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CAPTAIN BRYCE: An understanding of the rele of science anrd techmolegy in
modern society and our national security requires an interpretation of the legacy
of the past, how scientific disciplines have developed, and how scientific research
- and development hasrreachgdfigs'prgsentvstgye,:if.we”are to have .a real insight to
‘whenecscignce will .take us tomerrow.

To highlight the features of this broad and exceedingly complex subject, it
is-eur pleasure today to hear from Dr. Raymond J. Seeger, Assistant to the Director,
National Science Foundation.

Dr. Seeger, welcome to the Ipdustrial College.

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'll 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 techﬁology, and 1 think that this is becoming almost a single
word, sort of like research and development.. In other words, we have so mixed up
these two concepts that we trgat.thgm‘as<a single one. There's copfusion in our
mindss

I would like to -emphasize that, -even though you.may not always be able to
- know-where to-dvaw:the line to separate them, at least.the extremes are different,

: and-it‘s~wall~to-keep,thatzinumind, just. as the .extremes of research and develop-

ment are quite distinct.



As a matter of fact, just let me put something down (en the blackboard) teo
make this specific. Suppese 1 start with pure mathematics, and then 1 get into
applied mathematics, and 1 get inte<mathematics,-physics, and 1 get into physics,
and I get into applied physics, and I get into theoretical -engineering, and I get
into engineering. .It's the same sort .of thing. .You start with something wery
pure and get over to something wery applied. . Technology is really over on this
side, over here, actually, and you have all kinds of variations.

Now, having said that, let me call your attention to two. problems .that you
are very familiar with. I think these are two extremely basic problems., That is
the interrelationship between science -and technOIOgy. Most of my scientific friends
will tell you that it's a one-way street in which you do the .science and get the
technology. May I suggest to you .that it's rveversible reaction and that if you look
at the history of science and technelogy you will find that they are-wesy.much inter-
related. One of our real difficulties today is to make sure that these .two extremes
make contact, That's not as.easy as it is to say.

. The second question, besides the interrelationship; is what I would call the
role of .the individual. Now; .there's a difference of opinion. I noticed Derek
- Bryson's book on the list of pessible books to be rvead., Derek has the idea that all
scientists.are.alike, just as.-all dectors are alike, .and who believes -any lawyer.
I mean, they are all alike, you see. Well, I'm much more inclined to-.agree with
something Einstein once wroke, -He.thinks that, because of our mass productipn,
that just because we have replateabl parts, and ome cog will replace another cog,
we've gotten -the idea that all;sﬁientists-are replaceable and that you .can have one
scientist replacing.another scientist. I don't believe it. I don't think that, just
because & -man has & Ph.D. that's equivalent 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: BHow
much freedom does an individual need? Well, let me remind you that, although we
like to call attention to Vicenko, in Rﬁssia, as an example of what should not be
done in science; it's Landau, whe worked under the-same system who got a Nobel
prize in the Seviet Unien. 1 thisk we have to .sharpen up whgtawe»meanﬂby freedom
and ask: How much freedom is academic freedom? Is it related to political freedom
or social freedom or religious freedom?

The tﬁird aspect is the general problem of communicatipn., I don't know how
large a university should be, but I got an idea recently when I was out to the
University of Illinois. A man said, "Well, it depends upon the size of a depart-
meht,»and the sbility of-departments to comwunicate with one.another.! So, actually,
in the Chemistry Department there, which consists of .about 55 full professors, they
‘had to break it up into .subdepartments, because there comes a4 limit to communication
within a -department,

I thiak-a uery}intexeéting:question is: How .large car a research laboratory
be and still function as a research 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. .The first one is the iﬁtgrrelatedness of science .and technology
-.and the second is the role of the individual.

Now, .actually, 1 weuld thipk that you cannot tell where you are going from

. .where you ave-wews I.am-sure this is true. If I tell you where I am, I could go

* . .in any direction; but; if I .can .trace back where I was, thea 1.have a sense of

direction, and to me this is what is necessary, and this is"wﬁy 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 1is 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 1 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 1
think science is. If I ever give a talk any place, this is my favorite topic,

1 think we've got to know what we are talking about, and so may I suggest to you
whaﬁ 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?" 1 say, "Oh, it's something a scientist
does."

