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.... GA~TAIN BRYGE : ...An ,unde~ste.~ding of..z~e, role of science ,and technology in 

modern society and our national security requires an interpretation of the legacy 

of the past~ how scientific disciplines have 4eveloped, ~n4 how scientific research 

and development has ~.r.eae.hed ._its .present sta~e, ,..if .~e..are ~o have .,a real insist to 

where .science wi i I _.kake .us Jgom~xow. 

.To high li~g~t, the.. f~.t, ure~s, ilof t.his b~oad, :and. exceedi.gly :complex subjee £, i t 

is ~:eur. p.l.ea,su--re today to...~ar •from D r. .R.a.ymo,d J..Seeger , Assistant to the Director, 

Nationa[ Scier, ee F~tion 

Dr,. Seeger, .we I come .£o the Industrial Go l l-ege. 

DR. SEEGER: Thank you very much. I always like the applause at the beginning, 

because you never can tell about the end. 

You obviously recognize that it would be rather difficult for me to cover the 

whole history of science and technology in 45 minutes, but I'II try. 

Afterwards, ask me a question about these books. I don't want to waste time 

with them right now. As far as the introduction is concerned, let me start with the 

statement of science and technology, and I think that this is becoming almost a single 

word, sor,t of. !ik e research and development.. In Ot-to~" w~-ds, we have so mixed up 

zhese ~.two concepts the. t .we treat .~hem as a single one. There's co~fusion in our 

minds. 

I ,would like tO .emphasize .the t ~ ,even t~gh.ya~t.may ..~ot .al~ays. be able to 

• know~.~here £o--~iva.w~.~he :li~e .£o,-sepazaZe .,~:hem, at leas,t~:t2ae axZz.emes ~e different, 

• and .it.'~ .well-to ..keep .~.~at in.mind, j~s~. a~ a~he.:ext=emes of research and develop- 

ment are quite distinct~ 



kS a ~atter ~f fact, ~st let-~e put eemethi~g down (an the blackboard) to 

make this specific. Suppose I start wi~h pure matl%ematics, and t~en I get into 

applied mathematics~ and I ~et int~ ~£hc~atics~ ~nysics~ and I get into p~ysi~ 

and I get into applied physics, and I ~et into theoretical engineering, and I ~et 

into engineering. It's the same sort of thing. You start with something ~eW# 

puma and get ~ver to 6omethi~g ~ery applied .... Technology is really over on ,th~ s 

side ~ o.ver .here ~ actually ~ and you ,~a.ve all kinds of variations. 

Now~ Raving said that~ let me call your attention to two prohlems ,that you 

ave very familiar with. I think t%~ese.are two extremely basic problem~, T~at :is 

the interrelationship between science ~nd technology. Most of my scientific friends 

will tell you that it's a one-,way street in which you do the science cad .get the 

technology. May I suggest to you ~t~at it's ,~eversible reaction end that if you look 

at the history of science :and technology yo~/ wi 11 find :tl~£ .t%~ey :are~e~M::mueh int@r- 

related. One of our real difficulties today is to make sure that these ,,t~o extremes 

make contact. That's not as~easy as it is to say. 

The second question ~i .~siaes :iZl~e interrela:tionsl~ip ~ is what I woa,l~ Pal I the 

role of,the individual. Now~ !,there's a difference of opinion, I mo/:i~e~ Derek 

Bryson's ~ook on the list ,of ~p~ssi~e ~ooks to ~e ,r,ead. Derek has the idea that all 

scientists .are ,alike, just as ell doctors are alil~e~ >and ~ho belie,yes -any :lawyer. 

I mean, ~they are all alike,, yo~ see. ~4ell~ l~m much •more inclined to-a~r~ee with 

something Einstein once wro~e~ 4:hinl<s that, beta-use of o~r ,mass produetiQn 

that just because we have replaeea~parts, and one cog will replace another ¢og~ 

we ' ve gotten the idea that a l !.~9 i'entists ~are replaceable and that you can have one 
i 

scientist replacing another scientist. I don't believe it. I don~t think t hat~ ~ust 

because a ~an has a Ph.D. that[s :,e~fdi~al~nt to all the Ph.D. ~s and that necessarily 
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he's going to be a great scientist. 

The second aspect of this problem of the role of the individual is~ How 

much freedom does an individual need? Well, let me remind you that, although we 

like to call attention to Vicenko, in Russia, as an example of what should not be 

done in-seience., it's-Landau, wh~ worked un~ the~-~ame~ ~yste~ who got a Nobel 

priz~ in~t-l~e Soviet Union. I think ,we ,have to :~harpenk up wh~t ~we mean by ,f~eedom 

and ask: How much freedom isacademic freedom? Is it related to political freedom 

or social freedom or religious freedom? 

The third aspect is the general problem of communication. I don't know how 

large a university should be, but I got em idea ~ecently when I was out to the 

University 0f Illinois. A man said, ,'We~, i~ ~lepends upon the size of a depart- 

ment, and the ahility ~f ~Im~-r~t~ents: ~to cemmuai~a.£e ~with o,e ~ano~her. !~ So, a~tu~l ly, 

in ,-the C~emistry .Depar,tment~£here, ~h!~h co nsieKs ~ef :about 55 full professors, they 

had to break i£ up into ~sttbdepartments ~ because zl~ere ~cQmes .a limit to commmnic_ation 

within a -deparLment. 

I thimk a v~_ry interesEing quest/on is: How large ca~ a reseazah laboratory 

be and still function as a ~:esearch laboratory? I don*t know. I am just suggesting 

that this is all a part of a question of the role of the individual. To me~ as you 

look back at the history of science and technology these two questions should be 

~borne in mind. ;T~e first ome is the in~errelatedness of science ,and technology 

arid the second is t~e ~ole Gf ~l~e individual. 

Now~ act~l!~y ~ I w~ald ,t~ipk ~£hat you canao:t ~tell where y~ .are ~oing from 

:~ere you are a~w. ILa~mls~re ~his is true. If I nell you where I am~ I could go 

in any directi~n~ i bgt, .if I =an ~ce back where I was~ .,tl~en l have a sense of 

direction, and to me this is wh~t~ is neceas~ry~ and this is why particularly the 
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immediate history of science and technology is extremely important, because it gives 

us a sense of direction° It isn't enough just to know what the science is today. 

The one thing you can be sure about is that it is not going to be that way tomorrow. 

So the important thing to understand about science is the direction of change, not 

the status quo. 

Well, now~ having said that--and by the way, Mr. Conant does not agree-- 

and I think maybe that book is also on your reference list--he says the research 

man has no need to look back--may I just take a few minutes to tell you what I 

think science is. If I ever give a talk any place, this is my favorite topic. 

I think we've got to know what we are talking about, and so may I suggest to you 

what I think science is. Of course, if anybody asks me what science is, I always 

tell him it is something you get as a result of the scientific method. Then if 

they ask "What is the scientific method?" I say, "Oh, it's something a scientist 

does o" 

Now, this looks as if it were nonsense, until you realize that the what of 

science comes only as a result of how you got that what, with the method, which 

is only in terms of "Who done it?" And the what is not as important as the how, 

amd thet i s abslutely impossible t0 interpret except in terms of the who . The 

role of the individual I will very much emph&size. 

Well, the first point is that we ask questions of nature. We get answers 

which we call facts. We would like to differentiate between a fact like two plus 

two equals four and an absurd fact. So we talk about facts that are absurd in 

we 
science, which are the answers to the questions/ask, and sometimes we get awfully 

stupid answers, but after all we may have asked very stupid questions. 

