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SCIENCE AND TECHNOLOGY IN THE UNITED STATES T/ODAY 

18 September 1963 ~ 

GENERAL STOUGHTON: Gentlemen: In furtherance of our objective in Unit I 

in order to establish a foundation for the balance of the curriculum, we turn our 

attention this morning to the fields of science and technology° 

It is staggering to one's mind to look back over the last 20 years 

and see the progress that has been made in these fields. Further, if we look 

forward to the future you can really let your mind run rapidly over what might 

happen yet and will probably happen in our lifetime. 

In referring to our speaker today in this important field, I use the max~ 

imum meaning of the word, fortunate, when I say that we are fortunate in having 

with us Mr, J. Carlton Ward. It would take a lecture on my part to recount his 

many accomplishments as as a leader of American industry and as an adviser to 

many government agencies. Further, I am sure ~e~ s~ch ~n outstanding biographic 

sket/ch as his ~qas me~i~4 you~ ~tt~ntion lh your es~entlal readii~ last night. 
a 

i The Industrial Col~ege has been extremely indebted to Mro Ward through the 

years for his service and advice to the school. Currently in his capacity as 

Chairman to the Board of Advisers~ he has been extremely helpful to us. 

Mr, Ward is also the all-time grand champ~onof our guest lecture program, 

Today he gi~es us his twentieth lectur~ the subject, '!Science and Technology iT~ 

the United States Today.'~ 

It is a real privilege for me to welcome Mr. Ward and to present him tc 

this audience. 

Mr. Ward. 



MRo WARD~ Thank you very much, General Stoughton~ I only wish I were haif 

that good~ It make me think of a Provost of a University who was introduced in 

a somewhat broad fashion--as he was leaving the university~ I might add=-~with all 

of these great virtues which were apparent-ly all welling up in the mind of the in~zc .... 

ducer. This frien of mine~ who, inciden.tally, was a g~adua.te of the Naval A~ad ~ 
and0 

er~y, was i~ the front vow lapping it Upo He got starry~,.eyed/ as he got ~o the plat ~o 

for~ he looke d a~ound a~d said, "My! I can hardly wait to .hear .what I .am going to 

say. ,' 

Gentlemen, this is a tremendous challenge, and every year I come here it takes 

about four cups of coffee before my knees stop clacking together~ when ! recognize 

that in this audience there will be men who are experts in science~ men who are 

experts in technology and in many, many fields, and that at the same time in the 

audience there will be gentlemen whose life work has dire=ted them into other 

channels, To talk in a meaningful way to a group of such a complex makeup re,~ 

quires, perhaps, that to some of you I will be telling things that you know better 

than I~ in order that we can all come along together to a better understanding of 

what probably--I won't be challenged on this statement .... is the greatest single 

force and development in national life today-=in fact one might say in internal, 

tional life today. 

I think if you~a~en~t ~d advantage of the correspondence that I have re.~ 

ceived from the Col-legeand the.s~ff~ lam going .to pay.a tribu~e to ~he staff. 

and-at the same time.gi~e you an idea of some of .the questions ~they would like to 

have developed today. This is the reason why this is a sort of endurance contest 

for you as an audience. This is going to run on, as you know~ until t'he midday 

break with~ I hope~ a f~w small breaks in between~ 
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Now, these are the s ub~ects, The major assignment is an examination of the 

major ~evel~>pments ~n the contemporary world of science and technology and their 

trends for the future; an appraisal of the position the United States has a~ttained 

in these developments, and the strengths land weaknesses in our capability for main ~ 

raining and improving our futare position. The appraisalshould incl~de the meg-. 

nitude of efforts measured in, manpower and dollar resources devoted to R&D and to 

scientific and tecano~o~i:-ealed~a=tion.; 

That's the material for a one-year course, there° Now here are suggested 

questions: 

I. World leadership has been characteri.md~s a race for scientific and 

technological achievement~. To what extent i~ this true, and why? Well~ there is 

another course i e&ture, 

2. If the United States is to maintain Its position of world leadership 

and provide for the welfare of its expanding population, what portion of our 

national resources should be allocated to basic and to applied research? 

3. Today there are numerous departments and agencies within the Executive 

Department of~the~ove~ment whi~h/s~pportmajor problems in ourneed, A Depart~ 

ment ,of Sci4~see ~-nd T~!~ ~ ~.,~ea~ed. by .~a~: :Cabinet $e=~er~ry ~ with ~esponsibi ! i ty 

for a broad range of g0:ve~nment:~len~ifi~,~nd techn~l,~g±~al pro,grams has often 

been proposed, ~%a£,~e ~:~ ~,iew6 ~s to :.z-P,e necessity f~r such a post? 

4. Some members of the scientific community have questioned the worth of 

allocating billions of the Nation's resources to a lunar landing. What are your 

views and thoughts on this national effort? 

5. In your opinion, what do you feel should be the role of scientists in 

the formulation and execution of national security policy~ in view of rapid tech~ 

nological advances? 



6. What major United States scientific and technological developments 

can be expected in the future, and what impact do you foresee of these 

developments on United States economic and security problems? 

As if that isn't enough: With the increased emphasis by the Industrial 

College on management at the upper levels of national security administration, 

you might h£~li~t s o m ~ ~ m t  p~{~ms in research and development at the 

national lev~l, such~asorga~izationandeontrol, resource allocation, skilled 

manpower and education, and exchange of seien£ificinformation. Fur ther~ your 

observations a r~ commeBts on :e~r~ant ~and expected f~ture ~evelopments in spa~e, 

new energy resources , newma tgr~al s, ~io!~si~sl a~ medical sciences ~ ma£h~am t- 

ics~ :andphysiCs would be mos~a4~prapxia~t~. 
l 

Now, you are going to be here until noon, ~ll right. This is a tribute to 

your staff. Just think of what they have dug up here. Of couvse~ I asked for it. 

I always ask them to please tell me what it is I should do which is of greater 

service to the College. I am not here to air my la¢k of knowledge of the English 

language or any other defect or pursuit that I might enjoy myeslfo I am here to 

do a service. So thfs is the response, and I can only say that it pays tribute to 

your staff. 

Now, how do we go about this? I have said that this audience is a mSx~d 

audience, so I am going to start by trying to define the field that we are talking 

about, and I am going to probably upset some people slightly, I hope~ and chal ~= 

lenge you in your own thinking a little as to what this is we are talking about, 

Then, after defining the field and giving you what I hope will be some useful 

and fruitful examples,-because I am not trying to give you my own opinion~ I am 

trying to lead you into an opinion ~f ~o~r own~ it may not necessarily be mine or 
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even parallel mine, but it should be an opinion~ and it should be based not on 

other people's opinion, which is the way we often do in this world~ it should be 

based upon an examination of the underlying facts out of which opinions can be 

~rated--I want to, as far as I can today give you examples, and not say that 

Ward thinks so and SOo 

So this first part will be entirely without the aid of slides or exhibits~ 

and the second part of the lecture will be slides and exhibits which I have used 

in formulating some of my own opinions~ and you can formulate yours. There are 

quite a few. I am going to have to go through them more rapidly than I would 

desire, because some of them tell a whole story~ a story of great interest~ a his- 

torical story that points a lesson. 

Let me also warn you that they ar~ st~tistieal in their naZure~ If you are 

not practitioners ~n.,~the art of ~tiSlti~s~-wh~dl is much elgser zo necrQmancy ,~h~n 

a real sciemtJ/i~rt~ liwara oy~a ;if%at there ar~ ~kers in a~tatistieSo There are 

jokers in my Statisti~s~ hut t~eyare the best that I ~an find, You shoul~ chal~ 

l enge them. If they l~d £o a e0nclusion you cannot accept~ go and look for the 

errors in these statistics° 

Now, gross national product appears on a number of these slides° As an ex= 

ample~ I want to tell you that there is a real argument going on in economic areas 

and statistical areas as to whether this figure is what it says it iSo 1 4on~t 

think it is~ but it is the best thing that we have had of its kind, and from this 

I would warn you that people who look at it and draw a neat conclusion are making 

a mistake. It isn't that neat. 

The P=esident has said Zl%at the United States has lagged in its economic 

progress and :~ha::groSs :n~t£o~l pzo~lu=t is ~ of the main props of this argument° 
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People who differ with the interpretation plaged on it say that, instead of the 

two and a fraction percent that our economy i S supposed to have expanded in the past 

period, and which ~he. Presldeat has used in his statements to the public~ we have 

expanded at better ~han 4 percent, and that this 4 percent is traditional &nd it is 

the rate tl%at we,ha~e ~)een-~xpa~ing for a great many years, and it is the rate 

t h a t  has  b r o p g h t  us to  t~e h i s h  . t eve t  .o f /where  we a r e  .today, a n d  that- .we .do mot  

need to fear that.~e ~hawe s!ipped.~e~ind.es the GNP and the President's advisers' 

interpretations..have ~iea~ed .to you. 

t •am no t  :argU!,~,~/h-i~h i s  [~h•£:•or..w.ron~0 I•~happen to  . be l i eve  ,£ha.t ~he ~ e n -  

t leman who are £a!kinE~.ah~-t :~ .percent ave --m~e h :closer •than .the President ~ s ,.advisers 

who talk -about t-h e t-'wo end .e ~raction~ ~which..they have scaled idown to one an~k a 

fraction by some .ad~.~t~.~ tAat tAey ~ake .to Lt. 

This is not a lecture on s£atistics~ ~t.l have to throw this .in Because I 

am using gross national, product ~nd .because I .,want you :-to question stat~.s.tiCSo 

I am sure you are.all .familiar ~ith .that old story of ~Zhe statistician who had to 

cross a river.. He gothisfaets.~gether and.found,that it .,had an avera.ge.depthof 

4.1 feet, So.he.walked a.cross.~nd ~rowned6 i~i.s is.what.a lot of.people do with 

s ta ti s tic s .... Do n ' t .make ,the ,.mis.take ~hat.maybe .some of ~the .remarks th~ t I .might 

make to you might ir~Li=ate..to y~u.l.~Bavema~e~ 

Well, t hen ,  -this is , . t 4 ~ s . . ~ . ~ y ~ - r ~ i ~ . i - . t ~ - ~ p p r ~ c . h  t-he s u b j e c t ,  so now 

le t ' . . . .  s see if .~e can ,dive i~to i£ o First, . let ' s ~efine science and .technology in 
whl ch 

terms in/ ~e'.ll all at lea6t ~kn~w~l%at I .era talking .about, 

word, 

ScieR~e i~ .unlike any ,~We r ~,~dy .of .:hum~ -.4~r~swledge, :.for ~this ..~.son o The 

science, has s lopped ,over. in~ ar~a.s, t:~at..ar~ .qui-~e .,unsciaBtif.i£.~ ~ecau~e 

it has a kudos., it has an aura aq~out. It~ £hag~.,~ma.k, es it .a very fin~e word to marry 
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into what, ever you are doing. 

I was with some ,univ@~sl ty p~ofessors ~mos t of th~s week en =w&rious assign ~, 

< me~ts i, various pleees, :,~,e ~f z~e-~ri~i%~al subjects is a hot subject in which 

this College i:s involved, the so-called science of management. I challenged these 

professors. I said~ "I don't think there is a science of management. I think there 

is an art of management.i. I Now~ what did I mean? The professor was upset. I 

meant that he takes computers, he uses mathematics~ and he combines them with 

ideas, challenges, problems, decision-making processes that are not quantized. 

What do I mean ~y .that? Quantised means capable of precise measurement in units 

that are ~la£~, such as science deals ~iLh. 

solve problems :=f =~,~nt ••decisions: Isa~y sales ,department organized to meet 

the needs :of my ~siRess? ,Bare I used ~t/~e right humor {)f salesmen? Have ~th~y been 

put in the right centers:at el ties? .He.re: t~ey been aiviaed f:~nctionally correct!y? 

These prob1~ms ;a~e ~ing put:on ~.~mp~ters:a~d •calied •scianee•~ ~ecau~e the computer 

is scientifiC. That • inn' t science. In •algebra ~ as you have all gore £~ro~h it~ 

you will remember that a n equation in which there ,are traneendental functions-= 

what is a transcendental function?--a function that escapes precise measurement 

but has general meaning--zero happens to be one~ but let us just say a transcen~ 

dental function--can never be precisely measured. Once it has a transcendental 

function it is a tiny bit pregnant--if you follow me. 

Now, this is true, then~ of some of the so-called alleged sciences. So now 

we are going to define what we mean by science. There were some lectures given at 

Yale University by Dr. Conant~ call~d the Messenger Lectures. He defined it~ and 
% 

many others have, as a process. In ether werds~ a scientist observes first. He 
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observes. He observes a set of phenomena which he tries to isolate and see that 

they have relation. Then, having observed it, he tries to find what the relation 

is. He does this by deduction, Now~ this is the first process of science~ but 

it isn't yet scientific. Then he turns around and he says~ "Now I ought to prove 

that or disprove it." So then he sets up an ~solated experiment in which he 

measures everything~ and he holds all but one thing constant. He tries to. If it 

is a temperature phenomenon he is looking in~ he holds all the other conditions 
say 

constant--we'll/humidity, weill say volume~ and we'll say all the other bounda - ~ 

ties of the experiment--so that he can vary temperature only under assigned con,- 

ditions. Then, if that temperature_be~ves t~e way his obserw~tion_of natural 

behave, h e BayS, !!By golly, I think this is no longer a ~heory~ this is processes 

a la~." 

This is the-,~ay Boyle's Law, ~ne ~af ~ee gr.ea£ fu~4ameatal stones in chemistry 

and physic~ ,was developed. Now, ha~ir~g .4one this~ his next sta~e, before he ls 

accepted by other scientists, is t~ pze~ict something zhat no one ever did and 

then go out and run an experiment, and if it ~ys what he predicts he is tl~en 

accorded the honor of ha~in~ stated a l~w. 

Now try to apply that i~ ~ ~ ~ t  =s~ie~e ar~ ~ee where you come out° 

There aren' t any ~-----------------~o sales ~tt@rmsi:a!i.ke~ There .aren'Z any ~two salesmen alike° 

There are n ' t any ~£wo pr~d~iZ~ ~l!~e, So £1~er~. iare ~Ro units alike° There is no 

quantized phenomena there, Am ! -~akins ?fun of management science? No. I can 

see that 8n art is more difficult than a science. So I am not playing down an 

art. I am saying the fact that because it is more difficult it deserves every 

possible attention. 

Now I want to tell you that I do not consider the social sciences as 



sciences. They are arts, because in every instance they have these imaginary 

concepts: A unit of population. Which one of you is a unit? What are the rest 

of the units? Are you all interchangeable? Do you eat the same food, wear the 

same clothes? Have you the same behavior? No. In order to get around this they 

pool you all, put you in a pot~ divide by the total~ take the total consumption 

of clothes, and say that the average person uses so many clothes. This is ridi= 

culous as far as science is concerned. It is most useful as far as the art of 

social studies is concerned. And it's a difficult art. But, as we meet here 

today and examine what I am going to try to present to you, social sciences are 

not sciences; they are arts. They are the handmaidens of science. 

Further, let me tell you, an engineer is not a scientist. This is a mistake 

that the military made in the early days right and left. This is a mistake that 

the Manhattan District made, and it cost them plenty. Engineers are not scientists. 

Some engineers begin to think like scientists, to work like scientists~ and may in 

later years almost convert themselves into scientists, and sometimes--not so often =z, 

scientists can convert themselves into sort of engineers, but they are not the 

same. 

Today we want to have this distinction clearly in mind~ because you deal in 

your professional military capacities with these kinds of gentlemen. Never use an 

engineer for a scientist and never use a scientist for an engineer. Why? Because 

the scientist, if he is true to his craft and profession~ thinks~ as I have already 

outlined to you, in these simple steps: "If I cannot measure it precisely it is not 

precisely scientific." 

Now, the engineer does not measure in that sense. But he uses science. 

Let's take the old example of designing the bridge. An engineer designs a bridge 
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and what does he do? He uses the science of the knowledge of materials and their 

behavior. He knows all about stress and strain as far as science has revealed 

them. And so, in his mathematics of design of structural elements for this bridge, 

he can be said to be scientific. But, what about the bridge? Now, if he is an 

engineer the first thing he knows is, he~s got to appear before the town council. 

He has to assure the town council that the bridge can be built for X dollars. It 

hasn't been built yet. All of you must know that's not scientific. 

Now, the second thing he must do is tell them how wide the bridge is going 

to be. To do this heDs got to know what the traffic is going to be. But~ in a 

sense, it's got to be built with a bond issue that has to be paid off in 50 years 

by tolls which they collect from you and meo Then it means that the traffic 50 

years from now can move over that bridge. 