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 that is abgjutely impossibile to ihterprer. except in terms of the who ., The
role of the individual 1 will very much emphasize,

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 questionsjask, 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 the selecting, band why and what ig 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 de yeu mean by length? 1 am sure that the idea of the dis-
tance from here to the moon is quite different from the idea of the distance of the
diampter of -an-atom,

Se-yelve said, "Well, look, it-deesn’t-ween-anything uniess you tell us how
you got that answer. When you -say it is 6o -many inches or so -many something -else,
we want to know _how‘you got it.'" There is -always some kind of theory involved in
it., So these we .say are absurd operationally,

So, in answer to the question of asking nature.certain .questions, we get
-answers which are selected facts,; which are absurd operationally.,

1 won't .go into that any more. I .;gagld spend a..great deal of time on it.

: ’I‘.heré is a basic assumption h&r'e. When you.ask a questiop and .get an answer on
- Menday .and you.get the same answer on Tuesday, .and you do it .the same way, this
is.a basic assumption.  It's the unifermity of mature,.snd the fact that if ypu
- -ask the -question -an Jupiter, you get the same answer that you do here. Is this
true? Who knows?
_-Now, the secend peint that 1.went te meke in-addition to that i«x’; the question

of association. Somebody asked the artist, Rolfe, "How is it you are able to painmt

- such beautiful white barks of treés in springtime?" .and he said, "By looking at the
' -.snow fields in winter.!" MNell, it's just that .assaciation that is -very important.
I would like to give you three -examples of -such associations. The first is
- the matter of classification. ‘Yo.u‘knawg words are interesting. I learned something
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this morning when 1 was coming over here. Take a word like influenza, There
isn't really a disease of influenga. - There are just & lot of sick people who

are all more or less the same in their appearances and symptoms. 1 looked up the
word, influenza, and 1 was surprised. It comes from the Latin, meaning, to influ-
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'il see that there are certain . points, and you can't
always use the same word -having the same meaning in various .cannections. One of
- my favorite words in this is the word, energy. If an&body:asks.me;about.energy
after a while, I'll 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. 1 asked her, "What
is energy?" She said, "It's the capacity to work." 1 asked, "What.is work?" She
said, "Oh, daddy, we haven't had that yet." O0.K, The next year she took bidlogy,
and, lo and kehold, they had emergy. I .don't know what kind of energy. Anyway,
the definition was, the capacity to work. 1 .asked her, "What's work?" She said,
"Yell, daddy, we haven't .got. that far. yet." So the last year she was taking chem-
istrys It dawned on me omne .day to look up in.the index to see if they had energy,
and, sure -enough, the chemists 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 .a fime way to communicate. 1 think that this is one of our great
difficulties, you see, We begin o use words, and we really don't know what they
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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 dc we mean he is like a machine?

We need to be a little careful about this association. As to relations, 1
used to be a teacher and I often had to worry about grades. I don't know what silly
methods other teachers use, but 1 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
- have.small noses and some people have big noses, and the rest smell in between.

.1 looked -at my -grades, and they were on exactly the same curve, Why not? When a
student came in to inquirg, 1'd :say, "Don't worry. From now on you will be in this
part or in that part." Well, I'm sure some of them den't do that.

Anyway, this is this business of looking for relations, asscciaticns of this
with that. 1It's very important.' Of course we did a study in temperature., What is
temperature? Well, the length of a column. Of course temperature is nct the length
of that column of mercury, but we associate the length with this thing called tem-
perature, 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 ¢ne grand hypothesis and generalization,
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and some day you may find that this point is there, and you may find that this:point
over here /ziwn there., 1t'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 importaﬁt poiht.

Now there is an assumption that we like to make here, and that is that, in
deing 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 Ball's 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
facts and all these factors,;gbsurd.facts,.the.latest factors? We would like to

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

don’t want to worry.about a house here and a house there, and where the road is

going, you get a picture of the thing as.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 true., Well, any-
way, now we believe that an apple hit Newton on the head, and when it hit him on the
- head he said, "Oh, Boy! This is my lucky day. Suppose it had been .the moopn, "
-Well, of .course the. idea .that. the moon.might be an apple . and the. apple might be

& 4800n Was tremendous .imagination, This was the first time we really had the uni-
~ verse, Up to that time we had things béhaving in the -earth below, with the four
elements, and adifferent-set of laws for the fifth element, the quintessence up
there,

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, ”Whgt a great, big apple."
You can use cheesge, or whatever you prefer. This was imagination.

Now, the question is: How is this imagination reproducing? This is where 1
don't think you can do it. I'll give you an example of my friend, George Gamoff.
Gamoff was a consultant to the U, S. Navy, or vice versa, during World War II, and
they wouldn't let him .get near Los Alamos, because he was a Russian. Furthermore,
he knew nuclear physics. We were trying to figure out how to make bigger and better
bombs. One day BGamoff said, "] have an idea," .and he wrote something down on
a piece of paper. Heaven help us. It just disrupted the .entire, whole of the armed
services, because there he kad written down exactly what they were doing at Lps
Alamos, .and nobody even knew anybody was .at Los Alamos. I mean, you see, this was
- an idea, -and he knew how to apply the idea.