Now, it was realized at about the end of the 19th century that we don't make 
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a list of all the facts. You select the facts, This again is very important as 

to who is doing th:,e selecting~ and why and what is his basis. Furthermore, even 

if you have these absurd factS~ that iS not quite enough either~ because~ I have to 

interpret my observations somehow: Let me give you an example. What do you mean 

by distance? What 4~ .you mean ~)y .~ength? I am sure that the 'idea of the dis- 

tance from here to the m~on iS quite different from the idea of the distance of the 

diameter of-an ~£Omo 

S~-~we~e ,~ai~ "~ell ~ lookt/i.£ ~es~,~e%~ -e~thi.~ ~unl-ess you tell us how 

you got that enswer,. ~When .you -say ~!t is -,so i~ny .~i~e4~es or somany .6ometl~i-n~ e.l~e9 

we.want to know how you got i£., T~eere is .el,ways some kind of ~heory involved in 

i t. So .Kl%ese ,we .say are absurd .operational ly. 

So, in .answer to the .ques.£ion of .askin~ D~t.uxe .~certa~n .questions ~ .we ,4~@t 

enswers which are s,elecaed fa~,ts ~ :whi6h.are_.absurd -o.perationa I iy. 

I won"~ ..go in.to .~a£ any ~moze. I .~Ltl~ apend.a .~graat deal .of time on i~. 

There is a .basic assump.tiOn l~eze, ,When you ~sk a .question .axl.d .~Set .an answer ~n 

Monday and you..get ..the •.same answer on Tuesday, ;and you •.do i~£ .the aame .way ~ ~this 

i s • a basic assumption. It ~ s the anif~rmity of, ~a•aunce ~ ,~ &he-/~aet ..~haa if you 

,ask •tl~e -.q~est•ien .~n Ju•piaer, ,you ~et the :sa~e answer •.that you do her,e. Is this 

-Now, the ~econd poi:nt ~h~t t . , . ~ £  ~,eddltion to that iS the question 

of .a~ssociation. Somebody, asked the ar£ist~ Ro~e ~ "How is it you are able to paint 

s,uch beautiful white, barks ~f ~.~ees in .spri~i~e?" ,a~d ~e ,said~ "By l~oking at the 

..snow fields in-win:~er.~' ~.Ii~ .i~,s ja~t.~:hat,as~ciahion ~hat is,very important. 

I would lik~ e to .give yo~-.t~e~exola~l~-~s,..~tf~ :~h.aesoeiations. The first is 

~he matter of ~sifinat~on. You kno~ ~r.ds ~9~re in.~eresting. I learned somethih~ 
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this morning when I was coming over here. Take e word like influenza. There 

isn't ~eally a disease of influenza. There are just a lot of sick people who 

are all more or less the same in their appearances and symptoms. I looked up the 

word, influenza, and I was surprised. It comes from the Latin, meaning, to infl~- 

ence. It refers back to the time when they thought that the planets had some 

influence upon these epidemics. So they called it influenza. 

Well, take any word. It's just sort of a blurb, and if you get a sharp mi- 

croscope and look at it, you'Ll see that there are certain points, and you can't 

always use the same wor~ ~having the same meaning in various ,connections. One ~)f 

my favorite words in this is the word, energy. If anybody asks me &bout energy 

after a while, I'Ii quote something from one of these two books. One book is a 

book that nobody should read, and the other one is a book that everybody should 

read. 

Anyway, it's amazing about energy. My daughter was taking biology. Oh~ no, 

she was taking general science. She came to the word, energy. I asked her, "What 

is energy?" She said, "It's the capacity to work." I asked, "Wl%at is work?" She 

said~ "Oh~ daddy, we haven't ~had that yet." O.K, The next year she took biology, 

and~ Io and behold, they had energy. I don't know ~hat kind of eneKgy. Anyway, 

~he definition ~was, the capacity to work, I asked her, "What's work?" She said, 

"Well, daddy, ~we haven't ~ot that £ar~ yet." So the last year she ~as taking ~hem- 

i stry. It dawned on me one day to look up in the index to ~see if they had e~ergy, 

and, sure enough, the =hemiszs ~have energy, too. And it's the capacity to work, 

But not a single one of the books told what work is. 

Now~ this is ~ fime way to communicate. I think ahat zhis is one of our great 

difficulties, you see. We begin tO use words, and we really don't know what thoy 
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mean° Well, this matter of classification is extremely important. By classifica- 

tion I mean, "Here's a chair, and here's a chair, and here's a chair." I use the 

same words for all those chairs. 

Another is this matter of analogy. We say he was a lion in the fight. What 

do you see? Do you see a man there suddenly getting big ears and a tail? What 

you mean is that he was like a lion in the fight° We say a man is a machine. Do 

we really mean that? Or do we mean he is like a machine? 

We need to be a little careful about this association° As to relations, I 

used to be a teacher and I often had to worry abc~t grades. I don~t know what silly 

methods other teachers use, but I looked for one of my own. I decided how nice it 

would be just to measure the length of students ~ noses~ Have you ever done it? 

Then why are you laughing? Anyway, I found the most remarkable thing° Some people 

ha~e small noses and some people have big noses, and the ~est smell in between. 

I looked at my gradess and they were onexactly the same cur~e. Why not? When a 

student came in to inquire, l~d :say, "DonQt worry. From now on you will he in this 

part or in that part." Well, l~m sure some of them don~t ~i~ that. 

Anyway~ this is this hu~iness of looking for reiations, a~sQciatlons of this 

with that° It's very important. Of course we did a study in temperature. WNat is 

temperature? Well, the length of a column° Of course temperature is not the length 

of that column of mercury~ but we associate the length with this thing called tom= 

peratureo We are doing it all the time. When we do that we have to be very 

careful. 

When we usually make any measurement, of course what we do is to get a series 

of points° Who likes to see a series of points? We draw a curve through them~ and~ 

of course, when you do that you are making Qne grand hypothesis and generalization~ 



and some day you may find that this point is there, and you may find that this~point 
is 

over here /down there° It's a problem of interpolation and extrapolation. But 

we are always looking for relations; relating factors I would call them. This is 

really a very important point. 

Now there is an assumption that we like to make here, and that is that, in 

doing this~ we have to assume that nothing else is disturbing this; in other words, 

that the problem is isolated and that it is controllable, This is one of the real 

differences between experience and experiment. Geology is largely an experiential 

science. You observe. You can ask nature all the questions you want, but nature 

doesn't answer you° So you've just got to observe and take the answer you get to a 

question you haven't asked. But in something like physics, if you take something 

like BallQs Law on pressure and you want the pressure big, you make the pressure big 

and then you ask: What's the volume? You can make the pressure small and ask: 

What's the volume? You have a certain amount of control. This is an experiment. 

Isolability and control have been very important in this respect. 

Now~ the third thing I want to mention is: Who is interested in all these 

f~cts and all these factors, ~absurd facts~ the latest factors? We would like to 

have a view of the Zhing as a whole, just as, if you go up a mountainside and you 

don~t want to worry about a hous~ here and a house there, and where the road is 

going, you get a picture of the thingas a whole. 

The Greeks had a word for it, and they called it theory. Your Greek word, 

theory, comes from the same word as the word, theater, which means a view of things. 

So we try to get a view of things. This is where the individual~s imagination is 

extremely important. Take Newton, They said an apple hit him on his head. Well~ 

ten years ago the historians of science said that that was obviously a myth, and 
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that no apple ever hit him. But then they found another person who said it, and 

that made it true, because if two people lie then that means it's trues Well, any- 

way, now we believe that an apple hit Newton on the head, and when it hit him on the 

~ead .~e said, "Oh, Boy~ .Thia !s my .luckyday. Sappo~e i~_.had been ~the.moon° " 

• Wel I, of :.ceur.se £.he .i4ea .:Zha t...the ..moon might be ..an apple.and ..the.. app l e =igh t ~be 

a..,moo~ was trememdous..imagination, T.his was .the first ti~e we. really had the uni- 

verse0 Up £o t~at .time we Jaa d /.things ~having in the.earth ~elow~ .with .the f~ur 

e.lements, and a'.diffe.~ent .~e:t of ~,a, ws for t~e. fifth e~ement, the quintessence up 

t ~er~e. 

This was a great day. But I say, just imagine looking at an apple and saying, 

"What a lovely moon,'! or looking at the moon and saying~ °~What a great, big apple." 