But, what are the axle loads of the trucks 50 years from now? What were they 

50 years ago? There were horses and carriages. What about the gentlemen who built 

bridges. They had to have a crystal ball. So the engineer must have a crystal 

ball which the scientist is not allowed to possess. He must look into the future 

and see economic factors which involve the social sciences~ so-called~ really the 

social arts. He must predict the growth of population. He must predict the traffic 

densities in the future. He must predict the road networks of the future. He must 

predict the size of vehicles of the future, He must predict the speed of these ve- 

hicles of the future, because he enters it into his formula. Th~ minute he does 

that he is not a scientist. Now he is a social ~rtist, He is right back with the 

social sciemtists, of which he ~aally is o~e. 

Now, if a man is good at intuitive ~udgment of that ~kind, he is not good at 

science. If he is good at science~ he is so inclined to be so exact and precise 
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that he is net too good at intuitive judgments Any statement I make to you as a 

generality is subject to the old Greek statement that all generalities are false~ 

including this one~ However, we have to indulge in generalities in order to get 

on with our assignment° 

Now, then, all right, i have defined a scientist in s. precise ways He is 

a man who measures all ~f tl~ s~bj~cts of his ~-e~est0 ~ ~Lord Kelvin said~ "If 

y~u cannot measure it~ it is not~.scientific, '! I now tell you .quickly .that science 

can only progress as fast as it .can .devise instruments for .measurement~ Let ~e 

give you a vary good e~amp~e that i ~sed, I ,think~ some years .back. There .is a 

5.-ton ball sitting on this stage~ iron~ ~e are going ~o prove .that ,.E equals 

me .squatted Of Mr, :Einstei~.~'s famous t~ory +~hat e~er~y and mass are interchange- 

able,-arid we are .goiNg to prove it~ bscause a scientist .has to prove these things~ 

a~d we are scientists .... ~e build a fire umder this ha!l= It ~as originally ,.68 

degrees, if that is the te~perature of Ehis raom, If +~e build a .fire under this 

.hall~ .we ~4re putting energy into this ball, If we h~.at that hall up until it-~s 

ready to melt, we~ve put a lot of energy in it~ Any of you who know aboutmining 

coal know that it takes a lo~ of energy to mine the coal~ So we have put a lot of 

energy into the bai!~ 

Now, if E equal~ mc sq~a~e is cor~'~et~ ~e bali is hea~nZer. Let's say we'll 

put it on the scale~ Now~ the ~ball weighed5 tons, That's iO,000 pounds. That 

would be !60~000 ounces, That would be 50 million g.z~ms. How much heavier do you 

think that bail is? Twe~.ty-thQusands of a..gra~,o Why, then~ did we not discov@r 

the ,gr,ea~sZ for~e in ,nature until .]~instein..first .deduced .it mathematically? 

, S e c ~ u s e  we ~ldn~t measure ~ha~ ciase, It . h~s , . a l .ways  been with us~ 

I' ii bet you h&~e ,a~ke~i this q~es~ion .yourselves: If neutron forces are 
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millions of times greater than the chemical forces of chemical fuels--and they 

have always been with us--why is it that no one has ever been conscious of this? 

Here lies the answer, This is the role of science° Until science has instru- 

ments of measurement science cannot precisely define the behavior that it is 

concerned with. 

Well, then, we have defined science, and, in a way~ we have defined engin- 

eering. And now, this is what our subject is about. Now let us see if we can 

progress on to what role these areas of knowledge play in national power9 in 

the subject that I have been assigned today~ and in history. 

Now, my examples are going to probably disturb you classical historians, 

but this is quite all right with me, because I never cared much about whether 

Henry VIII had 8 wives, 7, 9, or 5. I knew he was quite a boy. I didn°~ care 

too much that he was born in the year X and died in the year Y. So I never got 

top honors in h~story, because I couldn'.t.remember .thase.thi~Bs, because I didn~z 

consider.~them important° They.are important,~hut.for~my..pur_pose£hey weren't. 

How am I def,ining.history .to you? l,..am saying~ for.~he .purpose of today's 

lecture, that Henry VIII, like,~llothe.r.~ulers~,was ap~ppet of his .times. He 

was a product of the:~national forces .that hefoundhimself immersed in andlead~ 

ing .him. .He~ould.aC£-..aml.y .within the~,~undary of tl~se forces° He could act 

only from the b~se line,of those fo~ces~ 

Now let~s-e~mine what this means. ~hy was it that Greece~ in the 

books on philas0phy, li£@rature, the arts~ and the old humanities, was called 

the Golden Age of Man~ I once ,lecturad at Groton~ a very fine boys' school~ they 

tell. meo The Head .Master is a re~ereado I tried to ~og the boys~ because some 

parents .had told me .that at the time .the atomic bombs were being so .heavily 
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discussed by gentlemen who didn't know what they were the boys were becoming 

pessimistic, .They felt that civilization was. doomed~ They di.dn~-~ know whether 

t~ey should go on with their studies, What was the use? They weren't going 

to be alive very long~ They thought: "Why don~t we go out and have fun?" 

.T~e r~ever~.nd who ~eaded that school, a~.great educator~ had indicated to 

them that the greates t period of man~s h i6tory was the Golden A~e of Greece, 

Why did he tell them that? Because he believed ito Was it? Let's take a look 

at it, Yes~ it made some great statues. Yes~ it wrote some great literature. 

Yes~ it explored some great philosophical ideas° Much of this it gathered° 

Euclid's book on geometry ~hat you have al~ studied was merely the collec~ing of 

information largely developed in Egyp~ because the Nile Kiver overflowed every 

year and because~ wh~n it overflowed and re~eded~ they couldn't find out wh~t 

each man's-land was~ because all the land marks had been washed away. So the art 

of geometry was born as a civil engineering need in surveying~ and the Egyptians 

developed it, Euclid was smart enoch to Say ~ "This is a thi~gledy piggledy bunch 

of knowledge here, ~4e O~ht]to codify it and put it in some fine literary fashion°" 

So the books of Euclid appeared. 

There ~ s a boa 9£i~.1 ~amp le of Greek phi losophy ~ and Greek phi Io sophy w~s 

t=emendous. Well ~ l~e~e we[a ~he G~eeks~ Let ~ s l~k at t~m as a nation° Outside 

of one or t~o military ~am~i~ns in tar~s of history~ t~!r country was a major 

power for only a very ~rt ~eriod sf time° 

Now let's l~k @t2~ei~ competitor, Rome. Rome ~ever h~d the life=azure of 

Greece. They never had t~e philosophy~ ~y :hayer had the art, They borrowed it 

all from Greece. They thought it was pratty good to use, The G~eeks didn't know 

how ~o build an arch. All aheir bLuil~s ~d to be flat s~ones laid en pillerso 



Frankly, gentlemens they were lousy engineers° 

The Romans were natural engineers° You see a division creeping in here 

between the thinkers and the doers, So the Romans came along and they built 

~' tremendous aqueducts, They carried water with the knowledge of hydraulics a 

long distance, and they were the first nation in the world to ever show how a 

million people could live in one place te~e,t4~e~.~i~d -~et.~ll die of the plague° 

T~e lar.gest .citie s, of .Greece never got.ove~.2OO,0~:l.~s ~beceuee at that point 

they .withered away, You couldn ~ t save them° They didn ~ t "~kno.w~porta£ion° 

They didn't have the road systems° They.-didn~.t .haVe the methods o~ distribu- 

tion. While they had the philosophy and th~ a~t and the literatures there they 

were, stymied~ because they were lousy engineetso 

Now, the Romans, who had none of thos~ thingS, learned how to build these 

great cities, how to build great road systems, You know~ it's a wonderful thing 

to study the Roman water system, because they ~ad a public utility° They learned 

how to make lead pipes and bring them into every man's home° Then they billed 

hims monthly, andthey collected ~he£r bills~ monthly, They even had fellows to 

see that you didn'tchea.t.~the....mezers? ..W~h~..t-.did .they do? ~hey bored a hole in the 

lead .pipe and measured:the~ole~ ~nd you pa£d.~he~water bill on.the basis of the 

.size of that hole~ :~hich was the stream of:a~a..£erthat .you .were entitled to in your 

particular.home.... Then. they .had. ins~pectors..,go.ar~und~to: .see that you di.dn~t kindly 

enlarge that hole on the .qaieto You got ,a monthly .bil I, 

The .w~er. . .aame . f : r~ma long,.iAis.ta~e~-~a~ay ~ I , t  .,had t o  f o l £ e w . t h e  .Saws o f  n a t u r e s  

because it had to :~g0 oyer..:,~un~ain .r~n~ _ga.~, ~r ,~il.l ~ra.n~es9 .~and th=ough valleys, So 

£hey b u i l t  a v a s ~  a q u e ~ ¢ t s y s . - t e m ~  .the.l i4~e-.of,~.whieh ~x~uld n o t  ba : . found  i n  G r e e c e .  

There was their .road. sy.s:tem~ ar~l =~re.~as. t~aeir devel~opment of Roman law~ which 
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grew out of all of this. These are applications of knowledge° The Greeks knew 

all about the theory-of .~-IPat.£~e Romans..built the Rema~-la4~ which today is the 

basis for-all world lew~ in. t~e .Western nations, .certainly, both ours.and the 

" Napoleonic code-sysZems .... With all .of .£ .~i.:.i,~.£ions--tmansportatlon, signal- 

ling, and .commun.iaation, .Public .works, .structures, bridges~-Rome .lasted 960 years, 

."; ~ ~.JLome was not the R0man emperors. T.l~e .Roman emperors were.a ~hard-drinkipg 
. . , .. 

bunch. You nero .read about .s~me .of them .~hat were .wasters end some of them that 

were on the whole very anpopular...laadets of .tl~eir . .zime .... I/~ey ~e.re the puppets of 

t~e fact that.the.Roman .nation :as _a naZionof t~at time was a nation of engineers. 
• c; " 

• R~me built its great empire that. exte~ded.f.~om almost .Scotland9 .and .certainly the 

• border ~ountrirs, ~I l .the way .down .deep .in~Q Africa .~nd .over into .Asia -Minor, ~l~.y 

were able to tale ~a t empire, They developed t~e.admfnistrati~e mechanisms~ which 

Greece had :nave= .doae. 

Now Let's look back at Greece again, It had all this great philosophy and 

this so-called democracy of Plato, S~-called,? Nhy~ Beceuse he defined that only 

I0 percent of the Greeks probably ever could be.able to vote, To him the de~ini= 

tion of a voter ~as.e~an whoposse~sed prope~.ty~4~a6 .properly educated° How 

would that ..go it~ay in.Afrieaa6, demograey? It wa6 ~ form of democracy~ .in .advance 

of its time, but ~it:w~s not 4emocracy in the trae-sense, 

Greece, ~hich brgu~.ht for th  e~e.se ~ e a t  ideas~. ~hieh spawned great  .ideas, 

got a lot more credit :t/~a.n. it.~de~er~ed, ~ Romans .came along .then~ looked at 

Greece~ and said., ~/~)ok, Why~ .A~hens ..~an't,..even ge t  along with Sparta." The 

cities of Geeece f..Q~g., hr..each oth@r. .... Let,s .examine .why .they fon4~hto 

The basis of ,any civilization i.s _the engimeering use of energy. If you 

want Ward' s definition of .his.tory, the rise .~d f.a11 of countries .depends upon the 



~rces of energy and the intell~gent use of ene~yo The Romans were the first to 

begin to understand the sources of energy and ~o~ee it intelligently. As they 

did, t h~ ~bjugat~d practicaly the known Western world and they ruled it through 

that long, long period, looking at Greece, wh% in order to get enough energy to 

run their little city civilization , had. to do it by fighting wars to get slaves. 

The statistics of Greec e show that it took bet4~en ZOand 30 slaves to support 

one so-called philosopher, thinker, teacher, what have yO;Uo 

How do you like the ciVilization that is founded on that principle~ as 

the Golden Age of Man? Slavery, human slavery. Every time their economy ran 

down hill they started another war to get more slaves. That's why Greece per- 

ished, in spite of the great literature and art, which one must say was a tre- 

mendous accomplishment. I am not here to play down Greece, but I am here to kind 

of jar you into what makes a world power. 

Now let's skip rapidly, because time goes rapidly. I want to take another 

great chapter in world history to show you what engineering did to world power° 

The invention of the steam engine probably goes back i~to antiquity, The early 

references that one sees often are to 9u~ ~ero, Al~ander ~ of A~examdria, who made 

a turbin e to PUmP water :for his b~th. That ~s a heat a~gineo Through the ages 

very littl~ .thermal enerBy.,.was ~ver :uSedo Wind .was :u~ed, yes, windmills° Animal 

power was used~ rot&ring i~ack~ts for fertilizing the .elevated areas of the Nile 

country~ and so fortho ~But there .was little use of thermal energy, Coal was known. 

Co&If is -known from antiquity~ and even oil.. 

So .here were all the sources, but nobody°was smart enough to see how to use 

.them' until .a practical engineer name ~ Newcome D came along~ because .they wanted to 

go .down .deeper in the .mines and,had to pump ,.waZer to do it~ an~ had to do this by 
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hand power, which i.s-not ,~ery prectieal. So .Neweomen built-the first pumping 

engine for a mine, .which was a steam-engine, i-n 1736, I think. That's quite a 

ways back. That was fo!lowed d as yo u know, by a series of developments. Now, 

nobody knew how to m~e Steam engi~es~ They didn°t have tools to bore around 

cylinders. They didn~E have the means. All these things had to be created d 

and, by the time of James Watt, who developed the first condensing engine d steam 

engines had come in. 

What did that do? No ruler in England did this. No political leader did 

this. No social art did this. That caused England to take industry out of the 

home, the guilds, and put it into factories, and the industrial revolution was on. 

That little island kingdom, with a handful of inhabitants~ a milliond spread its 

power over the civilized world like ancient Rome 9 through engineering. They 

manufactured a surplus of products. They shipped the products. Where trade goes 

the flag goes, and the sun never ~et on the British Kmpireo That little island 

kingdom, with :a freer ion of ~the ~.ple on tl~e continent~ became ~the world ~ s :great~ 

est power: and maintained it for 14~0 yea~s. .Who did it~ The Prime Minister? 

Parliament? T~e Kings? NOt On:your !ifeo Engineering9 1;he application of the 

natural forces ~md material~ of na~eilto th e ,u-ses of mend which is a broad defi- 

nition of engineeri~4g. 

Of course sciemce~i~s to:~..~d in ~a:EMo If i£ hadn't .been for the scientists 

who worked out the theorie s ;h~h~nd ~ ~ ~s~e~m an gines~ you wouldn ~ t have had the high 

degree of r efir~ement, Sod as this 

factory system was,~uilt ~tp~ ]~gLa,tad /)e~ame this vast power, 

Now, don ~ t ,thi~k-~g. the~e,,~eran~ ~hi~ers in other countries looking at all 

this, and sayimg, ,Holy S moke~ ~le mLL~ht to;get aboard this gravy train0 How can 
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we do it?" So now we have another nation of doers° A poor country~ with a rela= 

tively small percentage of the world populmtion~ built up a threat to world power 

and started World War I, a tiny cOuntry,in terms of world population. Germany, 

harnessing the new knowledg e of e~emistry fashioned by Frenchmen,la~gel~ and 

Englishmen, largely, not by Germans, took this body of scientific knowledge. 

Gentlemen, here again is the line between science and engineering, boiling right 

up to the top of the stew. The Germans took the French and English chemistry 

and developed the art and science of synthetic chemistry, When they did this they 

were able to manufacture, out of raw materials that they could readily get~ the 

sinews of national power. They developed the greatest chemical industry the 

world had ever seen. This was behind the German power--explosives, weapon sys- 

tems, metallurgical PrOducts , and a viable economy that allowed that big bombast, 

Kaiser Whilhelm Der Grosser, to threaten the wbrld and bring on World War I, and 

to darn near win it, 

Let's take another° Over in the Pacific~ there is a little island, Japan. 

Most everybody lives on I0 percent of the land~ because the rest of it is untillable~ 

mountainous, unsuitable. Next to it was that great, spawning world population of 

China, millions more people, and theoretically more power, Were they? No. They 

were philosophers. They were sort of Chinese ~reeks. The highest attainment of 

the gentlemen Mandarin of China was to be able to write poetry upon all occasions. 