I think the application is easily reproduceable, but having the idea in the
first place is not reproduceable. Usually, when we talk.about the number of scien-
tists we need, we mean the number of reproduceable scientists, all of whom are at
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certain leve;s,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,. 1'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 enviromment, 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 géocemtric thedry and thé heliocentric theory of
the planets. Well, now, how.would you evaluate these two theories? if, say, at
some time in the Industrial College they want to evaluate these two theoriegs. It
happens to be in the Pope's Palace, but, so what.

You might say, "How does it behave mathematically?" Well, there was no
doubt that the heliocentric.theory was a little bit betbter mathematically. How
does it fit observations? Well, I hate to tell you. this, but they were both just
about equally good, because .the observations weren’t 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 with the philosophy and the theology of the day? You know as well as
I do that the Church preferred the geocentric, All right. How did you make 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 yas uniformity.
The assumption on the second one was isclability and control. The assumption
- here is comprehensibility. &instein once said that one . thiang.that was incom-—
prehensible to him about the universe was that it was comprehensible. Why should
you expect, just because your staff is going to make a theory, that nature will
allow you to.

Well, now, these are three essential elements of a theory, and of course
they go in sort of a spiral. 1°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
‘here that you -want. And, fimally, it is cumslative, One.of the few sane results
of looking-at history . is .to see the cumulative progress of science.

All right, Se much fer-what science i6. LeL.me now eay 4 few words about
the major pericds in the history of science. 1 will begin with what I will call
practical beginnings. I am using that word in a very real semse, I mean: What
does the word, science, mean, anyway? ‘Wells if you go back to the Latin, it means
knowledge. For instance, if you go to the Naticnal Science Foundation in Switzer=-
land, it includes theology; it includes all knowledge.

I would like to differentiaste between science; se 1 object.very stremnuously
when people_talk‘about,écienqe back in the period of the Egyptians and the Calabeans,.
- -because I.don't -think we'se telking about. the-same thing. If they want to use the
word ,»that's.finé,,hhtvhhy nat pﬁt“a little guote mark on it, so I can identify
what they are kalking3abqpt.

Well, of .course, you have .astronomy -and younhave the agriculrural means and
the astrological means, -and the.religious peace, all of which require: some kind of
calendar, observing the progress of the .moon-and the sun, and this might vewy well
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be called a practical beginning,

Then, secondly, in mathematics, the Babylonians had some very good arith-
metic, even verging on the solution of some great problems. And in Egypt they
had learned the so-called 3-4-5 rule that, if you have a triangle it's.a right
triangle, and with 3,4, and 3, you can stretch the ropes out and get a right
angle. These are practical beginnings.

1 do not regard-them-as the beginning of science. But 1 do believe that the
birth of science.occﬁrred in(Gre§ce. I would say that.this period was from about
624 B,C,, during the Pales, to 201, A.D., which was the death of Galen,

Let's look at thise First of all there am the lonians., These people looked
at nature, and they were the first ones who said, "It's real." And not everybody
believes it's real even teday. They said, "It's interesting," and a lot of people
don't think it's inféresting, 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
clamp the middle, you'll get another one. 1If you divide it into 102 or 103, you

that
get music, They said about: the universe / mathematics was built into it., They
said everything waé 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 of mine who used to argue this, "Well,
go ahead. Tell me something about the univetse 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 wertalittle bit more over into tﬁe humanistic side, but it had two
great people, One is Plato and -the other is Aristotle. Somebody has remarked
that almogt everybody is either Aristdterian or Platoist,. I think it is probably
true. 1 happened to do some investigation some years ago on Galileo. 1 found
that half the people said he was an Aristoterian-and the other half said he was .
..a. Platoist. . I didn't think he was.either,

Hell, now, actually, what Plato said was, "Look, if you really want. to know
ideas, dop't look at things." I mean, for example, if you want to talk about the
ideal womgn, don't look at your wife or any other wife., Close your -eyes, -and
dream., Well, there's something in that. But Aristotle, who was really quite a
‘good scientist, particularly in biology, said, "You've got to look at things, and
we've got to look at the form and shape of things that are in order to tell some-
thing about the shape of things .to come."

