn of secret matters except to the extent that was
necessary for his appropriate functlonm(g_ in the particular posi-
tion which he_occupied in the organization., Knowledge con-
cerning especially secret matters” was restricted to decidedly
small groups within OSRD and within the Services themselves.

This leads me to mention one other matter, Throughout
OSRD’s existence, | encountered many times the question s
to why it had to be organized on a national and vertical basis
in accordance with subject matter, and th it could not be de-
centralized geographically to obtam the benefit of the many
Individuals in the count_rr who were h|ghly,ca{)ab_le in technical
ways, but who necessarily had to operate”in their own locali-
tieS. The necessity for secrecy and compartmentalization was
the reason. In many cities, it would have been qune possible
to form very stron% echnical and scientific groups locally, com-
posed of mén able to put in part of their time, in the evenings
and on week ends, on technical matters connected with the war,
These groups could represent many sciences and many types of
enfgm_eerlng -and they would have been made up of decidedly
effective individuals.” How'ever, this scheme was not compati-
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ble with tight restrictions on the work of OSRD. It would
hardly have been possible to assign one subject to each group
in a focality. Neither would it have been possible to give to
such a g%roup the knowledge of the entire_range of the dévelop-
ment of weapons which would be essential in order to use ef-
fectively the' diverse characteristics such a group would have.
Hence we reluctantlfy felt that such groups could not be util-
ized in the affairs of OSRD. However, they could have real
value in other connections not involving stringent conditions of
SECIecy.

Onythe_ other hand, while OSRD was organized pationally,
drawing its membership from all over the country, its sections
were made up of men especially adapted for the problems be-
fore them and these men weré gilven full knowledge of the
technical and tactical phases of the particular weapons with
which they dealt. . They were kept closely in touch with the
[)rogress Mmade In introducing certain weapons in practice, and
hey formed teams which were able to enlist the services of
large numbers of men in many universities and industries for
the accomplishment of their purposes. All this was done in
such a manner as to_keep secret information as closely confined
as was congistent with rapid progress.

As previously mentioned, not"all of the research and devel-
opment on weapons in this country was carried on by OSRD.
It was the duty of OSRD to relieve the Armed Services as far
as Possml_e in this regard, and indeed as the war proceeded and
as, the officers in the "Services became more and more burdened
with immediate matters concernmg the conduct of the war, the
load in regard to research and development shifted so that
OSRD gradually carried a r(]]reater share of the burden. How-
ever, it "should be noted that hoth Armed Services maintain
large laboratories in peace and in war for the deveIoPment of
w_et%pon(sj, atnd they also further development by direct contract
with industry.

The men%{on of this, point gives me an opportunltY to dis-
cuss a matter about which there is—and was—a great deal of
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mlsunderstandeg. It has been publicly known for a long time
now that when Germany started its all-out air attack on Britain
in the summer of 1940, the attack was repelled not only on
account of the magnificent equipment and fighting qualities of
the Royal Air Force, but also because the Brifish_ had and
effectively used radar as a means, of takm% the surprise out of
the Germans’ attacks and assuring that their bombers were
romRtIy met by fighter squadrons. It is also known that the
ritish.Nad this device because of the effective work of a group
of British scientists and engineers over a considerable period of
time. 1 am also very glad to be able to state that at the same
time the Army and”Navy of the United States had equall

effective devicés for this ﬁurpose, well developed and in hand,
This had been accomplished durmq years of peace, in spite of
the fact that the United States had Tailed to support its m|I|tarr
departments to an extent which rendered research and devel-
opment in peacetime Eossmle on anywhere near an adequate
scale. In particular, I know personaIIY of the early work in this
field by a small group of keen naval officers, and there were
undoubtedly other groups, at work elsewhere. | also wish to
emphasize stronqu at this work was done long before Europe
went to war, still' longer before there was any such thing as
NDRC. Work along the same lines was, of course, pursued
by NDRC in the course of its existence. In so doing, it was
proud to collaborate with the Army and Navy and to"work in
Partnersmp for the_further development of devices on which
hey had already pioneered, and to share in all of the various
possibilities flowing out of that early work.

MILITARY RECEPTIVITY TO CHANGE

_ This leads me to a matter that | have pondered for some
time. | am occasionally met by the old accusation that mili-
tar){ men are hidebound and reactionary and that they are gen-
erdlly resistant to the introduction of new ideas. As applied to
the wartime Army of the United States, such a statement is of
course absurd on its face, since 24 out of 25 officers came direct-
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ly from civilian life. The commuth of our officers during the
Var was essentially a cross section of the general public. How-
ever, the statement has usually been made with respect to the
Arr]gy and Navy men who hdve made military matters their
profession. _

In the course of my. duties as the head of OSRD, | worked
very closely indeed with a large number of Army and Nay%
officers. Prior to that time | had had Ion? assgciation wit
engineers in the United States, with college faculties, and with
businessmen.  In every one of these groups, | have met indi-
viduals whose recePtlvny to new ideaS was absolutely zero. |
shall not single out any"particular group for comment, but in
every one of the great”sections of our population | have been
struck at times by"an unwillingness to recognize the changing
nature of the technical world t0 an extent that annoyed me ex-
ceedingly. | have seen it among college teachers and in groups
of engineers, and | have certainly seen it among husinessmen.
| have also seen the same thing among military officers..

. However, | can sa¥ categorically—and | think | am in a po-
sition 1o know—that the men who’lead the Army and Navy of
the United States are no less open to new ideas than is the gen-
eral public of the United States. And if we as a country”are
over conservative and disinclined to try new things, then’I do
not know what the words mean.  Trué, officers who have seen
long service are hard-boiled. They have a keen appreciation
of what will and will not work—at sea under difficult condi-
tions and various types of weather, on land in the dust and mud
of battle. They are intensely practical and exceedingly busy
men, but they are_not reactionary. In five years of close asso-
ciation with them in the development of new’weapons, | did not
see an instance in which an idea ora device which had come to
the attention of OSRD and which in my opinion had outstand-
ing merit was turned down arbitrarily and blocked permanently
byany military officer or any group of officers.

The merit of new ideas has to be proved. Ideas have to go
through their growing periods and meet their stresses. This
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has to occur in business in time of peace and in military affairs
in time of war, but the atmosphere is no more hostile in one
case than it is in the other.

OTHER DEVELOPMENT AGENCIES

But to return to civilian organizations, there were several
as,?ects of the development of new weapons which very defi-
nitely.did not come under the control of QSRD, although our
council functioned in an advisory capacity in order to provide a
unitary approach to problems of common interest and to pre-
vent overlapping and duplication.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Notable in this connection was the National Advisory Com-
miftee for Aeronautics. Founded by Con?ress in 1915, it has
a long and mﬁmﬂcant record of accomplishment.  Since the

robléms of flight were being attacked adeguately by the

ACA, they were not again atfacked by NDRC, although the
|atter often”carried on work on military devices which became
incorporated in airplanes. It is a fortunate thing for the
United States that it has had for many years the benefit of the
active research of the NACA in the field of aeronautics, carried
on in close collaboration with the Army and NavY and with
industry.  Early in the war there was a great deal of discus-
sion as to whether American airplanes were comparable with
those of the enemy. When the records began coming in from
England, Africa,"and the South Pacific, this discussion was
quickly resolved. Because of the interaction of many factors,
but 8artlcularly because of the fact that we have long had the
NACA as an dctive independent research organizatiort working
on a hasis of excellent interchange with the Army and Navy
and supply_mg the fundamental basis for the advanced design of
aircraft, this Country has not lagged behind in air power.

NATIONAL INVENTORS COUNCIL

The wartime ideas that finally became. incorPorated in new
military devices originated in a great variety of ways. Many
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of them came dlrecth( from officers of the armed services—
this was mcreasmgly rue as our combat men called attention
to_ their needs and opportunities. Some ideas came from the
scientific and military groups assembled as sections of NDRC,
as a result of conferences and discussions. A Iarﬁe number
were submitted by the general public. However, the percent-
age of valuable suggestions commﬂ I spontanegusly from the
|ay public was necéssarily small, afl things considered, and re-

Uired a great deal of review, This review was provided b
the National Inventors Council, located in the Department of
Commerce, There are one or two paints in regard to the work
of the NIC which | should like to discuss. o
. It should be emphasized that the NIC was the official review-
ing agency and that its function was fully performed when it
brougnt & valuable su%gestlon to the appropriate attention in
the drmed services. At'the same time it Is essential to empha-
size that OSRD did not have the dut\x/of reviewing suggestions
submitted by the general public. When the armed" Services
found that an idea warranted development, theY sometimes
turned to OSRD in order to have such aevelopment performed.
But while research and development were the main functions
of OSRD—and it attempted to stay strictly within those bounds
—those sections that were making plans for the development
of new weapons received many ideas from their immediate per-
sonnel, from engineers and scientific men working with contrac-
tors who were carr%mg out research under the ‘supervision of
the section, from the officers and men of the armed Services,
and through the armed services from the Inventors Council.

. Unfortunately, the independent inventor was at a very con-
siderable disadvantage when it came to the matter of making
valuable suggestions n connection with military devices, In the
nature of things, he could. not be told the entire state of the art
to which he Was attemptln]q to contribute, so that he worked
very largely in the dark. This was unfortunate, for the, same
reasoning vias undul gone through over and over, but it was
inevitable in view of the necessity for security. When a man
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who had %ut,conslderable effort on the development of an idea
finally submitted it, he naturally wanted to know whether his
idea Was new, whether it was considered valuable, and, espe-
cially, if it was being used. Yet in ?eneral he could not be
told. . Indeed, he remained completely in the dark unless he
occupied a position in which he was entitled to secret and confi-
dential information in the field of his inquiry. If this principle
had not been strictly adhered fo, the enemy might have found
out a great deal by Simply putting in sugPes lonsand thus learn-
ing the general state of the art and the Sfatus of development of
various military weapons.

| mention this because | believe there has been a dgreat deal
of misunderstanding on the matter. Many individuals were
distinctly annoyed biecause they were not told of the outcome of
review when they made sugestions. It is strange that this
situation was not more fully"appreciated. To_ citean interest-
mgz example, a prominent ma%azme ran an article describing in
detail a military device which had been submitted to the armed
services. The article complained bitterly that no serious atten-
tion was paid to the suggestion. -As a matter of fact, the inven-
tor in this particular nstance had visited me personally and
described his device. . At the time he described it to me, |
knew that a better device than the one he suggested was already
inuse. This I could not tell him.  Of course, if his suggestion
really had been new and highly valuable, the_publication of it
with “full details would havebeen of great service to the enemy.

WPB OFFICE OF PRODUCTION RESEARCH

There is another phase of the work of scientists and engi-
neers on_developmental matters which also needs to be men-
tioned. There were broad problems of substitute and strategic
materials, and. many technical questions involved in the Te-
orientation of industry to the war effort. The development of
substitute materials and substitute processes was of great sig-
nificance as the war proceeded.  The task of conducting researc
and development along these lines was not within thé scope of
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OSRD, the activities of which were directed to the develop-
ment of new weapons and their methods of utilization. On the
other hand, the War Production Board was deeply concemed
with these very matters. In some of its approaches to the

roblems of materials it was s_tronglg supported %y_the National

esearch Council with scientific and technical advice. In No-
vember, 1942, WPB established an Office of Production Re-
search and Development under the able direction of Dr. Har-
vey N. Davis, president of the Stevens Institute of Technology.

ROSTER OF SCIENTIFIC AND SPECIALIZED PERSONNEL

~Many auxiliary ?roblems arose in connection with the tech-
nical arid scientific tasks resulting from the war and prominent
among these was the problem of trained. personnel.  Fortu-
nately, we were able to draw upon the assistance of the Roster
of Sientific and Specialized Personnel, directed by Dr. Leon-
ard Carmichael, president of Tufts College, during its busiest
years. The Roster and its Committee on Scientific Personnel
(Reserved List) rendered excellent service.

NATIONAL ACADEMY OF SCIENCES

This review would be incomplete without mention of the
%Iatmnlal Academy of Sciences and the National Research

ouncil,

The National Academy of Sciences was formed at the time
of the Civil War and operates under Congressional charter.
It is charged with the broad duty of advising agencies of gov-
ernment with regard to their scientific and technical problems.
Dr. Frank B. Jewett, president of the Academy, has recently
described in some detail the enormous burden which has heen
cglined. bﬁ/ the Academy and Council in the performance of this
obligation.

OSRD  leaned_on the Academy and Council for scientific
and technical advice on many matters. Notably in the medical
and metallurgical fields, thie organization of 'NRC provided
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committees of eminent men who advised continuously and ef-
fectively on programs in these fields.

To one who did not work closely with the governmental or-
ganization for the conduct of resedrch and development in the
war, this rapid survey may seem to indicate a great deal of
complexity. It is truethat it was complicated, buf research and
development are themselves necessarlh{ complex. However,
the various aspects of the over-all problem were Provlded for
adequately by the or%amzatlons that operated in the field and
these werg tied together as closely as necessary for cooperation
by the council of OSRD.