You can use cheese, or whatever you prefer. This was imagination. 

Now~ the question is~ How is this imagination reproducing? This is where I 

don't think you can do it0 I~Ii-give you an example of my friend~ George Gamoff0 

Gamoff was a consultant .to the Uo .S0 Navy, or vice versa, during World War If, and 

they wouldn 0 t let him ..get near .Los Alamos, because he was _a Russiano Fur the rmo r@ 

he .knew nuclear physics~ We were trying to figure out how ~o make bigger and better 

bombs. One day:Gamoff said~ "I_have .an idea," ~and he wrote something down on 

a piece of paper. Heaven .help us. It just disrupted the.:en~ire, whole of the armed 

.services, ~because ..there.he ..had ~written down axac.tly what they were doing at Los 

Alamos, and nobody even.knew .anybody ,was e~t Los .Al,amos. .I .mean~ you see, this was 

• an i.dea~ .and .he :knew .how £o apply .the ide~. 

I think .the a pplicati0n is ~easily rep~sduceable~ but having .the idea in the 

first place is not reproduc~able. Usually, ~a~en-we taik ~about ~the number ol scien~ 

tists we need, we mean .the number of repr.o~h/ceable scientists~ all of whom .are at 
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certain leveSs, but not the man with the great ideas, the man of the great 

imagination. You can talk about all the monkeys you want writing Shakespeare, 

but I haven't met one yet who did. 

It just is an amazing thing to certain people. Now I want to emphasize 

one thing here. l~d like to use the word factitious, and you can see that I 

am very deliberate on all these facts, absurd facts, related factors, factitious 

theory. I want to emphasize here the influence of environment, particularly the 

social environment° Let's go back~ Fifteen hundred sixty-four was the first year 

of Galileo, the death year of Ascelius, and so forth--1564. Let's go back to 

Galileo's time and the so-called~geocam~tric/~hebryandthe~l~eliacentric theory of 

the planets. Well, now, howwould you evaluate these two theories, if, say, at 

some time in the Industrial College they ~want to evaluate these two theories. It 

happens to be in the Pope's Palace, but, sowhat. 

You might say, "How does it behave mathematically?" Wel I, there was no 

doubt that the ~heliocentric theory was a little bit better mathematically. How 

does it fit observations? WHII, I hate to tell you this, but they were both just 

about equally good, because the observations :werenOt so hot, and when you have 

observations that aren't so hot almost any theory will do. 

Then, how •does it affect common sense? Anybody can look out and see that the 

sun is moving. So did Francis Bacon, so he threw Copernicus out the window. How 

did it agree ~ith th@ philosophy and the theology of the day? You know as well as 

I do that ~he Church prefer=ed the geocentric. All right= How d~you a~ake the 

decision? You got three to two. I mean, what do you expect people to do? We 

cannot forget the social climate and the cultural climate in which scientific the- 

ories are made. 
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Now, there is an assumption here. The assumption here was uniformity. 

The assumption on the second one was isolability and con£=ol. The assumption 

hare is~omp,rehen6ibilit~. F~i~s~in <~aee s~id that one t~Ing,.that .was. incom- 

prehensible to him about the universe was that it was comprehensible° Why should 

you expect s just because your staff is going to make a theorys that nature will 

allow you to. 

Well~ now~ these are three essential elements of a theory s and of course 

they go in sort of a spiral° I~d like to mention three things° One is that it 

it is open-ended. Science is the endless frontier~ and you can begin any place in 

he~,e that you -w~mt. And ~ final I~ 9 it i~ ,e~m~lati,~e~ O~e ~of £~he f~w :sane ~esu 1 £s 

of loc>king-~t %,i~s~>r M ~i~ ,.to .i~ee £%~e ~lati~e, ~rogr~ss of ,scier4ce. 

the major periods in the history of science. I will begin with what I will call 

practical beginnings. I am using that word in a very real sense. I mean: What 

does the words sciences means anyway? Wells if you go back to the Latin~ it means 

knowledge. For instance~ if you go to the National Science Foundation in Switzer- 

land~ it includes theology~ i~ includes all knowledge, 

I would like to differentiate between scienee~ so I object, ve;y strenuously 

when people talk about Science back in the period of the Egyptians and the Calabeanss; 

-l~e~se I~don!£,:.:£,hink ~,we:~e :~:~bou£. ,~he-.~:~ame ~thing. If ~hey want ,to use the 

word ~ ,.that,s fi~e~ ,hu£,~hy not .put a li,t,~le~o~e ~,mark .on it~ so I nan identify 

~ha~, they are ~alking abo~t. 

Well ~ of ,~oa,rse ~ yau ~l~ve. ~astronomy .and yo~ have ~he a,g~icul ~u=al means and 

the astrological ,means~ ~and -~2A%e:~eligious peaae, all of which =equire~ some kind of 

calendar ~ ob~er~in~ ,the p.ro~res s of the ,a~n and the sun ~ and this might vezy we I I 
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be called a preet.~eal beginning. 

Then, secondly, in mathematics, the Babylonians had some very good arith- 

metic, even verging on t%~esol~tion of some great problems. And in Egypt they 

had learned the so-called 3-4-5 ~ule that, if you have a triangle it's-a right 

triangle, and with 3, ,4, ,a~d,5, you can.stretch the ropes out and .get a right 

angle. These are practical beginnings. 

I do not regar-di~m~a~:~e beginning.of science. But I.~o believe that ~he 

birth of science occurredin Greece. I wou!d say that this period ~as fromabout 

624 BoC., during the Pales, to 201, A.D., which was the death of Galen. 

Let°s look st this. First of all there a~ the Ionians. These people looked 

at nature, and they were the first ones who said, "It's real." And not everybody 

believes it's real even today. They said, "It's interesting," and a lot ofpeople 

don~t think it's in£eresting, and they said, "It's comprehensible." This was 

an amazing thing. 

Now you go over to the West, in Italy, and you find the Tagorians, and they 

had sort of an emphasis upon mathematics= They were interested in taking a 

string. If you clamp the two ends you'll get a Certain musical note. It you 

cramp the middle, you'll get another one. If you divide it into 102 or 103, you 
that 

get music. They said about, the universe / mathemati~ was built into it. They 

said everything was mathematics. There are still people like that today. They 

claim that you can find out more by not looking at the universe and just looking 

at mathematics. I used to say to a friend o~ mine who used to argue this, "Well, 

go ahead. Tell me something about the universe right now, will you?" Of course, 

he never did. 

The third thing in this birth of science of the Greeks is Athens itself. 
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Now, Athens wert,alittle bit more over into the humanistic side, but it had two 

great people. One is Plato and-the o~{~er is Aristotle. Somebody has r~em~r~ed 

that almost everybody is either Arist0terian..or Platoist., I think it is probably 

true. I happened to do some investigation some years ago on Galileo~ I found 

that half the peo~l,e said he-~as an Aris~oteri.an and the othe~ half said he. was 

.... a. Pla~oist. I .didn ~ t. think ~he ,was ..ei.tl~er, 

...... Well~ now~ actually~ •-what P;[ato .said4qas, "Look~ if you really .want .to know 

i~aas~ doD't look at t hingso" I mean~ for egample~ if you want to talk about the 

ideal .w~m~n~ 4on~ look at your .wif, e or eny ot~er wife. Close your-.e~ess .and 

dr~eam. 44ell ~ t%~ere ~-s -somet~hing in t;~at. But Aristotle ~ who ..was .~eally quiae a 

good scientist ~ partic.ularly, in bioi!ogy ~ ~aid~ "You've .got to •look ,at things ~ and 

we'.we got to look-at the form a~d .,shape of t~ings that are in order to tell some- 

thir+g ,about the shape of things .to e~me.!' 