I want to give you.a guotation from Aristotle'’s Physics: '"The nmatural path
of investigation starts from what is-more belterly knowable, the things I see, and
- more .evident to us, .and ptoceed.toﬁwhat isﬁmore self-evident and intrinsically more
intelligible." In other words, 1 can understand general laws. Let's look at movipg
things. Old Francis Bacon said, "If you want £o know anything about motion, just
- make a record of all the things that are .moving, and rthen also those that are not,"

Well, it sort of leaves you with some kind of indigestion to do that, It's
much easier to.seay, "Aha; when 1 leok .at .a fallen leaf, I.don't worxy. about the
fallen Leaf. 1 say, 'Aha, it's the principlé of inertia.'" And it's intelligible,
- The world of phenoména becomes intelligible in terme of general priaciples., Tkat's
the idea .of the thing.

These people had tremendous influence. It really is the ratioenal approeach
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of Platc, and the empiracal approach of Aristotle, and the history of seience
and technology is:really &n interplay of the two, the rational and .the-empiracal.

Now, to stay in the Greek period, 1 waﬁt.tgvmove:over toe Alexandria, the
- real Alexandria. This-wgsﬁreally_a.tremeqdogsApiaeg for.the .development of
science. .In mathematice there was Euclid., Now, Euclid really did his .geometry
because he wanted to prove something for Plato on Plato's ideas. He did this
thing, you know, starting with axioms, and sb forth. Then you deduce certain
things. 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 & youngster to prove a theorum. All I know is from reading my
youngsteré‘ textbocks that they study--in quotes. You start with A.and you get
B. Then you get C. Then you get A .from C or 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 Llt's that sort of thing. Well, Euclid sep-
arated this outs; He started this very good postulation of methods.

Appolonius .came up with conics, you know--very interesting., The Greeks knew
probably
all about conics. They were working like mad, you know, on/government-sponsored
projects to find out.hew the planets.should go. Nobody bothered about Appolonius
with his conics, because that probably was kids' stuff. And they had real prob-
lems to .do, Well; there .is that.
» the

Now, Archimedes got into/mathematics game, In all of Euclid he talks about
the ratic of the circumference of a circle o the diameter and its radius, but the
- one thing he never got was the calculation of the value of parts.  -Miad you, it's
in application by now. They give you all £he theory in the world, but they never
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think of relating it to anything that you know anything about. When Archimedes
calculated Pi he came up with 310-70ths to 310-7lsts. 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. Tn other words, he took a circumscribed polygon around a
circle. He took it inscribed. He made the sides come-ecloser. Finally tke poor
circle was squeezed in between the circumscribed and the inscribed. That was
the start,

Well, if any of you want to appreciate why the Greeks didn't get very far,
just lock at the way they had their number system. They had one thing. When
they wrote down Alpha, Beta, that was a number. 1t 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 61.

1 .always tell my friends, if you want o calculate in Roman numerals. just mul-
tiply IV by VI, and you'll see why the Romans didn’t get any place in arithmetic.
As a matter of fact, the Greeks.and the Romans--the Greeks particularly--solved
arithmetic problems by geometry. It’'s quite diffevent nowrdays. We solve geomefry
problems by arithmetic, -except 1 don't thimk we do. In other words, if you ask me
about a triangle, I don’t write -down all those algebraic -equations. I try to see
if T can’t intuitively solve it. This is something 1 think we are missing in some
of our education today.

Now, leaving mathematics and -going to .astronomy, Aristocchus sort of deter-
- .mined the pessibility of ;he distance .to the sun and the distance to the moon.

- Hipparchus made a very tcareful list of cobservations. Amepg other things. he
was .able to detect the procession of the egquinoxes, which you know takes place

- once in every 26,000 years. And Ptolemy tried to put the whole thing together
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and did what the Greeks called save the phénomena. 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
look like circles is a nicé jab. So he used a method which we would say was
analogous today to sgmeth;pg‘like~a'methodyof:approximation. He was able to
show that .this could be made up of circles.

Well, I want to point -out to you that we can say what we want about
Mr. Ptolemy, but his method was used for observation.and taking observations until
the 15th century. Now, if you and I can do anything that lasts a century we are
not bad, even with the stupid people around us. But just think--15 centuries.

1 have to point out that Archimedes was undoubtedly the greatest mathe-
matician of this period, énd'pe'did some very fine things in physics. Among
other things, he got'intereéted\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 knoﬁn 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 this: He did not say, "Let us take the Pi power
and the E power.”" That's equally tre; He used simélicity. This is something
we have to remember. When we invent cconcepts we try to take simple ones, not
because nature is simple but because we are, -and we have to be very.careful.

‘Archimedes -also got into.mechanics. He tried to prove the law of the lever,
In addition, he invented.anothervconcept}calied the 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 Ptolemy.