Through a n accident, a very amusing accident~ this was the means by which 

China got a universal language, A student at Cornell, Hu Tzee~ one of the great- 

est Chinamen of our time, became an ambassador to this country~ and was the head 

of larg e universities in China a~a~er ~ the Taiwan government° He was a stu- 
[ 

dent and_he and a paldeaided in a break in ~he currihulum to get a couple Chinese 
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girls to come and spend a week end° They were going to go canoeing on Lake 

- Cayuga ,..~igh .is .at ,times a very ~n~er~Sti~g ~t~e body .of .,water. T.hey didn't 

get too far from the dock and the canoe turned over° There were some Chinese 

floundering around and swimming, and eventually they all got ashore. Well, now, 

any educated Chinan~an at this point has got to write a poem about it~ That is 

essential in Chinese culture. So Hu Tzee wrote a poem. But he couldn't find 

any cultural words for canoe and Lake Cayuga and Cornell University~ and a few 

other things. So he proceeded to write it in what might have said could be 

coolie language. W~nen this poem was published, all hell broke loose.-Classicists 

in China beat their b'reasts, tore~their h~ir. Articles appeared from the 

Chi~',r~se literature sayi~mg ahis .w~s a ¢~ebax~e~n~ of Chinese culture by a studento 

Now, l,,wan'~a~ry .it through ~he steps, but i~ impressed iself on, Hu Tze~o 

:sic ChineSe, S~ .,he ~t a~t ~e~isin.~ ~he. ~himese language ,and he inwen~ed the 

All right, l~ve given you a funny example, to show you accidents of history, 

But, remember, now, Japan was not concerned. Japan borrowed her language from 

Korea. She borrowed her met~em~tics, fr~m~ Ke;e~=~ Shewas an ~¢ivilized area of 

Tl~e on ly .,defeat • she ;eve r took 

. . . .  in a .ca. jgr.ywar was bYl Ke~rea- ySe-.~.~ . J a . ~ . , ~ d  .gre~t  ! respec t  fo r  ~.he-Kereans0 

:.Like - t ~  Koreans,-£,~ey ~6ai~i ~ J . !T~; .~BF6 .~eve ;Sp?~oed-,~-~ , ~ e t t e r  borrow :.Lheir s~a f f . "  

So ~_his ~ca~e ~he ~sis of ~ ~ •  ~Itgre, .Tiae Japanese ~tl~en looked Westward 

.to ~e.rry .and .~he ! ~ c h  and "al l  : ' ~ t e a r t y  c ~  cts~ , a ~  ~ai.d, ',Those .guys ha~e ,got 

s0me~h i~ , "  :.T~By b o v r . ~ d  a l l  .~his j a s t  . l i ke  ..t~e .Roman8 .borrowed ,from the Greeks° 

The first thing we knew they came out. wi~_h t~he-Kanaka Memorial, where Japan w~s 



going to run all of the Pacific area, with a fraction of the population--less 

than Indonesia. Think of it. Less than Indonesia, and with a ne~ CUlture 

than Indonesia. How? Was it the rulers of Japan? Was it the Mikado who did 

this? Was it their so-called Parliament that did this= Was it the politicians 

who did this? Was it thei= social scientists Who did thiS? No0 it was the 

fact that they built up an engineering background for national power~ which led 

them to threaten th~wbrld at an appropriate time, they thought, 

What overcame it? A greater engineering background, right here. 

Now, gentlemen, the role of engineering is a fantastic role in history, but 

it isn't taught this w~y in schools0 But it should be taught in the military col- 

leges, because it is your sinews. You couldn't wage a campaign, you couldn't be a 
i 

national power, without first a very sophisticated~ scientific, engineering weapon 

system and an enormous logistical supply, That can only come out of engineering, 

not out of politics. 

So, in the subjeFt that you are looking at today, don~t try to think too much 

along the line of the political interference with science and engiueering. Think 

of the interference of science and engineeringwith politics0 

! have been on t~is platform at a time when one of the hot subjects was~ 

What should be the r01~ of the scientist in th~ Pentagon? Now you are all through 

with that. You go away beyond it. You did some funny things with it, too. We 

are going to talk briefly today on what shoUld his role be, in~ let us say, our 

opinion, because this is an opinion, Your staff here has asked me to discuss the 

question whether there should be a sec=~tary for science. I~II deal with that 

now, begauseit captivates me. No. In my opinion, definitely noo Why? Weare 

liv~-in..a~ peril,, one of..these .human.,. ,~mo.~o~al periods, in which many of our 

20 



reac¢ions are emo~£ona%-~not !ogical9 emotional. For a while science was so 

neglected that a physicist was a shrinking professor, averaging about $6,000 

a year, tops, I remember-~hi~, l.~m eld-~n~ugh to ha~e seen history in a very 

br.ief moment and thrre~gh ~ ~e.wy. i~eeresting times, It was the atomic bomb 

that pulled this guy out of his ivory ltower and made him a person to the public. 

The gentl~men who spill ink over paper began to describe him, He became someone. 

All of a sudden he:went from obscurity almost £o ecclesiastical superiority. In 

the course of ,this~ wit~t u,~erstand%n~ the p~ocess~ he became a direction to 

which thei~y e would turn on,almost any p~obl~m. 

Thisis,human affairs. You can liken,many,~amanaffairs to physical systems. 

This is t~e physica-I system :simplified by.a .pendulam~ It was pushed away too far. 

Prob lems of ~eg,re~ation :today can be :likened t~--a -~pemd~lam~ -~siden£ Kennedy 

t o l d  us  .in t-he :Wh£te House  t h e  o t h e r  :,.day :at= a m e e t i n g  . t ~ a t  . h a l f  h i s  ~time i s  on . t h i s  

- subject, : D t e s a i d ,  ,Now We. a r e ; : £ a e : i n g  bl•o,od.s~d~ .... Y o u . h a v e  s e e n  b l o o d s h e d .  T h i s  

was or, ly a few weeks ~go. Each:month it grows iworse." And.he said, "Now we are 

re~ping the r~6ult of over I00 years of not havin~ ~given ~these people a •fair 

c.hance. ,Now, in order to correct ,thie~ :.~e ,may:,e~ea ,ha~e kO put oursel.~es in the 

position ,.of favoring them,'! If y~a don~t think this ~as sprea~ through the labor 

unions ,and is causing one hell of a reaction~ which o~e can, t p~e~iict, you don" t 

know~ 

It is - t ~  per, dulum a.t  ,~r~..rk .!~ 4~u~n ~ff~e-i~s, .So .the ,per, dul~m worked for ,.s~i- 

entis ts. AII .of. a 6uddem ;t~ey.,~ame out of ~ obsaur~-~y, and .aa~e .over here, and .they 

have the answers to ,everything. , This mistake was made .in .the l?.en.tagon and every- 

where else, Business made it, 

Now, of cou-r~e, l.am here to point out,t~e ~normous role of science~ not to 
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degrade scientists. I donDt want to see scientists making political policy 

unless they train themselves for politics. Ex-Governor D~wey gave one of the 

greatest lectures on what it takes to b~come a politician that I have ever 

heard. Believe me, it is just as hard work as being a scientist or anything 

else. If you think you can run for Congress and be a politician overnight, 

you are going to have some very unpleasant surprises° This is an art. 

So, when you ask the scientist to be a politician, you are rot exactly 

doing him a favor° So, I say no secretary of a Cabinet post for science. It 

is a staff position. It is important that it be regarded as a staff position 

and not an end position. 

Now, all the Cabinet positions, by and large, have an end product. Interior 

deals with minerals and reclamation, and all sorts of things. Defense certainly 

deals with things. Even Justice deals with things--people, jails, the enforce- 

ment of things. But the scientist doesn't have an end product° You can't accept 

a formula as an end product. That is his end product, So he should be high in 

your councils, but as staff. Once you get a department of science and a secre- 

tary, and you have Parkinson~s law at work, this can run away. It can become an 

end in itself, 

I lived through the era when, having graduated as an engineer, the engin- 

eering professional magazines kept beating on the drum., "E~g~ineers must get out 

of their drawing offices and take part in the life of their communities)' We 

don't have any in Congress~ and we are always dealing with engineering matters° 

~ a t  do "We ~.ido?. :We ,do . , e ~  .ri d ~  Ious  t h i n g s .  

Well  ~ t h i s . i s . t r . u e  o : f . . . ~ i e n t ~ s ~ .  .They,mee~ .;.to .,get o u t  o f . , . t h e i r  l a b o r a t o r i e s  

and get into the human llfe stream. B~ %~hen they do, they are no longer practicing 
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as scientists. And ~£hey are:going £o %nee-to ~earn the %mr~J way, the eay 

everyone learns. So I say not~ t%m£~q~eet£onghich was put in my ass~nmen t 

for today, Wazd's opinion. You ere all entitled to any opinion you like. You 

can all draw it from what ever s o u r ~ s  of i~nformeZion you like. 

Gentlemen, lamwathhing thalZ confounded clock. I have hardly done with 

two things. I have defined for you the role of science as I see it, why science 

is different from any other body of kr~swled~e, end~t/~e fact that you mall things 
Use 

s¢ientific because you/some sciantific:disgiplines in connection with them, ~ Which 

doesn' t make them scientific. 

I fullyadmi~.~,~a~-m@dern.economiesdeal~ wi~h statistical, ma~.~%e_~-matics in 

a Very sophisticated way, but this is like the statistician crossing the river. 

It doesn't make the end product scientific° The result of this is that the Pres- 

ident's economic advisers told him that this year was going to be a year of some- 

what declining actiVity for the country, and the best he could hope for was a 

decline in the first six months, with a slight leveling off in the last six months. 

And what do we see? We are going like a windmill in a full blast of wind, and we 

J 
are going with our normal factor of increased &ctivi~ies. Were they right? No. 

Why weren't they right? •If itUs a science, they can't be wrong, because science 

has laws. 

You must all remember that, during a certain Administration of this Govern- 

ment that lasted a very long time, the law of Supply and demand was suspended. In 

fact, it was made a bit odious. So we slit the throats of pigs and we plowed 

crops under in order to accomplish a certain result which was contrary to the 

law of supply and demand. Did we get it? Noo 

Only now is the law of supply and demand being taught again in respectable 
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schools. It wasn't taught for a while° You can't do this with Newton's laws 

of motion. You can't take his description of gravity and teach the laws and 

then suspend them° Yet, I will probably have someone rise to say, "Didn't 

Einstein prove that they weren't accurate?" My answer is yes, They were 

accurate within the limits of the measurement at the time they were formulated, 

and they are still accurate withi~ those limits° All Einstein showed was that 

in refinement, such as with the 5-ton ball, you do not apply them with precis- 

ion. That couldn't come about until the methods were available to show that 

this varlant occurs and h~, and why. so the laws ~f Newton stand today.s 

macroscopic laws, and the laws of ~nstein applied to gravitation as microscopic 

laws. They are all still la~s. 

This is the diffe~eBce, ~en, between ~c~e~%ce ~r~d the so-called laws of the 

social scientists, which are really statements of principle a~d ~hich apparently 

can be attacked from time to time, since there are no such things as constant 

dollars, constant men, typical men, typical anything, in that great~ difficult 

subject with which they deal. My hat is off to the men who try ito 

Now, while the President's advisers are telling him that deficits are not 

important, there is another group or ~eol ~f~conomists who are saying that's 

hogwash, that you can't escape wh~t they consider to be the laws of traditional 

finance, that you:~an't rane fami!Y in twhat way~ ~n~l thata govarnment in a sense 

is a family, and it is hogwash to pretend it isnUt hecauseit is made up of multiple 

families. 

Yet Mr. Heller, ~he:F~ai~man of ~he~ra~ident~s Co.moil, a~dressed us on 

this subject with Vehement and pious language° 

was saying° 

Not one of us believed a word Re 
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You don~.4o that in the-sciences, ~entlemeno Now, I have many more 
take you 

examples to try to/through, to show you that science and technology are im-. 

portant to you as military men, The role of science and technology should 

loom large in your appraisal of your opposition. The sources.of energy and 

the use of energy are ~mearrs by which y o u  can measure .na&ional power° .The s~- 

tistics for these a-re r e a s o n a b l y  aceara~e--tAe~ are :not.  a e e u r a t e  o No . o n e . m e a -  

s u r e s  • the power of.a.tr.a~ztor on ~ farm-and put~ it into e national hopper ~o 

that it ,comes .out as a -statistiC0 

I ' i-i ~gi~e yo~. B,B-.ew~.mpl~. o~ .~hat .t4%~s-me~ns-~t4~e-. ~se ,of .-eBgi~eering ~nd 

power, I was-on~emoythis ~allo . ~ , e ~ . r a ! . ~ o b  was  briefing-us, and when .he got 
the 

through-showi~/million ~Dda quarter Chi~eset~oops-on. them~inland to-~eep h~ 

foree.f~omla~ding-the~e.and.stir.r.i.ng up troub~e,~whenhe.showed us how ,he .eo~n- 

manded these two great deep-water ports which denied them to the Chinese main- 

land, and what he was doing to upset their ecohomy, what he was doing propaganda- 

wise to make a monkey out of the things that ckme out of Peking~ he built up such 

a case that, had it ever been presented to the American public at the time of the 

Presidential c.andida.tes~eba.te in .the.last el~c.tion~ i.t,would.have made quite.ab- 

surd the whole debate. Of nourBe~ .~£hat-~was.hiS.purposein ~he briefing° He said~ 

"For Heaven's..sake, take £hi~b~..k,.h~me~a~.:g~ s~me of the people the facts on 

this, .to .get them .a:~ay from .the~..idea .that or/qe.se are .two little bits of .real estate 

that are .unimpor.tent .Zo.MOurTsava~egy.~e-~.P~cif~ic.:and to the Chinese Nationalst 

strategy in the Pacific, and =ecognize .~what this is dGing .and .the role it is .play- 

iBg. tt  

Having .dome a I i : tha t, ghere :4~ere.~a -~.lot .-~ f :~ypre~h~.c ts, He ah0wed .us the 

-46,000 civilians ~holiv~ .~n t.~tli~l,e,B~le island: allgoing about their 
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business, plowing their fields, and every other day dodging the shells° He 

ran movles for us showing how the Chinese children got out of their little pri- 

mary Classes in klndergarten.and, went down., into the holes in the ground when the 

s h e l . l i n  8 ~Id.~ .bg.~!n, ~and how t-hey-.all turned it~ ,~nto .a .game. The boys-would 

pu~l  the glrls' p~.tails end slap them o, the fanny and push them around, .They 

~ a Joyous ki.nd.Qf• Same out of it. They d o n ~ :  s e e  anything very horrible iin 

~t. When a .~h~ee .gets-knocked over, ,everybody turns to and rebuilds the house° 

NOw, thi-~.:~es on. There are 46,000 people. On the mainland there are 

• over 1700 maJor-calti~ r c a n n o n s  ,-. :a - l a n f l i n g  fields, modern Migs, a million anal a 

quarter people, ~ Think of it, only .40:,O00 soldiers .on Quemoy living, underground, 

6o that ,Zhoy ~ntt.~be ,~n,~erfered with by enemy fire, .They have some very ~ood 

¢o~.te,fi~. of .Zheilr ,own .and a very _.high moral~, 

My poi.~ .is: Whereabout the civilians? At the time ,,zhat Ameriea.wa~ involved 

wlth ~he .f&~st-~reat battle of Quemoy-~a4 the Sidewinder ..was .unveiled by the Ghi- 

neee ~aZ$~!.~l~ -¥~e, t.rai~ed by cur :people, i£ -k~kea .ei.~ht of the Migs ~out 4~f 

the skles for-,every•los s of: .a Chlnese Nat plane. This put such a fear into the 

• Ch~newe,AiW Force, .whlch-no .Io,ger ,ca n .get Supplie.s from .Russia and therefore does 

not w~.t ~O.w~S~e it.s ma.teri.@l, that it doesn't bomb by air the i.s.l~and that is only 

2,000 .yards off the main!.and. Think of it--2~O00 yards, Incredible~ isn't it? 

t~e ¥~6ult is, .they shell the is.la~. .All tight, many of .you know these things, 

~u~ ,what.a~o~t .the civilian pop~l~tion? At the time .of that battle our 

problem ~s that the.-Navy could not .take in the supply ships beyond the limit of 

inter~o~[ .waters. At that time the Chinese were bombin~ from the alr, and 

• - ~ l g ' e  pt,l.~,t~L~ OUt-~.! t  ~he stops. And the island was .not p,repared for what it had 

to .&~n~er~, nor were .the for.tifie~ation6 co~ple~ed~ In •fact, it was somewhat 
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w..l-ne¢~b.-l-e...So t.her~, was-a ,~eat .-.~I. ~f 1.oas. • &~e ,of .the p~oble~as ..~as0 

"How-a-~e--we.~.~oi~g to -fe~d,~46 ~4~0 .clvilia-m6. ~ J+O.,000 ,troops ~ -and get these 
j 

.supp~e.s /In ..when we can~.t:~eonvoy .~hem-to.~he-~each~" 

Now let's look at what the situation is today. General Woo said that 

American agriculture moved in on the island and converted it from a one-crop 

agriculture to a six-crop agriculture and diversified. They brought in tech- 

. no fogy.. They brought in ~gricul~t~.rel ~e~i~r~e~r-~T~--~f~r~..lizer systems, sol 
/ 

systems, tr-ec.tor s , .har-Ve.sti.~g-~quipment--wi~h .an ..a~aazi.,~ .result. .The 46~OO0. 

c.ivi liana .feed themselves, .f~ed :i~hei1+0 ~O00 -troops, aed ..have to export their sur- 

, p,1.~S £-o. ~he main land ~Ta i~a~. 

