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PROGNOSTICATION,and especially long-range prog- 
nostication of technological advances, particularly 
those related to new sectors, is a n  extremely hazardous 
performance even i n  normal times. When one at-
tempts to  make prognostications fo r  a postwar peace- 
time period, when one is in  the midst of the turmoil 
of war, it is a hazardous undertaking raised to the n th  -
power. The reason for  this is because of certain very 

1The ninth address of the second series of conferences 
on "Postwar Goals and Economic Reconstruction" held 
under the auspices of the Institute on Postwar Reconstruc- 
tion of New Pork University. Dr. Arnold J. Zurcher, 
director of the institute, presented Dr. Jewett and said 
in part: "We have not only an engineer this evening, 
but we also have, I suppose, one of the most distinguished 
engineers in the country. I n  a long list of persons who 
have been submitted to our attention as the kind of per- 
son whom we ought to invite, Dr. Jewett stood a t  the head, 
and we are very fortunate indeed in getting him to con- 
sent to come over here this evening and talk to us." This 
address, together with the discussion, will become part of 
a volume on "Postwar Goals and Economic Reconstruc- 
tion," published by the university. 

fundamental conditions affecting science and technol- 
ogy during a war era. 

I n  the first place, technology is itself so vast a 
subject and covers such a wide range of applied 
science that  no man i n  the world is wise enough a t  
any time to predict the future except fo r  a very short 
distance ahead and i n  very limited sectors. Even so, 
he can not have any  great assurance of being right. 

During the war period there is added to the normal 
uncertainties the fact  that  no one i n  the world has 
the slightest idea of what kind of a world we are  
destined to live in  when the show is over. Further, 
no one can say with certainty when the period of 
active warfare will cease and the period of peace 
will begin. Nor can any one say with assurance what 
changes in  science and technology will occur during 
the interval of active warfare still ahead of us. The 
present tempo of applied science to  the a r t  of human 
destruction and defense against that destruction is 
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exceedingly great, and quite unforeseen things are 
still sure to arise. 

Further than that, we have not only the vaguest of 
ideas concerning our own internal situation, but like- 
wise not the slightest idea of what kind of neighbors 
we are going to have in this world. We don't know 
whether the so-called peace that will follow active war- 
fare is really peace as we like to understand it, or is 
to be in fact merely an armed truce during which we 
are permitted a breathing spell in which to prepare 
for a further and greater conflict. When present hos- 
tilities formally cease our mass conception of the con- 
ditions of the future will have a controlling effect not 
alone on our adventures in technology, but likewise on 
our whole national life. If  we are convinced that the 
peace is but an armistice, many of the controls that 
must obtain in war but which are abhorrent in peace 
will be accepted and our procedures will be ordered 
accordingly. 

Again, irrespective of whether the years ahead are 
to be those of a lasting peace or of an armed truce, 
we are not likely to be completely free masters of our 
own house in much that we do technologically. Even 
in an ostensibly peaceful world, where the competition 
between races and peoples and nations is a purely 
commercial and economic one, what others elect to do 
will to a large extent govern our own acting in many 
directions and cause us to proceed in ways and in 
directions which we would not choose if left to our 
own devices. I n  other words, in our present highly 
mechanized world what others elect to do to a large 
extent controls what we must do. 

We know that in the past the philosophies of dif- 
ferent nations with regard to industry generally, and 
to applied science in particular, have varied widely, 
and in many cases have been quite different from our 
own. Here in America for the past forty or fifty 
years we have lived in the shadow of a fear of the 
size of industries-the fear that industries might grow 
to such dimensions as to be beyond the control of the 
state. Despite this lurking fear, which has crystal- 
lized in our several anti-trust laws, industries have 
grown to huge proportions notwithstanding the puni- 
tive measures and the restraints we have attempted to 
impose. So f a r  as the applied science industries are 
concerned, this anomaly is the direct result of the 
fact that in many cases the maximum benefits, whether 
in price or in quality and quantity of services to the 
public which are inherent in the thing to be done, can 
only be obtained through big units. Examples of this 
are legion, and the fact that it is so seems to me an 
indication that subconsciously and despite our pro-
fessed fears we have realized that our own interests 
lay in pursuing the course indicated by the factors of 
technology. 