RESULTS OF RESEARCH AND DEVELOPMENT

. But what of results? In wartime the work of the laboratory
is meaningless unless_ it finds its way into the field of action.
Qne of the most gratlfym? expressions of the success of scien-
tific effort in the”war’is to be found in the attitudes of the
Armed Services. Both Secretary of War Henry L, Stimson and
Secretary of the Navy Frank Knox indicated their satisfaction
over what joint efforts had accomplished in terms of operations.
When the story can be told in full, it will be dramatic, and it
will reflect the' vigorous efforts of a great group of men, em-
ploying_ the best of teamwork in the”common cause. It will
show without any doubt that the devices developed by Ameri-
can scientists and' engineers played an important part ‘in brlnﬁ-
mg the war to succesSful conclusion in a shorter time than might

otherwise have been the case.
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When | first read of surrendered U-boats proceeding info
Allied Eorts, my mind turned back to 1942 when it was nip
and tuck, and the question of whether we could maintain our
contact with the United Kingdom, and ?raduall¥ build up
there, our forces of attack, revolved about the outcome of a
technical race between the U-boat and our means of combat-
ing it. | 'he outcome depended very largely on whether there
should arrive first on the scene, an increasing U-boat fleet with
new devices for eluding attack, remaining stbmerged for long
periods, and with new means of attacking the escorts of con-
voys; or an enlarged fleet of anti-submaring carriers, long range
aircraft, and surface craft for combating them, with m&ans, of
finding U-hoats in the broad ranges_ of the Atlantic, pursuing
them relentlessly whether they remained on the surface or sup-
merged, and attacking and destroying them by_PowerfuI meth-
ods that could fully overcome their potent ability tg flqht back.
The outcome was quite conclusive and can be_simply sum-
marized, The anti-U-boat means and devices arrived first, and
the sinkings went down rapidly during the sprln(% of 1943, and
were held down by persistencé and vigilance to the end. The
expected enemy Qevices also. appeared, but too late. The
courage, endurance, and sacrifice of the British and Americans
on thé sea and In the air, armed with the best that science and
technology could provide, won a great campalgn, one of sev-
gtrfrl\ll’iv%” of which had to be won if our Civilization was t0

The other side of the record was impressed on me when |
read the accounts of the furious struggles on Qkinawa, Iwo
Jima, and other Japanese-held islands In the Pacific. By rea-
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son of far better implements of war, far better skill in their
use, and masterly stratetg% and tactics we successfully assaulted
the strongiest outPosts of the Japanese Empire. In spite of most
formidable fortifications and Nipponese fanaticism expressed
especially in the use of suicide bombers operating from their
home bases, we progressed on such a basis that our total cas-
ualties—on land, at’sea, and in the air—were far less than the
number of the enemy that we had to kil in overcoming their
desperate resistance. ~ Our logses were grievous, but the magni-
tyde of the accomplishment is hardly yet realized by the peo-
ple_of this country. ,

The struggles did not end on the battlefield. Tens of thou-
sands of American boys were wounded and the gffort continued
far into the rear areds and the bases, to save life and restore
function. _ The record of the second aspect of the applica-
tion of science to warfare is magnificent, Medical aid, with
the most advanced methods, was available the moment a
wounded man dropped. Of the seriously wounded that ar-
rived at base hogpitals only a few indeed finally succumbed.
These base hospitals were ‘often located in tropical areas that
were once _disease-ridden and had been largely freed from this
scourge. Penicillin, blood Blasma, sulphonamides, DDT, ata-
brine;” new treatments, of burns, advanced surgery, combined
with ‘superb organization and rare devotion to duf¥ to bring
to bear every aid that science could offer to heal those who
carried the fight directly to the enem?/, forusall.

But | cannot recount in detail all of these _thm?s. They
should_be told in due time by those who have dlrec_tY partici-
pated in their accomplishment. | can, however, TJoom out one
or two threads that ran through the entire effort, and that
should never be lost sight of. _

The conduct of this highly technical war produced a great
experience in teamwork and"professional partnershlﬁ). Under
the stress of war, and in the common interest, men always for-
get their minor differences, and, sink their personal ambitions
and inclinations in the heat and intensity of a hazardous effort,
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But this has never occurred before, anywhere or during his-
tory, to the extent that it occurred this time in the manfer In
which the United States_conducted its enormous war effort all
over the world, and it will pay us well to inguire why and how
this occurred and what this may augur for the future.

| cannot provide a ful] analysis here; it will take the Ia{)se
of time and' the persPecnve of detachment fully to weigh the
factors that have influenced the trends. Moreover, we, who
have been close to the center, where military and civilian needs
become halanced, where over-complex organization creaks as it
tries to adapt, see far more than our share™of the d|sarg]reements,
[%etty ambitions, and selfish grasping which are on the fringes.

he press still finds a story when two. men disagree violently i
?_ubllc, and no story when'they wark in harmony. Those in'the
ield or the laboratory can speak of the solid coré on which these
minor flaws _anear. Their testimony will be that, in spite
of all the frailties of human nature, in spite of inevitable cross
purposes, there has been a demonstration of collaboration on a
scale and to a degree such as has never been seen before. It has
been particularly’striking in the scientific field, _

Military meri and scientists arrived at g bais of professional
partnership which was extraordinary. Scientists and engineers
pulled in the same harness; in fact m_ankf scientists became engi-
neers and some engineers became scientists in the lorocess. Ci-
entists from universities and those from commercial laboratories
were indistinguishable, Industrialists, government representa-
tives, officersof the Services arqued volubly, as red blooded
men should, but they P_ulled in the same direction in the end,
and admirable accorplishments were mace. o

Moreover, the relations between American scientists and
those of the British. Commonwealth of Nations were just as
effective as those within this country, and this is important,
Neither (iroup was perfect, of course; but there was just about
a? much Jack of real friction in joint undertakings ds in those
of a single naﬂonahth/: _ _

The scientists of this country await the time when they can
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pay full tribute to the spirit and accomplishments of the sci-
entists of the United Kingdom. They started earlier than we,
and had the Iontqer stress. Ther often worked under limita-
tion due to shortages of material, and they were bomped. In
the early days of the war their vision, and”the wise utilization
of their efforts in radar and in fqhter aircraft, enabled the few
to turn back the utmost effort of the Luftwaffe, to save Britain
and hence ourselves, and to earn the eternal gratitude of the
many. In later Years_Am,erlcan and British sciéntists worked so
closély toqether hat it will be utterly impossible, and a matter
of novital interest, to attemﬁt t0 assqn, many explicit accom-
plishments, fo one or the other, In this country we greatly
admire British scientists, not only for their eminence in their
fields, but for their human qualities. We are proud to have
collaborated with them in our joint effort, and” we trust that
the ties that have been formed will never lessen in strength as
we turn toward the advancement of science for the good of hu-
manity in a peaceful world. _

| was with Churchill when news from Italy came in, and
when General Eisenhower pointed out in his' dispatches the
great obstacles that_had confronted British troops, to offset
Some of the com?,arlsons of Brogress that were unfortunately
ap[)earmg at the time. The Prime Minister quoted these dis-
patches and said “it warms the cockles of my heart,” So tog in
viewing the interchange and the community of scientific effort
on the two sides of the Atlantic, our hearts in this countrY are
warmed, and we look to the future with confidence that the
underlying spirit will endure.

But back of this phenomenon, back of all the team work,
must lie some great and important causes. | think | have
found at least part of the answer, why the two great democ-
racies have given such a heartenm? exemplification of'team-
work, and have thus produced great results,

Recently | have been reviewing the progress of the German
scientific and technical effort during the war. _The account is
still fragmentary, and a great part of it remains confidential,
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but certain patterns and relations begin to emerge. | have al-
ready come to verY definite conclusions in mY own mind. They
ehre %tnkm_g, and | believe they will be fully borne out when
the tull history Is written,

If a modern scientific war must be fought, the most effective
way in which to fight it is under the temporary rigid controls
which a continuing” democracy voluntarily imposes upon itself
as it girds itself for combat. ~ Such a regime, all other things
belng{ equal, can outclass any despotism in bringing to bear on
%Qreys nqll,l le the combined efforts of science, industry, and mili-

A democracy Is efficient in emergency, for the free spirit
which it engenders in its normal course is an essential ingredi-
ent of ?reat accomplishment under stress.  The old. conténtion
that only totalitarianism can cope with the complexities of mod-
ern life 1s a fallacy. _ _ _

De Tocqueville’s assertion that the democratic state is less, ef-
fective than a despotism in a short war, and more effective in a
long war, needs to be sup[olemented under modern conditions
of scientific combat.  Tota comf)lex warfare so emphasizes the
advantages of the voluntary collaboration of free men that the
democracy will excel in any war, long or short, unless indeed
it 5 50 short sighted as to be caught utterly unpreﬂared. _

| present these assertions with the conviction that they will
ultimately become fully documented and accepted and with the
belief that the full appreciation of them is of the first impor-
tance.in the years ahead. | might go on and state that democ-
racy is the most efficient form™even in days of peace with no
emergency in the offing, for | believe it, and | hope this too
can be demonstrated: but this last point may be academic, for
we shall live under the shadow of possible emergency of some
sort or other for many years to come.

Germany started her war effort many years before the world
became Froperl alerted to the threat, and it began the develop-
ment of such things as V-bombs many years before we were
similarly at work. ™ In certain areas to Which great effort was
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directed, or in which the Germans had natural aptitude, the
technical progress of Germany was great, and at times it even
led us in techniques. But these were isolated and relatively
unimportant instances. In substantially every important area
of the scientific and technical war effart the enemy was out-
classed by the great democracies.

The reason?” There are many reasons of course. In the lat-
ter part of the war the enemy’s effort was disrupted by stra-
tegic bombing, fortunately for"our interests. ~Slave labor is not
efficient labor.  But another reason appears to me fundamental.
Germany. never established partnership, or anything remotely
approaching it, between her miitary men and her scientists. [t
never brought its scientists, en?meers, and industrialists into the
common effort with genuine feamwork, Its decisions, on sci-
entific programs, were made in the, pattern of all despotic de-
cisions, wifhout the free play and g%we and take of independent
minds, _?mded by the scientific truth and not by persqnal fears
or ambitions. 1t'badly fumpled the effort at every point. Con-
sidering the basis on” which that effort was built, one could
hardly expect that it would do otherwise.

The German failure was dug to many great causes. Its
comparative failure in the scientific field was due in no_small
de,?_ree_to the fact that true scientific progress, and its effective
utiTjzation, E)_rosper well on%y in the atmosphere of untram-
meled scientific freedom. This is only a small P,art of the
great truth that man reaches his, peak “of accomplishment of
mind and intellect only when he is free, but it is an important
point, with many practical implications, _

With all its énormous advantaqe of sudden attack upon its
peaceloving neighbors, with all its totalitarian reqlmentatlon
of an entlre,PeopIe for a decade to preparation for the assault,
Germany failed. On the scientific front it produced some spec-
tacular and deadly weapons, but it failed in the long arduqus
race with the great democracies as these applied theif scientific
accumulations and abilities to_their defense. It failed because
the atmosphere of freedom is favorable to that collaboration
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of men of diverse talents which is essential to the effective
prosecution of highly complex undertakings, It failed be-
cause democracy is the more efficient form because, when it
gqlrds itself for"war, it combines the rigid controls which are
then essential with the spirit of freedom which it carries over
into the emergency. It failed because the reqularity and lack
of confusion Which are the pride of totalitarians dre far ex-
ceeded in importance in the modern complex world by the ef-
fectiveness, by the efficiency, of the untrammeled spirit which
develops fully only under freedom.
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Here | wish to trace briefly the relationship of engineering
to the other professions, the professional traditions which engi-
neers inherit, and the outlook for the engineering profession’in
view of its unigue relat|onsh|E to society.” | plan to review the
history of professions very sketchily: but through this history
runs 4 thread to which | viish especially to direct attention.

We can start far back, but not tarry Iong in our review. In
every primitive tribe there was some sort of medicine map.
He Was a man apart, the adviser of the clan rather than its
titular leader. He spoke, in his field, with authority, and this
rested_upon a special knowledge which he was suppoSed to_ pos-
sess. The medicine man was the progenitor of the professional
man of today. _ o o

His closest modern counterpart is the scientist. The scientist
and the medicine man have much in common. Tribal regalias
and feathers have undergone metamgrphosis and reappéar in
cabalistic titles and lettérs surrounding names. The queer
jargon of the cult has changed in nature”hut Preserved its hyp-
nofic effect, Solemn ﬁronoun_cements about the unknowable
still catch the ear of the multitude, The claim to a favored
position in ,souet)( is still based on the occasional ability to un-
screw the inscrutable. In fact, one difficulty that faces the
scientist is that he may be mistaken for a medicine man, able
at will to produce rabbits from hats, instead of the careful,
hard-working, human individual he really is.