.. :,.. Tais .!-s .~e p~odu=t--,.of ~. C.tmniza.tion,.~ e.gi~e~-.g in -ag.zicultu~e. Y~u s! I 

.... ka~w ~hat American a~r!~u!~tUre todayuses fewer people ,every year and genera,t4~s 

bigger surpluses every year. We~-re down to 7 percent of the American population 

now engaged in farming as against between 45 and 55 percent in your enemy's 

country ~ Russia. 

When you talk about manpower~ you've got to apply some very interesting 

factors to your manpower calculations. They do not have the manpower available 

for the things you have the manpower available for. We have a mass-production 

economy and they are only beginning to attain a mass.-production economy, 

These things ere engineering factors, If you do not bring them into your 

political evaluations~ you are missing the boat. 

I think it's time f0r~ coffee. 
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MR. WARD~. Now, the second part of this endurance contest-tha~ we ,~re al! 

enjoying=~-question mark--together is to subject you to statistical exhibits from 

which you can draw some conclusions of your ow~, To confuse the picture, I' Ii 

give you some of mine as we proceed® 

I think, without any further~ado~ :~e~ll turn to the #~irs£ slide. I don't 

like busy slides. This happens to be a busy slide :~ecause it has ~so many les- 

sons on it. Let's turn to this side.first l~eeause it,s easy to see. First l~t 

me say to you that the role of R&D is .the role:,tha.t is the .servant of acience 

and of,engineering. Here is where they come together, on a sort of mutual bound- 

ary, 

What is a beundary? T~e~e are masy 4efinitions. There isa new or+e in the 

Government, incidentally, which I am not .going to give you, To my mind it is the 

product of an 0veractive imagination. The simple definition is: Y~ have a basic 

research phase, you have an applied r~search phase, you have a dewelopment phase, 

and if you want to add your military side you have an evaluation p~mse, These 

are four simple steps in t~.le whol~ pro~ect, 

Statistically, the f~en.who put ..tl~ese ,things to,ether ~ha~e an impossible job, 

However, they are the best statistical eKhibits I ~an give you, The lesson which 

they show you is correct, even tb0ugh the .ari£.hmetic may be somewhat distorted 

by the assumptions that lie behind the.:sta£istics. 

Over here you .see .an ~£,raor~ina~'y p~enemenon. In this brief period from 

1954 to, let's say, 1964, or actually a little less, you find that the total re- 

search has gone from #5 billion to #15. billion, Now, there isn't .any£hin~ in o~r 

national economy that moves ~this fast, ,T~his is alone. This is a phenomenon, 

This is merely a recognition of this. role of science and engineering in our 

28 
{ 



economic posture~ in our overall world position, 

There is an emotional content in this, and the emotions are beginning to 

set in motion Counter emotions which you will now see on the Hill. These are 

congressional explorations into the "holy land" of requests for money for re- 

search, There have been abuses. Now, you can't possibly deal withsums of 

money like $15 billion and not have abuses. Government agencies abuse this. 

They try to stuff money down your neck when you don~t want it, at times. They 

get money stuffed down their neck when they don~t want it, at times, 

These are all products of emotion~ The emotional wave is~ by the exam- 

pie of the pendulum~ beginning to subside and counter emotions are beginning 

to appear, Is this qUestio~b~my assignment ~ust~fiable? What should be the 

portion of the national effort that is devoted to this servant of science and 

engineering? Now, I think you all recognize that a ducked answer is impossible. 

The whole subject is too complicated ~ but~ nevertheless~ attention has to be given 

to it, We have to have some conclusions about it, In ot~r wprds, it is not 

going to go on forever~ because~ mathematically, if it did, there would be ~n 

infinite income~ and there is no such thing, 

Please notice the role that governmen~ sponsored money plays versus pri- 

vate sponsored money in this immediate picture of the Current 10-year period. 

Let's turn to this one. Here is a curve at the bottom, It shows the amount of 

money that comes from private funds into laboratories other than government lab~ 

oratories, As you see~ it doesn't look like much, Actually, it is about two- 

thirds or three-quarters of a billion dollars, That's quite a bit of money. 

Up here you see university~ a government fund, which is the next one= and this 

gets up to about a billion dollars, Largely, the basic exploration, the basic 
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thinking, is done by this money, not this money above. 

DonWt get taken down the primrose path by the advertising fraternity, 

which tries to show that each company that it is sponsoring in the press or 

the media is doing a vast amount of specific basic research. They don't. Very 

few do basic research but, because it is a little more holy than applied re- 

search, they lik~ to have the kudos that goes'w'ith it. 

Now, here you have prilvate funds, total. It's •this item here, and you will 

see that it is a considerable amount, between ~4 and $5 billion. But hera is the 

big fellow, the government funds , over here, This is predominant, of course. 

You add all of these together and you come to this figure over ~here, $15 billion. 

So this is the makeup, Then, remember in your mind that the 4~overnment is 

the predominant agengy~ and that basic science is not merely money but the vital 
• ! 

root source in terms of efferlt. 

That Ds the general picture of the last IO years. 

(Slide) Now, l,had to put this in to show you where you come from. You 

see, I'm an oldtimer. I was in the O~dnance Department in World .War I. in 

Watervliet. Before tha~ I was .in the machine-tool husiness, •where we made the 

very machines that.made -the cannons. I went all through World War II as an air- 

plane manufacturer~ or~ian .eng.ine~manu~actu~er for-aircraft, .Prior to World War I!, 

through this period _here ~ I .was running Pratt ,& Whitney.Air.craft Company, the 

engine company. 

So I have been :a merchant of ~death a~l. ,throush ,this-period in here, accord- 

ing to ,Pearson and Allen, and 0~her newspaper writers. IYnis is a Senator who 

.passed a law ..that required .~hat we l.icense:everyr/ling .us ,did if we did it for 

any object outside the United States, ~I ~ention this because the political 
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philosophy of the United States at that time was anti-weaponry. We were 

against weapons, against military effort. You gentlemen suffered in other 

ways, but we in the industry, if we hadnQt been a kind of idealistic, almost 

irresponsible group~ would never have made you ready for World War II, 

At one point here, a Secretary of the Army--you had Army and Navy in 

those days--withheld all the money for research except $19 million--that was the 

total amount that the Army and Air Force had at that time--and this all went to 

one manufacturer. He called me down and gave me hell. He said, "You fellows 

up there are stubborn." So, I said, "Colonel Lindbergh has just come back from 

Germany"--he was a pilot and he was made a colonel--"and he tells us that German 

aircraft is superior to American aircraft, and the reason is that their liquid- 

cooled motors have a small frontal area and hence more resistance, and they get 

better speed.!' He can set himself up as an engineer, but he is off the farm° 

None of tha~ was true, except the fact that Colonel Lindbe~ went and was taken 
Colon@l 

in by/Udett of the German Air Force and sold a bill of goods. He went to Madison 

Square Garden and told us we should never fight Germany because they would win the 

war. 

I am not making fun of Colonel Lindberg h . He was one of the greatest pilots 

and did more for aviation than any man I can think of, But remember, now, he is 

in the role of an engineering and military expert. Somebody made him a colonel. 

You don't make a colonel by putting those chickens on his shoulder. That is not 

the way a colonel is made. He made the mistake that maybe all of us make in one of 
a 

/variety of ways of talking knowladgeably about something we do not know much about 

because we have a reputation i n some other field. Just ~emember that when you go to 

a Chamber of Commerce luncheon and hear something. 
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So here we were~ merchants of death. I want to remind you of the fact that 

on this chart the total money in the United States, statistically, that went into 

research in the Whole country, including all the government bureaus, and they in- 

cluded NACA~ was $300 million, and we were facing the period of World War II. But 

politically we were blind to World War II. The politics of the time were to assume 

that America would not be embroile4. 

You are not inter~£ed in this. let's history. So the industries t~at were 

going to serve you so well in World War II were starving, You had politicians with 

no-knowledge of science and ~eehnol~mgy ma~k~ng idio tic decisions based up~).~ men 

who were not authorities and disregarding all the authorities who had spent a life- 

time in industry. 

These are the lessons you want to watcl~ out for if you are ever procurement 

officers. Don~t fall victim to the siren songs of peoplewith big names who be- 

come experts in areas that, frankly~ they have never traiRed themselves for, and dis- 

regard what you might be inclined to say are the self-serving statements of people 

who have spent a lifetime doing those things. This is an easy thing to fall into, 

and it isn"t alone confined to military procurement. This is where a lot of your 

wasted funds go. 

All right. This doesn't look like much to you~ maybe. But just remember that 

in 1939. about here on this chart, the total amount of research was $300 million, 

and at the peak of World War II it was just barely $2 billion. That's 600 percent 

increase--600 percent incr~ase. This is what had to develop all your electronic 

gear, all your new weapon: systems~ dig out your ships~ and do all kinds of things 

you had never heard about in the prewar period, and without which you would have 

been sunk. 



I have just read an.a~t~el~ i n  the Inat£,-~-te of Naval P:raeeedin~< 

. quoting from Admira! Doni:~z~ ,~nd ~l~e ~ h t  ~ ~d us~ wi~h~.~is,,sul~rine 

warfare. Twice %~e tho~t ~eha~ ~s, fi~t wl~en ,he launch~ ~he campa igh. 

-And then~ we had the countermeasures that v/ere effecti~eo Then he had the 

snorkel~ and then he had us agaln. And again he was defeated. He finally 

is quoted~ after having first said "We have the weapons to win this war out 

"It was superior science that of German science and technology~ ~' as saying~ • 

licked us." 

Now~ here is a quotation from a practical man of your profession as to 

the role of science in war. 

Well, now then~ this $2 biliion~ which I~iI call it~ was well spent. But 

you see the political effect in the postwar period~ when we were bringing the 

boys home for Christmas. That was a complete debunking of the military effort. 

We had finished the war then9 and Russia was our ally~ many people said. At that 

point I was testifying in Washington to help to establish a climate in a senator- 

ial committee to continue R&D~ knowing there wouldn't be any money for procure- 
teams 

ment, hoping to Heaven that they wouldn't dismantle the R&D/=hat would take years 

to assemble. They are not just a collection of experts. They have personalities. 

Sometimes they clash. If you've got a te~m of experts that clash all the time you 

havengt got anything. It takes an awful lot of weeding out to find a team that can 

work together. 

With this development from ~era~a ~ew co~oept had come into R&D. Original~y~ 

• i 

in the Thomas Ediso ~ period~ one ma~ ~or~ed in a ~abor~a/x)ry wi~h a couple of tech~ 

nical asaistants an~i ~hinis•£s~ and he brought yeu ouZ something. But~ all of a 

sudden, in 1903 theUnit~ates disc o4erea2that research had gone beyond that 
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and that there were no such~em ~f omniscience and we needed a team, and the 

teamwas made up of men with different kmowled~eand ~isciplines. When they 

discovered that, research in the modern fashion was born, and that was in the 

year 1903. I didn~e put it on this chart~ ~ecause it wouldn't even appear. 

Back in this period you could herdly findii. 

This is where you have come in less than one man's lifetime, I remember 

these things. Iremelaberas a bQy ~hisarig'~alLangmu~Laboratory at GE. It 

was called the House of Magic, That was zhe position of E&D in that period. 
in 

Now you notice this tremendous effect ~f a war/ seeking knowledge in sci- 

ence and engineering. Gentlemen, if you don't have the resources to do tha~, 

you will never win a war, You can't wine war without the.ability to do what 

that curve is telling you. 

Now looker-what happened, l~ill ~how yQu in another curve what happened 

between go~erhment policy and private policy. This was the impetus of Koruna. 

Again we got lulled~ and sent the Marines over with terrible equipment and even 

clothing to fight a war in a very brutal lar, d. We were not ready. Tl~en all of a 

sudden again the wise boys who 9ame to =Washlmgton to help the Givernment of that 

picture said, "Holy smokel You don't even have a good anti-tank weapon for these 

chaps2' So the bazooka had to be quickly t~rown 

and a lot of other thingS, 

So this is the Korean War, Notiee~.arefully. This is World War II. If ! 

had the time I would have shown you wha~ World War I did. When World War I ended 

we had no real research in a true sense in ~he military establishment or in the 

United States. 

iness. 

together and ~hoved over there, 
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Now, we suddenly discovered that Germaay had it~ and we suddenly discov- 

-. e r e d  t h a t  we ,were dependi-t~g ~n . g e r r y  f o r  £ h e  raw ,et~emi, c a t s  t t r ta t . ,~de  o u r  m i ! i -  

t a r y  -po s t u r e  w o r k a b l e . .  O~p, ~ni, gh ~ ..w e .:had..:to t u r n  p e o p l e  t o  .work~ p r o f e s s o r s  a n d  

peep le • . ~4e had to scrouv~e .,tl~em out ~ ~l~erever we.,~eou Id .~e t .them, .and get enough 

together =to show ,what .reeeat~eh ~o~I,4-~do t o  ~In ~, :,,~-W* 

This is a ~epeticlen of Wori4 Wa= I on ~ts ~roper scale. And this is a 

repetition of Korea. Some people say tha£ ~ove~ments,ae.~er_Aearn anything, 
ave 

that t~ey ~st go on making the same oldmistakes because ~here/different people 

in government, I disa~,ree. Some Pe0Pleeven =all history a social science. I 

thi~k that's the biggest piece of hogwash I e~er/u~ard. 

--~op•te d o , ~ r n ~  ~ o ~ e r n m e n t s - t e a v n .  O f  e ~ u r • s e t h e y  t e a m °  i We .1earned  

something=here thatwehad~un!ea~nedi,l~,.re~andwealso leazned the same lesson 

back here. .But •twice we u~learmed i,t~ But we didn't the third time. That 

accounts for this and the emotional content which I think will set in counter- 

forces. 

(Slide) You are charged with the responsibility of questioning everything I 

tell you. The only thing you must agree with me on is the sources which you can 

find on all of these charts and where they come from. They are subject to what= 

ever limitation you find the source might be ascrfbed to haveo 

Now look at this on a different sort of chart level~ Here are the billions 

of dollars again. This shows two things° There is the government sponsored re- 

search all by itself. This is the commercial research~ all by itself--free money. 

This is unpolitically tainted m0ney~ th~is is politically tainted money. 

All right. You add this thing here to that,' and you come out there, even 

though the curve as it's broken shows it. I w~nt to show you what happened by 
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bringing the boys home by Christmas° There's the political money. They hadn't 

learned a damn thing. They didn't realize that your safety hung on this. They 

were willing to disarm the United States in the face of what some people could 

certainly read in the Russian intentions, That's a colossal political crime 

that you see here~ an unbelievable political 9rime, in the light of any point 

in history~ of a knowledge of science~ of knowledge of the role of our need in 

national security. 

So~ all right. As conditions got rotten over here with the Korean situation~ 

then the politicians recognized that Russia was an enemy and that China was an 

enemy, and this thing went into motion. Then~ by the law of the pendulums they 

gave the pendulum an awful kick and it swung away over~ and off they went to the 

races. They are still in the races. 

Now let's see what private thinking did--not political thinking. There was 

no deep dismounting 6f research effort at the period when the Government cut its 

research effort down to about 40 percent. Private industry did not, While t~i$ 

curve looks kind of sleepy down at the bottom because it is on this enormous 

chart, you must remember that in that particular period the economy was not an 

$88 billion dollar gross ~national product ~,omy. Tl~ese dollars are in no sense 

nhe dollar~kof todaY. Industry had t0 c~ugh them up. Industry had learned a les- 

son~ so i£ kept along until finally you ~each this period of today and they catch 

the fever and go hogwide. 

If you look up here you will see something. Bert's distribution of the 

Federal dollars in research. This iS Federal dollars for ~he fiscal ~year 1962. 

So~:called profi t o~genizationsget 63cents of e~ery~k~llar. In o~.herworgs, the 

work is done there. Educational instiautio~ to=k 13~ents ~ut of every doll~r. 



That in' my opinion~ i~ the. ~t,important se~mem4~. "Other" means nonprofit lobs 

_or small-profit lab or~ani~ati<)n~. Tl~ey Z~mk-4-cents. The FederaIGovernment 

takes 20 cents. That includes e~ery sin~[e la~ratory in the Federal ,C~Q~ernm~nt 

sys tern. 

So you see thins is still ,a priva~e.~enterprise rain.ted economy. This isthe 

d~gree to which it is ~fected~ with private ~enterprise. 

(Slide) Here is the' spending for R&D--colleges~ universiti'es~ research 

institutions~ and other nonprofit. "l want you to see this~ because this says where 

the money comes from. You will notice there is 3 percent from the nonprofit 

institutions~ from indgstry 32 percent~ from the Federal Government ~5 percent. 

Uncle Sugar gives 6~ percent. 

