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TAPE NUMBER: I, SIDE ONE 
NOVEMBER 15, 1983 

PEASE: I think what I'd like to try to do today is 
discuss your childhood and basically the time you spent 
in Salt Lake City up until your graduation from the 
University of Utah and see if that will take up our 
first session— 
RAMO: The Salt Lake chapter. 
PEASE: The Salt Lake chapter, that's right. 
RAMO: Zero to age twenty. 
PEASE: Twenty. Yes. You left in 1931, isn't that 
right? 'Thirty-two? 
RAMO: 'Thirty-three. I reached twenty in May of that 
year and got my degree in June and left the university 
and that was sort of the end of the Salt Lake City 
chapter. 
PEASE: Well, all good things have to have a beginning 
and I was wondering if you'd just tell me when you were 
born and in what part of the city. 
RAMO: I was born on May 7, 1913, and I was born in the 
part of the city that one would, perhaps, at that time 
have classified as merely the city proper. There were 
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perhaps one hundred thousand people in all of Salt Lake 
City, counting some nearby suburbs. 
PEASE: I'd like to talk a little bit about your family. 
What were your mother's and father's names? 
RAMO: My father was Benjamin; my mother was Clara. My 
mother's maiden name was Trestman, Clara Trestman. 
PEASE: How did they arrive in Salt Lake City? 
RAMO: There was a granduncle on my father's side, who 
practically came with the Mormons. My father came as a 
child from Europe; he was born in a region with a name 
like Brest-Litovsk that ranged from being East Germany 
to being Lithuania to being Poland, depending upon which 
war was in progress or what the local results were. 
PEASE: About how old was he when he came? 
RAMO: Oh, perhaps eight or ten. And he came to this 
uncle that was an uncle of his. I thought of him as a 
granduncle, but it was an uncle of my father's. He had, 
the granduncle, come earlier as an immigrant. He 
naturally came in by way of New York City, but he went 
west. Some of the family stopped in Denver; this uncle 
went right on to Salt Lake City. 

PEASE: And your mother, was she an immigrant as well? 
RAMO: Yes. She also came as a child, from an area 
somewhere around Kiev. White Russia I think it was 
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called in those days. My father and my mother met after 
my father got into his twenties, in New York City when 
he was back there for a visit. My mother's family had 
all come into New York. 
PEASE: OK. So about what year is it that he arrives in 
Salt Lake City? 
RAMO: Oh, let's see. He was about thirty when I was 
born, so that means he arrived twenty years before 1913 
or about 1893. 
PEASE: That's interesting. Now, he's first listed in 
the city directory around 1970—I'm sorry—1907. 
RAMO: The city directory in Salt Lake City? 
PEASE: Yes. And at that time he's working at the 
Reliable Loan Office for a Mr. Shapiro. 
RAMO: Shapiro is the uncle. 
PEASE: I see. Oh. 
RAMO: Jacob Shapiro— 
PEASE: Was your uncle. 
RAMO: Well, was his uncle. 
PEASE: Was his uncle. Could you tell me a little bit 
about Mr. Shapiro; he appears to have been a very 
influential member of the Jewish community in Salt Lake 
City. 
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RAMO: He was oftentimes regarded as the most influen-
tial member. He was the old pro. He was probably there 
as early as anyone with the exception, perhaps, of some 
German-Jewish immigrants of considerable wealth; they 
were like the Guggenheims. I can't remember the names 
of more than one or two of those families and there 
were, perhaps, a total of only, say, three or four or 
five. The Bamberger family, for example. The Bamberger 
Electric was the local Utah railroad system connecting 
Ogden and other Utah cities— 
PEASE: Yes. I read about them. 

RAMO: —to the mining areas. The Bambergers were an 
important family. I relate them to the Guggenheims 
because they were both into mining and the like in the 
general Colorado-Utah area. Those families were hardly 
to be seen in Salt Lake City; I think mainly they lived 
elsewhere, but they owned property in Salt Lake. With 
the exception of the Bamberger family—they were living 
in Salt Lake. When I was a child, Simon Bamberger was 
the governor of Utah, which may seem strange since he 
was a Jew but you must remember— 

PEASE: Yes, he was the first Jew to be elected governor 
in the United States, around 1916. 

4 



RAMO: Well, the situation with the Mormons was that the 
Mormons were well aware of religious prejudice, feeling 
it in numerous ways nationally. So they were inclined, 
shall we say, not to allow religious prejudice to 
interfere. I consider that I was exceedingly fortunate 
being born and brought up, coming from Jewish descen-
dants, in the Mormon environment. In fact, the Mormons 
considered themselves—this is part of what one finds in 
[Joseph] Smith's Book of Mormon—actually a reincar-
nation of one of the lost tribes of Israel and the Dead 
Sea-Jordan River became in Utah the Great Salt Lake-
Jordan River. The Jordan River in Salt Lake pours into 
the lake, is the only river of size in that region and 
pours into the lake. And the word Zion appears in 
official names. 

PEASE: It's the land of Zion. 
RAMO: It's the land of Zion. So there was an affinity 
with the original Hebrews in their minds, which made 
them have substantially less prejudice than is typical 
of human nature where each group thinks of others as 
alien. That was not the case, you see, with the Jews. 
The Mormons were likely to feel more alien towards other 
Protestant Christian religions or, perhaps, the Catholic 
religion than to the Jewish religion. 
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PEASE: Mr. Shapiro, obviously, was a very large influ-
ence upon your father. He brought him into business, he 
must have been a great influence on the family in 
general and upon you. 