. The descent of the engineer from the medicine man has been
highly involved and it will clarify some obscure relationships
if we'trace part of it, for there isa central thread which runs
through the tale.
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The medicine man, and the member of the pagan priesthood
which succeeded him, was characterized by numerous attributes.
He had a strict code of conduct. He trained neophytes, sub-
jected them to.a long period of apprenticeship, initidted them
Into the mysteries, and inculcated in them pride in the cult, and
rigid discipline In 1ts formulas. He severely restricted his
numbers, by intellectual hurdles to be surmounted. He spoke
a special language, He sat as adviser in councils of the mighty.
But, more éssential than all of these, he ministered to" the

eople.
P T_ph|s was the first professional grouf[]J, and all others have
derived from it. Not every attriblte has been maintained as
new Professmns have emerged: but to a surprlsmg} extent their
counterparts can still be found. In every one of the profes-
sional groups, however, will be found the’initial central theme
intact—they minister to the people. Otherwise they no longer
endure_as professional groups. _
Ministry needs definition for our purposes. The alteration
of word meanings with new usages Is such that it is only too
easy to he misunderstood, Ministry is not service, and we
have o comPI_eter altered the essenfial significance, of the lat-
ter word that it may have utterly different connotations to dif-
ferent hearers, . Ministry carriés with it the ideas of dlgnlty
and authorityj it connotes no weakness, and offers no a oo&y.
The word has been carried into diplomatic usage; and in ffe
derived form of administer into law and business. There is no
fog of subservience surrounding the concept.. The physician
who_ministers to his client takés charge by right of sperior
specialized knowledge of a highly personal aspect of the affairs
of the individual. The attorney assumes professional responsi-
bility for guiding, the Ie%al acts of his client, and speaks with
the whole“authority of the statutes as a background. It is in
this higher sense that we trace the thread of ministry to the

eople.
P 1phis_ is the fuel which has kept aIi?ht throth many ages the
professional spirit. Every time thaf the fuel has bécome ex-
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hausted, the light has gone out. It has,not mattered how much
was retained Of trappings and mysticism, nor what the pro-
fundity of utterances, there has been no true profession that
has not with dignity and authority advised and_counseled the
People, that hasnot'guarded the commonweal, For atrue pro-
ession exists only as'the people allow, it to maintain its preroga-

tives by reason of confidence in its integrity and belief in"its
general beneficence.

The monastic orders, under divers religions, springing up
as.outgrowths of the simpler systems of prigstcraft, have exem-
plified the theme in two ways.” Some have preserved, adorned,
and extended the knowledge of their time and place. These
have their modern. counterparts in the scientific and leamed
gro,uP]s the custodians of our culture, and the source from
which flows new knowledge for the use of man.  Other orders
carried to_great he|(r;hts the direct ministry to those in misfor-
tune_ or distress—often at great self-sacrifice, as did the early
Jesuits among. the Indians of our west. Both forms have re-
mained high”in the esteem of the people and have endured.
Occasmnal_Prou s have lost the thread, and have, for example
become militant orders devoted to self-aggrandizement} and
these have disappeared.

THE TEACHING PROFESSION

Out of the early priesthood came also the teaching orders
whose ministry took the form_of instruction of the young, and
this aspect of ‘professional activity is represented todaK y the
great profession of teachers everywhere. This gzroup as ittle
indeed of the trappings of the medicing, man, it has no single
closely knit agq[esswe society _repre_sentl_n? |t}_|ts Iangzuage IS
becoming complicated but is Still fairly intelligible to The Tay-
man. Where it has maintained its ideals it"is honored and
respected. Great teachers do not find riches heaped upon them
they do not hecome affluent. Great teachers have no Interest
in fiches. In the great teacher the parental instinct, which is
50 often at the hasis of senseless extremes of individual striving
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for wealth, becomes sublimated into a broad love of youth
wtgjcfh ctalls for neither wealth nor power for its enjoyment and
satisfaction.

THE MEDICAL PROFESSION

 Avery ear_IY offshoot was the profession of medicine, for min-
istry to the ill was a primitive need. It has had a_lo_n? and
dis |n(]1u|_shed history. - Utilizing the frujts of science it is toda

in full tide of accomplishment “for the benefit of mankind, [t
has had vast power and influence. Yet, today, in the United
States, it is at a turn of the road, and its most thoughtful mem-
bers are giving earnest_consideration to its futuré. There is
serious danger-that its light may fail, and its heritage of ideal-
ism may be’lost. N _

The profession of medicine, by reason of its very nature
has preserved many of the attributes of the ancient forms. It
selects its neophytes by rigorous intellectual elimination, trains
them over manK years, and seeks to endow them with the
philosophy of their profession, 1t severely restricts its, own
numbers, perhaps too severely in view of the task before it, It
preserves ‘itself apart, by special Iangua,?e, and has a unique
code of conduct. It has sat'in the cotncils of government and
advised. By the will of the people it has been -F'Ve”- special
?rn_nleges and prerogatives for use in pursuit of ifs objectives.
t is highly organizéd.

_T_hrou?h long ages it has held well to its ideal of simple
ministry 10 the people, and has disciplined under its codes those
who would use its special privileges for other ends. It has
guarded the p,eople_a(%amst heir own folly, and has been prop-
erly_militant in ‘maintenance. of its sphere of the public weak
Its”individual members are in general respected™ in their own
communities to an extraordmarY degree. _
Yet, in these days when all institutions are yndergoing
scrutiny, when our population in fear and distress is prone t0
be critical, there is evidence about us that the Professmn, & a
profession, does not command that full support of the people
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of the country without which it cannot continue on the path.
Yet as one looks about in the medical profession signs are seen
of a resurgence of idealism, a re-emphasis on the simple mission
of healing, and a recognition of the central theme of ministry
to the pedple. This I"am convinced is the true motive of the
gnreat majority of the members of this grand professign.  Yet

ere is muchsuspicion in the public mind that aggrandizement,
utilization of power for the professional advancement of the
membership, the quild spirit in its cruder form, are rampant, |
second the thought of many eminent members of the profession
itself that unless this suspicion is allayed by a revival of simple
ideals, the profession will suffer, and the people will suffer
enormously with it. 1t is well that engineers should be deeply
interested n the outcome, for medicinie is a very ancient pro-
fession from which we have much to learn.

THE LEGAL PROFESSION

To treat the origins of the profession of law, its codes and
countercurrents, would re(luwe an article in itself. Here is a
field in which the preservation of the true ph|Iosop,h?/ of_a_Pro-
fession is intricate indeed. Endowed with special privilege
under the law, it largely re,?_ulates its, own conduct.  Never
quite successful m the’ recruiting, training, and indoctrination
of its neophytes, its maintenancé of adnherence to a high code
of conduct i$ rendered more difficult.  Counseling with govern-
ment_and, by the nature of its mlssmn,_partlmpatl_n(i directly
therein, it has great ower for good or evil. It certain Y strives
8 an organized profession, for the public welfare; but its z6al
in this ragard is not always such as to cause it to disregard the
special welfare of its own ?rouP; and the two, withal, are
sometimes hard to disentangle. [t ministers to thoge in Iegal
distress with great effectiveness; but the distressed often appear
In pairs. 1t is hard% judged as a whole by the public. * Certain
it IS, however, that those of its membership, on'the bench or at
the bar, who have risen to the highest positions in their devo-
tion to professional ideals, are respected and honored by the
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public. Certain it is also, that, should this respect falter, we as
a democracy would soon be in‘a sorry state.

THE ENGINEERING PROFESSION

But our principal concern here is the engineering profession,
and we inquire, what is the e.nP[neerm? profession] Is it a pro-
fession at all *and if it is, will'it develop into the full stature
to which the_|mlp0rtance of its works entitles it to aspire?

It is relatively young. The military engineer appeared in
the first steps of the mechanization of warfare, when forts be-
gan to take shape. His counterpart in peaceful affairs was
called a civil engineer. With the industrial revolution, and
espemally with the spread of mechanization from the factory
into every walk of life, engineering became exceedingly diversi-
fied. Applying science. in an economic manner to the needs of
mankind is its broad field. Its disciplines are spread over all
the sciences as they become thus applied, and embrace also
portions of economics, law, and business practice which are
Integral parts, of the process of application. It is somewhat
loosely organized as professions go.. To a minor extent only,
it [imits its numbersj but the very strictness of its essential disci-
plines provides some selection of its, neophytes. ~ Until recently
It has done very little in an organized fashion to inculcate, in
its younger mermbers the philoso h)‘ of the profession, Ieavm%
this largely to those of its individuals who are also members o
the teaching profession. That branch which represents the con-
sultant, and others to a de?ree, has drawn codes; but there is
no body of codified principles which is a_ccef)ted_and applied b
the, profession as a whole., It has no h|gh¥ distinct language
or jargon, for it must continuously work with laymen. =

hese are, however, incidentals, The important point is this;
Does it have a central theme of ministering to the People?
Most certainly it serves the public in myriad“ways, but are its
individual members activated primarily by the professional
spirit of dignified and authoritative counsel and guidance?
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THE BUSINESS PROFESSION

In orcer properly to inquire into this welghtF/ (question, we
need o dlg_ress a moment to consider another farge group of
the poRuIa lon, the modern men of business who have derived
from the ancient traders and merchants. The merchant class
has not usually been a professional 8roupmg in the true sense:
and engineering, which has derived its philosophy from this
source as well as from science, naturally partakes of the heri-
tag{e. of both %roups. Business has served the public, of course,
but its main theme has been the profit motive, a salutary objec-
tive when restricted by law to the use of ethical procedures in
its gursun, but no: a professional objective.

ne of the most encouraging signs of the times is the gradual
emergence in our day of thé truly”professional man of bUsiness.
Scattered, not orqamzed, with nd sign of professional trappings,
they are nonethéless possessed. of & high mission, which needs
only formulation and'recognition in ofder that they may con-
stitute a new and strong profession. This is occurfing for one
reason because of a gradual change in corporate form. The
owner-manager was activated hy ‘the Proﬁt,motn_/e,, and no
amount of paternalism could wholly alter his position in the
social scheme.  Even with corporations, the ownershli) of which
S yvlde_ly scattered, the manager is ordinarily controlled by and
primarily. responsible to a few powerful owners, so that he in
essence still represents the interest of the owners In his relations
with the three bodies with which he, deals: the government, the
employees, and the consuming public. It is hiS difficult task to
reap for the owners’ benefit the fruits of his industrial oPera-
tion, while maintaining at least tolerance. on the part of the
other bodies, But there are some corporations in which owner-
sh|? i so diffused that the m_anaqement becomes in effect a
sel -perrl])_etuatl_ng entlt?/, partaking therefore of the nature_of a
trustees IF’ with equally weighed obligations and responsibili-
ties to all four bodies:” ownérs, employees, government, and
consumers. Among such managing grodps will be found indi-
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viduals who have the professional philosophy in high degree
conducting their affairs for the just and equitable benefit of all
four groups concerned, maintaining the health and progress of
their institutions as potent agencies for ministration to the needs
of the people. The¥ find common ground with the trustees of
8reat foundations, of hospitals, and all non-profit organizations

evoted to the public welfare.  They find common ground
also with many of those who make a Career of the business of
government. ‘Their ranks are recruited by many in the ordi-
nary walks of business who have seen a light and envisioned a
function in life which is higher in its satisfactions than the
struggle of any body against any otherj namely, a struggle with
all bodies to preserve an ideal.” Out of this trend, as competi-
tion for industrial existence becomes tempered, should emerge
a new profession with its own traditions and beliefs, which s
capable of managing prosperity so that it will be conducive to
the health of a nation; and there is grave question whether this
objective can be attained in any other way. | wish there were
a special order of knighthood in this country to honor and unite
those who are now blazing the difficult path and developing the
novel philosophy of this new profession.

Engineering, however, derived jointly from the quiet clois-
ters of sciencé and from the turmoil and strife of aggresswe
business, and it is no wonder, therefore, that it should wobble
a bit as It seeks to evolve its own professional philosophy. Just
as it is not reasonable to exP_ect the young neophyte t0 grasp at
once the idealism of his calling, so it is perhaps not redsonable
to expect a profession which i$ so young and which has grown
so fast to have found itself in this regard.