Whether or not this is correct, the fact remains 
that in many directions the vast achievements of war 
preparation simply could not have been had, had we 
not built up over the years our enormous units of 
production and trained untold thousands of men and 
women in their efficient operation. 

Contrasted to our expressed anti-monopoly anti-
trust philosophy, many countries (and England and 
Germany are, I think, among them) have developed 
under a different philosophy. While they, no more 
than we, would welcome the prospect of a situation 
where industry dominated the state, they have not 
hesitated to foster the growth of great units and to 
trust to the ability of political government to prevent 
their getting out of hand. Possibly they were more 
far-seeing than we, but largely, I suspect, they saw 
the possibility of war as a background drop more 
clearly than we in our isolated position were able to 
do. The fact that the industrial and manufacturing 
units which grew up under these two somewhat differ- 
ent philosophies were larger in the United States than 
elsewhere is of course the direct result of our peculiar 
geographic situation, and because of our size our huge 
domestic market, our high s'tandard of living and our 
urge to develop our natural resources as rapidly as 
possible, all made for an industrial expansion for 
which there was no parallel. 

Any attempt a t  the present time therefore, except 
in quite narrow sectors, to make a prophecy as to 
what is the promise of technology in the future, with 
any assurance that that prophecy is a reasonable one, 
is quite small. I n  consequence, I think that what we 
can do most profitably this evening is to take a look 
at some of the fundamentals, or what seem to be fun- 
damentals, in thc science and technology sector in any 
postwar era. 

The best way lo do this, I think, is to approach 
the matter by taking a look a t  the science and tech- 
nology of the prewar era; to see what they now are 
and what they appear likely to be when a t  some indefi- 
nite future date we once again lay off our uniforms. 

I n  what I am going to say, and I suspect in the 
discussion afterwards, I am proposing to use the word 
"technology" in its very broadest aspect to include 
not only the things which we normally think of as 
technology, which are mainly the applications of the 
physical sciences to utilitarian ends, but also the 
applications of the biological sciences. This seerris 
to me both legitimate and desirable, since such things 
as medicine, public health and agriculture are really 
technology in the sense that they are utilitarian appli- 
cations of fundamental biological science. 

Moreover, there is an additional reason for doing 
this because in looking over the wide variety of science 
as applied to war activities there is a marked differ- 
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ence in the prospective postwar utilization of war 
science as between the biological and physical science 
domains. I n  other words, it  seems to me that the 
chances of direct immediate and large-scale applica- 
tion in a peacetime economy are greater in those 
things which are based on technological developments 
of the biological sciences for war than in those which 
are based on the technological developments which are 
concerned primarily with the creation of instruments 
and instrumentalities of destruction. 

The reason for this feeling is that the medical tech- 
nologist during a war period is dealing primarily not 
with attempts to destroy life but in an endeavor to 
prevent that destruction and to save lives endangered 
by wounds or disease. 

I n  a word, the biological science technologist in war 
is merely continuing in a different sector, on an en- 
larged scale and with clinical facilities not obtainable 
in peacetime, more nearly the normal course of every- 
day life. The result is that a t  the conclusion of 
hostilities practically all that he has learned will be 
immediately applicable to peacetime. 

Contrasted to this, the vast majority of the techno- 
logical applications of the physical sciences is either 
directly or indirectly concerned with the destruction 
of human life, and much of it has no prospective 
peacetime application. 