I .want to give you a quotation from Aristotle's P hvh sics: "The n~tural path 

of investigation starts f~om ~aat is~.~re~e~•terly knowable, t,he _thin.as I see~ and 

more e~iden.t to. us~ ,and proceed to ~what is more self~ewideDt and in.trinsicali.y .more 

intelligible." .In other words ~ I .can ~undersaand ganeral ..L~ws. Let ~s loo~k at moving 

tb_~,ngs. O.Id Francis Banon said~ ,If ~ou wan~ .to know .anyJ~hing about motion~ just 

• make a record of .all.•~he..thi~gs:£-ha£ ~e~a~o.wing, .and J~hen also ~hose •,that are .not." 

Well ~ i•n ~sort •of .lea~es ~,ou ~i£h .~same l~ind of ..indigestion to do £~ato I~ ~ s 

much easier to ~ay ~ "Aha ~ ~hen I look ~a3g ~ ~fa/len leaf ~ I ~,don ~ wor-~y ,ebou~ the 

'Aha~ itms the principle of inertia. ~" And it's intelligible. fallen leaf. I say~ , 

• T.he world of pl~e~0mena ~eo0mes .intelli,~ible .in terms of ,general principles. Tha~s 

~he idea :of •t~e ~.hir, g. 

T{~se peop~e..had . £ ~ ~  i-~f~l~eenee. It really is the ratlo~al epproach 
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of Plato9 and the empirac~l approach of Aristotle, and the hi~tory of science 

and technology ~s really e n interplay of ~he two, the rational and =the empiracal. 

Now, to stay in the Greek period, I want to move ~ver to Alexandria, ~he 

rea I Alexandria. This was re a I ly a t~emendo~s p lee e for.~he de~elopmen t of 

science. In math~tics there was Euclid. Now, Euclid real ly did his geometry 

because he wanted to prove something for Plato on Plato's ideas. He did this 

thing, you know, startingwith axioms, and so forth. Then you deduce certain 

~h~. As a matter of fact, I still think that we might do better to go back to 

Euclid today. Now we are running around in circles. You don't do anything logi- 

cally any more. 

You ask a youngster to prove a theo~um. All I know is from reading my 

youngsters' t~x~books that :they study--in quotes. You start with A and you get 

B. Then you Bet C. Tl~en you ~et A f~)m C ~ you get C from A. You never know 

where you are beginning on the thing. You run around in circles. A is true because 

of B, Why is B true? Because of A. It's that so=t of thing. Well, Euclid sep- 

arated this.out~ He started this very ~good pos_tulation of.~nethods. 

Appolonius.~-came .up with ~conics-~ y.ou know--~ery i n.te~eszing. The Greeks knew 
probably 

all about conics. ,Tl~ey ~were ~erking li4~e ,mad, .yo~ know, .on/government-sponsored 

projects to find o~£.ho w the.planets.should go. Nobody bothered about Appolonius 

with.his conics, .becaa/-se that probably was kids' .stuff, And they had real prob- 

i eros to .~do. Well, .there is Lhat, 
the 

Now, Archimedes .got into/m~thematics game. In all of Euclid he talks about 

the ratio of the.~circ~mferenee of a circle ~o t~e diameter and its radius, .hut t.he 

one thing he never got ~a~ the calculation of ~e ~alue of parts. ,...Mi~ ~,y~u, it's 

in ~pplication-~.~now. They ,give you all .the theory in .the world, but they never 
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think of relating it to anything that you k~ow anything about. When Archimedes 

calculated Pi he came up with 3i0-70ths to 310-71s~s. That's not bad. After 

all, he was just a Greek. As a matter of fact~ the method that he used became 

a very good method. In other words~ he took a circumscribed polygon around a 

circle. He took it inscribed. He made the sides come-~eloser. Finally t~e poor 

circle w~s squeezed in between the circumscribed and the inscribed. That ~ves 

the start. 

Well~ if any of you want to appreciate why the Greeks didn't get very far9 

just look at the way they had their number system. They had one thing. When 

they wrote down Alpha~ Beta~ that was a number. It didn't make any difference 

whether it was Beta~ Alpha~ .because~each of them was the same. Like this is 

61 and this is 160. It still _made 51° 

I always tell-my friend~ if ~u-~nt ~ ~calc~l;ate ia Korean n~m~erals~ just mul~ 

tiply IV by VI, and your11 see why the Romans didn't get any pl.ace in arithmetic. 

As a matter of fact~ the G~eeks:and .the ~smans.-~the Gree, k6 partieularly-~solv~d 

arithmetic problems by get, me, try. It's quite .dif~ferent nowc!aySo We solve geometry 

problems by arithmetic~ .exeepE I don~t .:think ~e do. In o£4~er :words~ if you ask me 

about a triangle~ I 4on[t ~wri-te ~wn all t4~o~e ,al, gebraic~@uationso I .:try to see 

if I can't intuitively solve it. This is .seme.thi.ng I think we are ai:ssing in some 

of our education today. 

Now~ leaving mathematic.sand going to astronomy~ Aristoenhus sort of deter~ 

mined the possibility of the ~dis£anoe ,,Eo ,the-s-unhand the dist, a.r~ce .Eo ,the moon. 

Hipparchus made a very ~eareful list of observations. Among other thin~s~ he 

was ,able to detect ,the procession of the equi~o~Kes ~ ,wh&ch ~,ou know takes place 

once in every 26~000 years. A~ ]?,~o_lea%y ~u~ied to put .r~he .~hole thing together 
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and did what the Greeks called save the phenomena. The word, phenomena, means 

appearances. You see, these planets, when you look at their motion, they some- 

times look horrible, and somehow there has to be circles. How to get that to 

l~ok like circles is a nice jab. So he ased a method which we wou~d say was 

amalogous today .to something llke ~ .method of approximation. He was able to 
. . . . .  : .; , 

show tha t this ~ou id ~e made ,up of eircl~s. 

Well~ I want ,:to point eu~t ,to you that we een say what we want about 

Mr. P.tolemy~ hut his method ~was .used for observation and taking observations until 

the 15th century. Now, if you and I cart do any£hlng that la~t~ a century we are 

not bad, even with the stupid people around USo But just think--15 centuries. 

I have to point out that Archimedes was undoubtedly the greatest mathe- 

matician Of this period, and he did some very fine things in physics. Among 

other things, he got ~nteresZad in fluids and he discovered the Archimedean 

principle. But in this matter of the fluids he did something more. He invented 

a term~ specific gravity. This is the first known scientific concept to be in- 

vented. He noticed that the-weight of something divided by the weight of an 
whether 

equal volume of water always gave him the same number~ /he had big bottles or 

little bottles. 

Then also he did not ,do ~his; ,He did not say, "Let us take the Pi power 

and the E power." That'-s equally true~ He ueed simplicity. T h i s  is something 

we have to remember. When we invent ~concepts we try to take simple ones, not 

because nature is .simple hut because we are, ~and ~,we ~have to be very-hateful. 

Archimedes also got Into~meehanics. He tried to prove the lawof t h e  lever. 

In addition, he invented anoaher ,concept ~l~ed t_he center of mass, or the center 

of gravity. 
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There was a friend of his by the name of Aristophanes~ and he actually 

determined the radius of the earth. And in medicine this man, Galen~ was actu- 

ally concerned with anatomy and a theory of physiology.~ and it was very success- 

ful for just as long as ~tolemy. 

I was invited some years ago to give a talk to some classiCists~ and l 

knew what they wanted. They wanted somebody that they could put on the altar 

of specialization and say~ "Look at this narrow specialist." So I got up and 

I thought a good offense is always the best defense. 1 said~ "There is one 

thing that live always thought was wrong with the courses in Latin and Greek 

I had~ particularly in Greek~ because they told me all about Athens and they 

never told me that Alexandria was in G~eeee-. ~ In other words~ the Greek scientist 

was just as much a miracle eS anything ~el~e ~[n Graek sc:ienc~." 