I was invited some years ago to give a talk to some classiéiéts9 and 1
knew what they wanted, They wanted somebody that they could put on the altar
of specialization and say, "Lock at this narrow specialist.” So I got up and
I thought a. good offense i5 always the best defense. 1 said, "There is one
thing that 1've 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 Greeees In other words, the Greek scientist
was just as much a mirvacle as anything-else in Greek science.”

This is sort of.euspecuLative.periﬂd,‘and the ome thing vou have to be carp-=
ful about is that it/?;eiiod.in which philosophy and scienge are sort of mixed up
together. It's a speculative period,

There is a second period that 1'11 just call the chrvsalis stage. This is
a time when the Roman indifference let the Greeks do their work for them. The
Byzantine was geoplatonic. They were always looking at the world that isﬁ”t and
didn't worry about the world that is., .The Islamic influence, of course, was that
<he Arabs traamslated the thipgs in which they were intgeested. They did some
little thingss And of course the Christians were wery other-worldly, because
they thdught,ﬁwhat?s the use of worrying about living here when you have to live
in hell tomorrow. You might just as well find out about hell. So that's what they
did.

- You .come to Thomas Aguinas in .the 13th.century, 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 10 feet further and I meet another man with a black
eye. 1 say, "Aha, there's been a fight., There are two men with two black eyes."

1 wés 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 rennaissance 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.

The veal 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 bkeginning of the great

18



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 the philosophers interested in just the mental side. So you
: get somebody like lammanuel Kant saying that you car’t see things, that there
is something which/ii 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, T notice Francis Bacon is in the list of references. 1 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, 1'11 tell you about it., 1It's very iﬁ;eresting. He didn't understand
science, really,

Then you come to an experimental group~--Kettler, Harvey, Pascall, and Boyle--
and you come finmally to the theoretieal development of Neﬁtdn which culminafes
this whole period ofﬁthetrennaissanee of .science. From that time on I think I

either
- would say, beginning/with 1687, which was thé.publication of Principia, or the
death of Newton in 1727, 1 think we come 0 what I would call modern science.

In the period.of .modern science we comé to specialization. We no longer
treat science as .a whole. In‘this.perimﬂ of Thomas Aquinas you .have philosophy and
science, .and actually he didn't have that, You have science and a part of philosephy

under’” Thomas Aquinas. And now you have philosophy and scien¢e really separated.
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You come to a certain positivistic school in the modern theory in which you put
philosophy in science and science on the outside.

Now you go into chemisttry and geclogy and biology and find out it's true
that the development of science depends upon the knowledge of certain other
sciences, and thére'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 ip Greece. He thinks

-everybody should-go back and look at Greece, because it will ‘help you in nucleay
phySics.,;¢;isg!t,that the Greeks knew more thanrwe.do, but they were pre judiced,
and 60 are we. The trouble is, -we -cannot see aur prejudiece by looking at our-
selves. We've .got to look .at somebody else, Ilt's.always easiéiwto c¢riticize the
other fellow. So.he.advocates going back and studying.

Of course you know that's true in the case of geometry., Euclid said through
a given point you can draw only one straight line parallel to another. He said
it's an assumption; People say'he was crazy. Anybody can prove it. They spent
2,000 years not proving it. Fipally someone:said, "Let's give up. Let's agree
it can't be proved." That was the beginning of .commutative geometry.

Well, we have i:_awgrqanéfauer‘again, Semebody looks back at the motion of
-a body..and bayssbﬂﬂew-do you- determine spaece and time and speed?" So somebody
says, "Well, .cbviously, we've.got to think and view," so one begins with the rel-
ativity theoxy.

T.l:bease.,ha-w.feh‘e«an.p;\:soi:'..:;a.mﬁl-‘.Jz‘.haéx-zgess as we've noticed. There have been changes
not only in sociology, not only in technology, but also in ideas.

I«waqt:to take the lest-couple minutes {o take one -of these cases of the
developmeng of electricity and magnetism, and 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-
perimentIEZIdan. The strangest story of history is how these three things got
tegether 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. together,

So you find in electrostatics in the 17th century there were only four
tacts known--attraction, repulsion, conduction, and induction. Franklin was the
one who introduced the conservation/ggectric charge. We talk a .great deal about
the conservation of energy but if there is one principle that is even more impor-
tant it probably is the conservation of electric charge. And it came out of the
amateur, Benjamin Franklin, doing certain things.