All right. Now let's see who does it. Twelve percent is done by the fel- 

lows who put up 3 .pere~t~ T~e~e a~e ~he ~ofit boys. They don't ha,re 12 

percen.£. Here i~ the ]~ederal Government doing 14per, cent out of 65 percent 

funds. Here is the blig load ~£hat industry does. ~his again shows you il,the private 

sector amd. :the vole it.,p~LayS. 

[Slide) .Here is spendir~g for basic research. ~Th$.s you should~ehallengeo I 

defy. any statistician :tO he accurate in ~atheri~g figures, as to what is basic and 

,what is .applied research. It can only be approxim~te~ so you ,must, ,with me~ ques~ 

tion ,the specif ics of this ~hart hut no:t a.s ,.a ~eneral lesson ..... Spending for ba sic 

~emsa.r-c/~ in the 1-961-~2 :period and where the m~mey ~aomes from. Eederal Go~ernment~ 

57 pc=cent. T-hey are not ,nearly so ~eaerous ,wlah their f:unds on baaic xesearch, 

l~du,s.t~ is ~more~,~, nerds than they 4~ere on applied re searnh. This is a very 

strange thing. Colle~es ar, d unig~rsiaies, and~ well, other nonproflt ins titutions~ 

7 percent. Colle4~es~ people with no profi.t~ ,out of the tin cup, begging your 

3iv 



support for a-~eir ~ al~mni 6r~es, ~aYe £o ee~a up this slice. All right, other 

nonprofit institutiOns~-£hi~s is where it is spentU-10~pereent, instead of 7. 

This woald be Arthur D. Little, the Bactell Memorial Institute, the Illinois Insti- 

t~te~ Leland Stanford ~ and wha t noZ. 

Now here J s £1~e co I lewes a~d u~i~ewsities. Le land $~a.fQrd ~esearch Ins titu te 

i&oa~£f~ent from i.eland Stanford University. There' s quite a difference. Co!leges 

aRa universltles doing 147 pe~cant. T~y are tl~e o.ly people who can do really the 

o~£-of-t~e~-blue#yonder basic ~resear[ch. I don't believe industry does any 27 percent. 

I Chink ~heir advertising writers say they do that, but I don't bel~eve it, Federal 

Government does 16 percent. Maybe. 

All right. Then you see now the role that universities play. I can tell you 

that that~ s the heart of the whole thing. 

(Slide) 'Research and deveiopment expenditures as a percent of the total 

Federal budget expenditures. Gentlemen, this is £arrific. Ae ~eeently as 1940 

and tl~e period of the World War you ~will noziee t~at I percent or less of the 

Federa ! budg@t fo r 1945~ a little over i percent, was expended. Now you will no- 

tice what happens in ~he Federal budget as a percentage. Look at that. When you 

tal~k about a $90 billion h~/d~et an4 ~omeb~y says to you, "Holy smokel 13 percent 

goes into R&D," that should sink in. Science has invated politics here in a big 

way in acquainting them with the role of R&D in national power. 

If I could rest at this p0i,t and time would run out, I could say, "Gentlemen~ 

there is my sermon." Even P01itieians mecognize that R&D and science, tbese bsin~ 

the handmaidens of science and engineering, a~e national defense~ national interest. 

You see there is no turning back yet. Some day they will have to. 

(Slide) All right. Here ' s .the Fede=a/ again. • Remember, this is no t total. 
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This is Federal. Hereas the fiscal year. I have put this chart on for one 

~major reason. This littls ar~ here represents the basic, I want you to see that 

the basic support, support for basic research, is growing faster than for total 

research or than for development or applied research. 

Now~ Vannevar Busch said after World War II~ "We have used 50 years of 

science in 5 years of war. We~d better get busy now and catch up." This was 

an extremely significant statem~nt~ non at all necessarily appreciated or heeded 

at the rims. It is only now really assuming practical proportions. Here it comes 

with the r~cognition that after all it is what we do in basic research that is 

the factor for what we can ~o in engineering~ Which is development. The engin- 

eers' role in this picture is not in that field. That's the science field. The 

engineers ~ role in that picture is not in applied science~ although they get in 

there a ifttle bit by infiltration. And the s~ientists ~ role is not in develop- 

ment. That is purely an engineer's role. 

As you see from this chart~ this is a small percentage of that overall pro- 

cess. 

(Slide) 

total for all. 

Here's your government agencies. This is Federal still. This is 

Department of Defense .... that ought to surprise you a little. The 

Department of Defense percentage=wise is not really growing in R&D. Where is in 

growing? Well, look at dear old NASA--400 percent in 3 years° Last year~s bud- 

get was $3.5 billion or seme fancy figure out ~ere. One time they talked of level= 

ing off at $5 billion. Holy smokes~ I'd hate to buy a ticket to the moon on that 

sort of economy. 

N=w~ thispieture hereindicates that NASA has suddenly come up with political 

reality. The b~8d of NASA has sa_id to CQngress~ "Our next budget will not b~ any 
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higher than the present one, the present one being $3.5 billion, You see where 

it comes from in the last 3 years. You see a phenomenon. 

All right. Here's atomic energy, now becoming old hat. You can't even 

get space in a magazine for atomic energy any more. It's old stuff. It has 

been complicated by 9arkinson°s law, in one way or another. 

Dr, Glenn Se~r~, ~ho has ~een or~e of our best Chairmen of the Commission, 

and ~ho is a wonderful scientist, in meeting his craft, something that c~sed h .... 

political repercussion. He said, "You know, our laboratories are now so big and 

well manned and sEaffed that we ought toattack any kind of national problem for 

which we have the facilities." If you can't see dynamite in that statement~ you 

are not as smart as I think you ~re going to be in this course. 

~ell~ why should that expand? Fortunately, rA~ey set up about a year ago 

what they call a Department of Industrial Participation. The purpose of that 

department was to try to get out of the Commission things which the Commission 

was doing in iLs own laboratories but which ir~dustry could do as well or better. 

I don't want to entertain you with this kind of problem but you ought to 

know the characteristics of some of these problems. Private enterprise is now 

building power plants at a very high rate of expansion, running into billions of 

dollars, to create electrical power out of atomic sources. And of course it is 

soon going to genera~ atomic ashes. These atomic ashes have to go back for re- 

processing. You •have to extract out of the ashes the unburned coal--to use a 

simile. Then you have to put that back, and it's hot, and lethal, radiatiOnaily 

hot° It's a very difficult thing. 

So of course the Commission had built laboratories for itself in the early 

days, when there was nothing but weaponry to waste materials, and submarine 

4O 



propulsion materials, and the Ifke. Now all of a sudden there is going to be a 

- civil component. Now, a choice was immediately presented to the Government. ~ 

Must this be done as a government enterprise, or should it now move out into 

civil enterprise? The civil people in the Edison Electric Institute say, 

"Give to the Government this public power and that's death." It means sub- 

sidies like TYA, from~hich there.would be no taxes. They borrow ~eir money at 

rates lower than the Government can borrow it. All kinds of things a~e hidden 

from the poo r old Tennessee farmer who benefits by it and thinks it's ,wonderful. 

Tl~ese things are politically full of appeal. So there is a very major 

matter of publi~ policy involved in what you ,see ,here as to whether tohis ,wi:ll 

level off and turn down. The first plant for treating these atomic ashes is now 

under construction in northern New York State~ due to Cliff Furnace~ who used to 

be here in Washington9 and Governor Rockefeller, who is backing him in the poli- 

tics that can be used. That plant will start off at higher costs .,than .the Govern L- 

ment can do it for. Here's whe=e the trouble lies, ~W~ny should the ,Government 

surrender from its own lahnratories ~operations which it says it can do cheaper 

than private industry 9 • Not~ this may or may not be so~ because government account- 

i~ng is a sort of a ,~lepa~£ment of fairyland in accounting ~which private industry 

doesn't have access to~ and sometimes it raises an eyebrow here and there. 

Now, ,many times •factors ;are l, eft o u t  of ~overnment accountin.g~ such as the 

cost of capi~al, Of.~courSe it doesnLt cost under s~me of:,their s~stems as .they 

review it. ,Now~ these .are vital fi.gu=es. If you compare two apples in a barrel, 

all you"ve go:t to know is that they are~,app.las, and ~/%at one isn't a pear. So 

this is involved. These .system s -are very =o~[i~zated. Amd ,there,is _much logic 

on the side of people in the ,c-overnment who ~ay they ,can': t afford to have private 
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industry do it. Look at What we are doing it for. 

If private industry starts like putting in a wedge, very small~ it is going 

no grow into atomic power~ and its initial work load is small. You all know 

enough about nmthematics to know that when costs come down the volume goes up. 

When the Government is doing a big job, with all the Navy boats and other things~ 

and has its own reactors~ th~obviously it ought to do it cheaper than private 

industry. If that's the case it o~ght to always ~o it. We will never come to 

the point where initial private effort can compete with the public effort. 

This is tough. This is tough for people who sell it. They have to go to 

Congress and explain why they gave a private group something to do at a higher 

cost than their own costs show. There are people in Congress who are straight 

socialists and say~ "This is simply ridiculous. Under socialism you don't waste 

all this money.! ~ It's a nice prohl~.m. 

Wello here is Education and Welfare. This is a phenomenon. It's sort of 

trying to imitate this one (NASA)~ There has come to be sufficient abuse that 

Congress is raising some very large eyebrows at a problem which Congress created. 

NIH and particularly HEW was ~orced to take mote funds for research than it 

came to Congress and asked fo~. Having been forced to do this by what I unfairly 

call the do-gooders in the committees that handled that, it now tries to shove 

ehis money out° I mean this. They~ll pressure you to take some of this money. 

They have to get rid of it. It's hot money° 

Congress has discovered all this because it has taken a look at the national 

budget of $16 billion and has said~ ,This thing has.one apstairs pretty fast. 

When do we call a halt in this thing?" 

the pendulum treatment. 

So of course now this thing is getting 
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Here is old Agriculture tripping along. It looks pedestrian alongside of 

these things. Here is Interior. She may look pedestrian, but percentage-wise 

she isn't. If we have the present policy of Interior indefinitely, this will be 

quite a thing. 

All right. Here is Science Foundation. That's a very interesting o,e. 

That was the body called into action by the Government to advise the Government 

in the role of scientists advising the Government. This is all right. The idea 

of that is sound, es Loppesed to a Secretary of Science. This is the kind of med- 

ium that should fulf i I I t~e ~ole of a seereZary of science in large measure. 

Ns~, ef co~rse~ the~e i~ another mechanism coming up that i s on as signment, 
and 
/that is ~he so-~ll~ Science A~Vi~ory Committee to Congre~s~ so that Congress 

will have a Jerry ~iesner Ca~mittee~ so~ahat, when Jerry Wiesner comes befoze a 

Congress Commilttee they are aot Left sitting there £1~tfoot~d. They wil I have 

some people of their own who :can i say, ,Well, look, Jerry. We don~t quite agree 

with you on this particular point. ~ere iB ~hat our scientists say." They have 

not had that advantage. They!re tried ~he ad hoc method, and now they are seri- 

ously considering a standi~B ~ommlttee of science advisers to Congress. 

I think this has s~me merit. 

All right. Here is the Department of Commerce .... peanuts. They are sellers 

of peanuts, 

Those are the main agencies of government. That is the division you find 

in our K&Dw 

[~li~e) . ~e ,turn. to rear, power, ~?Whe .~.4oes .,Zhese ,th~s in R&D? ~.K~a t are 

the nation&l resources in this .ar~a?i .~e.ra..is t-he most-~liff.icult thing to .han~l.e. 

First off, ho~ do. you deci4# who? _ T~e seie~4~i-s~s .themselves mull o~er this all 
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the time. They have this problem. 

There are two n~thods I have ~eard discussed in a seminar at Harvard9 

with i ngernation~l sc~entlsts present~ as well, One was that you will decide 

by the number of Nobel laureates you will find~ and the other was by the number 

of accredited public scientific papers setting forth new knowledge in journals 

that are recognized as scientific, as opposed to popular, 

I don't know of anyone who has the statistic for the latter, or I would 

have had it for you. We discussed that here with the staff and decided it was 

too monumental a thing to try to get. I have only for you where we stand in 

on 
science/this chart of Nobel prize-winners. 

l~ll turn first to this. We got 12. There's our principal competition, 

Here is all others. I want you to notice all others. As big as we are don't get 

the idea that has pervaded in ~ome quarters of America that we are outstanding 

in the world in this area of advanced science. We are not. Europe is~ I can use 

the Carrier as an example in engineering. The steam catapult is British. The 

landing system is British. The canter deck is British. Yet when we look at their 

Navy it is a miniscule Na~ alongside of ours. That's an engineering development, 

But I could name examples in science~ such as the development of radar. It 

started in an Anacostia laboratory of the Navy down here but it never got anywhere 

until Sir Watson Watts did the job in England and enabled them to win the Battle 

of Britain in the air. There are plenty of examples. There's the development of 

ships and all sort of counter magnetic mines, and so on. These things come out 

of other science and we have great respect for it. 

Let us remember now~ when you start to measure world power and you have 

that old problem which I hope is now down the drain, that Russia could overrun 
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th~ t 
K~ope in six ~eeks ~ith her massive army,/ that was hogwash, of courSe, I @m 

r s~e you recosni~e it as ~wash more today t~an it was at the time, That was 

a theory and when you th~w~ ~ the weight of E~ropean facilities on top of Russian 

facilities you found ~¢e didn't leo~ too hot. But of course there were a lot of 

jekers in that~-~ne of ~which is: ~: Can~you. a~ke'people do ~hings~ who aren't ~n 

yaur side really but who have just been over r~n by your force of arms? I don' t 

think you can~ but you ca D get something out of it, 

All right, Here's chemistry, We have I0; the Soviets have I~ others have 

13, You see there is mor~ strength than we h~ve, 

~ra's a~ediciRe and biology, Of course you recognize now the limits of 

statistics, N~neteen to zero, Eighty percen~ of the Russian doctors are ladies, 

I don't mean that ladies aren't as good doctors as men. What this means in Soviet 

terms is that they will not put the love s affe~Kion~ ancl mQney on ,~iieal science 

that they wiil puton surwival .science. So that the medical profession i~ nothing 

lika supported in RUSSia, Thisi s the r~ason why women have ruahed in to fill the 

vacuums because in essenc.e they can do better in m£dicine~ Which pays infinitely 

less to a Russianlpractitioner than tO a physicist or a chemist. So the men stick 

there and the ladies go into medicine, 

All ~ight. Taere is others again, We are doing pretty well in that spot, 

Now~ here is liter~a~Here's old ancient Greece down here again, This has never 

been qai£e a preoccupation in a land of m~ss p~aducti0n evan of books, It h~s 

been in ~he Eur.opean .cultural ~enter .where ~he/a~dos for ~ literary man i s inf ini tely 

~f.han the kudos for a.li~erary a~an in J~he United ~S~x~.tes, Here if he is pn 

the best seller list~ .he!s won~erful~ B~t he never has quite the position in our 

society that he has t/~ere~ ~d ab_et has s~me~hlng ~o do with this figure, 

45 



gineering degrees per million population, Just follow that. 

. Look a.t .Germar~,~ ~i~h. t~e =,~=rea,.t.~c.ienti~i¢ C.exm~ns. 

Well, here is peace. Maybe these are the boys I went to Arden House on 

two Sessions with. I don't know .-w~ther I :hope .that is tr~t~e or no~ .... But any- 

way, here it is. The demand fo~ peace is-greate r in the le~s that are ,~t 

going to %~e the p~i.nciPal•~contestante. I think you ~ean ,easily figure that one 

.out.....for . y o u ~ s e  l~es, 

(Slide) .... ~dere is -.science :-and :engineering gr~duetes. Believe .me, this 

has .pulled .t-l~e :~.Ug out from,~der.--me in ,p~eviot~s lecttl~e,s, ,beea-tlse ~o~aebody 

in the: statistical :departmen t.has ̀  ~evised £he idea of gathering statisticS0 

This ~has £a-k~n .a ,turn £,hat nobody -can quite explain 

So .this is the best we can .~et .now from £,he ,National Science Foundation. 
• . . . .  - " " : , u -* " 

I£ .comes .from a v~ri~ty .of .sour.ees. ,.There_are .the .USSR =iaizens with ~chelo F 

of .science ~egr, ees.a~ engi~eer.s o-r la~-y.ers. You will notice ..tha.t..tJnis figure 

is~,=amfor£abiy over _Qurs .as .to ..the .get.cent of .them. It.]aas been so ..for a long 

period of time9 with • the result that the figures that I used to see show that 

there are as many scientists' and englne~rs in Russia as we have here. When 

you think that they had to stair from almost nOthing~ this means that they have 

poured them.out like-mad in order to get onto the same plateau on which we live, 

The sad part of it is, we are beginning to lose, 'Here iS total degrees 
: := 

awarded and you see we've got ~hem blanketed there all right~ but these are the 

non-sciences. These are the social boys, social studies~ humanitarians~ and 

various studies which are largely the core of Our liberal arts currict~lum in 

this country. I am going to s~ow you more on this subject shortly° 

Now, looking down quickly at the United i(ingdom.~ France~ Germany9 and Italy~ 

as other areas that you would examine, I would like to show you science and en- 

Look at Italy, 
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Now, like all statistics, give this a very skeptical eye, because in Russia 

they have a thing called a two-year college which supplants their degree-holding 

colleges, and the system is as large as the entire four-year degree curriculum. 