This i~ ~ort of ,a ~peeul~tiwe per i~)d~ and ,the one thing you ~ave Zo ,be ,car~= 
Ssa 

ful about is that it/ .period in which philosophy and science are aort of :mixed up 

together. It's a .6peculative period° 

There is a second period that I~Ii just call the chrysalis stage, This is 

a time when the R~man indifference let the Greeks do their work for them, The 

Byzantine i,was ~e~p.la~on.~c, They ~e~e elways loo~:£ng a£ .Zl~e ,world ahat isn Q ~ and 

didn't worry about a~e ~world ~that is. ~The ISlamic i~fl~en~e~ of-cmuxse~ was that 

• he Arabs translate~ ~he .things in which they ~wer~ interested, They did some 

little things. And of course :.£he ~hristians were very .other~worldly~ because 

they thought ~. ~.~aa t ~s a~e ~e of wOrr~i:ng about i iving.,~ere ,when you have .to i ire 

in hell tomor=OWo YoU .ml.ght just as well find out about Nell. So ,thaa~s what they 

did. 

You creme to T hQm~/s ~A~,~_~s £n~ 13£h =entury~ and Thomas said~ "There are 
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two criteria for truth." Not the one Aristotle had, whether it is intelligible, 

but two. One is this one~ if it agrees with observations, that's a good criterion, 

But you can never rely upon it. I mean, I go along the street and I meet a man 

with a black eye. I go along i0 feet further and I meet another man with a black 

eye. I say, "A~a, ~here'e been a fight. There are two men with two black eyes. 't 

I was wrong. Each man has a wife, and there were two fights. 

You never can tell. There is never a unique theory. So he said, "Really, 

the much better way is the idea of Aristotle, that you can deduce something from 

something intelligible, and this is better." He gave two criteria, and that was 

the beginning of science. 

Now I want to go to the rennaissance of science, because in this period we 

do have the rennalssance of science. I will first of all mention two people. I 

think this period would begin with 1543, when Copernicus published his De Revolu- 

tionibus on the fabric of the human body. 

T~e ~eal problem was this: The people were always trying to deduce from 

philosophy. Here you have philosophy and here you have your scientific observa- 

tions. These are the intelligible principles. Then you would like to deduce the 

scientific observation~ but you never could do it. You couldn't do it in astron- 

omy, and you couldn't do it in physics. Finally, Galileo had a marvelous idea. 

He said, "Let's quit trying." He said, "There is something that we can deduce 

this thing from, and let's be satisfied with that, even if it isn't philosophy." 

So this is science theory. 

This was the great, final divorce. From that time on people in science 

deduced things from scientific theories that they could deduce them from, and 

said fiddlesticks with the philosophy. That was the ~glnning of the great 
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gulf between philosophy and science which still exists. Well~ Galileo, you 

remember, used the telescope for observations. He introduced the concept of 

acceleration which is used in mathematics, and he did a great deal toward pub =.. 

licizing it. 

A lot of people today would like to look at Descartes, who said that there 

is mind and matter. This was very bad, because it separated the mental from the 

physical. He got t~e philosophers interested in just the mental side. .So you 

get somebody like Immanuel Kant saying that you can't see things9 that there 
is 

is something which/in adults which you can't see. So you got the philosophers 

talking about things that they couldn't see~ and this left the scientists out in 

the cold. 

Well, I notic@ Francis Bacon is in the list of references. I give Francis 

Bacon credit for one thing. He publicized science. If anybody asks me about a 

good example of a research laboratory that Francis Bacon suggested, in the question 

period, I~Ii tell you about it. It°s very interesting. He didn't understand 

science~ really. 

Then you come to an experimental group-~Kettler, Harvey~ Pascall~ and Boyle-- 

and you come finally to ,the£heoretieal develOpmenk of Newton which culminates 

this whole period of £he~ennaissamce of science. From that time on I think I 
either 

would say, beginning/with:f687, which .w~ ~he,publication of Pri~eipia~ or the 

death of Newton in 12279 I think ,we come £o what I would call modern science. 

In the per~odofaodernscience we come to specialization. We no longer 

treat science asa whole. In this~eri~dDf ,~homas Aquinas you havephilosophy and 

science, and actually he didn't have~at~ XQu:~have scienceand a part of philosophy 

under Thomas Aquinas. And now yo~h~ve philosophy and science really separated~ 
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You come to a certain pos~£igis~c school in the modern theory in which you put 

philosophy in science and~scienee on the outside. 

Now you go into chemistry and geology and biology and find out it's true 

that the development of science depends upon the knowledge of certain other 

sciences~ and there's sort of a hierarchy. 

I would like to go back Just for a moment and say something about Schwringer. 

Schwringer wrote a very interesting book~ called Nature in G~eeee. He thinks 

.everybody shou~d.~ ,back ,and ,l~k .at :Greece~ .rAeea.u~e i£ ~i.il ~help y o u  in-~ra, clea~ 

physics..I~, i~ t£. tl~a t t~e :Greek6 .k~ew. more t,l%an ,we ,do ~ h~/t they were .pre jadieed 

and so a~e ,we. T,he Z~ouble is:~ ~e.:.ea-nno£ eee.our pre~u~i%ee, by looki-ng at ou~- 

selves. We've~,Sot ~o l~ok.~£.-.~mebody else .... IzLs ~aLways easier..to eriti=ize ,the 

other fal low..So,,,he.,a~voca~tes ,~olng .hack rand ,.atadying. 

Of course you know that's true in the-ease of geometry. Euclid said through 

a given point you can draw only one straight line parallel to an'other. He said 

it's an assumption. People say he was crazy. Anybody can prove it. They spent 

29000 years not proving it. FiNally someone,= said, "Let's give up. Let's agree 

it..c.an't .b e proved," ~hat ~was the beginning of ~r~-m~i~ative geometry. 

Well~ .~e ,,4~a,we i~ ~e~..~a/.a~er :~a~aln, , S o m e b o d y  looks back at the motion of 

a hody!~nd -says~ !!How ,do .you-~Le~ermine.-~a~e .and time and ~peed?, So somebody 

says % .Well ~ .,~hv/x~us ~y ~ ,.we "~e~.got to .think and view," so one begins ~i th .the re l- 

ativity ~heo~y. ' 

T,he~e ~ha~e been .prof~d ~han@~es~ a~ we've not£ced. Yhere have .been ~hanges 

not only in sociology, not only in technology, but also in ideas. 

]~-want .to t~e ,t.~e ..[~:st~p~e ~inu,t~ ~o .~l~e one :of these ~ases o~ the 

development of electricity a~d rn~gnetism ,, ~nd just .illustrate it. It began back 
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with three unusual things--the stone, magnatite, found in Asia Minor, the pebble, 

a piece of amber, found up in the Baltic Sea, and a frog that arrived in an ex- 
by 

pe~iment/Caldan. The strangest story of history is how these three things got 

together and produced the electrical age~ It's just that business of curiosity 

and those things being neglected, and then suddenly someone begins to examine 

them and put them.togethero 

So you find in electrostatics in the 17th century there were only four 

facts known--attraction, repulsion, conduction, and induction,. Franklin was the 
of 

one who introduced the conservation/electric charge, We talk_a ~reat deal about 

the conservation of energy but if there is one principle that is even more impor- 

tant it probably is zhe conservation of electric charge~ And it came out of the 

amateur, Benjamin Franklin, doingce~tain .things, 

But, when people began to measure speedsand electric charge, then you had 

something quantitative, and once you have something quantitative then you can ' 

develop something .mathematical. And .we have the mathematical theory of potentials 

and the philosoPhY of Frenchequations development, 

Now you come into the period of electromagnetism° Electric current has a 

chemical and eating effect and vice versa. This was the thing that got Farraday 

i.nterested~ He said, '!Suppose I were by.means of some change in magnetism to pro- 

duce an electric current?" That was his-great concept, He got the idea that 

surrounding a body is a field of influence. Maxwell came along and put that in 

mathematical terms, What Maxwell did was pull something out of the great blue 

sky and wrote it down and .predicted that life was just an electromagnetic phenom- 

enon~ It was very difficult to test the thing out , hut around 1886, in that 

period, or 18S8, ~urtzactually did t he experiment and found out .that Maxwell 
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was right. This was a tremendous comprehensive theory which combined light and 

magnetism and electricity. So it wasn't surprising that Einstein devoted a good 

deal of his time trying to pull in gravitation to get a unitary view of this. 