ENTRANCE INTO A PROFESSION

. The Per_lod of initiation into any profession should extend
into maturity. Only when members reached the full bloom of
manhood did the ancient orders entrust the mysteries to their
care. The young neophyte served his apprenticeship under
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constant tutelage and close guidance by mature minds, and this
we still find in every profession. As apprentice, as emplo¥ee,
he is called upon to prove himself before he enters into that
relationship where his opinions are controlling in his special
field, and some there are who never emerge from close control
and the mere exercise of technical proficiency. In the engineer-
ing profession this_emergence usually is circumscribed by the
fact that most engineers operate as members of industridl or-
anizations of one sort and another, and the fact that they serve

eir ap rent|_cesh|[)_ in this same sort of organization and come
to devote their entire efforts to its affairs, rather than to enter
them after professional recognition elsewhere, as is usually the
case with medical or legal individuals. This, however, merely
emphasizes the need for hetter supervision of the neophytes b
the members of the engineering profession who have drrived.
It is not enough to leave their training to the industrial or?anl-
zations of which they are junior members. Inculcation of the
Prmmples of the Professmn can_come only from those who
themselves have attained to a full grasp of 'its proper function
in society, who have arrived at a balanced judgment as to its
responsibility to the several groupings of which society is com-
posed, and who have a professional Interest in_the young men
Who are destined to succeed them in the profession. ve% pro-
fession should have its secrets and its mysteries spread before
the world that all may read, but truly grasped only by those
who have lived the professional life; and these should be trans-
mitted to the neophytes with due care, with reverence for their
inherent worth, and in due time. Ritual and symbolism, se-
crecy and circumspection, were the ancient paraphernalia which
insured a Prope,r seriousness in youth in order that the imparta-
tion might be impressive. These_have not wholly disappeared
from modern professions, Admission to the har, the use of
the title of doctor, and similar customs and usages have pro-
found effect in producing a professional consciousness. The
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engineering profession is who_IIY without these aids, and its
task of inducting its ne%ph es info the true professional atmos-
phere is thus rendered doubly difficult. _

But does it matter after all? Are the things that engineers
do so vital that they must needs be approached in the profes-
sional spirit? Most certainly it matters.  And most certainly the
task is a professional one. The_lmﬂact of science is making a
new world, and the engineer is in the forefront of the remak-
ing. He |I?htS the way in a very literal sense. He brings peo-
P_Ies close fogether for better or worse, by facile communica-
jon and rapid transportation, He quards the food supply, and
replaces the hoPeIessness of Malthus with an embarrassmgl
Fl_enty. He shortens the hours of labor, and fills the consequen
eisure with distractions, He temporarily d|sru5)_ts the fech-
niques of whole industries, and thus alters the life habits of
many people, in maintaining a continually rising standard of
living. He hores through the earth and under the sea, and
flies above the clouds. He builds 8reat cities, and huilds also
the means whereby they may be destroyed. Certainly there
was never a profession that more truly néeded the proféssional
spirit, if the welfare of man is to be preserved.

EXPRESSION OF PROFESSIONAL SPIRIT

There is no lack of signs of a rising consciousness in this_re-
gard. The profession is most positively vocal. There is a
wqorou_s New organization, ImkmtT] several large (flroups, de-
voting itself to the |m_i)ro_vement of the education of the young
enginger, and the instillation of high rprmuPIes_ during his early
career, Englneer,m_?, literature 1S full of discussions of the
duties and responsibilities of the profession, and out of this may
crystallize some day a.code, a set of principles, of conduct, a
quide drawn solelg with the object of advancing the public
weal, which will become accepted by engineers “everywhere
whether In government employ, private practice, or industrial
organization. Having, to some extent at least, consolidated
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their techniques, engineers are certainly giving thought and
voice to their position in som_et?;, and to their responsibility for
the use of the great works which they create.

The focus of this whole affair is the American En?meermg
Council. More than any other group it represents the engi-
neering profession as a whole, in its relationships with %overn-
ment, other professions, and the public. Here, more than in
any other organization, reside the external as contrasted with
the internal relationships of the profession. [t was founded by
men who considered its functions in terms of a high idealism.
It is now %omg through a strenuous period of self-examina-
tion. To this every individual can contribute only one set of
thoughts to be merged with all of those which”seethe, and
interact, out of which will come in due time that consensus
which will form the ogmmnsJ traditions, codes, and conscious-
ness which will mold the engineering profession, It will come
unless the Council failsj for if it fails, and if its place is not
taken by a more rugged Successor, there will be no unitary engi-
neering profession”at all. In the spirit of adding my few
thoughts to those of the eminent men who are directing the
Council | have previously offered comments, and | now com-
ment again, with the expectation that I will be disagreed with
?_nd answered, with the wish to add my mite to the consumma-
jon,

| find it a vigorous and rapidly evolving body. | consider it
to be utterly Inadequately supported by the ‘profession as a
whole, in comparison with the central bodies of sister profes-
sions, and with a serious problem as to how adequate support
can be drawn for the ?reat task that lies ahead of it. 1 find it
partaking of the greal’ American t_endenc%/_ toward overcompli-
cation, and inclined to attempt things which seem to me per-
sonally to be off the main beat. 1 find to my great joy that it is
gradually _bec.ommg| known and recognized] and I"trust this is
Just a beginning. 1 find it guided by some of the best minds
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in the profession as its officers, who are g|_vm(11.valuab!e time 10
its cause; and | hence cannot fail to be optimistic as to its future.

To me, however, there is just one point on which | wish to
focus attention. | find it struggling with its own philosophy.
| find, in fact, that it hesitates as it formulates its idealism; that
it has not ﬁet placed its foot unequivocally and irrevocably upon
the path that leads to complete devotion to the public welfare,
| find that it has not yet enunciated its belief that the great
mission of the engineer lies in intelligent, _a%gresswe, devoted
ministration to the people. This | urge with all the emphasis
| can command.

NECESSITY FOR A CENTRAL ORGANIZATION

.| do not seek to conjure awa¥ practical difficulties by ignor-
ing them. | know full well what restricted budgets mean. "The
ar%ument that the support of the membership can be obtained
only if they can see a direct and personal benefit from their con-
tributions as a familiar rlng._ | recognize. that it is entirely
proper for (Professmnal men {0 join In dn Ingistence upon a reg-
sonable and proper recognition of their services, to soue%. Yet
if there is no central organization which has as its creed the best
service of the profession to the society of which it forms a Bart,
then there will be in the end no engineering profession. Pro-
fessional status rests. in perpetuity, not on transient law, not on
the cruder machinations of the ancient gunds, not on exclusive
control of those having a specialized and necessary knowledge;
but upon the respect and fundamental support . of the peoPIe
who are served, who only in the long run can insist upon the
majntenance qf_f)reroganves, and confer hgnor, recognition,
%gsdsi gﬁemal privileges In society upon the members of"a pro-

Will engineers supﬁort such a program? Will they contrib-
ute directly or through their specialized societies to the devel-
opment of this ideal, ‘and its exemplification in Council projects
aimed at rendering real some aspect of the profession’s contri-
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bution to Rubllc welfare? Will they make possible great for-
ums for the crystallization of engineering opinion on public
questions involving engineering, Not to attain an impossible
unanimity or produce ,|(1h-sound|ng resolutions, but so that
all aspects of controversial matters may be aired in order that
people ma%{ know what engineers think? Will engineers %o
along hear |I¥]_|n developinga professional consgiousniess, a cotle
of action, a philosophy which implements a desire to be a truly
professional grouP ofiented primarily toward the advancement
of the public health, safety, comfort, and progress? Will they
accept as the central theme the engineers” ministration to so-
ciety, without fear of anr class, and without prejudice toward
or dway from any s?e(:la social interests or causes? .

If thiey will not, then there is no truly professional spirit to
build, upon. We may as well resign ourselves to a gradual ab-
sorption as controlled employees, and to the disappearance of
our independence. We may as well conclude that we are
merelﬁ_one more group of the population, trained with a spe-
cial skill, maintaining our economic status by a continuing
st,rugPIe against the interests of other groups, forced in this
direction and that by the conflict between the great forces of a
civilized community, with no higher ideals than to serve as
directed, and with no greater satisfaction than the securing of
an adequate income aS one member in the struggle for the
profits of an mdustnal,a%e. _

But | know the minds of too many engineers to be thus
pessimistic. | recognize the distinguished “careers of a gen-
eration of men who have Pracﬂced,m, the profession to its credit
and honor.  Though the task be difficult, on account of the na-
ture of many of our relationships to society, nevertheless tradi-
tions are being formed, the consciousness of the membership is
becoming arotsed, and | confidently expect the profession of
]g_n%ineerln% to develop in a manner”of which we can be justi-
jably proud.

_ A% to those in the ranks who may not have yet seen the
light, | would preach the doctriné, without pulling any

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



The Qualities of a Profession 145

punches, without mincing any words, that the path of profes-
sional attainment ligs open héfore them, that it is a thornY path
that is easily lost sight of amang the rocks and rubbish, that it
can be adhered to only by sacrifice and by support of those who
lead the way, that it 15 & long path which Ieads down into the
valley into Which the sun does not shine, but that it leads at
last t0 the heights—to the heights of trug, professional aftain-
ment, where honor and individual recognition by fellows is the
real reward, and where the watchword’is that 0ld, old theme,
which has never lost its power, and which may yet save a sorry
world, simple ministration to the peaple.
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. Thomas A. Edison exemplified an important aspect of Amer-
ican life, He combined, in superlative degree, resourcefulness
and initiative with an Intense practicality” and, a keen vision.
The many results which he attained during his life were the
blossoming of this combination of talent in an environment
which was wonderfully adaﬁted for such a growth. -

| do not need to say'that these are not the only characteristics
that are needed in sCientific and engineering endeavor. The
list of Edison medalists is itself a demonstration of the recogni-
tion of the need for combining such qualities with scientific
deduction, mathematical analysis, and the like, in, order that
there may be a rounded whole. Our great industrial advance,
with its intense use of electric power and its intricate mechani-
zation, has arisen b}( reason of the efforts of many types of
mind.  But without the |mf)0[tant phase that Edison’so notably
exemplified the scene would indeed be a drab gne.

The United States has prospered in a material way. It has
attained a standard of _I|vm? far beyond that arrived at in any
other country. This is nof entirely explained simply by the
presence of great resources, or a large, and uniform market, or
even by the ‘opportunities for pionering that are summarized
in the Convenient term “the frontier.” Neither does the oppor-
tunity for advancement necessarllgl vanish when the geographi-
cal frontier gives place to one that is entirely of & teChnical
nature, The advancement has occurred because America
brought a new idea into the world—a valuable idea. =~

In"a word, there was J)r_oduce_d an atmosphere in which
Edison could_function, and in which men like him in having
ideas and the intellect for their furtherance, however much they
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mlght differ from him as to method, could make their influence
fell. The startling forward steps that Edison caused by his
own efforts could "not have occurred in_ a, totalitarian_ State,
whether the_lahel were that of state socialism or Fascism or
something similar, They could occur fully only under the
unusual State of circumstances which obtained in ‘this country
when Edison worked and created. The atmosPhere that_ex-
isted is hard to define; it had its crudities, but It was a unique
atmosphere and it is well worth preserving.

As the United States matures, we arg_In distinct danger of
losing this enormous asset. The unwillingness to take" risks
which accompanies, economic maturity, thé cross-currents of
Pressure interests, the mere increase of interdependence dug to
he advance of mechanization, all tend to destroy the flexibility
aﬂd freedom. of action which are essential parts' of the atmos-
phere of individual creation. _

_To the trends that were molding our environment and con-
ditioning the atmosphere within which our pioneers worked was
suddenly added the impact of war. We ‘awoke late from a
period Of IethargR/ to find qurselves in an intense struggle
caused by the clash of our political and social philosophies with
ideologiés far different from our own. We shall not return
to the exact condition from which we departed when war came.
We have learned many things, and it Is to be hoped that we
shall not forget them. ~ It is of especial importance that, as we
readapt ourselves to a new period of peace, we should preserve
the essential features which made this country ?reat. In par-
ticular, the opportumt% for the individual creator, for the in-
dustrial pioneer, for the inventor with vision and practicality
should not be losts and the atmosphere of our industrial life
should be favorable for his efforts in our behalf,

The effort to hold our own in a technical contest was not b
any means a sinecure, or a st_rug(f]Ie In which the outcome coul
be"predicted a priori and with™full confidence. In the course
of the war with the Axis nations we had to mobilize our tech-
nical and scientific resources to the full, and we had to do so
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with the confusion that is inevitable when a great lumbering
democracy suddenly turns to war. It was necessary to_requlate,
to impose controls, and to operate with a secrecy that is foreign
to our own usual open methods, It was not necessary, however,
to suppress thought and initiative and the democratic_function-
ing of scientific and technical ?roups devoted to_important
phiases of the technical aspects of the war effort. The results

Wwere good.

ngen the full tale is told, or the part of it is told which
Prpperly can be realized, 1 am convinced that it will show one
hing and that it will show this forcefully. The free untram-
meléd scignce and engmeermg, of a der,nocracy, when it once
becomes directed toward an ofjective with ful wqor, can out-
strip the regimented efforts of any totalitarian state, provided
there is anything apPr_oachmg equahtg of resources on the two
sides. | believe that it will Come to be realized fully that our
pro%ress in manufacturing with enormous speed the weapons
needed by our Armed Farces, in improving these weapons, in
Initiating new ones, and in keeping our civilian economY with
its enormous technical complication'still running effectively, was
not matched by the enemy, and that this occurred in no ‘small
degree because our wartime effort was built upon the existing
structure of freedom, with all that the word implies.