All that me call "technology" is nothing but the 
application of fundamental science discoveries and 
the eniployment of scientific methods for useful or 
desirable purposes. Except incidentally, technology 
as such is not concerned in the production of new 
implements of knowledge. At all times, except during 
periods of active warfare, the scientific and technical 
world is divided roughly into two main groups. First, 
there are those who are concerned primarily with the 
exploration of the unknowns of science for the pur- 
pose of extending the boundaries of knowledge, devel- 
oping new facts and learning more accurately the 
characteristics of old ones-all this without any par- 
ticular thought as to their possible ultimate utility. 
For the most part this group is to be found in the 
colleges, universities and technical schools and in the 
great elee~nosynary foundations. Incident to this 
work of pioneer exploration and as an integral part 
of it is the training of young men and women by in- 
doctrinating them with the established learning of 
the past and with the methods of science by which it 
has been established. This is both to produce con-
tinuously a new group of investigators for the field 
of fundamental science or, as has been largely the 
case in the last two or three decades, to train men 
and women for a life in industrial research. 

For this group it is a well-known fact that funda- 

mental science flourishes best in a completely free 
intellectual world. I n  other words, a sine qua non in 
fundamental science is that there should be complete 
freedom of intercourse and discussion and the publi- 
cation of results, so that all may have access to them. 
Men make discoveries; they publish their results; 
they meet together for discussion and argument, and 
they propound hypotheses and debate them. This 
freedom of intercourse is not merely freedom within 
a given nation but is a freedom among the scientific 
people of the whole world. It is all based on a com- 
mon desire to know the truth about the things of 
nature; to extend that knowledge, and a realization 
that each individual's aspirations are helped by com- 
mon group action. 

The second division is that which we commonly 
designate as the sector of industrial research or tech- 
nology. Here to a large extent the character and 
training of men, together with the implements and 
techniques which they employ, are the same or very 
sirnilar to those in the fundamental science field. The 
objectives, however, are different, since they are con- 
cerned not with an extension of knowledge for its own 
sake, but in finding ways and means for new or better 
applications of fundamental science to the uses of 
mankind. 

I n  this second group the modus operandi under 
normal conditions is likewise that of free intercourse 
and interchange of ideas. While this was not always 
the case, for the last thirty or forty years technolo- 
gists have used the mechanisms of publication, scien- 
tific society meetings and free discussion in practically 
the same way as have those in the fundamental science 
fields. I n  addition to these agencies for spreading 
technological information there is in this field another 
form of publication, namely, that of patents, in which, 
while the publication spreads the knowledge to all 
who may care to read, it spreads it with limited prop- 
erty rights accorded by the state. 

Now what happens to these two sectors when war 
enters the picture? Immediately there is a radical 
change in the whole situation. First, intercourse be- 
tween the two contending parties ceases abruptly 
except for a small trickle of illicit and uncertain 
communication. Nor is this all. Within each nation 
the stark necessities of secrecy imposed by war impose 
great barriers of confidence for fear that items of 
importance to the enemy may leak out. For the time 
being complete freedom of interchange of information 
in any given field is taboo. Publication is circum- 
scribed, patents are impounded, and men, whether in 
the field of fundamental or applied science, have 
largely to work in watertight compartments with in- 
tercourse only among those in the same compartment. 
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The result of course is that much unnecessary dupli- 
cation of work ensues, much false work is done and 
all work is handicapped. 

Further than this, fundamental science, which is 
the life blood not only of an expanding store of 
knowledge but likewise of an cxpanding technology, 
practically ceases for the time being. It ceases both 
because men and women have no heart for such work, 
but more because the trained scientist is immediately 
available for effective operation in the industrial field 
and is therefore drawn into the whirlpool of warfare. 

We are prone to talk about this war as being a 
physicist's war in contrast to World War  I, which 
was designated as a chelnist's war. To a large extent 
it is not only a physicist's and chemist's war, but like- 
wise a biologist's war, and most certainly an engineer's 
war. 

Because of the nature of present-day warfare and 
the progress of science during the past two decadcs, 
it was inevitable that the field of physical science 
should be the one first affected. During the past two 
years, in this country, all production of new funda- 
mental lrnowledge in the physical science field has 
substantially stopped because the men and women 
competent to work in those fields are for the moment 
engaged in the more urgent work of applying their 
knowledge and skills in the war effort. Gradually, 
but possibly not quite to the same extent, the same 
thing is happening in the field of the biological sci- 
ences. I n  these fields, in addition to a deflection of 
objective within the field itself, we have been witness 
to a large translation of biological scientists into the 
field of the physical sciences. 