The interesting thig is that in 1907 one of the great physicists, one of 

the few physicists who did something practically, like the layimg of the Atlan- 

tic cable, Lord Kelvin, said he didn't believe Maxwe~l--1907. Well, as a matter 

of fact, about this time came, you kmow, tl~e electrical theory of matter. There 

was a dilemma at t~e end of the 18th century. The question was: Is it one 

fluid or two? You could explain everything equally well. 

Then there came the dilemma of the 19th century: Does fluid come in little 

packages or is it continuous? I mean, when you get your milk, does the cow give 

it in quarts or does it just squirt continuously? Well, this was the problem that 

Farrady worked on. People got tired. They had determined that the conduction of 

electricity was solved. Then came the dilemma. They developed the conduction of 

electricity in liquid. Up came the dilemma. So nobody was interested in the con- 

duction of electricity. As a matter of fact, they said, 'Et's just replacing a 

little tube." People just looked a t it for the fun of it. Yet, in that very area 

was the answer to the two dilem_~gs. It was the discovery of the electron. 

I Chink it is very in~erestimg that, ~hen you began to apply the electron 

to an atom, as Rutherford ~Lid, :the first thing you realized was that the whole 

theory of elen£roma:gnetism :~a~id t~aoZ it eo~idn' t be, because the little electron 

would radiate and the atom would be ~stable. Everett ,said, "What do we do?" 

Moore said, "I've got an idea, Let's forget the electromagnetic theory. Let's 

assume ia doesn't radiate." That's the big thing of the process of mechanics in 

one sentence. And of course we now have other things. 
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Well, I want to end with just this note. We do live in an electrical age, 

but for the most part scientists have not applied their results. There have 

been very few exceptions. On eleetricalpower therewas Von Semings in Germany, 

Ferranti in Great Britain, and Edison in the United States. On electric lights 

there was Wann in Great Britain and Edison in the United States. On communica- 

tions, for telegraphy there were Morse and Cook; telephone, Bell; radio, 

Marconi. These were engineers and inventors, and not scientists. As a matter 

of fact, Edison discovered the thermyonic effect that might have been useful in 

radio tubes and this might have had some influence on the communication industry 

thathe was sponsoring. But he had no interest, somehow, in jaiae. 

So in 1876 you finda cooperative laboratory. Said Edison, !'There must be 

other people like me.[Let's~setthem all together, and let's ~ooperate on invent- 

ing." This was a systematic program. Then in 1900 you had the establishment of 

the GE Research Laboratory, where the problem was to get scientists to work on 

needs that weTe relevant to GE. It's all right for scientists to work on othe r 

things, but, after all, if you want GE to be GE, somebody has got to worry about 

the things GE is interested in. So they established their own laboratory , and 

they had an uncommitted inquiry. And of course you had very famous people like 

Langmuirand Coolidge, andthey found that there was some technological profit 

by allowingscientists to work on things they were interested in. Of course you 

had a certain lapse of time. 

Then we come along to Bell Company. They said, "Look, we just can't take 

the old knowledge we know, everything that people are doing. We've really got to 

start completely fresh." No one was interested in sound or in speech or hearing. 

They started to do research in these fields. They were quite unknown. The 



universities were not interested in that stuff, at all. So you have the very great 

laboratory. 

Well, as you know, the upshot of this whole matter is that the lapse of time 

between basic research and technology has very often decreased. It was 50 years 

from the time that Farraday discovered the dynamo effect until the opening of 

EdiSon's power plant on Pearl Street, New York City. In the case of the atomic 

bomb~ of course, you know it was from 1939 until 1945, and in transistors, it was 

even more so. 

I want to just suggest to you in closing that, as one looks at the history 

of science and technology~ I think these .~ ~q~estions that I raised with you at the 

beginning are the !undamental .4ues~ions: K~at ..has been the relationship between 

science and £echno!ogy? I think you will.find that .a~ time :has go~e ~m there .has 

been an iacreasim.g -reciproca i relationship ~hieh :s~mehow ~as to be continued ° 

Buts,more important is: .%~aat is the role .of .~£~e indi~id~al? I believe .that this 

is one of the problems :that we have not yet completely :~ea.limed, .Zhat tl~e number 

of real geni.uses ~i s ,:~o~ing. £o b e very small, and we want to be awfully certain that 

we .don ' t miss ~he real >~geni~ses. 

T.hank you. 

QUESTION: Dr, .Seeger, are we~4iluti~o~r.~cie~ifi~ ~alemt in this country 

by assignikg scientists .to manage.~ial and political roles in o~tr ~go~ernment 

s true tur~ ? 

DR, SEEGER : N~en I ..think of-.what ~ of t~hem ~o -as ~an&gers ~ I think the 

answer is yes~ but obviously yau do have to ha~e some.people.mange. I don~t know. 

I am sort of torn betwixL~and between on ~his 4~hele thing. It.~epends .upon the 

person° I wouldn't say ~ negessarily &.,person is a good manager because he 



is an economist or because he is this, that, or the other~ Wherever you find a 

good man I think you ,had hetter..t~A~e.,him.for a.managerial position. In.other 

words, I have a feeling sometimes .that it might be better ~..have a .pc=son at 

the head of a scientific organization that doesn't know anything about science. 

I~-ii give you an illustration of what I mean. I was always impressed with 

two things: If a man doesn't know anything, he always listens carefully to all 

sides. I have found some civilians in other places, and the trouble was 

that they did know.,~hi-ng.s, so .they didn't listen. The other thing I was impressed 

with wa, s that when they made a decision they made it promptly. I think these are 

two very good characteristics. 

So I would-say ~that l wouldn't buy using a ,man .who is .a -scientist or not a 

scientist. I think you have to find the man who is a good manager. There are not 

so many of us-who.are-good managers. 

QUESTION: Doctor, is the National Science Foundation doiRg .anything to 

clarify nationally the difference between scientis~ts .and engineers? You point 

out there is an overlapping and .confusion in this are~. 

DR. SEEGER: I think, .off the record, no, .We do the easy problems. 

We spend .money. 

QUESTION: Could you :give us a few .words .about the application of scientific 

management .Ko humanities? 

DR, SEEGER: ~ou have .to put another sentence on ~here. 

STUDENT: Let' s :say specifically the intelligence function in the services. 

DR, SEEGER: Yes. I have an ~artlcle ~hich l~ave .~he f~aptain, and which I 

may have mentioned to you, on .the Sociology of Science, which deals with the whole 

question of science as a .social proposition.- Obviously, sociology is very, very 

25 



Well, this gives me aft opportunity. This book~ Yellow Peril, do not 

read. This is on science and history, written by a lawyer. He wrote a very 

good musical play called ~ .  He~s a man by- the. na~-ef Kuneo. He inter- 

prets all history in terms of science. All the problems, including the one that 

y~u-~ment.i~ned, ~a~e ~ t l . g i v e n  l a  . - ~ i s  ,~ok..F=r..~.~mple, ::he ..~ays ~z~mon~ =~A~er 

.t~iogs.-tha-,t .~nergy is a .~eiE~_i~y,...,.as a..;harse~ ...~ch is..cer~ain.ly .an..inreresti~g 

point ~f view. 

I .~hi=nk ...that something ~a~ .,~e ,..~e ~ ~nd..l.~,heiieve ...~,hat..~he .~athod~lagy i s 

,the..-.~...as.. zhe..:~thodolo~.y ...in. Z.he..phy~da~al: ;~ciences, ,.hu~ -i,t .-~¢£!i ;nat .gl.v.e as 

fr~itgu i ~e~l ts. ~a .~s ~shor.t .a .t£~e., ..... This i.S : 1-96 3,. by ...~he...~ay. 

Maybe I .ha~en '.t ~we.~ed .your q~es.t i~)n, 

The .ot4~er, ,~ I -, ,~~.. ~d .very ,h~@hty, ,~,~e it ~.:by .a~y f~r~r 4~her. 