This_ must be preserved. As we turn again to the days of
peace, it must be preserved in spite of the trends that” flow
from the greater interdependence of souet?/, in spite of the
trends that are inherent In the growmq maturity of a nation,
in spite of selfish interests of every sort.  Theré must remain
in the United States the opportunity for an Edison, the oppor-
tunity for any youth with initiative, resourcefulness, practicality,
and vision, o Create in his own name and by his own efforts new
thlggsfthat will tend to make this country vigorous and strong
and safe,

The way in which this can be accomplished is not immediate-
I?]/ apparent.  The difficulty does not reside in the attitude of
the people, for certainly there is an overwhelming majority
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that holds strongly to the conviction that freedom of individual
opportunity must not be allowed to lapse, and that this involves
genuine industrial opportunity for the individual, or the small
group of individuals that join in a business effort. The diffi-
culty arises from two facts. First, there are great sections of
our industrial affairs that can be handled economically only by
large industrial units. Second, the very complexity of modern
life requires increased and centralized” governmental activity
in order that the public interest may be fully protected and
furthered by those measures of regulation and public works
which government alone can perform adequately. The point
is that, as a people, we have two parallel ob{ecnves; and we
hﬁ\]/e been clumsy at times and allowed one to submerge the
other.
OUTLETS FOR INITIATIVE AND TALENT

_In time of war concentration of effort and the imposition of
rlﬂld controls are essential for a fully coordinated all-out effort,
The question, is raised why, if this Concentration is more effec-
tive for war, is it not also more effective for peace? One answer
is the fact that the war concentration Is effective primarily be-
cause it was constructed out of elements that became available
and efficient under the relative freedom of peacetime conditions
in a democracy, and there_is no assurance that a brief effective
concentration would remain so. Quite the contrary is what |
helieve the record of history will show. A more complete reBIy
lies in the fact that we seek in the United States something be-
yond mere mechanical efficiency; we seek a society in which
initiative and talent may have an outlet, and in which the in-
dividyal may have opportunity to rise by his own efforts and
contributions and not merely by the fixed OBeratlon of a system,
We would be willing to sacrifice, if need ne, some mechanical
efficiency in the intergsts of individual freedom. My own con-
viction is that no sacrifice in the full effectiveness of the country
is truly involved, in the long run; and that, on the contrary
the elements which have rendered us strong in the past will
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render us still stronger in the future if we_have sufficient in-
telligence and conviction to insist upon their preservation.

AS peace returns, controls automatically Decome relaxed.
This is not enou%h. A negative slump back to a state of drift-
ing, buffered by the trends that are inherent in technical prog-
ress, will not carrY Us on our a? ointed course as a nation. A
g_osnwe and well-thought-out effort is needed if we are to com-

ine the conditions of modern,industry and modern government
with that freedom within unitary organizations and within so-
ciety as a whole which will allowthe Unusual individual to have
a réal chance of accomplishment and success. |t can be done,
If we have the steadfastness and conviction. to insist that it be
done.. In this effort the great body of engineers and scientific
men in the United States have an important part, for they are
In a unique position to view and understand hoth sides of a
matter which is primarily technical, economic, and organiza-
tional. If we are wise there will be, in the future, many Edi-
sons.in the United States. They may nat shine with his peculiar
brilliance, hut they will add 10 the well-being of the nation a
necessary element which can be added in no dther way. Their
opportunity must be preserved open hefore them.
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to bring benefif to the public by advancing the useful arts. .
does_ S0 bY creating a temporary monopoly, thereby renderin
possible the hazardous development of” untried “inventions,
which would otherwise not come to fruition to add to the gen-
eral well-being and increase the standard of _I|V|ngi, of the peo-
ple, By its substantial rewards it stimulates invertion, and the
assiduous study and persistent effort on which invention is
based. That | pas been successful needs no demonstration, for
Its results are all about us. _ _
The primary purpose of the patent system of this country is
to stimulate néw industries, This is alwa}/s an important mat-
ter, but it becomes particularly important as the country
emerges from a serious depression.. The history of depressions
shows that the time of emerqence i usually marked by impor-
tant technical advances resulting in the creation of new and
extensive industries. If this had not occurred we could not
have atfained the present high standard of living. For the
E(r)%%ﬁ]euréty of the country it is Imperative that this trend should
_ The patent system in the past has been one of the primar
influences in shdping American industrial life, and it has assist-
ed enormously in the development of the country. In the con-
sidered opinian of those best able to judge, it is not however at
the present time functioning to full _a_dvanta?e. . There are seri-
ous difficulties. The use of scientific resuTts in industry is a
much. more complicated matter than when the patent system
was first set up, and the system has not been altered to brl_n% it
closely in line with the modern complex matters with which it
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The patent system of the United States was set up originalllyt
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has to deal. If it isto fulfill its proper function to the greatest
possible extent it is therefore essential that it be changed in
certain ways in order that new industries may be stimulated
and not inhibited by its oReratlon. _ _

The patent system of this country is old, and it has graduall¥
developed into"a complex structure. Radical changes in suc
a system should of course not be undertaken without serious
and careful consideration. It would be equally fatal, however,
to refuse to, consicer alterations at all when the changed times
dictate modification, o _

In a complicated situation such as this, it is not possible to
point out panaceas, which will automatically treat for the opti-
mum public benefit and with complete equity every individual
case that can be cited. Objections can be raised, and will be
raised, to every suggested ¢ ang,e In a system which so closely
affects the interests of widely Qifferent classes of individuals.
The attempt has been made to recommend as few changes, as
Possmle, and to make these changes in such manner as to bring
he greatest good to the greatest humber. _

ere are three primary defects in the system as it stands at
present, considered in connection with the functions which it is
called upon to perform in a modern complex technical world.
The first defect arises by reason of the issuance by the Patent
Office of an enormous number of patents, many of which should
never be issued, chiefly because of an undul_¥ |ow standard of in-
vention. The second defect has to do with the excessive cost
and dela}/ in the litigation of patents, by reason of the present
system of appeals. - The third results from the difficulty met by
the courts In handling scientific or technical questions” without
competent nonpartisan assistance. _

As these defects exist there is a question in the minds of many
serious minded and exBenenced men whether the system is not
after all more of a liaility than an asset. It is seriously sug-
ﬂ]este,d that the system has become so.complex and cumbersome

at it may break down of its own weight. " The situation, while
serious, is not at all hopeless; it is possible to make certain
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chan?es in procedure, not in themselves difficult to put into
effect nor expensive and not changing the existing structure in
any essential or radical manner, which yet ma% restore the
system to its former condition of importance and beneficent in-
ffuence on American industry.

PRESUMPTION OF VALIDITY

The Patent Office now issues many patents which are later
found invalid in the courts. It issues a much Iar_?er number
which never can have commercial importance. With two mil-
lion United States patents issued, the situation is undulg com-
plex and is growing worse. When approximately 90,000
patents are applied for in a year the amount of attention which
can be paid to each one in the Office is not sufficient to insure a
strong presumption of validity in issued patents. The staff is
overburdened. It has neither"the opportunity nor the facilities
to make the study and search necessary to clarify the situation,
and the trivial and the obvious are issued to confuse American
business.  This situation is not the fault of the Patent Office
personnel. It results from the nature of the technical advance
which has taken place in the past few decades. It should, how-
ever, be positively corrected.

The standard of invention cannot be arbitrarily raised by
creating a new definition of invention. The courts can influence
the standard through their decisions only ?radually, and b¥ the
undesirable means of fmdlnﬁ invalid & [arge fraction of the
patents which come before them, which, temporarily at least
decreases rather than increases the presumPtlon of validity of
patents as issued. The Commissioner of Patents should be Sup-
Borted in his efforts to eliminate the trivial and the obvious

ut merely mcreasmg the number of patent office personnel will
not effect a cure. There is needed a change in procedure which
will aid the office in raising standards, and positively increase
the presumption of validity.
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PUBLICATION BEFORE ISSUANCE

The British and German systems provide for publication of
an application before issuance, thus mwtmg contests within the
Office prior to the issuance of a patent. There are obvious ob-
{ectn_)ns to this procedure. The most serious objection is that
he inventor is often unduly burdened with the expense of a
contest, which is particularly serious for the individual inventor
without resources. It is much better procedure to maintain the
action in the Patent Office ex parte, as is our present practice.
However, without mcurrln? the difficulty of the system involv-
Ing contests, it is possible to secure much of the improvement
in‘the presumption of validity of an issued patent which such a
system' produces.  This benéfit is ver¥ real. At the present
time our Office issues patents without a thorough search of
American and foreign literature, but with a search often de-
voted to American patents only, with some small attention to
publications and foreign patentS.. The result is that many pat-
ents are jssued which are clearly invalid in view of prior. patents
and publications. Such patents often. cause expensive litigation
before they are finally found invalid. The theory, that the
Office should issue patents with little or no examindtion, leav-
ing the determination of their validity to the courts, is either
Pracncally inoperative or unduly expensive. This is substan-
jally the French system. The American system is preferable,
and it goes a certain distance toward the examination of prior
art in Order that a patent when issued may carry strong pre-
sumption of validity, instead of being merely "a means for
entering litigation. "However, our procedure dloes not go far
enough, and the provision. of an adequate corps of examiners,
with Sufficient time and training to be able to review adequately
the entire prior art, whetherin patents or in the literaturé
would be highly expensive. A modification of the system of
publication before issuance will secure the desired result with-
out great cost. It will aid the Patent Office in increasing the
prestmption of validity of issued patents. 1t is recommended,
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therefore, that, when an, apgllcatlon is ready for allowance, it
e ubllshe% in the Ofﬂ(fml azette, and éhe submission of per-
tingnt facts Dy Interested parties be nvited.

The publication should be made in the manner employed at
present in pu,bhshmg an abstract and sample claims whena pat-
ent is issuedj and the allowed claims, and preferably also_the
specification and drawmgis, should be opened to inspection. The
publication and material opened to inspection should not dis-
close the date of filing, nor give any other information unneces-
sary for the purpose in_hand. - Upon such publication the Office
should allow anyone interested, and within a stated time, to
submit facts which are pertinent to ang alppl_lcatlon thus pub-
lished. These facts, however, should be limited to references
or photostat copies of prior patents or other published printed
Bapeﬁ, bo HS’ or documents, such as are available in libraries

r'other public sources. o

Arguments and affidavits should be rigidly excluded. The
procedure in the Patent Office should be maintained strictly
ex parte. However, hefore the patent is finally passed to issué,
the Examiner should give it a further review in view of any
new material thus br,outqht t0 “Pht’ and_either pass it to issug,
or make necessary rejection of claims. Of course in case of re-
{ectlon on this bésis the applicant should have an opportunity
0 present arguments as he has at present, and an opportunity
of appeal. The documents, filed should be made part of the
file-wrapper of the application. o

An applicant who files an interfering application after such

publication should be under the same heavy burden of proof as
r}e a%ﬁ)llcant who ?ow files an interfering patent application
after the granting of a patent. _
This change will not cause. undue expense to the inventor,
hut will aid "him by giving him a stronger patent, much less
ikely to be voided by thecourts. The burden of submittin
evidence will be welcomed by those interested in special fields
of development, as;it will lafgely avoid the more serious bur-
den Incident to the issuance of Univarranted patents.
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It appears that this chan?e can be effected by amending the
Patent Office Rules of Practice. A relatively small incredse in
expense of operation of the Patent Office is‘involved, and this
should be provided for in the proper Congressional legislation.

A great deal of delay and confusion results from our present
system of litigation of patents. The patent suits on a single
important patent may cost several hundred thousand dollars.
Such a burden confronting a young and strugglmq New indus-
try often results in its thorough diScouragement. Tt is possible
under the present system for very many years to elapse between
the initiation of proceedings and their “final disposition, and in-
dustry in the meantime falters. It is possible for suits to be
brought simultaneously on the same patent in several district
courts, . Moreover, on’ their aRpeaI to the circuit_courts of ap-
peals it is sometimes the case that conflicting decisions are given
In different circuits.  The result of this entire situation is g seri-
ous burden on growing industry, and on this point there is the
strongest feeling among users of the system of a need for
simplification.

A SINGLE COURT FOR PATENT APPEALS

There should be established a single Court for Patent Ap-
peals, in order to establish and maintain harmony and accuracy
In judicial interpretation of patent questions, by confining the
appellate jurisdiction in civil patent causes to one court, com-
Posed, of permanent judges having the necessary scientific or
echnical background. _ o

Each judge should be learned in the law and proficient in
knowledge of the industrial application of science, and should
have had a reasonable experience in the trial of patent suits on
the bench_or at the bar. "If, in order to grasp more fully spe-
cial technical questions, the court wishes to call temporarily
upon experts to advise and consult on difficult points, it should
be enabled to do so. _ o

In view of the importance of this court the salaries R@ud 0
the judges should be adequate to attract men of the highest
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stamp.  The qualifications. have two aspects, and it is accord-
Ingly desirable that scientific as well as legal opinions and sug-
gestions concerning _apromtees be given wéight.

In the Phrase “Civil patent causes” we include suits in Fed-
eral Courts, other than the Court of Claims, (1) alleging in-
fr|n%e_rnent of a patent, (2).alleging breach of a licensé agree-
ment involving & patent or invention, (3) in equity to obfain a
Patent, ﬁ4) in‘equit alleqlng interfering patents, or (5) under
IQSeueglec aratory-judgment faw, involving any of the above

The Court should be composed of a sufficient number of per-
manent judges, an% three of whom should constitute a quorum.
The Court Should e located in Washington, D, C., and should
also hold terms at least qnce a %/ear In_ €ach, judicial circuit, ex-
cePt as these may be omitted af the discretion of the senior or
chief justice of the Court _

It appears desirable that there should be transferred to this
new Court the present jurisdiction of the Court of Customs and
Patent Appeals of all patent and trade-mark appeals from the
Patent Office. Emphasis should be placed on the desirability of
a single c_ourt,_adequatel?( provided for, composed of judges of
high qualifications, with final jurisdiction in patent causes except
as their findings may be reviewed by the Supreme Court on
writ of certiorari, Such a court will brm_? to industry that cer-
tainty and expedition which is essential if the_patent system is
to be fully effective in shmulatmg new industries. _

,n order to, put this recommendation into effect Congression-
al legislation is needed.