I n  both the physical and biological science fields 
there has been in addition a deflection away from 
those who would otherwise produce new knowledge 
to the field of intense instruction designed speedily to 
acquaint young men and women with highly special- 
ized skills required in some phase of war activity. 

The result of all this is that at the end of the war 
we are going to find ourselves with a frontier of fun- 
damental knowledge which is not very much enlarged 
from that which existed a t  the beginning of the war. 
I t  will be somewhat different of course because the 
degradation in production has not been completely 
uniform around the periphery, it  has not been com-
pletely stopped in some sectors, it  has had some 
accretions of an incidental character supplied by our 
intense endeavor to expedite war developments, and 
because here and there, particularly in the field of 
the biological sciences, the mere necessities of war 
have tnade imperative a certain amount of fundanin- 
tal science research. By and large, however, I think 
i t  is safe to say that the period of active warfare is 

an ahnost complete stagnation of progress in the field 
of the fundamental sciences. 

Further than that, we will return to a peacetime 
condition with a paucity of young men and women 
broadly acquainted with established knowledge and 
rigorously trained in the methods of scientific inves- 
tigation. 

Against this, however, is the fact that in some sec- 
tors there has been an intense technological develop- 
ment, some of which will have substantial peacetime 
applications. Likewise, we will have a huge number 
of men and women who have become skilled techni- 
cians in limited fields, and above all, a popul a t '  ion 
which has a quite different and enlarged understand- 
ing of science and technology, Both by reading, and 
more particularly by participation in the armed ser- 
vices or in industry, literally millions of people who 
would otherwise have gone through life quite unac- 
quainted with science, except its obvious external 
applications, will have some real understanding of it. 

This is the general outline of the picture as i t  
appears to me, and because of my position on the 
National Defense Research Comniittee and as presi- 
dent of the National Academy of Sciences I presume 
I have about as good an opportunity as any one to 
obtain a gcneral view of the whole vast field of science 
and technology. I t  is a picture of substantial stag- 
nation in the fields of fundamental science and of a 
large sector of technology concerned with matters of 
little importance in active warfare. Likewise, i t  is a 
picture of intense activity and astounding techno- 
logical results in a relatively small nurnber of sectors, 
rnany of which results have little prospcct of salvage 
in the postwar era. 

The reason that we have made such enormous tech- 
nological progress in certain directions is due to the 
fact, first, that we have concentrated the scientific 
and technical ability of the entire nation in these direc- 
tions; and second, because the normal restraints of a 
peacetime economy do not obtain for the time being. 
hloncy is no longer a factor of controlling force. 
Time and success in the undertaking are the control- 
ling essence of the job, and money as such is a very 
secondary consideration. Further, for the time being 
men and women are content to labor harder than they 
ever labored before and under conditions of restraint 
imposed by the necessities of war which they would 
not tolerate in normal times. For  the moment every 
one in the field of science and technology has a single 
common objective which transcends in importance all 
other objectives, and which in addition they a11 desire 
to achieve in the shortest possible time. 

Now what will happen when the armistice is signed 9 
The minute that war is over, and particularly if the 



prospective conditions of the peace are such as to 
indicate a long period of freedom from hostility, we 
are bound, I think, to see an immediate disintegration 
of the present machinery of science and technology. 
Men and women will yield to the deep-seated urge to 
return to their erstwhile modes of life, and in addition 
no one will wish longer to devote time and energy to 
objectives which have lost their reality. Scientific men 
will wish to return to life in a free intellectual world, 
there to pursue the quest for new knowledge. Indus-
trial research men and technologists will hasten to 
take up again the things that once interested them 
and to expedite filling in the gaps made by the in- 
roads of war and the forced laying aside of promising 
new applications of science. There will be a dearth 
of highly trained men for fundamental science re-
search for general application, and a large number 
of men trained in specific applications. Much of what 
we have done during the war period will be of no 
peacetime value because it is concerned wholly with 
the things of war. 