This just .~am~. :0ut,. Scie~e~ in Civili.zet.~on, --~y Ar,£,har Swinn~., -Be i~ .:~a~ Of 

:He .has a ~.hap~ers~pn .?ec....i~..e~d the .,humani ti~.s, i~,c £ence a~,~d phi.l~sophy, .science 

.az~d, ~ i s ~ o r y ,  . . ~ e ; ~ . : : . ~  :,:~. :fogy, ~¢ience..ea~d. •,~he...~te. I t ~s .~el, l~nt. 

• QUESTION: Sir,., .~.~,y~a disg, u~s milZ.,~.ry .~ciene~ ~n,.a .~e~se ~t~ phy.s$cal 

SC fences• .ha~e .~ontri .~¢..~ed.,.~.h .more..t-~ .o~r ,~/liLary capabil.i.t~s i.n ~he ~as.t 40, 

50~ .or i00 .,y.~a.rs.._:It :.is pc~ssib.le .to!.,~a~e..i.t...t.h~.,oa-~h.omil~ry.-~. twos? 

..DR, ..SEEGER: .... ~~her..,wavds : .,.~ha~,.a~e ~.scien~es-a.~..,~a~ ~ e  ao~_? .~~u..,~a~, 

o n e  .of , t ~ e  . r ~ _ a l . , ~ ~  .£8 : I s .  ,sociela@y_..~ ~ m i ~ c ~ ?  . It ~S v e r y  i n ~ e r ~ s . t l n g ,  t o  

I ook. in. un.i v.er.a,-~ iea,.~ad ..,~e.:~here .,.zhe~.4~t ~ddae ...~aciol.ogy ..-xia~n~anZ, .or .4:he 

• ,.h.ls~y .depar-%a~e~. ~: .~hi~ ; i~, e • ver-y, intoe~.~ting.~pxes~.ion .... Half. :,zhe :.:hi~_.~grians 

s ay  i t  i s ,  h a l f  s a y  i t  i s . t ~ > t .  " t - h , .~ t~ . . . . t ~  e .~c,hool : t h a t  .ha!.ieves .~ha~ t h e ~ e  ~[s 



a basic method of science. Conant does not believe that there is a method of 

science. I think we disagree in this. I believe that there is one general 

method which can be applied with varying degrees of success, depending upon 

the material that you have before you° 

Obviously, where you get into the experiment of lovemaking, it's very 

difficult to come up with an objective analysis of the thing. So sociology 

has not gotten far, not because people haven't spent money on it. I read a 

book recently by a ~ociologist. He says, "All you have to do  is .have the 

National Science Foundation put a lot of money in sociology and we'll get just ~s 

far as the physical sciences." Nuts. He doesn't understand, The reason we ha~e 

gotten far in physics is because physics is easy, It's simple. ~4e ~can ask ques- 

tions and we can !~et mnswers. You can es~k questions all you want to in sociology 

and it's very difficult, tp get am amswer/ 

I t~ink comin~ back to this other q,~skien, it is:: Is th~81ogy a science, 

is law a science~ is the military a science? Yes. I ,wou~d say that as part§ Of 

sociology these are all Sei~nees~ but they ~,re very, very difficult. I am sure 

that what they call military science that I took as an IROTC was probably nelth~r 

military nor science, 

STUDENT: Of ~he $9 bill!on that g~es into re6earch and development ,that 

goes into the physical sciences. 

DR. SEEGER : Yes. You know why. Because ~we :can get someplace. I mea~n, 

I just don't know. 

STUDENT: What ,have we had in 50 years fr~om the .physical sciences £~t 

helped the military? 

DR. SEEGER: Oh, this is very difficult. I mean, regarding the physical 
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sciences~ I think in general, if you bring close connection between science and 

technology you are going to be able to find uses for things. This is a matter 

ef ~xpe~gnee,- ~-~4~~l-.~el{ @4%at same optimism~ that when we have dis,- 

e e : v ~ e d  : ~ m e t h i n ~  ~we f~ad- ~ e  een.-4ase  ~ t .  :Men i~  v e , r y  i~ngen ious  o n  t . h a t ,  l~-anLt 

,,p[edlctjust .~hat it.,~,wil~:~e.a@e4for~ I'II he.t y,ou.fou~,.,aents.~that it .will 

be ,,used. 

In the last century over in England, I think it was~ there were two pro~ 

fessors of ~hematics..One was in applied methemetics, end.£he - ether we~ in pure 

mathematics. The applied mathematics professor poeh~,poohed the man in pum mathe- 

matics because he wasn';= interested in applle&tion~. WeLl0 tocl~y~ no~od~ knows 

what the man in applied ma~he~t.i~s ,di.~, hU~ :~he ~an in pure .mat, hematiCs happened 

to be worki~g.on~ajo r steal~ -which is very m~.ch applied at thepresent •time. 

l-.r~m~m~er.:~%~en:l%~as in_.t4~eNavy, :B~r4~au of Or dnanee~ ~I was a civilian. One 

msn came over t o -reel a~d :,,he -Oa~d ~ nLo~k~ .whi I~ you are piddling :~around scratc~hing 

those old ~mar~s on a pi~ee~ofii,i~aPer~ ~hy:d~ut~Io~ome£hiag_.ior ~he~mili,gar~?" 

I said,'tKq~a£,a~ ~y~eing~"i.~el%adan idea. of how to .~mprove.~h@effiaiap~cy of 

a projec~ti~e~o~e~;~.~enth. !!,~aid~ ,~T,hat~ fine.'~ Andlkept ~cribbling away. Now 

I happened to be working wi£~ John Benoyen. He was the greatest mind that I have 

ever had eon£eet..with,-in, m~-life. Johnnie-Benoyen~ I remen~er, was working on 

something as to what would be the best p~siti0n to drop the atomic bomb in. He 

got the medal of merit for that, and I gpt some kind of a distinguished service 

award fo E helping him. But I was just piddling,. Ra~ther dange=ous, you se~. 

The •other fellow, I .~hink~ ~hi-d/anp.rove t~e ~hing a ~an~th of a perc,ento BUt~ 

QI~F.S~/£1N: la a~ az~ ~,,~y of .~£eaee in =~he ..Unified _SZa~zes Dr. _Bu~zhins 
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and others criticized the current conduct of science, and they particularly 

questioned the capability of scientists to formulate a proper strategy for 

the current conduct of science. Will you comment on that? 

DR. SEEGER: Yes. I didn't read that. What I would say is this: I think 

we have to distinguish very carefully between science and technology. In other 

words, I believe it is very possible to plan technology. I believe this is very 

possible. A very good example of it is the atomic bomb. It speaks for itself. 

But as far as planning science is concerned, every scientist would be scared of 

this. 

Let me give you an example. A hundred years ago, or 85 yea~s ag~, w~at 

would the National Science Foundation he spending its~ney for? I think I know. 

Ether theories. Becauseall the main people in sciencewere ~oing ether theory. 

Well, that went down the drain. Maybe •there is some byproduct of it, you see. 

I know one person :we would never have supported. I'ii just use his inltlals-- 

A.E. You see~ A.E. worked in a patent office. In the first place, we would never 

support anybody in government , you see. We have some kind of ass~gmption about that. 

So we wouldn't have supported that. In the second place, he was in t~e Pate~Z Office 

Who would be so silly as to think that any~eat mind would ~ome out of the Patent 

Office. In the third place, if he submitted a project, we would send it around to 

the senior scientists in universities who would review it. And of course, they'd be 

the ones who wouldn't let him teach in the university. 

Of course, that was Einstein. In the year 1905 he came up with three mirac- 

ulous papers~ when he was in the Patent Office. He was doing it on his spare time. 

They were the special theory of relativity, the photoelectric effect on mechanics, 

and the bounding movement whiehhelped to establish the atomic bomb. 
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Now~ I have a feeling that the best thing we can do here is not to put 

up so many restraints but to allow freedom insofar as a person can use freedom. 