ADEQUATE ASSISTANCE TO COURTS

The determination of the just equity in a patent suit involves
two diverse aspects, the law‘and the technical facts. When the
technique involved was simple,, before science had made the
great strides of the past generation and hefore the fruits of its
pro?ress became applied and embodied in patents, the Judrie
could readily acquire during the progress of a suit that”back-
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ground necessary for him to. understand the technical facts pre-
sented to him. "To_expect him to do so today, with the present
specialization and intensification of technical knowledge, leads
to a severe burden upon him, and to undue expense to the |jti-
ants. [t is true that the I|t|%ants call their own experts, but

is does not fill the need. The Court itself should be so com-
Posed as to understand and deal_adequately and promptly with
he matters brought before it. This has been embodied in the
previous recommendation of a smgle court for patent api)eals.
It is especially desirable that courfs of first instance be also, so
constituted as'to treat difficult technical questions with precision
and promptitude.

ADVISERS TO THE COURT AND TECHNICAL JURORS

It is therefore recommended that there be provided scien-
tific_or technical advisers or juries to furnish adequate si-
entific or technical assistance to"courts of first instance in equity
patent causes. _ _

The Fhrase “equity patent causes” is used to exclude suits at
law, but is otherwise"synonymous with “civil patent causes” as
used in the preceding section. _ N

The advisers or jurors should be United States citizens of
sufficient scientific or technical qualifications so that they are
expert in the art to which the suit relates. They should e se-
lected by the. Court, with such suggestions from the litigants
as may be solicited, but without the”necessity of securing agree-
ment of the litigants to the selection. _

Initially they should be selected at large. It is recommended
however, that ‘steps be taken to prepare”and maintain an ade-
quate. list of quallfled experts, and that uPo_n Its establishment
selection should be confined to this list. [t is believed that the
National Research Council, in. cooperation with the national
scientific and en%meerm societies, would be the proper agency
to be charged with the duty of preparing and maintaining a list
for this purpose. _ - _

It has been stated that it would be difficult to find properly
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(Luahﬁed experts. No such difficulty will exist. It is true that
there are many fully (ﬂuahﬂed scientists and engineers who con-
sistently decline toact as experts for litigantsin patent cases;
often because the partisan presentation of'a cause, while neces-
sary and proper, is natural for an attorney but unnatural for a
scientist or engineer. - To a call from the courts for dignified
and non-partisan aid in the handling of patent cases there will
be amPIe res%onse. Nor does thi$ country lack men of the
highest type, both from the standpoint of their professional at-
tainments 'in the sciences and, their applications, and from the
standpoint of their trustworthiness and public spiri, _

It should be mandatory_ upon the Federal district courts in
egu;ty patent causes to utilize the services of either a technical
adviser or a technical jury, but the court should be free to
33L%Ctsueiltther alternative, and should make selection anew for

When g technical {uryr Is utilized, its report should be final
as to questions of fact. Three jurors should be sufficient,

When an adviser is utilized, he should be merely advisory
to the court, and his report, if called for by the Codrt, should
have the same presumption of accuracy as a master’s report has,
under the Equity Rules. S

The adviser or jury should act in conjunction with the court
and under its direction as to procedure.”

The compensation. of experts em[oloyed_ in this manner should
be commensurate with their usual earning power. It should
preferably be fixed by the court, as is donie now with masters
under the E%mty Riles, but it may be fixed by statyte, in
which event the maximum per diemshould be stich as is, cus-
tomary for congultants with” high standing in their professions.
This Compensation may be taxable as part of the costs of the
suit, as is done now with masters under the Equity Rules; or
it may be paid by the government as a Part of the, cost of main-
taining the courts. On the matter of the allocation of the ex-
pense o convictions are offered. _

This modification in procedure will notably and properly in-

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



160 Endless Horizons

crease the prestige and dignity of the courts. 1t will utilize, in
the speedy and just dispSition of patent causes, the great asset
which this country has in its body of scientific and” technical
men. It will, by Causing expedition, decrease the costs of liti-
gation and by rendering our patent system more sure and
effective, it will benefit especially inventors and new indus-
tries, and thus benefit the people generally.

It appears that this change can be largely effected by the
United States Supreme Court th_rou?h ai amendment t0 the
Equity Rules, although Congressional legislation may be need-
ed on’some paints,

COMPULSORY LICENSING

There have been repeated suggestions that some system of
compulsry licensing be introduced in this country. The usual
reason given for thie need of such a System is that patented
articles are sometimes not manufactured and made availahle to
the public, for one reason because of the failure to reach an
agreement on the part of those owning several patents, all of
which_are involved. The principal argument against compul-
sory licensing is the statement that by decreasing the strength
of the patent'monopoly it would reduce the inceritive to inven-
tion and development; and vitiate to a considerable extent the
effectiveness of the system in the development of industry.
tThhe potmt is a difficulf one, and it goes directly to the heart of

e system.

NNo_system of comBuIsor licensing should be introduced at
this time. _This problem has not_ s yet been constructivel
analyzed with the completeness which should precede any suc
fundamental alteration'in our patent system as is here involved.
Such a study should be made by a groug_ combining legal, sci-
entific, and” husiness points, of view, which can approach the
EJ,robIem Judicially and without Rrejudwe, and with ample
ime for its full consideration. The nature of the problem is
brought out bg the following:

There has been enormous change in technique and commer-
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dal, practice in the last hundred years. The E)atent, system at
its inception contemplated an individual inventor, givén a mo-
nopoly for 17 years as a reward and stimulant for invention,
and to enable finds to be obtained for commercialization. This
simple stipulation no longer obtains. What was originally a
self-sufficient patent to an individual for 17 Years has developed
into aloatent structure or assemblage of patents, Plvmg a sub-
stantially permanent mo,nopol]y In an ad,van_cm% arf to an indus-
try oragrouP of industries. The justification Tor the extension
In'a democratic country of an absolute monopoly to an inventor
for 17 years, on the basis that this is a reasonable reward for his
disciosdre of his invention In lieu of maintaining, It secret, no
Ior&ger applies generally. In these days of intenSified research
and"development it is the usual experience to find that impor-
tant advances arise nearly simultaneously at man¥ points. They
are the result of an advancing knowledge and technique, and
the advent of a specific human need and commercial opportu-
nity.  The individual inventor plays an important part in recoP-
nizing the situation and supplym? the needed combination.
most cases, however, he could not hold it secret and use it pri-
vately if he wished. Moregver, if he did not appear with_his
inverition it would not be long in these intense times before
some other _inventor would Supply the necessary creative
thouqht. This is not ech_uszeI¥ the situation, of course. There
are Still brilliant and striking Tlashes of intellect which create
startling inventions which would not otherwise be made for per-
haps a generatlon. The point is that inventions_of this type are
few and far between, and they are insignificant, in number com-
ared to the nearly 100,000 patentS now issued annually.
loreover, most of these brilliant advances would be made and
disclosed whether or not there were a patent s:r/]stem designed
to produce a reward. The old %usnflcatmn for the extension of
exclusive monopoly no longer nolds, .
There isstill, however, aTully valid reason for continuing the
system of extendmlg a patent monopoly. New developments
are hazardous. Only a small fraction of the attempts to bring
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into public use new and untried combinations are commercially
successful. It is imperative that there should be an opPo_rtunlty
for the successful venture to reap a speculative profit. If it were
assured only of a competitive profit, funds would not flow into
new ventures, and this country would soon lose its place in a
rapidly advancing technique. “The opportunity for the neces-
sary speculative profit can be secured only by the extension of a
monopoly. Moreover there is glreat danger that an ill-advised
restriction of this monopoly would cut the heart out of a system
on which a great part of the striking industrial development of
this country”has been based. o

Certainly a s¥stem of compulsory licensing based merely on
failure to manutacture under a patent, such as has been in effect
with dubious results in several countries, is not an adequate soly-
tion of the problem. A group which succeeds in arriving simu}-
taneously at two new ways of adequately supplying a public
need should not be penalized by being forced to” manufacture
both resulting devices. _

Much of the difficulty arises because, under the law, all in-
ventions are treated on an equal basis. A new collar hutton and
a new flying machine result' in patents %rantmg similar rights
and privileges. Careful consideration should be given to the
desirability of crea,tm_? two classes of patents, major and minor,
with a relatlveI){ limited Tgrant under the latter. A part of the
distinction should result from the fact that some inventions are
of such nature that they demand large and perilous expendi-
tures, such as become expedient undér monopoly, in order to
bring them to fruition for the public benefit; Whereas other
inventions would come into use whether there were a patent
system or not. - _

Under the present system, when a suit for infringement i
successful, the court has no alternative than to assess profits and
damages and order the cessation of infringement. When a pat-
ent has thus been found valid and infringed, the court cannot
consider the public interest when called upon to issue an injunc-
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tion 10 stoR_ the use of the combination by others than the
owner and his licensees. o _ o

Often, the infringed patent is incidental or minor, or its pri-
mary utility maY lie in an entirely different field. 1t would
appéar reasonable that in such cases, and to prevent unwar-
ranted disruption of industry, the Court should be enabled to
order the payment of reasonable royalties, rather than simply
to order cessation. Such a provision would resolve the guandary
in which Courts are forced by the strict letter of the law to act
in a manner contrary to what aﬂpea[s to be broad public interest.
Yet the determination that such a situation really existed would
be difficult, and the evaluation of the extent td which a given
E)atent controlled a given situation would be hound to be vague.
In order to_be definite such a change In our basic patent law as
i here envisaged should therefore” wait until the classification
of patents into majlor and_ minor groups has heen established,
or until some equally positive way has been developed of de-
limiting the discretionary power of the courts, . _

The situation is thus a complicated one, in which hastily
considered changes are highly inadvisable. 1t is believed that
the modificatioris recommiended in this report will result in a
firmer base from_which to approach the whole question of
compulsory licensing.

SECONDARY MODIFICATIONS

The three major modifications recommended above are of
primary importance. However, there are many Secondary
modifications, some of which are already r_ecewmq effective
attention on the part of the Advisory Committee to the Patent
Office, on which comment is in order.

Patent Office Personnel and Facilities: Every effort should
be made to increase the standing and ability of the personnel
of the Patent Office. They are handling an e_xceedmﬁ]ly difficult
[)|ece of work, which is an essential undertaking for the good of
he country. In this work they should be generously supported.
There are various ways in which they can be assiSted, outside
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of the simple matter of remuneration. It appears desirable that
examiners should have_ an opportunity to become acquainted
with the developments in their field, by visits to industry and
by further studfy, in order that they ma% perfect themselves in
the handling of their advancing arts.  They should have better
library facilities. It _aRpears also desirable that there should be
a mechanism by which they may consult experts on scientific
or technical questions, of course without disclosure of an%; mat-
ter under their_consideration. They represent the public in
important negotiations and the digni ¥ of their position should
be enhanced, and real accomplishment in this important public
service recognized. 1t should receive direct subsidy in addition
to_all income from fees. The benefit to industry will return
this investment tenfold. _ _

Delays: The matter of delays is always serious. The burden
which this places on industry at large ‘is not always compre-
hended. Technical matters move much more rapidly in these
days than they did a ?eneranon ago, and there Is n0 inherent
reason why legal matters should not also become accelerated.
We are ing vastly different age from that when it took months
to communicate Wwith Washm&;ton. |t would appear that the
time allowed for the answer to an Office action and the time
allowed before the payment of 4 final fee m|th with propriety
be still further requced. Slmllarlg, the allowable delays in
interferences should be cut down. Since, in American practice,
the monopoly runs from the date of issue rather than the date
of application, and since attorneys often delafy the prosecution
of aBpllcanons in order thus to extend the effective monopoly,
the Patent Commissioner should in the public interest rigorous-
ly restrict the pendency of applications and the duration of in-
terferences to the minimum period consistent with proper ex-
amination and adjudication, and. the Office tules should be
modified wherever necessary to bring this about, These matters
are receiving attention by the Advisory Committee to the Pat-
ent Office, together with” others affecting the procedure in that
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Office. Progress has been made, particularly in regard to inter-
ferences, and further progress Is desirable.”.