I have already mentioned the fact that the nature 
of this war is training millions of people to a different 
understanding of science and technology. Whether 
or not these men and women continue in some sector 
of fundamental or applied science, their number will 
be so great that their mass desire is bound to have a 
controlling effect on the things we do, and more par- 
ticularly on the way we do them, especially in the 
field of technology. No one can say in advance just 
what this effect will be or how it will be evidenced 
either politically or economically. 

Now I am almost through with my thirty minutes 
of talk. There are, however, one or two other things 
which I would like to lay before you as elements in 
the realm of uncertainty in which I think we are going 
to find ourselves in the beginning a t  least of the post- 
war era. 

I mentioned earlier the uncertainties which would 
confront us of not knowing what kind of a world we 
are going to live in, or what the other fellow is going 
to do, which will force us, whether we like it or not, 
to do things which we might otherwise prefer not 
to do. 

One thing which we do not and can not now know 
is the relation of political government to the develop- 
ment of technical applications of scientific knowledge. 
At  the present time, in the midst of war, political 
government must of necessity control what we do and 
how we do it. It is the only way that a nation can 
wage war successfully. But coincident with the reali- 
zation of this necessity we are all increasingly con-
scious of the limitations and deficiencies of attempting 
to control so vast a thing as a nation's technology in 
a single narrowly centralized government. I t  is too 

vast a thing to be administered effectively by any lim- 
ited group having merely the clairvoyance with which 
God has seen fit to endow men. 

On the other hand, there are certain applications of 
science which are of such a character that it is diffi- 
cult to see how they can be carried on effectively 
except under some form of government support or 
control. If  this is so, it  would appear that in certain 
sectors a t  least government in the postwar era will 
play a bigger part in the development of science and 
technology than it has in the past. 

An example of this is to be found in things like 
agriculture, where the problems are numerous and 
involved and where those to be benefited are a myriad 
of small units, each one of which can derive maximum 
benefit from the applications of fundamental science 
knowledge only through some form of cooperative 
effort, such as government or a government supported 
agency can afford. 

I n  connection with the ultimate prospective place 
of political government in the field of science and 
technology, and in connection with a large part of 
current discussion about planned direction of re-
search, there is a vast amount of popular misconcep- 
tion as to the role and part played by the director, 
whether he be a government official or  an industrial 
research director. Any of us who have had wide 
experience as industrial research directors (and I 
have had nearly forty years of such experience) know 
that the director and his immediate subordinates do 
not direct the work of their laboratories or engineer- 
ing departments in the way many people think they 
do. If  they were wise enough to plan and direct the 
work in the detail which many assume, the size of the 
organization and character of its makeup would be 
drastically changed. 

Actually what the director and his immediate sub- 
ordinates do is to provide a proper setup in which 
men with creative ideas can work freely; to map out 
the general fields in which progress appears to lie, and 
finally to weigh the results of research work together 
with many other factors in deciding how to proceed. 
The real creative ideas originate hither and yon in the 
individual members of the staff and no one can tell 
in advance what they will be or where they will crop 
up. Every industrial research director has had the 
experience of having presented enthusiastically a 
radically new idea about the prospects of which he 
himself was skeptical. I n  such circumstances and 
unless the idea can be shown to be demonstrably im- 
practical, there is only one safe thing that the director 
can do, namely, to afford opportunity to the originator 
to develop his idea, with the knowledge that if the 
individual is right and the director wrong good will 
result, and per contra, if the director is right and the 
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individual wrong, the latter will have satisfied himself 
and not have something which he thought a valuable 
thing discarded through an act of authority. 

As an example of how impossible it is, even with 
simple things, to forecast the future, I have often 
thought of how infinitesimally small would have been 
the chance of any man or group of nien, except the 
one who actually had the idea, planning to invent the 
common zipper. 

I n  conclusion I should like to mention merely two 
or three more or less specific things which may be 
helpful in our later discussion as to fields where it 
appears that a considerable part of our war science 
and technology may find substantial postwar applica- 
tion. 