But, when people began to measure speeds and 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 French -equations 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
interested. He said, "Suppose 1 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, but around 1886, in that

period, or 1888, Eurtz,actually did the 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 uﬁitary 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 laying of the Atlan-
tic cable, Lord Kelvin, said he didn't believe Maxwell~-1907, Well, as a matter
of fact, about this time came, you know, the electrical theory of matter. There
was a dilemma at the 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, "lt's just replacing a
little tube." People just leoked af it for the fun of if, Yet, in that very area
was the answer to the two dilemmas. 1t was the discovery of the electron.

:  I.think it is veiy.interesting.that, when you began to apply the electrpn
to an atom, -as Rutherford did, .the first thing you realized was that the whole
‘theory of -electromagnetism said that it couldn't be, because the little electron
would radiate and the atom would be uastable. Everett .said, "What do we do?"
Moore said, "I've got an idea. Let's forget the electromagnetic theory. Let's
--assume it deesn't radiate." That's the big thing of the prﬁceés 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 electyical power there was Vom 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
that he was sponsoring. .But he had no interest, somehow, in juice.

So in 1876 you find a cooperative laboratery. Said Edison, "There must be
other people like me.  Let's:getthem all together, and let's cooperate 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 were relevant to GE, 1It's all right for scientists to work on .other
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 laborato;y,-and
they had an uncommitted inquiry. And of course you had very famous people like
Langmuir-and Coolidge, and they found that there was some technological profit
by allowing scientists 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
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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 two questions that I raised with you at the
beginning are the fundamental Guestions: What has been the relationship between
science and technology? I think you will.fiand that as time has gome or theye has
- been.an increasing .reciprocal relationship which semehow .has to be continued.

But more important is: -What is the role of the individual? 1 believe .that this
is one of the problems-that~We_have-not yet completely xealized, that the number
of real geniuses is_.going to be very small, and we want to be awfully certain that
we don't miss the real .geniuses.

Thank you.

QUESTION: Dr. Seeger, are we diluting eur scientifiec talent in this country
- by assignikg scientists to managérial .and political roles in our government

_ structure?

DR; SEEGER: -When I think of what some of them do as managers, 1 think the

- answer .is yes;, but obviously you do have to have some people manage. I don't kﬁow.
I am sort of torn betwixt.and between on this whole thing. It .depends upon the
person. 1 wouldn't say that negessarily a.pérson is a good manager because he
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is an economist or‘because he is this, that, or the other. Wherever you find a
good man 1 think you had better .take him for a managerial position. In.other
words, L have a feeling sometimes that it might be better to.have a .person at
the head of & scientific organization that doesn't know anything about science.

1'11 give you an illustration of what I mean. 1 was always impressed with
two things: If a man doesn't know anything, he always listens carefully to all
gsides., I have found some civilians in other places, and the trouble was
that they did know .things, .so they didn't listen. The other thing 1 was impressed
with was that when they made a decision they made it promptly. 1 think these are
two very goed characteristics,

So I would say that T weuldn't buy using a man who is 4 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 doing anything to
clarify nationally the difference between scientists .and engineers? You point
out there is an overlapping and confusion in this area.

DR. SEEGER: Iﬂthink,.qff 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 £o humanities?

DR. SEEGER: You have to put arother seantence on there,

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

DR, SEEGER: Yes. I have an.article which I .gave the CLaptain, and which I
may have mentioned to you, on the Sociology of Science, which deals with the whole
question of science as a.gocial proposition.  Obviously, sociology is very, very
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difficult, primgrily beeeuse-you-don't-have the isolability and control.

Well, this gives me ad opportunity. This book, Yellow Peril, do not
read. This is on scien‘ée and history, written by a lawyer. He wrote a very
good musical play called Fiorello. He's a man by the name-of Kungo. He inter-
prets all higtory in terms of sciénce: All the problems, includimg the one that
yeu @mentioned, .are. p.ll -given ia -this beok. .far..-ﬁxample, -he -says.among .other
things.-that energy is a velocity,.as a horse,.which is.certainly an interesting
point of view.

I think that semething can be.dape, and l.believe. that the anethadology is
the same as the methodology .in the physical sciences, .but it will not give as
fruitful results in as -short.a time. This is 1963, by.the.way.

.Mayb‘e 1 haven't -answered your question.

The other -book I recommend very highly, because it's by my former teacher.

This just.came out, Science in Civilieation, -by Arthur Swinns. He is Dean of

the Graduate School-of Physicists, -and-an acoustics man. It's really very good.
He has é. chapters.on -ecience and the ‘humanities, science and philesophy, -sgience
and histery, scienee.and technology, science -amd the stete. It's excellent.

- QUESTION: Sir, .weuld you discuss military -science? In-a -sense the physical
s.ciences; have .contributed much more to our -/miJTLca.ry capabilities in the past 40,
50, or 100 years. -t is pessible ta: generate. it through .military. .science?