These people are very well educated technicians. We have no comparable mechanism 

in this country in size. It's miniscule. So that the Russian scientific effort 

in a way, I think~ is in one sense more efficient than ours, in the sense that 

they supply a very competent degree-holder with excellent technical assistance 

through two-year colleges. In this country we have four-year engineers and even 

advanced deg~ee holders d0~ng doing clerical work~ with blueprints~ records, desk 

work~ and what have you. This ~es not involve drawing on their total abilities 

andtraining in these fields. 

Here was one of t~e ~.eat charges during the .war against SouZhern California, 

the hoarding of engineering ~esourees , and so forth, I think it was true° That 

was the way we always got ~ready for the next order. ~his is still the way. 

This is wl%ere you .ha~e to think behind some of the figure~s and how they 

are utilized. I think they've got some enormous wastes in Russia by the very 

nature of their system~ but we.have ours~ too. You can't ~e too literal, but this 

does show two thingsg Ru~sia~s p~eoccupation with the fa~to~sof s~vival~science 

and engineering , in terms of total education--this figure herar~and our lack of 

preoccupation with the-causes of ~ur strength and survival. This is a serious 

thing in education. This has got £hemall worried. 

You will notice countries like the~United Kingdom, F ramce, Germany, and 

Italy. All of ~£hem are above us in terms of theireduea£ional processes. This 

is not good. 

[Slide) This curve is not right. This is our mistakehere. This is the 
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crystal-ball department. It doesn't look like that, It does look as though it 

is going to look l J/ca that. I have ~st c~me from some engineering institutions. 

We discussed t4~i~ question~ and we find that the number of freshman candidates 

for engineering is decreasing in this country, not increasing. You see the wide 

gap. We don't know~ of course~ the bachelors~ either. We do know that this is 

true. And we do know that this is true. We also know that that is true. The 

number of engineers produced has been declining. 

Again~ like all statistlCs~ you've got to think in terms of what it means, 

how we get them~ and do they apply. Let me say that the press~ which influences 

our thought so greatly~ has treated outer space shoes as science achievements. 

They're engineering achievements. The scientists couldn't build those things. 

That's an engineering art. Of course it gets into science. It wouldn't be built 

without the basic science to draw from, but the actual achievement of~ launching, 

building~ recording wharf these outer space developments have come to be, is ~n 

~er+gii~eering achievement. Y~e paper, s eel I it a science achievement. 

So youth goes to university with s~rs ~il~ their eyes and want': to b~ se~ 

entists ~.~aen ~c~ual ~y Zhei:r a~ titudes ~ for which they were measured .~ wnuld indi- 

cate that £hat is . t he  last thing they ~ght to ,be. They don"* t ha~e that kind of 

mind, . T~hey .am'e boy,s .who ?Bhould do thinss. The~ ,a~e. boys that can make quick and 

i~uitive ~u~sment~s .... ~t'~ey..]~elo.r~g in er~ring 

• Now, ,t~is ~a~ ~t :~he,~d~eati~al ~p~f~essiOn absolutely stymied. They don ' t 

quite know how ~Zo ~wind this thing,-£%~e ~ower of the press~ ~he emotional r~c- 

tion, T~e result: is that scianee ~s ,swelled ~a~d ,engineering :/aas :d~c lined ~ a~d 

~£~e fa llouts ~ ~he :~l.~OpOq/tS ~ ~are zea ! ly ~ s~a, mefu! ~ ~ea~se ~ after the boy star t s 

~he finds it is rgj.t ,~hat ,he ~ a/~dl~e :a~p~ out. He ~ery often goes into 



liberal arts. Very seldom does a science major drop back into engin~er£n~ 

because it's a harder curriculum. The engineering schools demand more work 

from their students than the science d~partments ahd the liberal arts demand. 

So itls a much l~arder curriculum, and youth being human sometimes avoids 

hard~ork. This is in part a reason for not having a high enrollment in the 

e~i~eeri~g disc ip I inc. 

The engineering disciplines are getting tougher. Because of the great 

rush of new scientists, the poor engineers have to take an awful lot of para- 

mathematics which was formerly the realm of only the scientists. To do that 

they have to drop out of engineering courses. This has led to another problem, 

that a lot of engineering students never know What engineering is until their 

junior year. They don't do any. All they are doing is amass a scientific 

background from which they can be engineers. They don~t take to science. They 

are not scientiSts. So they say~ "The beck with its" and they hop out. And 

they are lost. 

So engineeri~gl colleges =have a problem: How do we aell a freshmanwhat ~n 

engineer is ~ when he can't be en engineer for some years yet? I merely leave yDu 

with some of t~e ~reat ,questions in educat£on that will ha~e to be met and somehow 

or other worked out in a pattern to solve this otherwiee lather terrifyilng statistic, 

[.Slide) ~ow here comes an area we hav~ e&refully not discussed, This is 

the area of adva~ed degrees. I ~hink you recognize that berne in the United Sta~es 

there is aa enormous movement towar~ advanced aegrees. One engineering college of 

a large size ~as ,82 percent of abe ~en£s ~oing on to ,advanced degrees. So you 

nan'a ~ik in £~rms of baccalaureates. 

Now, a paradox has p[resented itself. Are you going to graduate a boy who 
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can go to a public utility and become a practi~ing engineer, or an industrial 

establishment, w~ere he l~rns ,how to ~t out production? Or are you going to 

graduate a boy so c~ammed full ,of .physics, chemistry, and mathematics that ,he 

doesn't know the tools of his trade~ He couldn't make a good blueprint to save 

his soul, He certainly doesn't un4erstand shop practice. He is geared to a 

research career in engineering, 

So the schools have suddenly faced up to the diachotomy" How can you edu- 

_cat e both types of guys? ,The e~ucation has to be different, Both will get en- 

~gineerin~,deg~ees~ ' ~t :ki,~d of,en~ineerir~g de~rees? So the nat'ional engineering 

bodies ~are trMing te~,so~Ive that : ~stnut. It will probably end by two sets of 

degrees, ome,a pro~ess&~l 4egrae ~nd the other one a classical degree. 

Weil ~ :here ia another _{)roble4n, 

the Soviets and ourselves. We have mere people 

with-higher ,degree:s in ,:the U. s,--~hese are doctors~ mind you.--t~han the Soviets, 

5ut' ~ok qUiae :so:~much more £b~t might be com/ortable as you might .think. In sci- 

emce docto=at~s :they ,have ~bout caught up with us in ~doctorates. But in engineer- 

i~g~ lookat tha~, 

,Dent!~ea~en ~ ~.,~e~e i-s .~w~e~e ~our ba~,kdrop for military might comes from, It 

does no t -come from ,~qe~e. It :~mes. £xom there. 

Wel I~ ~eve ~e :wha£., I ~la~ghi,gly ~.r~fer to as the social arts, the humanities, 

education~ and others; You see. I thimk sometimes £,his is the reason for our 

confusian in eConomies~ We/,~%ave ~o a~Rny of them. It :has been said in viewing 

statistics thai if ~ou laid them all end to en~ they would reach no conclusi0~. 

This is said .tO il!usZraZe :somethi~. ~aile the ~resiaent ~s Chairman of the 

Economic Advisers is tellia~ yau t~he ,country is growing at 1.8 percent per annum, 
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An equally fine group of economists tell us that there is no such thing, that 

it it is doing better, at perhaps 4 percent. Newton's order mostly does not 

yield up this kind of compl~ex° This is characteristic of that art. I have the 

g~et~st.,~ympathy for people ,who p~actiee it, 

But you start from beliefs.and ass~mp.tions ~ .and .my friends in the g~oup of 

thePresident~s advisers.,l)eli~%~ e t,.h!at Lord ~Key~eswas right, They ~eliev~ that 

Harvardeconomics:whichspawr~ed thelKeynesian theory isright, But thereare 

ot.lier~eenters of learning that do not. So, if you .start from one set of premises 

you arrive-at one set of conclusions. If you start with another~ you get another. 

Some :textbooks will .do,~bat the politicians do in a.debate, .They start off 

and tell you that we not only live in a mixed economy=~this is a technical term-~ 

but that there are growing needs of government that l.end.~hemselves to the mixed 

economical ̀  process ~ Nows they don~t prove this° They don~t point to the coun- 

tries in Europe that tried it and.abandoned .~t~ to Khe laws of Zhe Modes and the 

Per sians~ :~w~o ~ad .a p r[~e for:.?hair cuts ~ writi~ letters~ ~anits of grain. That ~ s 

why you often .say, "This is =a.s constant &s .~he law of ,the ~edes and ,the P.ersians~U 

T.hey..abandor, ed it. The countries fell apart, 

A.I i ..of .t~.se ~r~at Soci-a.l :..gxperi~ents of ~.t]~e times in. history cr.ea£ed some 

very interesting .questions, Here we go h~c,k in sur eternal cycle to the idea that 

i~any of tl~.se things must bedor~e by-,~vernmentbodies. 

Now~ of course, I have not covered this properly or thoroughly. 

probably any number of men in this audience who could cover it better. 

trying to bring home something to you. 

There are 

But I am 

Well, then, you learn that Russia does not accord the same role to these 

disciplines that we do. 
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(Slide) This was made by Ohio State. I don°t know how they did it 

but it's not too hard to imagine, These piles of coins represent the standard 

of living in their respective periods, which you can see run from 1920 all the 

way to 1960. Here•it is-Ohio State University. 

They also found out and said, "Who creates the standard of living? Is it 

a professor? No, h e grinds out textbooks.. Is is ~he sacial economist? No, 

he interprets the flow of trade instincts and tries to predict. Is it the 

schoolmaster? No, he educates." You go down the line and find who does it. It's 

the producer s . But, how do producers do it? They carry on engineering princi- 

ples, they use engineering tooling, t.hey use materials fabricated and furnished 

them by engineers, thq use the raw sources of energy created by engineers, dis- 

tributed by engineers, This is the pattern of your national economy~ Everything 

is founded upon making something--a-good or a servite~ These are elements of 

social studies. Then the distribution of goods and services is an element of 

social studies. But they are only a study of something that is going on. 

The Romans produced things° The Greeks talked about them~ Of course I am 

not fair to either side when I make .a statement like that, but I am trying to 

crystallize for you what .is essentially the .dominant feature of civilization. 

Now, we •have been ado,something country. We inherited vast forests, vast 

mines, vast, rinh..agricultural lands, .and we were pioneers~ So we came over here 

and we developed. Europe, with thousands of years of lots of population settled 

• along. Out of this rich complex~ ~our.first problem was that we didn't have enough 

labor. That's why all that immigration occurred--the shortage of labor° We 

went to work and developed engineering methods, processes, and tooling by which 

we could mass produce~ The Fremeh invented mass production away back in the 
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1700's. We harnessed it withold Whitney and t~e guns, away back in the early 

1800's, and it spread like wildfire through America. It led us into automation, 

where we lead the world. It led us intoaill t~ese mass production technologies, 

all results of engineering, not the results of science. Get this clear. En- 

gineers are the doers. They harness science. Scientists are not the doers. 

So that the economy of the United States, no matter how you want to figure 

it, is produced. Economists tell you that, if you take the total output of goods 

and services in the United States and divide it by the total population--including 
women, 
/children, cripples, and what have you=-you have the standard of living. Well, 

that's what these figures are. This is theshare of the national economy everyone 

would have if socialism was rampant and we got anequal division. A one-day old 

baby would get the same sliceas a 90-year old man. 

Take a look at the number of practicing engineers per unit population and 

the standard of living per unit of population. Ohio State says that this is the 

explanation of the Americanphenomenon. 

Now, this is what the Russians have. This is why their preoccupation is so 

intense with respect to engineering. They first discovered this in 1932 and 

they modeled their education procedure on this theory. So they have made 

astounding progress. They say they expand at 8 percent a year~ against our 

miserable 1.8, which certain people say is our rate. They say this, and the 

Russians say it is because they understand the role of these funny gentlemen 

up here. This may or may not be true, but that's a very interesting piece of 

information. 

(Slide) This is a quickie. It's too busy to take you all through it. 

This is something basic--steel wage rates, Luxembourg~ Belgium, France, West 
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Germany, the United Kingdom, Italy, The Netherlands, Japan, and the United States. 

Where do you think we would be if it wasn't fo~ mass-production engineering in 

this race? How could we ever beat this race? Now, the sad part of this, gentle- 

men, is that we have shown these countries how to use our best methods. Further- 

more, we provided tl~em with the loans under the Marshall Plan to help them do it. 

The result is that you suddenly see an exporting country in steel become an im- 

porting country of steel at a threat to your local industry and a surplus of pro- 

ductiono 

Why not? You can buy products effectively made. Why should you pay for 

those? Now, that has grown in the intervening period to this. This is one of 

the high rates in th~country. The construction industry could compete with ~t 

and more, especially with Brotherhood No. 3, with its 6-hQnr work daysand heavy 

fringe benefit~, whose members pull the wires out of anything shipped into New 

York that wasn't wired in New York. They can beat this. 

All right. Let's see what is ~appening in Fa~rope? A very interesting 

thing is happening. Japan has doubled its rates. United States has added~ 

roughly, 40 percent. So~ with the average of mechanization in Xapan not up to 

the average here, there ~re some products that we can still deal with~ particularly 

with ocean freight rates, insurance, and delivery costs. 

So, economists are pointing to the~f~ct that these countries~ by and large, 

are in the grip of a wage-labor movement whic~ is comparable in some degree to 

the political wage-labor movement that we are suffering~ and have been ~hrough, 

since the inception of thelW~gner Act and tl~e variGus subsidiary acts. 

Well, I think that is really enough of tl~at chart. It is interesting, but 

quite busy. ! 
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(Slide) ~ere yGu ~a~e £he U. S. Government imvestment in the aeronautics 

and space program. I want you to see what happens as a product of research. 

There would be no such chart if it were not for scientific research and for 

engineering development. It couldn't exist. You see it covers a fairly modern 

period, 1950 to 1963. 

This shows the construction of facilities in progress~ and this shows those 

that are now in busi,ess-~Cape Canaveral and like illustrations. You see it has 

gone up into very great proportions. ThatJs just the plant. Now look at the cost 

of the operations. Please note. We had to break that curve because the end of 

this thing would occur somewhere beyond that wall. Take a look at that. 

There's your threat to defense funds, and there is your threat to a great 

many things. There is the reason that--notice that $3 billion, 6~ 79 or 8-- 

Congress is saying to Jim~ "When are you going to start cutting down on your re- 

quests?" He has to pull in enough to say~ "Well, we are not going to increase 

them next year; we are just going to hold them." 

However~ for this lecture, the purpose of this is to show you the enor ~, 

mous effect of new research and development in new areas° 

(Slide) There's an oldie. That"s the atomic energy program. You see it's 

aging. Here's what it was. I could have shown you a curve in the early days very 

much like the one you just saw~ plotted to a proper scale. As you see~ it still 

goes on by ParkinsonUs law and building new facilities and slightly increasing 

its plant. And~ as you see, it is still increasing its to~al payroll. But is 

its course taking into account the constant inflation ~which is denied by •govern- 

ment authorities but evident to anyone? 

I don't know whether they a=e reallyiacreasing thismuch or not, But 
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you will notice that it is pretty sizable. Now, when they say, "You've got an 

excess of weapons, and you've got an excess of uranium, and your stockpiles are 

overheavy," and private industry say, "We'll carry the ball in the private sector," 

then what? I think that's a political paradox, gentlemen. 

(Slide) All right, I wanz Zo show you another characteristic of what 

you might callre~earch and developmentbut is essentially development. This is 

an engineer's curve. Back here in 1905, it took about this amount of coal, 6 

pounds, to make one kilowatt of energy, the basis of our civilization. When 

Thomas Edison made his first electrical generating station, it took, as the 

records show, 19 pounds. 

Now, a gentleman Whom I am sure you all respect~ who wears your service 

uniform~ Admiral Rickover, was caught up in this phenomenon and he didn't inter- 

pret it quite right. Let me show you what happens. 

Engineering development--now~ you might say it has gotten tired and flatted 

off, but, for every i/I0 that this drops, you've increased the coal resources of 

the United States I0 percent~billions of tons. It is just as hard to get a I0 

percent saving here as it is to get a i0 percent saving up here° In fact, it's 

harder, It's still going up. 