I suspect that the field of aviation may be promi- 
nent in your minds. There is no question that because 
the airplane has shown itself to be a powerful military 
tool all sectors of aeronautical development have been 
pushed forward during the past three or four years 
infinitely faster than would have been the case without 
the impetus of war. This has been true not only as 
regards the airplane itself and its power plant, but 
likewise as regards a myriad of adjunct and incidental 
equipments which are needed for its safe and efficient 
operation. The same is true of development in those 
sectors of meteorology which are basically concerned 
with the character of the medium in which the air- 
plane must operate. 

Basically, however, the great bulk of the advances 
which have been made have not involved new funda- 
mental science discoveries or even new techniques but 
merely a more intense utilization of existing knowl- 
edge and application of established techniques. What 
we have done in this field has been to concentrate a 
huge number of trained scientists and engineers on a 
relatively limited number of definite objectives and, 
with little or no regard for money cost, hammer out 
progress in the shortest possible time. 

Much of what has been accomplished is with pos- 
sible slight modification directly applicable to civil 
aviation, and many of those who have become skilled 
in the design, manufacture, maintenance and opera- 
tion of military heavier-than-air vehicles can pass 
smoothly from the military to the civil sector. 

Another and possibly the most spectacular of the 
wartime technologies is in the Geld of electronics. 
Here again, so f a r  as I am aware, little that is fun- 
damentally new has been produced, and yet because 
of the urgency of the military necessity perfectly 
astounding technical progress has been made. Here, 
as in the field of aeronautics, much of the effort has 
been directed to things of great importance in military 
operations but of minor importance in prospective 
civil usage. Much, however, is equally applicable. 
The much discussed radar devices are an illustration 

of this. As you know, these devices are an electrical 
means for detecting objects a t  a distance with great 
accuracy as to direction and distance and without 
regard to atmospheric conditions, such as would fore- 
stall the use of acoustical or optical phenomena. 
Fundamentally, radar does not involve principles 
which have long been recognized by science but, prac- 
tically speaking, the application of such knowledge 
has compressed into two or three years what in normal 
times it might have taken a decade or two to do. 

There is not the slightest reason to doubt that in 

the postwar era radar in various forms will serve civil 
needs in a multitude of ways. Collision of ships a t  
sea in darkness, fog and rain should be a thing of the 
past. Likewise, collision of airplanes with mountains 
or structures should be uncommon rarities resulting 
merely from human neglect or the occasional unavoid- 
able failure of mechanical and electrical things. 

Finally, I would call your attention again to the 
fields of medicine and nutrition as Gelds in which 
scientific and technical progress under the mighty 
stimulus of war necessity will have a large direct 
beneficial application in the postwar era. As I 
pointed out, these Gelds, because they are concerned 
primarily with the saving rather than the destruction 
of life, have been able to develop during the war, 
under more nearly normal conditions of free inter- 
course than has been possible in the fields of the 
physical sciences. While some secrecy has had neces- 
sarily to be maintained in specific cases where the 
results were likely to have great military value, there 
has on the whole, I think, been a fair amount of free 
dissemination of progress in the biological sciences. 

Added to this is the fact that war conditions present 
to the biological technician clinical benefits of a mag- 
nitude and kind which can not possibly be approached 
in normal times. Vast numbers of human beings are 
assembled together under the regimen of control not 
otherwise attainable and with opportunity for ade- 
quate clinical experimentation involving adequate con- 
trol groups which not even the largest medical center 
can provide. 

I n  peacetime the scientist or clinician is likely to be 
hampered by the desires of the subject. No such in- 
hibition is present in a military organization. 

A few new drugs may have been developed and 
more which had already given promise have been sub- 
jected to extensive trial and their merits or demerits 
largely determined. The present largely discussed 
penicillin is one of these, and vast preparations have 
been made for its quantity production from its origi- 
nal natural source. Even here, and in the allied field 
of possible synthetic production, the techniques which 
have been employed are not essentially the result of 
new knowledge but of old knowledge applied in new 
ways and on an enormous scale. 