DR, SEEGER:...In-other words: .What.are.sciences and what.are not? JYou see,
one of the real questions is: Is sociology.a -science? 1t's very interesting ﬁo
look in universities.and .see where .they put.the sociology. department, or the
-‘histery departments This is a very interesting.question.. ‘Half the.historians

say it is, half say it is-met. I belong to 4 school that belleves that there is
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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 seociologist. He says, "All wou have to do is have the
National Science Foundation put a lot of money in sociology and we'll get just as
far as the physical sciences.”" Nuts. He doesn't understand. The reason we have
gotten far in physics is because physics is easy. It's simple. We .can ask ques-
tions and we can get-answers. You can ask questions all you want to in sociology
and it's very difficult.tp get am amswer/

I think coming back to this other gquestien, it is: Is theelogy a science,
is law a science, is the military a science? Yes. I would say that as parts of
soclology these are -all scienees, but they are wery, wery difficult, I am sure
that what they call military science that 1 took as an BROTC was probably neither
military nor science.

STUDENT: Of the $9 billion that goes into research and development that
goes into the physical sciences.

DR, SEEGER: Yes. You know why. Because we can get soemeplace. I mean,

I just don't know.

STUDENT: What have we had in 50 years from the .physical sciences. that
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
of experience. -Fhis is-what-I-eall that same optimism, that when we have dis~
cavered -something. we. £ind we o&nuse it. -Men ie very ingenious en that. I .can't
.peedict just what it.will.be.used for, tut I'll bet you four.ceats.that it will

In the last century over in England, I think it was, there were two pro-
fessors of mathematics. One was in applied mathematics and the other was in pure
mathematics, The applied mathem_atits professor poch-poohed the man in puw mathe-
matics because he wasn't interested in appii@a_tions.- Well, today, nobody knows
what the man in app],ie_'ci; n_xé;hea__atics .did, but the man in pure -:mat«l:;‘ematit:s haPpeﬂed
to be workif‘ag;on@a-jo:'stéel,_-wh'ich is very much applied at the present time.

I remember when I-was in. the Navy, Buréau of Ordnance, 1 was a civilian. One
man came over to-me and -he baid, "Look, while you are piddling.around scratching
those old marks on a_ p‘lsi.f.gt;e:~~z:\f.:‘;)Jap,e,_r.9 why don't you de something for the ,mili«tavry?"
1 said, "What .are yaﬂul@eigag?v':'_‘;~£e_..had an idea of how to imrrowve the.efficiency of
a projectile -ome tenth. I .baid, "That's fine.” And I kept scribbling away. Npw
I happened to be working witb John Benoyen., iHe was the greatest mind thét I have
ever had éonﬁaetuwith» in wmy- life. Johnnie Beneyen, I remember, was working on
something as to what would be tﬂe best ppsition to drop the atomic bomb in. He
got the medal of merit for that, and I got some kind of a distinguished setrvice
awvard for helping him. Bﬁt; 1 was just piddling. Ra;t;rzer dangerous, you seg.

The other fellow, I .think,.did improve the thing a tenth of.a percent. But,
who caies.
- QUESTION: In a.rveceat.study of scieacé in. the lnited States Dr, Hutchins
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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., 1 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. 1 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 years ago, what
would the National Science Foundation be spending its weney for? I think T know.
Ether theories. Because all the main people in science were doing ether theory.
Well, that went down the drain. Maybe there is some byproduct of ift, you see.

I know one person we would never have supported. I'll just use his initials--

A.E, You see, A.E, worked in a patent office. In the first place, we would never
support anybody in»governﬁent, you see, We have some kind of assumption about that,
So we wouldn't hawe supported that, In the second place, he was in the Patent Office
Who would be so silly as te think that any..great mind would come 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 which helped to establish the atomic bomb.

29



Now, I have a feeling that the best thing we can do here is not to put
up s0 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-talk ¥yeu said you had some other comments
on Francis Bacon. I would like to hear.them.

DR. SEEGER: Boy, I'm always glad to have these paid people in the audieace,
that out in the Atlantic there was a submergéd qontinent, 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. Thig is really guite interesting. He called
it Solemon's House. It had the following ebjective : "Tha end of our foundation
-is the:knowledge ofacausesmandvsecretAmotigns,of,things,“ Solomen's House con-
tained specialized facilities for various types of investigation. There were deep
caves for exploring. phencmena . beneath the eafthg.as well as high towers on mountainps
for observiag msteorolpgicalwpheaomena. Thetre was a specia! laboratory for high
‘temperature .investigation, .ome for objects,mbne;far&aeustics; . A -special room was
provided .for the artificial production -af rain.l»Dne xoom contained primarily
engines, including some for ordnance. Finally, there was a mathematical room,
filled with éppropriate instruments. It wags recognized that the proper utilization
of these facilities would requisition ﬁhe en&ire time of the workmen.