Conventional thermal electrical generation by coal supplies-~actually, 

today, you can build a modern plant with .65 pounds of coal per kilowatt ho~r, 

two-thirds of one pound. Supposing someone had said to Tom Edison back here, 

"Boy, that's a lousy plant you built~" what could he have said? 

I want to show you that this is a normal characteristic of engineering. 

(Slide) here is something out of your own profession. There:s the first 

core for the Nautilus. It went 60~000 mile~nd then had to be taken out. i The 
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second core-went, 95~O0~.miles~ A couple years ago the Navy pulled the rug out 

from under me because the thir-~.co~ i, w~ieh the,-had not really exhausted itself~ 

. was estimated to-go 135~i~00-mi:le.s~ ims~ead of ~hieh they.~w aay.i~ went 180~O00. 

They say .the fourth .ooze is, ,designed fQr 200 ~ 0.00 and ..t~e.n ~ calmly ~ wi th thelir 

ton,sue s in. ,their.. cheeks ~. eay.. ,that .i~t ~wil i go .400 ~ 0 D0. 

Now~ if I plotted a curve of the economy of atomic power with these data 

marks~ you would fi,~ a .~ery similar-phenomenon to what you saw i.n ,the coal .curve~ 

proving a~ain £ha£ .~£~ese a0~ei~l~ar~¢£eristics of live .e~.glneering,development 

applied in a .~ide ~rie.&y ~f o~e~e.s o 

(Sli4e9 This/i~,o~e of .t~e ,most .unh~sual ~hin.gs :,~hat ,ha,,~e ,ever come to my 

attention. This was done by two fellows I knew quite well i.n the Atomic ~nergy 

staff9 ,Davis :and Roberts, At :the .time . t.hey ,did it~ =he press ~had .gone .through 

,the pendulum effect., Chairman Strauss~-a wonderful .man who was Chairman of the 

Atomic Energy Commi~ssion~ .got-so in.trigued with this ~enormous .thing~ that one 

pound of uranium wou.ld~pr~gce 3-,million kilowatt hours ~ -whereas one pound of coal 

produced one, that.he did himself a disserYice9 by jumping to ,the theo;y ,that 

it would cost only one three~millionth as much~ and was so cheap that you couldn't 

read it on an elect-r~cal .~e~er~ He .~eame ,out .in a public apeech~ ~as ,Chairman :of 

the Commission, .sayi-n,~ :that alec.tric ~power .was going to be so .cheap .that you .could 

not afford to me,ter i~. 

Let ' s observe ~w ~,£1~a,t ,,~here was a ~onde~ful a~an~ ~ell educated~ an~ very 

resp0nsible~ :who.~was .in t.-he field o~ engineering but he was never trained. Let's 

not get o~er .too ~ar~ out of..4¢here ~e .are s o ~ a t  home, We do some funny 

things, Now I .,a~n ~i~oing. tO, ..~ome back to Admiral Rickover ~ ,because .I know him quite 

well, ~He built~ or ~ Zeeis~he built, Zhe shipboard plant, Now~ the shi.pboard 
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plant was the first plant that developed steam on a commercial scale for 

- making electrical pQwer on a commercial scale. He knew it was going to be 
w~s 

expensive, because he/-d~ing it. His course, he always maintained~ was some- 

where in the order of 45 mils per kilowatt. This enabled him to be an author- 

ity. So he got up on &-plazform-~-memy of theme, it m.isht, have been here--and 

proved that atomic powe~ could not compete with fossil fuels. He went around 

the country so lecturing. 

Now~ the country being our country9 and believing that~ if a man is a great 

authority in building a submarine .... and of course it's no fact at all-~that has 

remarkable performance and does it well and does it satisfactorily-.-stands up 

~a~a!i.ns,t ~ I i sot t s :of ~eomPe~ition. and s~c.~eeds .in .,£-his-~e mus Z..be .terrif its and 

.... thaz..~akes ~him~.an authoriZy in everz.thing, .So poor~ :old Admi.ral Rickover .fought 

the .battle .of-~5 .mils .per ,l~ilowatt ..hour ~nd li~ed .to see ..~hat ~a~iS.,°and Roberts 

they .a~e c~m~ged under .,~e Mc~m~n Act with ~ewloping a civil i~dustry in th~s 

field. You couldn't .~w~lop a civil industry ~i-th .Admiral Ri~-kever~s figures, 

So t.l~ey .~ot out .a cry~ .,t~B I. ba I Ii~. ~oth being, eng,.nears ~. not ~clen tists~-~d they 

began to say~ .,,Well ~ all:.right. .We,are familiar wi£h.~ngineer~mg phenomena°" 

Now~ l~.ve shown yol/ two .a.ngi.~rin ~ phen~mema~ ~e far ~he -Nautilus% and one for 

coa I. rates ~ and I ~im tel limg yeu .,tha?t ~his. is a .f~damen£al of engineering dave i 

opment~ So they .co.nstru~t~d .ou.t .of their k~o~ledge of fomwar.d .~echniqae~ 4~n 

~magimar~ economic .curve, .: ~hey ~id ia ,a~ay .~C.k.-in tb~s ~peri.o.d here ~ when the 

press was still Yowling~about abe fact that we had been sold down t~he river by 

.the proponents of atomic energy saying tha~_~it was the maiden~s answero when it 
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wasn't any such thing. 

They produced this, saying this is what is going to happen to conventional 

costs, and this is what is going to happen to atomic costs, under the engineering 

development a I formula. 
is 

The funny part of it is, that curve/absolutely accurate. I don't know 

where they got their crystal ball. I've been a consultant to atomic power 

companies in a mild sort of way, and I happen to know that not only the New 

England Power Station, at Rowe~ Massachusetts, which is operating today, is right 

in this field of Cost, but the one they are building at Higginham on the Connec- 

ticut River is going to be operating at that cost9 right here, a little below 

the line, by 1967 and 1968. 

.In other ~ords, it's .so ~close to .tha~ curve that it's ~here. I happen to 

know that the ones in California. ~ projected - by .Southern .California Edison 

by ~the City of Los Anseles , and by the Pacific Gas ,and Electric~ all lie .in this 

area, This is t~rrific, gentl~men, 

Here is the next g~oup of engineering wotk~ its importance to the economy, 

and what it does to shape the economy, 

(Slide) Now, this is a .scientific one. ~his~,wa.s made by science. I ~m 

fascinated with it, Everything they do is so precise. It always has me abs0- 

ly.tely transfigured. 

They go back as far as electrical power generation, whi.ch became known in 

Farraday's time inEngland, .,away hack here, They showed that there-was practic~l 

electric power igeneration,-meaning Thomas Edison ~ s station in l~882--.from which 

they deduced .that it took from--we~ll .call it Lg30---1885 to 1882 .... as you can see, 

that's a span of almost 30 years---from the ,time of dis,co'~ery to the time of com- 

mercial application. 
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Now we go up the scale. Here's the discovery of radar, about 1922, at the 

Anacostia lab, although actually this can be disputed. Some scientists made a 

test run away back here. Kohler Tessner said that he had had electromagnetic 

wave echoes. He predicted this thing. The boys ran into it in the laboratory, 

but couldn't get any money out of the Navy Department of that day. But the 

British were interested in it, and they produced the answer, back here, which 

was the time of the Battle ~,~ritaln, in 1940. The scientis£s ~duced t~at 

this was the time from the discovery up to the ~esult and practice , and the time 

of radar. 

You get up bore to ~t~is~ors-whieh were discovered by Ball Labs on this 

date here, arid t~ey find out it was reduced to practice and h~gan to kick our 

vacuum• tubes for/~cer~ain appl~gations by thi~ time, which, on the scale that y~u 

see here, ~was about 7 or 8 years. 

Then ~e get up to artificial diamonds. This was a4~eneral Electric deveio~- 

ment, up here. However, artificial diamonds had be~n made in physics labs. This 

is the commercial development. They dedueed~ t~is curve. I don~t agree with that. 

Now we get to super conducting magnets. These are cryogenic magnets. They 

shuffled it -when the ~rinciple of smperconduction in low temperatures was announced. 

This gave the way to enormous~m&gnetic fields beyond ~hich we had never had the 

capacity to produce, and we ~ere producing those magnetic fields for purposes ~s 

rapidly as tha~. 

I hope you que6t!on the neatness of ~h~is, but I don't question ~he lesson. 

Fortunately, as I ~m~going ~to poin~ ont to you, at ~his point it vanishes to zero, 

which is a •way of saying ~hat the day Zhe sci,em~ists discover something it is in 

g~al ~conami~ aaae. If yau~o sligl~tly f~x~her, you ffnd it gets into economic 
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"u~e~q~efor~ he discovers it. 

" (Slide) Gentlemen, there is the growth of industry, spawned out of re- 

search. There was the effect of World War II in the electronics industry, 

per scale. This is the effect of bringing the boys home by Christmas, to scale. 

This was largely a military program. You know, bench radios didn't amount to 

much. They hardly appear on this curve° 

Here's your Korean War effect. Here3s your Sputnik date. 

This--notice it started to go to hell in a hack before Korea hit them. 

Then the money bags loosened up and off we go. 

That thing represents the size of a silicon component. All I want you to 

see there is the effect of war on national policy and what can happen out of the 

scientific-engineering developments. This is now one of the largest industries 

in Amerlca. It's well over $15 million, one of the largest industries in 

America, and it grew from pure research. 

(Slide) Here iS air and aero space. This, of course, is the peak of World 

War II. It's measured in such funny things as airplane pounds, which I helped 

to start as a unit. 

Here°s what we were struggling with when war hit us. We in the industry 

who were merchants of death were splattere4 all over with-prin~ers ~ ink. This i s 

what ~e. had todo, .This .is ~one .of .the .g~eatest ~chi.evements of a re@ponse of an 

economy to..~heae~essity..for survig:al in~ll_the.~istory of war, It could .well 

be ~Zudied, How ~.was i t 4h)n@? 

Here ' s what happened ~l~en ~he .wa@ ~ ~ower, ..~here weren tt any -more fuDds for 

milixarM.airplanes, .Thiswas when I ~ent.beZoreCongress .to point out the folly 

of . t . l :~  ide~. 
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~hi . s ,  ~l~en, beeame £4ae postwa~ peri led, .  Stig4~t sanity beginning tO be 

" evident Were. T~en, tWo ~thr~at of Ruseie, ~e=nd ,¢he Korean Nat. Aerospace 

taking over missi los from ,manned aircraft. All these are steps on this curve. 

I haven't time to outline the details of that, but you see the role of military 

sales, and you see the r01e of commercial sales. You see that commercial sales 

• are very much a eector of t1~e economy. 

Gentlemen, this is the product of science and engineering. There was no 

such industry until man conquered flight. 

(Slide) Here's the gross national produtt per man hour in the United 

States. This is an economic curve. It tells you this~ Engineering use of 

tools, processing, and methods, scientific management~ and everything thrown in, 

has produced more goods per man hour--this gets away from money .... in the United 

States ~nd it's still going on. 

l~ant y~e nQtiee~hat our productive capability is per ~n hour from 

1909, or, if you~ant to some down to more recemtly, here's the end of Norld War I. 

I want you to just £m you r mind ~ee ahat we have multiplZed a man~s effieieney 

2~ times . In one~nhOur a man prQduees 2% units. ~as opposed to what he pr~- 

duced at that time. 

This is the st~en~thQf Amer£oa. This iS engineering at worko not science 

at work. 

(Slide) Now, this is all done by the use of power, So this curve represents 

now: What is the relation of power to, again, the famous curve of the standard of 

living? Well, you see the effect of the wars and the 1930 depression. I can bal~ 

ance these areas where the curve of the standard of livin~ was s~h~epressed during 

the thirties hut was ,hi~ Aur:in~ t/is ~ar peri(~Is. Here i~t is coming out to about 
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.... ~eve ,t@~ey .both are today. If you~ look-~at :~ith your eye ,and try to smooth out 

" t~e bumps the way a statistician can do, you will find that the two curves run 

t~gether. In other words, the standard of living is based on.two things--the 

amount of power and energy' that can be used for useful ,purposes~ .plus the engin- 

eering know-how to perfect the tools that utilize that energy, When you add 

those two things together you've got national power. 

(Slide) Here is the rest of the world. This is our population in terms 

of the rest of the world. That's our power production in terms of the rest of 

the world. Gentlemen, that's your strength. Never' lose sight of that. This is 

the power that is available to you and •your allies° 

(Slide) Here is the whole of Western Europe. Here is the United States. 

Here is Canada--quite important. There's our team. And here's the enemy. We 

can snow them under. 

.(Slide) This .is that old chart which is so exp~essive~ In 1855 energy 

was supplied by men,and horses~ and little wa£er wheels, This is very little. 

They worked very IQnlg hours, =and they produced this standard of living ~s shown 

by that symbol, By 1955 loak at what happened to the machines° There are steam 

engines now~ _because .the horse is disappearing. Now the man _is takin~ it easy° 

Let's see .how his hours have shrunk and see %,hat the-standard of living has 

done~ Here's .w~t they predicted for 2005. This is =£he crystal-ball department° 

See him? I don~ t know ~hat he does now. I have .been trying., to figure. I .was 

with a friend of mine this ,week in Ithaca, New York, ;ar~d,~al~ed,as l~e went off to 

work. He-walked ~hrgu~h the kitchen into a .little r~om, He .turned the switch, 

~and there ~was an.~electric~al ~hoeshiner. He .put :his £eet ~ander it a couple of -times 

.a~d ~then.w~Iked out t, he door. I said, "Hey, ion~t you .do anything in _the way of 
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physical effort?" He tried to think of something he did. He hoists himself 

in and out of his car and in and out of bed. I said, "I know something you 

do." He asked, "What?" "Well," I said, "you've got to pull up your zipper. 

We're going to get a motor to do that." 

(Slide) There's the way the clock has shrunk. There's the way the 

standard of living is supposed to react. This is so lavish I'm going to merely 

say that out of oil comes this enormous array of progress, which is both mili- 

tary and civilian-~all of the new plastics, all of the new fibers, all of the 

new paints, the synthetic rubbers, the insecticides. I can't begin to tell you 

all the things that come out of oil. So, when you burn it, you don~t get it. 

It°s gone forever. 

This is a sort of carbon chemistry ~. If there were any oil representatives 

present they would cut my throat, because thor ~iggext ~ market at the moment is 

obviously energy. But, if we burn up our resDurces in these areas, we restrict 

our future. 

(Slide) This is the old familiar periodic picture. I threw it on here 

because I have been asked to forecast some of the future in science. Gentlemen, 

I am abusing you terribly because I am encroaching on the question hour. I must 

give a word on where the future lies. 

If you will look at this and see the number of these elements that you are 

now using, if you will look at the c~llenges through the needed new materials, 

if youwilll0Qkatthese ist~ge things he~e~v/adimium, promethyum, uropeum, 

gallilanev~ turbines--and~earaoftheir u~usualproperties, you will see some of 

the frontiers that lie ahead of the ~eople who~re interested in materials, 

Many ofthese aontrihuf.e t~ the solu/_ion of o~ter space problems, which, ~s 
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you know, are high stress and high temperature. 

I haven't time to explain the challenges, except that I would ask any one 

of ..yo u to go:to .this-~hart and .p£=k.~,~;. t4~e%hings you are familia~ wit~--iron, 

ch~mi~m,.~anganese, y~u will .see. hew. fewof ~he totalnum~erof,.,~he.basi~...ma- 

tot.lets in nature you really have explor~d. 

(Slide) Now, here is the electromagnetic spectrum, This is the visual 

part that gives you t~e bulk of all your knowl~dge of the world, it's a phony, 

because there is so much in the world you canQt see it with the visual spectrum. 
! 

This is the reason for so-called radio telescopes which are now bringing in in- 

formation from the cosmos that had never been available. In ordinary telescopes 

you depend upon this little band here. This same thing is true in some very 

interesting fields, 

In a Public disGussion e&rlier it was asked:, What is the role of lasers 

.... andmasers? This isoneof :~he-gr~at_breakthrOughs. l_t.isn~ ~merely.ali,ttle 

.gadget that you've heard about .in a laboratory., .It's ~.he nearest thiag to Buck 

R~gers ahat we've.had~ l.t ils. eaid .we can .bore a hole in the .surface of the moon 

from theearth by using a lane r. This is serious. We ~can transmit a nfold an,- 

swers, and focusbeams :t, hat-wi-ll,deatroy, Inm~ii.cine~,ghey .can :fasZen..t.he retina 

on your eye ~henit.becomesde,~achedby the use of this phenomenon~ ~ithout sur- 

gory, 

So there are some .~ypr~duc-ts of this. .T-~e poi,mt I •want .te..leave .you with 

as to what •_the .futu~e•~ho!~s.i.s~ ,do.n~t for one m£nu:te ,.,think ~hat ,we ,~ave ~exha~sted 

science, As ~ ~veat scienti-st :£Qld ..me:.t:his-~wee~.-at .a •university, .when I threw 

thl s .ques~ion...a t ~m. T~and .~e !.8 a phy6!c~st,-~x~a.t .~o~ecular bio logy .ho i ds for u s 

in ghe next ~24..9aa,r~ wi!:l ..~ :~me: b£r~h_ of .~mm£c :energy shrink in comparison. 
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Just think of it--molecular biology. Most people think of it 4s genetics° 

We have discovered now the means by which information is transmitted from 

parents ito offsprings through biology. But we haven't begun to fashion the 

mechanisms that give you power. How do you get your muscular power out of 

chops and spinach? 