I think this is my answer. But on technology I believe it can and should be 

planned. It must be, I think. 

QUESTION: Dr. Seeger, in your-t~l~ 9~m/ said you had some other comments 

on Francis Bacon. I would like to ~ear.them. 

DR. SEEGER: Boy~ l~m always glad to have these paid people in the audiemce. 

Francis Bacon wrote a little thing called ~tlantis~ because Plato had said 

that out in the Atlantic there was a submer~d Gontlnent~ called the Atlantis. 

So Bacon went out to the Pacific~ and he said there was a new Atlantis. In that 

he described a research establishment. This is really quite interesting. He called 

it Solomo~s House. It had the following objective ~ "The end of our founda£ion 

is ~he :.kmowle~e of ~causes and secret motiens of ~_hin~s~" Solomon ~s House ~on= 

rained ~peqialized facillties J~or various £ypes of inves~i~atlon. There were deep 

caves for exp Ioaiag phenomena l~sneath the earth ~ .as wel I as high towers on mountains 

for obsarvi~g meaeorol~o~ical pheaomena. There was a spec~n 7 laboratory for high 

tempere~ura inves~i~atiOn~ ' ~e for objects ~ ~ne ,f~)r :~us~ins. A :special room w~s 

provided :for ~he-artificla | ,production ~af :rain. One room containe~ primari ly 

engines~ including some for ordnance. Fi'n~[ly~ there was a mathematical room~ 

filled with appropriate instruments. It wag recognized that the proper utilization 

of these facilities would requisition the en£ire time of the workmen. 

NoviCes and apprentices were to be differentiated from what we nowadays 

call professional personnel. Therew~re t~ ~ 36 fellows :in all~ grouped as follows: 

• wel~e mer c~_h~nt~ of blood ~h0 :raamed.abo~t £1~e ~ear.th in sea~ch ,of observe~ ~aza~ 

three 4maxpeJ~ra~.ors ~ ~ho :ao~h~ ~mh data ~ ~oo~s ~ ~hree iadi~idua I s who co I lec t#d 
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data from current experiments; three pioneers who collected data from new exper- 

iments; and ,three compilers who zabulated..and classified all these ~lata. ..There 

were ...three benefactors whose pr.i~ary, function was . t o  de:~er~ine .~ow tO use.el ! 

the results,~ three planner.s of new..eKperiments; ~h~ee o~er6 who performed the 

experiments and reported on ..them; and, ,,finally, ~three who interpreted all the 

discoveries that were ,~ma.de. 
a 

It is .to B~on'~ ~r~di.t ~at .he ~ense4 the importance of/cooperative enter- 

prise~ of the .specialists havipeg unusual equipment .and books, I think that's a very 

good description of a modern-laboratory. 

QUESTION: You s~gge.s.te4 .that you might expand some :on t~e atomic theory. 

DR. SEEGER: Oh, I was telling about this one little problem I ran into. 

We are getting-.a notio~ now. I admit this to you. I am having great difficulty 

selling physics to people. I am teaching the history .of physics. I suppose it 

may be the reaction .to Conan.t's .sayins, !,~)o you ,know, I .wa~ .really discouraged. 

I was up visiting a very .fine .professor .at Yale recently, and he .aaid, 'You know, 

one .thing I don't have time ~or nowadays ,and it's to .read the current .articles in 

my field. So I was bothered. So I just started from scratch. '" 

I know zhis is true. Whenever you ~give out a development con£rac.t'-.this .was 

years ago and it wouldn't be true now--every, sing.le person .in .development started 

out to read the same material and write reports on it. And it was ,years before 

anybody got around to doing -anything .~new. 

There is a tendency now to say, "Well, le-t's get on. l~et's not .worry about 

the past. " I don't like tO get lost in the past, but I'd at least like to see 

where I-am going. Well, a physicist, I say, just can't be bothered. 

a very fine book on physics, general physics~ and where was Galileo? 
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...... Wel I,. anyway, =,my ..da~..-e~ .t~o k chem£s,t~y lest yea-r. She. ,same .home ~ne 

night, ,end she said, "~addy.,.. who w a s  i~ t h a t  ~ou~.ded .t~e modern .atemlc theory,?" 

I t '.s ,a • tough ,thing...to...~-ve ...... kids...ask you t~ese ~ques tions. So .I....Z.hou~ht : ,~Paa. t 

.. .does.,modern mean? ~Mgde;rn indus:trial revQlution or 

• .someplace .a~ound there...:So I ,said2. ~How.:.ahout Dal~on~ in .chemistry?" "~No~" 

s~%e .~aid, ,'Dad~ ~hat~6 ,wron.g.1' .Well~ I se~d~ "47~4~-.,-me-.M~r ~e~t.book .amd .la£ me 

-eee,,.~se .pietur-e. is in..that c.hap£er..". Wells it tamed out to-be .Nii.s .B<~hard. 

I.-~Rid, "Niis. Boha~i" .S~@ :-Said~ '!N o, .4addy ~ tha~ ts .~ro~g,,' She ~a£d .Z.he~,we~ 

usiag:anot~e= Cashbook .f.or t~e test. "Aha " I .said~ "B=~ : . : ~ : .~.ng me tb~ t .book ..a,n~ Iet 

• , t u r n e d  

44e-I I ~ ! t~e ~n =g0ipg :~a,v~and lacking ,~ome ~'.of .my .colleague~s, geeemtly I .was 

down in .D~-m, and I ~a.~ked ,t.he .--Chief of t4~e ,A~my office, ~own .here 0 .He ~:s. a :eh~m~ 

iS.~, .~nd,:~e:-ha~ ~One of .-~e.~h~f ;.phy.s.~eiet-, :.~,,l~e~, -And I &sk-ed .Ek~bbs, the .DeBn 

of ,~he,.~r~du~te..Se.hool at Dgke, We were sitting around a table~ and I said, 

"By ,t~e:way, t a t  ,me..a~sk .,you this qt~estion.J I ~T~e~e..~.hree f,._n.~lly came up with 

Dalton, ~tt.therfo~d , a~d:.%ol%e~d, N~ll, I ~-~e~ry. Sm~k~e one .:.day~ -~d I was talk= 

ing to h i ~ m .  I said, ~!Bow.~w~ul-d ~,a.nswer .~tl%at :~ues£ion?" lle ,wa~aed .to ~ra~w 

-why I ,,wa~ed ~-he answe.r ? . I-~ai,d, ,Look ~he~e .... l~a£s •is..JusZ a kid's ..exa~i~ation.- 

Don~t ask me.ell these.;gttestions, l~e =got~2+9 .~£,hers ..to do." .He aaid~ ",Nell, I 

• woAtl,:~ :-s~ ~a I ton." I s ai d 'i. !tTha t .~- .~:i~h£, .-~ you ire ,~ron~," 

• -Ne 1 1 ,, ~.~nMway, this a, lar~ms:..~e, -you -ace....Of cQu~se i~ -~as .ob~i~s to .me afi£@r 

,-a.,whi.le ...... Ne talked about: a,t~mi, e~,~y~ •a~d.-0fT~ur~e, e~e ~end up .wi.£-h ~therfox~J. 

-B.~.£.:..I.. ~em ~M:mu~zh. dis.,t, urh~d -~ee. r..£h~-s, I ~n:t ..~o ~empha-si.~e.-again =tha ~ ~e~c.e i s 

vector quantitati~e-o, l~'s,~£ juet the Skilled.quantity •-that has.position. It 
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also has direction° The only thing l-~m-posi£1we .a~t i~-that t-~e se~i~mee we 

have today is not .~hat they taught me in school, So we should prepare .~ur 

youngsters tod~y, because the seience they are learning t~y is .not science, 

CAPTAIN BRYCE: Dr, Seeger, I think you .l~ave answered ell the.questions, 

On behalf of your audi.ence, i~-h~nk you-f~r a stirm~lating and an interesting 

treatment of your shbjec~° 

DR, SEEGER: Thank yo ua 
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