Névités and apprentices were to be differentiated from what we nowadays
call professional personnel. There were .to be 36 fellows in all, grouped as follows:
- Twelve merchants of blood who .roamed-about the .earth in seaxzch of cobserved data;
three perpetrators, who sought such data im books; three individuals who collected

30



data from current experiments; three pioneers who collected data from new exper-
iments; and three compilers whe tabﬁlated"and.classified all these data. There
were ..three benefactors whose primary function was to determine how to use.all
the results; three planners of new experiwents; three others who performed the
experiments and reported on them; and, .finally, three who interpreted all the
discoveries that were .made.

It is to Becon's credit -that he sensed the import&nee»of/iooPerative'enter-
prise, of the~specialisﬁsbaviqg-unusua;-equipment-and books. 1 think that's a very
good description of a modern laberatory.

QUESTION: You suggested -that you might expand some on tbe-atomic‘théory.

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

We are getting-a notiop now. I admit this to you. I am having great difficulpy
selling physics to people. I am teaching the history of physics. I suppose it
may be the reaction to Conant's saying, "Do you know, I was really discouraged.

1 was up visiting a very.ﬁine.professor.gt,Yale recently, and he said, 'You know,
one thing I don't have time for nowadays and it's to read the current articles in
my field. So I was bothered. So 1 just started from scrateh.'"

I know this is true. Whenever you give out a development contract--this was
years ago and it wouldn't be true now--every, single person in development started
out to read the same material and write reports om it. And it was years before
anybody got around to doing anything new.

There is a tendency now to say, "Well, let's get on. Let's not worry about
the past. " 1 don't like to get lost in the past, but I'd at least like to see
where 1 am going. Well, a physicist, I say, just can't be bothered. I picked up
a very fine book on physics, general physics, and where was Galileo? He is not
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even-mentioned. So 1 think this ie rether amauiag.

‘Well, anyway, my deughter teok chemistry last year. &he came home one
night, -and she said, "Baddy, who was it that founded the modern atomic theoyy?"
It's a tough thing to have kids. ask you these questions. So I thought: What
- -does modern mean? Medern history begins about.the industrial revelution or
- someplace around there. So I said, "How.about Balton, in-.chemistry?" 'No,"
she said, '"Dad, that's wrong." Well, I said, '"Get me your gextbook arnd let me
-gee.-whese .p'ictur?'éei is in that chapter." Well, it turned eut to be Niis Behard.

1.said, "Nils Bohamd™ She said, "No, daddy, that’s wrorg."  She said.they were
 using -another texi:book for the test. "Aha," I said, "Bring me that book.and let
wme. -see that picture,) It turped out to be Rutheriord,

Well, I've been .going-around asking some of my colleagues: Recently I was
down in Durha«m, -and 1.:a.53§;¢d -the .Chief of the Army office down here. -He's.a chamu
isf, -and he had one of the-chief physicists there. 4nd I asked Hobbs, the Desn
of -the--Lyaduate School at Dyke. We were sitting around a table, and 1 said,

"By the way, let me ask you this question." These three fin2lly came up with
Dalton, Rutherford, gﬁd@eha;d, We;ll,. 1 saw Henry Smythe one .day, -and 1 was talk-
ing to him. I said, "How would you -answer that ‘question?" He wanted to knpw

-why I wanted the answer. I said, "Loak mhe;m-. This is jusi a kid's examination.:
Don't ask me all these questions. I'we got 49 ethers to do." He said, "Well, I
would say Balton." 1 said, YThat wes right,-and you're wrong."

-Well, anyway, this alarms.me, you see., Of course it was obvious to.me after
-a while. -We talked about -atemic _‘.@pea:gy,,andlcf ~course, wWe end up with Rutherfoxrd,
But L ;am,vvggy:mchvxdi.s-tqrhgd over this. I want to -emphasize again that science is
4 vector quantitatiwe.. It‘;‘s;-ﬁet just the skilled .quantity -that has position. It
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also has direction. The only thing I.am positive about is that the science we
have today is mot-what they taught me in echeol. So we should prepare.cur
youngsters today, because the science they are learning today is not science.

CAPTAIN BRYCE: Dr., Seeger, 1 think you have answered all the questions,
On behalf of your audience, thank you for a stimulating agd an interesting
treatment of your subject.

DR, SEEGER: Thank you.
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