There's a little material called ,hldenafine triphosphate~ which has 

just been synthesized, It tekes the food y~u,eat after oxydization and it 

becomes  t h e  s o u r c e  o f  e l e c t r i c i t y  t h a t  r u n s  y o u r  b r a i n - - t h e  b r a i n  d o e s n ' t  run  

on electricity .... your nervous sytem and your physical effort. 

There are lessons ~hat can be learned in any of these conversions. This 

is one-of the great ,horizons of engineering and science. 

Now~ l"m sorry... !..ha~e messed up what I intended to do for you, gentle- 

men,. I will just.~ead ~a couple of these chall~nges ..that .I put.:down, .The enor- 

mous .£u~ure for -raw materials. I mentioned ~in t~rms of .tl~e peri, odic .~a~e, 1 4idn ' t 
! 

...give you the :g~eat fut~r~ for raw/er~.r~gy. Thi~-would ~e~another lec.tu~e. You 

.mus~ :assume . t h a t  ,~:-the. .m~ter!al .s . :~d :.ene:rgy tO.g~ther  c o m p r i e e  e v e r y t i n g - . - u s ,  s i t t i n g  

in this room, .ew~rythi~g in .our~conomy, 

• The Hoy le ~ £.heo:ry of co~mg. ~ l~gy ~ the ice~s.ae~t ~a~e .theory of the .universe 

.versus the big-.han.g ~.he~hry of .i~-he?univerSe~ a~ay sound liae tripe to you. But 

here are the secrets of nature now being pro~ed, new being fought over in very, 

very advanced ar~eas of .snienee. 

Radio astronomy I ~a~e ~t~hed-on. It brings ~he.information from outer 

space ~ which is extramely aseful, 

Lasers maid mesers--I ~haven'£ time to .Zell you of their many~ many prQmis~s 

for .the luture, ~md r~h~ ~have only ,.~s~,c=~in~o ,being. .Gentlemen, they are no 
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different than what you did aS a child, when yop pushed another child in a 

swing. By standing back and giving it a little push now and then you got it 

to swing until it was almost all the way around, That's all a laser does with 

electrons, and that's all a maser does with electronic waves. It's just that 

oldfashioned principle: Add a little bit to what you've got and you've got a 

little bit more, 

Biogenetics, molecular biology, biophysics, and biochemistry--here is 

the great area which will startle you, because weapon systems will emerge from 

this. A form of engineering is emerging from this now--biological engineering. 

This is being taught in the more advanced engineering schools. 

Fusion, plasma, and magneto hydradynamics are three areas that are now 

being studied on a graduate-school level, and mentioned on an undergraduate 

level. They provide completely new phenomena, new tools leading to some sur- 

prising end uses. 

Superconductivity with cryogenics--n~gnetic forces innumerable times 

beyond anything that has ever been possible of ~ttainment~ and with it the stran- 

gest behavior of materials ~gt a~e old, femiliar materials with you, showing 

• .the . innate ~so I !d-sta~e ~a.gne tic •f,o.r~es in~ •-amterial s wl~ilch .are ~ommonp,la~e. 

High :vsl. ~t~ge.,p,.,o~.er .transmiBsion, in ~hich~aussia is leading us because of 

-her economic need ~ ,bat tow .we ~are .begir~nir~g to .catch ~up, 

.Direct •energy ~conver.sio n systems. You .are .all too •familiar with that fo r 

ou~er-,spaee _for line to.~spend.any•.•mo~e time •.on, except to .tell you .that it h~s the 

public utility indus .Lr.y•i~og. ~hey ean,.e~en sae~ some of Zhem, pri~a£e little 

energy .conversio,..sy~.-in ~e&ch .heae, ..w~ic:h ~uld .be ~£he end oZ ~cen tra l-station 

distribution, with.all .its billions sf ,dnl,la/s .of investment. So, believe me, 
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they are following this. 

ManagemenZ science, so-called--computer technology--solid state physics. 

Now, tNe~e ar~e ~e~ely ~me of %{~e ~weas, g~n~lemen, that I have been asked 

to t~ll you is :~he future. I ~now of no .~u~4ar~e~. 

I would close by telling you that in my humble opinion the might of 

America lies in the subject you he~e~-~ .yourselves today~ plu@ intelli- 

gence by the nOnscientists in t'he employment of these great forces, I have not 

meant to sell you off of other discipl!nes~and orher realms of knowledge, not 

at all. I respect them greatly and they play an intricate part in our picture, 

but not the maln-sp~ing part w~ich I have tr±ed to impar~ to you today, and 

which has been so little taught in the universities~ so little recognized in the 

public~ so vital tO our future~ and in whioh ~oar ,cnmpe~i~ion with Russia is lead- 

ing us to see a closing gap in education add in effort, 

Thank you, 

COLONEL BEALL: Mr. Ward is ready for your questions. 

QUESTION: What steps are being taken, if ar~y~ by scientists and engineers 

on the problem of weather control? 

MRo WARD: Very serious steps. The Travelers Insurance Company hssp~ob ~o 

• ~bly one of it~e.lmolSt distinguished groups of scientists .in .this fiel.d. Why? 

In rela~io~ z 0 .ins~/ran~e~ . A.~ya~te Wea-ther fo=ecas•ts ~.c~cern .many of ~heir lin~ s 

of insumanee, ,~ow, ,it .,~o~eerns .us ~II ~ ,hut with ,them i E ~£ouches the po.cketboo~, 

and this is the way ~e {~ri.va~..eat, erprise sMatem responds. They have gradually 



amassed ehis ~ n u s ~ e t e o L ~ o n  of.meie~%&¢~,who-are ,buitdi,~g..e4ae~ work.at 

a veryhigh Ie¥¢I of~t~uce, Of ,~our~,.-~i~h~eteorol~y4~e~e inWashing- 

ton, ~ithi£1~eq)~p~v£ment~of Commerce, end ~iah'e~ir scientific b~ethren ~round 

the country, el~ wi£~::f~ee!g~ers, ~ h~eae~e the Norwegians were £1~e first .,to 

bring ~bout a sort of ~tional theory of-~weath~r and raise the question of ~wea- 

ther management. 

The force in an ordinary storm is so ~reat that it is many times the 

great Russian blockbuster. So the idea that people had that, well, we~ll just 

drop a bomb or two~ at this stage makes no sense. 

lie along different lines~ 

I can't tell you. I am not in that field. 

So weather management has to 

I only know that it is being 

intensively worked on and seriously thought of by nongovernment groups as well 

as government groups, 

QUESTION: I've heard it said that the U. S. lacks a body that has knowl- 

edge of our technol~i~al ,resources, that we only guess~ whereas the Russians 

do a much better job of management. Can yo u comment on that? 

MR. WARD: That's an awfully good question. Of course I don~t possess 

the knowledge to give you a really fine answer, but I have certain views on the 

subject. I think that the substance behind your question is correct. I do 

think the Russians do a better job, and I'll tell you why~ because they better 

understand the role that these people play in their own national party. We take 

things for granted. We have been such a "have" country over so long that we 

have accepted a lot of the things that have made us where we are today .... great. 

Now, the Russians have their reverse problems. You know~ I think it was 

Shakespeare who said, '!The uses of adversity are sweet." The Russians have had 
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adversity. ~-beok in 1932,,~xNenwe ~ere saying, "Den~tgtve those people 

- tractors, beeet~ee they l~aven't ~yb~dy who kr~ws anF,tl~in~a~s~ut meebani¢~ 

and the peasants will go et~tend just reduce Zhem~r~ ~crap iron~ and we'll 

be wasting resources," the Russians found this out, because this was largely 

so, and they studied our economy. They studied the world's great powers and 

they found this role eventually. So then they provided education, and they 

started with an educational concept which led to these figures that you see 

here showing heavy action on the science and engineering side of education. 

This is only an expression of their political judgment, because the 

Kremlin is monolithic~ as you know better than I. Now, we don~t have a mono- 

lithic system. We have the choice system. This leads me to believe that our 

choice system has not at all provided us with this answer. 

Life M ~  presented the most dreadful article on engineers. I canat 
! 

tell you the year it was. It was in the fifties somewhere. They did it using 

the University of Detroit, I think it was~ and making the horrible mistake of 

reading the general into the specific. What they found cut was that 30-o~d 

percent of the s~udents had jobs and the rest didn~ ~. Nha~ they didn~E know w#s 

that the~.U~iversity of .]~e£roit is not a typica/ ..college.generally~ and, secondl~., 

that many students won'~ take jobs .at ~gradua,tion. They .want to take a trip., they 

want to go on a vacation~ .and .have ~a last f.ling~ .~a.nd .they won't commit themselv@s 

to employe~s until fall. 

So it wasn~ a ~stion ~f no o.pp~=~unitles~ which ~ depended on, The 

.worst of i~ was that Life used labor ~s~a.tistic~, ~ frQm £he..Buze2al of .Labor S.ta~is- 

tics~ .and ~he Bureau :of..l~bo.r Staaistics ~had .made.a fatal error. • They .had for- 

.gotten the lag~be~ween ~r~.~hmen ~nd ser~i~rs.~ .~/~ey had omitted from their figures 
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some very important factors that bear on this decision. This article went all 

over the Unfted States, and freshman enrollment in colleges everywhere in ~he 

Uni ~ed S~ates dropped--showing y o u  the power of the press, and the misuse of 

the press. 

Now, a distinguished educator found the Joker in this through obtaining 

a preprint of this artical~ and wrote to the management of Life and said~ 

"Don't publish this. It is not significant and it is not correct." Their an- 

swer was, "We canSt stop it now. It has already gone to press.!' 

I think the answer to your question is that we don~t have adequate knowl- 

edge. The Russians do have a more accurate knowledge than we~ because they 

control the system by which students enroll in Russian universities. It's one 

of incentives. They must make a first choice of engineering or science--not 

medi~ine~-if ~they want to have the guarantee by the Soviet government of the best 

jobs afterwards~ with ~the hig4~est p a y .  But they .must also meet cer~in 44uca- 

tional s~andalrds. T~e whole t4~i~ is in~entive. 
..... say that 
! al~ ~dd~e~ myself t~ your question to / the facL ~hat the Russians 

built such an in~,tiMe and ~pply such an incentive, and give by go~ernme,t fi~t 

such additional impor;~an~e ,to the graduates in these a~ee% is a proof ~hat they 

understand the importance of these areas. 

~UESTION: I ha~ e a f~eling that~ because of the rapidly advancing tech- 

nology, a good engineer has trouble keepfng up to date. Is there something that 

could be done about information retrieval or making info[mation that is avail- 

able more accessible? 

MR. WARD: Gentlemen, thatOs a beautiful question~ As one of my other 

hats I am the President and Chaixman of the ~L~£ionai Research Cent~r~ and our 
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first ~ffort is di%~ee£~d toward that problem. Let's see what that prob{e~ looks 

like. Just about after World War II I first ~eeame ~oas~ious that, th~o~h 

meetings of the American Association foe ~e Adwe~e~mt of Science, sci- 

ence was coming out so rapidly ~thet ~£{~e m~s£er .~i~tis~-and :the man who m~de 

the speech was Eugene Wigner of Princeton~ oBe of our top people in th[ s coun- 

try-=were no longer e~en im t~ch with all of the Breadth of knowledge Z~at ~ame 

o~t~ nor could they relate it. They couldn't assimilate it. It was too much. 

It was a wave~ It ,~ inu~dati~g uhem~ 

He said~ "I do not understand how science can progress without at least a 

handful of senior scientists who can weigh the importance of the different fields"-- 

getting back to your question-'!~o a degree that will encourage proportionate ef- 

forts"~-in areas £hat presumably one must address one's self to in this regard. 

That was an opening speech to me~ I am sure it had been made elsewhere. 

Since then the Scientific and technol~ical pe@iodical~ have just droned and 

droned on your question: How do we communicate~ not alone with the poor old 

engineer who is obsolete in 5 years? Think of it~ An engineer graduating in 

1945 wouldn~ t know that there is such a thing as atomic er~ergy. That man tod~y 

in less than 20 years~ is now in his early forties~ and he is now on the senior 

level of utility and trying to build plants that cost $iO0 million~ based upon 

principles that he never studied. 

There's a typical case of ~hat you ar~ a~dr~si~ yoursel~es to. Now~ 

how does this get solved? There a~ehere in Wa~hingto~ five governmental agen- 

cies that are sweating over ~our question. F~r a while~ as my friend in CIA 

knows, ~e were very shy on technical intelligence in ~uropeo I was on the first 

Hoover Commission and we addressed ourselve~ to Allan Dulles at the time on the 
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subject. We eame up w£th on~ of ourpr£ncip~1 findings, ~hat the CIA wss not 

doing a ~  job ,in medlcal intelligen~e or in technical in~ellisenee. 

S i~ee the n much :~aS 4~ei~pened. Weeep£~,w~] all the ~se~man 4ocuments in 

the war an4 a lot of foreign stuff, Then the problem became: How do you 

diseemi~te it it? :~w do y~u use i~t? 

Well~ this is a big subject you've asked about. __The hub of it is that 

we a~e now ~etting iDd!.~estion from information. The Congressional Library is 

charged with translating all the rest of the stuff. They just pour it out like 

Niagara Falls~ because t~ey have such an enormous cadre of p~ople, And they are 

urged to publish it. There as here you get kudos if you write a paper. So, since 

their whole future depends on how they are measured, this is a measurement. 

So out comes this enormous outpouring. Now, a lot of it is awfully good, 

very high level. We can't afford to ignore it. Some of it is in advance of some 

things we do. Our scientists do not play down the Russian c@pahilities in these 

area s. 

All right. How do we get this material out? The &cientist gets o~t of 

date as quick as does the engineer. NOw~ today the mechanisms are simple. You go 

to an annual e ngineerin ~ .mee4~ing ~f ~mjr pre~ or ~axiliary press. The same 

goes for the scien~ist~, :with ~he American Physical ~ciety and the Americaa 

Chemical Society meetingS. " The scientist hope~ there to digest the ti£1es of 

the papers, the abstracts, because a~%at's all ~ou set. In: those areas that he 

thinks tQmeh himm~st ne~rly!~e @ets ~ specific paper and he bones up on it. 

:No w ~ ther~e ' s :one missing !ink~ T~g is not ~se~gh, ]~e aea4~ ~ have ~n- 

tact with :his peers in ~cati~n :~hO aze ,cone~ntly-4oiag thls, not just at annu- 

a I meetings ~ the pr~ofessoxs ~ a~e t~e~ir~, He has to mas~er new techniques, 
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new ma~ematics. This isn't soeasyo 

So s c i e n t i s t . e  ~ y  a~e .ve~.~o. If~ a ~ e ,  -a-S l.am, lOc~t~ed in 

GomaeeZieut) end  you~t . t o . l . h i ~ e . = a , ~ t . l o c i e n £ i s t  .w~is at,.tl~e ~sment~ I~II 

s a y ,  liwing .~n Seu~th .,C,a~o I i~a, -.~.~e ~ z e  o v e r c ~ m ~ i a ~ n g  . ~  £ ~ d a  .,fr,~m 

Connecticut, andJae ~ey~, "..~ey .... : f~tm£~y-.,~euld ~io~e .to be.~ .~4~e ..F~i~ezn 

green all year round~, oz most of them. We~il ~OVeo i want to know Just one 

thing. Where can I do a little teaching On the side on this level? Where can 

I sit down with my peers?" 

Now, his question concerns your question° He wants to keep up to date~ 

He won't move ttz)t~l we tell.,,l~# ~. "O1~:. wel.l~ ~eople in your field are at 

Yal~ U~iversity, or at the UniYersity of Conhecticu~--or some Specific area., 

because of.your problem° It i& ~ ,~nsol.ved problem° 

....... ,T,~ese ~.a@er#cies in Naehi.ngaon are p-r~sentl~ .meeti~g~ and t.hey axe trying to 

,.~.,t.?~ ..regional ..centers ~aro, r#d ~he Llr~i.~ed ~g4~s ~ere ,~hl-s. =~=r~£ Nia~a~ of 

M~. ~ARD: .Gentlemen, I :,apologize .to yoao I .ra~ ~)~er..,the .time and we .sort 

out, but I am subject to  physlcal laws, My m~tum JuSt dldn~t let me dO it~ 