Another tyPe of delay”occurs in connection with litigation.
Wherever delays are_unnecessary they should be studiously
avoided, as they constitute a serious drag on industrial progress.
There is a delay which sometimes occlirs by reason of failure
of a {udqe to give his decision promptly aftér the conclusion of
asuit. Tt is realized that an interval at this time is_necessary
in order that a Jud%e_ may read the law. However it ap?ears
that the interval which occurs between the conclusion of the
suit and the rendering of the decision is often much longer than
IS nec,es_sarY for this purpose. This appears to be often due to
the difficufty experienced by the judge in fully understanding
the technicdl facts presented to"him, and in such cases the
modification in court ﬁ_roce,dure recommended in this report
will remove much of this difficulty. 1f delay occurs b%/ eason
of undue burden on the judge,. then the burden on the court
should be relieved in order that it may be reduced. It is entire-
ly possible that some judges do not realize the serious harm
Vhich may be occasioned by delay, and that a better realization
of this fact would automatically result in greater expedition. It
Is essential that delays be reduced at all points as far as is con-
sistent with proper deliberate. procedure, for the correction of
the existing Situation lies within the purview of the courts.
_Joint Inventions:_ There is confusion regarding the matter of
!)omt inventions.  This is, sometimes the “reason” why a patent
ecomes invalid on what is substantially a technicality. 1f the
law states that the actual inventor must sign the application,
but that he may be joined if he wishes by others who have, in
his opinion contributed, without danger ‘of his patent’s being
found invalid because of the fact that their contribution is late?
found not to have been essential, the situation will be thorough-
ly clarified. This has been suggested many times.

Re|ssues¥ Disclaimers, Renewals; Theré seems to be strong
argument tor abolishing the granting of reissues and for sim-
plifying the law concerning diSclaimers. Expedition and clarity
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would also result if the practice of allowing renewals were dis-
continued. - These matters appear to be in the nature of un-
necessary complications, which confer a proper benefit in rela-
tively rare instances, but the continuance of which in their
presént forms causes more confusion and cost to the public than
IS warranted gy the results. _

Equitable Treatment of American and Foreign Inventors:
The American inventor is at a disadvantage in certain respects
as compared to the, foreign inventor. This whole_situation is
involved with the international agreements reg_a[dln_g patents,
It reguwes careful study in order that any modifications intro-
duced shall not give justifiable offense. "However, the rights
of the American” inventor should be maintained on the same
glane as of those in foreign countries who apply for United

tates patents, or for patenits in_other countries,

Reclassification of Patents: There has Ion? been need for a
thorough reclassification of patents in the Patent Office. The
funds necessary for this piece of necessary work are not large,
and should be provided. . _

Annual Taxes: There is much confusion due to the enor-
mous number of patents in this country. As far as concems
those which are issued, not expired, considered valuable by their
owners and }(et prohably invalid, little can be done except to
leave the matter to litigdtion. There are, however, man}g ISSued
Patents which are now known to be worthless b% those who hold
hem. 1t would be of great help if these could be removed from
consideration. There are in various countries systems whereby
patents are subjected fo an annual tax. The Tesult of this is
promptla/ to remove from consideration all Patents which are
regarded by their owners to be not worth the payment of a
taX, Sucha system would greatly cIan? the atmosphere in
which industry”operates by rémoving dead material, as patents
upon which the tax remained unpaid would lapse.

. The introduction of such a system should, however, be made
in such a way as not to increaSe the burden of the individual
inventor. In fact he is already overburdened financially by
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the present filing and final fees, faken toglether with his attor-
ney’s fees. The part played by individual and isolated inven-
tors in our industrial development is not proportionately as
great as it once was, for the greater part of modern invention
comes from the joint work of many in laboratories. However,
the day of the individual inventor is not past] his services to the
country are needed and should be encouraged. He often points
out the new and useful combination which would otherwise be
overlooked If it were not for his d|scern|nq eye. The careers
of successful individual inventors show that an expense, at the
time of makmﬁ an invention is often a Serious burden indeed,
especially on the first invention of a series. Expense at a later
stage, .however, is not likely to be serious at all} for if the
invention is tryly important’it soon attracts funds for its de-
velopment, and further patent expenses in the Patent Office are
a minor matter compared to the expense of such development,
which is usually carried by others. It is desirable therefore
that the initial urden on the inventor be reduced by cutting
the filing and final fees, and that this be offset by imposing
annual taxes. o

There should then be a system of annual taxes, beginning
several years after issuance, dnd on an ascending scale. ™ These
should be so adjusted that the total income from™fees and taxes
will be approximately the same as at present.. By this means
the burden will be no greater than at present, it will be placed
where it can most readily be borne, and there will result the
removal from consideration of a vast number of patents which
are now simply an impediment.

STIMULATING NEW INDUSTRIES

The United States has developed marvelously in a technical
way.. Much of this advance has been due to’the innate In-
genuity of its peogle and the patent system has been one of the
main rocks on which the prospent?/ of the country has been
erected. The character of the peoRe has not chan(t;ed, but the
times have changed decidedly. Other countries, not previously
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technically minded, are ?om forward rapidly in this direction.
Competition in technical affairs will be keen, and any nation
which does not rapidly é)ro ress will drop into a secondary posi-
tign in a technical world. The patent system, built exceedmgily
wisely in the early days of our history, and deveIoPed carefully
and skillfully inthe hands of the Patent, Office, the attorneys
and the couts, is no longer completely in tune with modern
conditions. 1t should be maintained and strengthened. Altera-
tion is now essential if it is to continue to be & firm foundation
for industrial advance. Modifications should be entered upon
carefully and thoughtfully, without destroying any vital part of
the structure, but nevertheless courageously and thoroughly.
Such a procedure is essential for the welfaré of the countiy. "

The %reater problem of the stimulation of ngw industries is
related to the more comprehensive program. The benefits to
be derived from a modernization of the patent system are de-
pendent upon the treatment accorded by the people of this
country to their industries generally. .

The frontiers have disappeared.” No longer may a citizen
break new ground beyond_ the horjzon. But the opportunity for
pioneering In the application of science to human needs remains
and calls for the same virtues of courage, independence, and
perseverance. It still is possible to enter uncharted regions in
Industry, and it is still hazardous thus to open new ferritory
for_the”national welfare.

There has been a powerful trend toward stronger govern-
ment control of large industry in recent %ears. Unfortunately
this has, resulted in”many measures which have borne heavily,
and which have added artificial hazards to those naturally in
the path of new ventures. Independence has been curtailed.
Legal complexities have been multiplied. The maklnP of
|arge profit has been frowned upon. The creation of truly new
industries and products has been rendered nearly impossible.
This trend must reverse. _

The removal of unnecessary hurdles in the patent system
will help. It can provide, however, only part of the essential
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correction. He who brmqs a.new product or a new industry
into being, with copsequent gainful employment and a quicken-
ing of the national tempo, Mmust be truly’ encouraged. = As he
takes great risks, and as many failures”in new ventures are
inevitable for each success, so must he feel secure in the earn-
ing of that speculative profit which is his incentive.. It is the
function of government to protect him from badgering by an¥
or%anlz,ed group, S0 long as he regards the primary fights, 0
others in his attempt to advance, "Above all it is the flnction
of government to see that he is constrained in his activities
\F/)\gg%ethe path of legitimate effort in as simple a manner &

The patent system requires modification in this regard. But
the welfare of the pioneer should be always prominently in
mind wherever government control of industry is considered
In requlations cancerning fair competition, in systems of taxa-
tion, “In rules regardingthe issuance of securities, and in all
other control which affects_him. UEon his progr_ess depends
the_ standing of our country in a shrunken world of intense com-
Petmon and the standard”of living of our People compared to
hose of ather lands. We sadly need to_return to the realiza-
tion that the nﬁnoneer 5 a bene&actor, against whom the door of
opportunity must not be closed.
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Thorou?hout the world, thoughtful people are agreed that
there must be peace, and that the nations must join together to
maintain it.  The bombs that burst over Hiroshima and Naga-
saki require that we end war as an accepted and possible instru-
ment for nations. In those bombs which unleashed the titanic
power of atomic energy, mankind demonstrated to_jtself that
It has reached the ultimate in destructive power, This means
that a new world, evil or gogd, as we choose, lies before us.
On the one hand are utter ruin and suicide: on the other are
friendship and abundant life. It makes no difference whether a
man is a physicist or a farmer, a Russian or an American, a
Koungster or a grandfather, a machinist or a financier—when
e looks at these alternatives, he thinks first of all as a simple
human bem?_. And as he sums up in his mind the toll of death
and devastation which the war has exacted, and projects in his
|mag?|nat|on the horribly greater toll which another war would
surely demand, he knowis in his heart that greater than all other
considerations—of race, nationality, ambition, trade, profession,
power, or prestige—is the_one all-encompassing fact that there
must be peace and good will among men. o
This has been mankind’s groblem after every war in history.
It has never heen solved—nut there has always been another
chance. This time it must be solved, for there will be no chance
to try again. Another war would not necessarily wipe the
human race from the face of the earth. But it could reduce the
human race to a savage level or below. _
The atomic bomb means that war now could come with vol-
canic suddenness and volcanic destructiveness to the headquar-
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ters of md,u_st% and Prqductlon, and could blast the nerve cen-
ters of civilization into impatence. even before an alert could be
spread. . The entire pattern in which we are accustomed to think
of war is scrapped by this truth.. Moreover, non-atomic weap-
ons which were under study, in preparation, or in_existence
when atomic bombs ended this war could by themselves when
fully developed obliterate civilization. The atomic bomb em-
P_hasued and, punctuated a stark reality, It is therefore impera-
ive_for us finally to prove that the old assumption that wars
are inevitable is & fallacy.
. Already we have made marked Erogre_ss toward that proof
in the establishment of a framework within which the peaceful
eople. of the world can work together. The United Nations
( rqamzatlon is a fact, and a fact that can be made as powerful
in its way as the fact of the availability of atomic energy.
| believe that a strong United States is the surest Guarantee
of peace in the world, ™ Not a strong United States policing
the world. Not a United States strong in merel}/ immediaté
military power designed to wage war I the next few years. |
mean 4 United States stronﬁ now, and stronger in the future,
governmentally, economically, scientifically, industrially, mor-
ally, and also, and until we arrive at an_ international frame-
wark capable of preserving peace, strong in a military senge.
We must grasP the tolgh fact that“the very emphasis on
eace in the great democraCles in the interval bétween the last
0 wars undoubtedly fostered the aggressors’ conviction that
the democracies were soft and decadent, and encouraged Hitler
to strike. Talk of peace must this time be realistic; we shall
need to maintain our full strength as a military power if we are
to be respected and. listened to. _ _ _
‘Americans who sincerely want to share in securing and main-
taining the peace of the world through a strong international
orlgamzanon have their work J)Iamly efore them. We must
all Jud?e our courses as ([;oo or bad acc_ordlnﬁ to how they
will"help or hinder the srength with which the nation (oes
forward, not as a possible compatant in a world of isolated ‘sus-
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pr|c!ous states, but as one free people among other free {)e,oples.
his applies to the engineer in the field, the scientist in the
laboratory, the industrialist. at his desk, the mechanic at the
lathe—t0_all of us as individuals, and to all of us as groups.
No individual, no group, has any right to override the good
of the nation as a whole. At this critical time an}I/],mdlwduaI
who places a selfish interest above the good of Mis country,
above its strength in a difficult world, should pause to think
that by so doing he may be making it necessary for his children
or grandchildren to fight in a desperate war. ~ |
. The realistic sense of moral responsibility which | stress here
is basic.  With it, we have the foundation on which the bul-
warks of national strength can be built. _

| place high in the list of these the maintenance of vigorous
research in fundamental science, with Federal financial aid for
the support of research programs and for the education of fu-
ture scientists, and with streSs on the fact that fundamental re-
search demands at the same time the highest degree of freedom
and initiative for_the individual. There must be no taint of
regimentation as Federal support is thus provided. The Con-
gress now has under consideration bills which will establish a
National research foundation.. Through this mechanism, the
people of the United States will be enabled to foster the funda-
mental studies of science from which come rich basic knowledge
and immediate practical_utility. Of particularly. great impor-
tance is the fact that this legislation will help 1g|ve the brains
of young Americans a full chance to work. = Throughout all
the"fields of knowledge, and espemallY in the vast unknown new
field of atomic energ}/, the need and the opportunity for young
fresh minds are greater than ever before In history., =~

During the war gears we drew heavily on our sCientific capi-
taI,,makm? great advances in applied science—in radar, rockets,
antiaircraft qunnery, in immediate therapeutics, in transporta-
tion. To do so, we had to give up fundamental research and so
we had to sacrifice the future to the Present. We must now re-
plenish the reservoirs of fundamental knowledge. It is through
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the application of the results of vigorous, fundamental research
that we have in the past created extensive industries, secured
Prqductlve employment for our people, raised our standard of
iving and of general education, and increased the national in-
come upon which government draws for the general good. We
must be able to rely in the future on fundamental “science to
Rrowde the basis for these things to a greater extent than we
aveinthe past. o
. The advantages which an alert and aggressive military estab-
lishment gained from scientific research in the hard-fought
struggle just past need no rehearsal here by me. Bear in ming
the tird member of the powerful team that made them possi-
ble. This third member is American industry, flexible, re-
sourceful, vigorous. Without it, this country and the rest of the
free world might well have gone down in” defeat.  Industrial
might, when well exerted through teamwork between manage-
ment and labar, has always been one of this country’s greatest
sources of national strength, in peace or war. Hence'l hold
that we must foster and preserve the industrial zeal that has
served us well ever since our ﬁjoneer days. Only thus, can we
be sure of the avenues by which the results of scientific and
engineering progress find ‘their place as useful products in na-
tional and International life.
. This does not mean that the central government should relax
its vigilance to protect the public against wron%domg—m busi-
ness or elsewhere. 1t does mean, however, that we must en-
courage the advent of new industrial units, remove obstacles
and ﬁetty annoyances, and thus create a climate of opinion in
which sound business will thrive. 1t does not mean failure to
requlate where regulation is necessary, as in the natural monop-
olies, but It does mean that there should be no hostility between
government and business, even if business is big. _
We must have a strong government, Its Several functions
must be clearly defined and allocated, it must consist of able,
alert men, and above all it must be honest and upright because
its members have moral integrity and a breadth of vision which

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



174 Endless Horizons

lets them see against the background of history the significance
of what they do. In the war years, all Americans in and out of
uniform have been alert participants in their government. It
will not do for that active sharing to slacken now. _
_In this war the rePresentanve republican_ system proved effi-
cient, versatile, adaptable. We must keep it that way. There
IS no inconsistency between this assertion and the existence of a
strong federal government in the United. States. As socie
becomes more complex there are more things for the centrg
overnment to do—many things which only 1t can do. Nor is
ere inconsistency between this assertion and the creation of
t[;reat government works.  Some of these are as old as the na-
lon—consider the postal system, the highways spannm? the
continent.  Such works as thiese are of necessity a national and
hence a governmental responsibility, A new ‘one is before us
In the_control and administration of atomic energy. Already,
in legislation now bem? considered, we are undertaking the
problem of national_ confrol—an essential first step toward"ulti-
mate world regulation and utilization of this vast new power,
Establishment "of an Atomic Energy Control Commission of
competent and disinterested citizenS armed by the Congress
with the unprecedented powers demanded by their_ unprece-
dented responsibilities, with proper safeguards a?alnst their
arbitrary or unreasonable use, should soonbe expecied.
Now’ just as the self-interest of groups within the nation
must yield to the essential requirement that the nation be
strong, so the self-interest of nations must in the years to come
be subordinated in order that the world or%anlzatmn may be
strong. We must be prepared to recognize that no short-,range
self-interest of the United States can be allowed to stand in the
Wa)( of full and sincere collahoration with other nations in the
furtherance of peace. At this moment, we Americans face this
issue, and the issue is stated in very great terms, 1t is the ques-
tion whether and how we shall Share with othfer nations our
knowledge of the control and utilization of atomic energy. |
do not use the atomic bomb as a term in stating the issue; the
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bomb is but one, application of atomic energy, a fitanic and
awesome application, it is true, but still only one application.

Let me say something about the bomb. First, we can never
be thankful enou%h that’the secret was learned by peace-loving
peoples, not by the fascist nations which sought with all their
might to master it in order to unleash atomic war on the whole
world. Second, the bomb did not win the war; the homb did
end the war swiftly and | think mercifully, and,th_erebY saved
many thousands of human lives. Third, and this is extremely
impartant, by reason of its sudden, spectacular effectiveness, the
atomic bomb underscored and emphasized as never before the
fact that the nations of the earth must put an end to all wars for
ever. Fourth, and of equal import, the development of the
bomb—the work of a congress of free minds and free hands in
a fre countr_)(—|s undying testimony to the strength and vital-
ity of the philosophy of government’in which we believe. Only
in a free country where”people have faith in the %ood will of
one another codld so vast an undertaking have Deen carried
through so successfully in so short a time. Whatever | have
said earlier about the teamwaork of science, management, labor,
the military, and government is forcefully re-emphasized by
this achievément. _ _ _

For the time being—that is, for the five to fifteen years
which other nations must have if they are to make atomic hombs
of their own—the control of atomic energy thus achieved by
scientists and engineers working in the United States puts in
the hands of the American peaple a power and an opizortunlt%/
such. as no people ever before have held. It is a start mg fact,
hut it is a Tact, that the United States tod%}/, if it would con-
tinue to_put all its resources into such an effort, and if matters
of phzlsmal force only were involved, could turn aggressor,
devastate the centers of the world with atomic bombs, and in a
short time impose its will on all nations. The power is thus
the power to rule the world. The opportunity is the oppor-
tunity not to use that power for that Rurpose,_ These are not
alternatives for a free people rich in the tradition of freedom.
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For us, there is no choice between them. The United States
will use the opi)ortunjty not the power. _

s perfec_tP/ plain” that we will not use atomic energy to
impose our will physically on the world. How shall we™use
it?” Remember that th,ou? all we have now is a bomb, control
of atomic energy will in fime become an economic factor of the
first importance.  Note that in mankind’s history the applica-
tions of chemical energy appeared first at the simplest level—
uncontrolled fire, then” explosions—and tha later they were
one hy. one controlled an aPplled,to meetmq human” ngeds.
The science of atomic enertgg oday is comparable to the science
of electnm(t]y in the time of Faraday. Things move faster toda%
than they did a century ago; hencé we may expect that thou

It is far ‘more difficult; the development of atomic energy for
?eaceful industrial and economic_use will be swifter than was
he development of electricity. The atom should be at useful
constructive work for us within ten years. Yet it will not per-
ceptibly alter the pattern of our living until long after that.
We shall still use steam and electricity Tor lighting and power.
The atom will generate these thmqs—not drive the family car.
And we must bear in mind, as we look thus to the future, that
this development which the public interest requires will have to
be carried on under controls which the public safety demands.
Using atomic energy is a dangerous undertakm[q. But that
energy must be brought to use, for it can ultimately bring all
mankind more ease and peace than we have_ever known, Amer-
ican industrial ability, working within sensible limits which the
well-being of the people impases, can be relied on to overcome
the dangers and produce the benefits.

As an engineer, | have good reason to know that the free
exchange of ideas and knowledge is the first requirement of
progress. We had such a system before the war, and under it
American science and engmeerlngf led the world. [t must be
restored, for only by the cross-fertilization of brains do we
breed great thinking, and the peaceful control of the energy of
the atom will demand much great thinking. Therefore, |
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hope to see the United States make the first great move toward
the renewal of international exchange of scientific knowledge.
| believe we should undertake to share with our world partners
all of our basic scientrfic knowle_d(k;e of atomic energr _
This does not mean that I think we should blandly give away
this part of the information without consideration, The cori-
sideration we should ask is quite clear: We would expect all
nations to do likewise, in fact to be equally candid and open in
all areas of scientific progress, and to make the interchange
real by constant exchange” of scientists, students, and publica-
tions, with a poIW of OBe_n doors in scientific laboratories all
over the world, We can r|n(]1 about this result if we are united
and wise, but it should be clear that there are two great ob-
jects: first, to open our own scientific doors, and second, to do
50 in such manner that all other doors will also oBen. _
This would be only a first step, but it would be an impor-
tant one. 1t would not involve ‘gfwmg away the secret of the
atomic bomb.” That resides, as Tar as it exists, prlmarlli/ in
industrial experience, the solving of a multitude of pracical
problems, and the intricate techniques of application. * It can-
not be too strong|¥ emphasized that no man could convey this
information by a Tormula or a diagram or two, if he would;
it is much too complex for that. | would ?rop_os_e that we re-
tain such information securely at Fresent, or it is one of the
reasons that our lead over other nations that might wish to con-
struct atomic bombs is as large as it is. But the first step of
su_?lgestmg full mterchange on the basic science of the atom is
sti mportantd for to take it would indicate strongly that we
wish to proceed down the road of international collaboration.
Other steps can follow, if the first is successful. | would
advocate as the next step the placing of full information in
regard to all aspects of atomic energy in the hands of a body
in‘'the United Nations Organization, with instructions for the
complete dissemination of 1t. But | would do so only if there
were complete acceptance of the principle that this body would

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



178 Endless Horizons

have ingpection rights, to be implemented by a scientific board
infernationally constituted, and” before the’door was_opened
wide | would make very sure that such inspection would work,
g% pt igetxti%% Snat|on could™in fact proceed in secret with military

Beyond this lie other stePs, and these hardly need to he
sReu |callﬁ formulated as yet, for the road is long. Trustee-
snip for all military embodiments, provisions for use only under
the orders of the, Security Council, dispersion of materials into
industrial embodiments from which they could not be reassem-
bleoll without the knowledge of the world, are possibilities to
explore.

pfhe first step toward that ultimate goal is to establish the
full free flow of facts—the complete and honest exchange. of
knowl_ed?e—among_ the nations.” We Americans are the first
to be in Tull possession of the most powerful and most precious
knowledge of the physical world ‘ever discovered. We can
therefore open the way toward assuring the growth of the full
free flow of facts, by providing for complete interchange of
information on the basic scientific aspects of atomic ener%y. In
the War Department release in early August, we made the
nght start, and | believe we should go farther on that course.
The strongest help that we can give to bettering the common
destiny of mankind is to demonstrate in this way our faith in
the good will_of men and our desire to be one nation among
other nations in a peaceful world of free interchange. _

AAs we enter a new world | urge two things. Let us main-
tain our countr strong in every way. In this strength, let us
lead through the path of international understanding to the
organization of a sove,relqn world where the nations of men will
find the better, happier life which man’s final mastery of the
energy of the atom offers, if he will but use it rightly. ~To this
end every citizen, in every contact with his fellows, (imded by
]bls pﬁtrlotlsm and his own judgment, has his duty clearly be-
ore him.
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17: THE BUILDERS

The process by which the boundaries of knowledge are ad-
vanced, and the structure of organized science is builf; is a com-
plex process indeed. It correSponds fairly well with the ex-
letatlpn of a difficult quarry for its building materials. and
he fitting of these into an edifice] but there are very significant
differencés. First, the material itSelf is exceedmlqu varied, hid-
den and overlaid with relatively worthless rubble, and the pro-
cess of uncavering new facts and relationships has some of the
attributes of prospecting and exRIoratmn rather than of min-
ing or guarrying.  Second, the whole effort is highly unorgan-
izéd, Ther¢ afe no direct orders from architect or quarry-
master. Individuals and small hands (E)_roc_eed about thelr busi-
nesses unimpeded_ and uncontrolled, |gg|n,? where they will,
V\(/qugkmg over their material, and tucking it into placein the
edifice.

Finally, the edifice itself has a remarkable property, for its
form is predestined by the laws of logic and the nature of hu-
man r_easonln?. It is dlmost as though it had_ once existed, and
its building blocks had then been scattered, hidden, and buried,
each with its unique form retained so that it would fit o_nIY_ n
its own peculiar position, and with the concomitant limitation
that the blocks cannot be found or recognized until the build-
ing_of the structure has progressed to the point where their
Posmon and form reveal themselves to the disceming ege_ of
he talented worker in the quarry. Parts of the edifice dre being
used while construction proceeds, bY reason of the applications
of science, but other parts are mere,F admired, for their beauty
and symmetry, and their possible utility is not in question.
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180 Endless Horizons

In these circumstances it is not at all strange that the workers
sometimes proceed in erratic ways. There are those who are
(uite content, %wen a few tools, to dig away unearthing odd
blocks, piling them up in the view of fellow workers, and ap-
Farently not caring whether they fit anywhere or not.  Unfor-
tnately there are” also those who watch carefully until some
industrious %roup, digs out a particularly ornamental block;
whereupon they fit it'In place with much qusto, and bow to the
crowd. - Some groups do not dig at all, but spend all their time
arguing_as to the exact arrangément of a cornice or an abut-
ment. “Some spend all their days trying to pull down a block
or two that a rival has put in place. ~Some, indeed, neither dig
nor argue, but go along with the crowd, scratch here and there,
and enjoy the Scenery.” Some sit by and give advice, and some

Sit,

On the other hand there are those men of rare vision who
can grasp well in advance just the block that is needed for raP|d
advance on a section of the edifice to be possible, who can tell
by some subtle sense where it will be found, and who have an
uncann% skill in cleaning away dross and bringing it surely into
the light. These are the master workmen. For gach of them
there ‘can well be many of lesser stature WhO_ChIi] and delve
industriously, but withlittle grasp of what it is all about, and
who nevertheless make the greaf steps possible.

There are those who can give the structure meaning, who can
trace its evolution from early times, and describe the glories
that are to be, in ways that ingpire those who work and those
who enjoy, They bring the inspiration that not all Is mere
building of monotonous walls, and that there Is architecture
even though the architect is not seen to quide and order.

There are those who labor to make the utility of the struc-
ture real, to cause it to give shelter to the multitude that they
mar be better protected, and that they may derive health and
well-being because, of its presence,

And the edifice is not built by the quarrymen and the masons
alone. There are those who bring them Tood during their la-
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The Builders 181

hors, and cogling drink when the days are warm, who sing to
them, and place flowers on the little walls that have grown
with the years, _ -

There are also the old men, whose days of vigorous bundlng
are done, whose eyes are too dim to see’the defails of the arc
or the needed form of its keystone, but who have built a wall
here and there, and lived long in the edifice] who have leamed
to love it and who have even grasped a suggestion of its ulti-
mate meaning} and who sit in the shade dnd encourage the
young men.
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