RAMO: Well, he was an intellectual; he could speak a 
number of languages, read in German and in Russian and 
Polish. 
PEASE: His first language was German or— 
RAMO: His first language, probably, was German. 
PEASE: Did your father speak German? 
RAMO: A little bit. But you can be sure that his uncle 
saw to it that his teenage nephew immigrant got some 
informal, but nevertheless very useful, schooling in the 
English language. To know English was considered 
important for foreign born in those days. This 
granduncle was a leader in many respects in the com-
munity. For example, he was the first one in the Jewish 
group to own an automobile. I can still remember his 
Franklin, which was one of the later cars that he had. 
He greatly enjoyed touring the West. He liked nothing 
better than to find himself on a high canyon road barely 
wide enough for one car and confronting another car 
coming the other way, so that they had to back up until 
they got to a wider place in order to pass each other. 
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PEASE: Well, did your family spend a lot of time with 
him? Or did you spend a lot of time— I'm trying to 
understand, perhaps, the depth of the relationship 
between himself and your father and you. 
RAMO: Well, I would say "a lot" is not quite correct 
because he was too busy and so was I. And he had— 
There were other members of the family. He was the 
patriarch: holidays and occasional Friday-night dinners 
took place at his home. 
PEASE: Was your family religious? 
RAMO: No. Now, the uncle might have been religious in 
some formal sense; that is, he was the president— 
PEASE: —of congregation— 
RAMO: —of Congregation Montefiore. 
PEASE: That's correct, yes. 
RAMO: But I feel that was because that was the right 
thing to do; just as I am a member of Rabbi [Edgar F.] 
Magnin's temple, the Wilshire temple, but I've not ever 
been there for services. I've been there when I've been 
asked to give a talk in some lecture series. I am not 
religious; my father was definitely not religious. 
PEASE: About 1918, your father is listed as having his 
own business, at first with a Mr. Horn, and again by 
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1922 he is the sole proprietor. This is a clothing 
business I believe. Was this the Golden Rule Store? 
RAMO: Yes. It became the Golden Rule Store; it had 
another name—what was it?—the Toggery. 
PEASE: Oh. That's interesting. What I've been able to 
figure out indicates that the Toggery doesn't occur 
until much later, around 1928, so there must have been 
some— 
RAMO: Some other name. But the Golden Rule Store 
became the name sometime in the twenties and that 
occurred because J. C. Penney became J. C. Penney 
instead of the Golden Rule. J. C. Penney started as the 
Golden Rule stores, but they couldn11 make the name 
stick as their own because the name had been used so 
often. The result was that when J. C. Penney abandoned 
the Golden Rule name, then in each city of the West, 
where J. C. Penney was strong, perhaps the Midwest as 
well, one store or another took up the Golden Rule name. 
PEASE: Well, it seems as if he's changing location, and 
his business is changing somewhat between these years 
around 1918 to 1924. And I realize you were quite 
young, but I'm wondering if you remember what that was 
like, how much of an influence the changes in the 
business and who he's in business with and so forth, is 
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having on the family? Are you aware of it as a young 
boy? Is it an important part of your life? Are you 
already in the store? 
RAMO: No. It was not an important part of my life 
until I reached something like the age of eleven or 
twelve, and, by about that time, I guess, it was already 
Golden Rule. But what I do remember, because it came up 
in my father's conversation and it seems credible to me 
to go with everything else, my father was much too 
conservative to be a businessman. Cautious would be a 
better word. My father should have been—and would have 
been had he been born here and educated formally—he 
would have been a professor, some sort of an intel-
lectual. He was greatly concerned about being in debt, 
so he would refuse to operate with any borrowed funds. 
If you don't leverage in a business, particularly in a 
retail business, if you don't operate with current 
liabilities, then you are limited, obviously, to assets 
being employed that are your own. So he was always with 
inadequate inventory in stock and very much afraid to 
order ahead for fear that the goods would not move. 
RAMO: What do you think the origin of this risk-
aversion is? 

9 



RAMO: Well, there could be so many to choose from. 
Obviously, I don't have any at my fingertips, which 
means— I used to assume that that sort of thing is 
somewhat innate; some people are that way and some 
people are not. I remember that my mother's family: 
she was one of eleven children. One, I guess two, of 
the eleven children were in Canada; nine were in the 
United States. They ranged from Connecticut tobacco 
farming to real estate to rug manufacturing. And her 
family, whether it be the intermarried inlaws as to the 
males of the family, who, of course, were in those days 
the only ones who would be the business decisionmakers, 
the business operators, or whether it was her brothers-
—either her brothers-in-law or her brothers: they were 
all entrepreneurial risk-takers and they all did ex-
tremely well. 

My father, in contrast, was always concerned that 
if things didn't go well he would find himself in debt 
and be unable to continue in business. This meant that 
as regards the Depression that hit in 1929, he was at 
least not caught—as were many others—in the situation 
in which bankruptcy was the only alternative because 
they had had debts and the bottom fell out of the value 
of their assets and their revenues, and in no way could 
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they handle their debts; so a good many people went into 
bankruptcy. That could not have happened to my father. 
On the other hand, the Depression meant that he was down 
to a very modest income, so that, if my brother and I 
were going to go to college, it was going to have to be 
on our own. So I was working after school and Satur-
days— If you count the selling of Saturday Evening 
Post's, from about age thirteen on, I was beginning to 
do a little saving, so that when I reached high school 
graduation in 1929, I had something like $337 in the 
bank. My brother, two years older, already having 
started college, had something like $900 to $1000 in the 
bank, and he was planning medical school. In fact, my 
first— 

PEASE: Your brother is Leon, is that correct? 
RAMO: Leon. My first entrepreneurial gamble-taking 
decision, which like every other one I've ever been 
involved in offhand that I can think of turned out 
right— I consider myself, in other words, extremely 
lucky. 

PEASE: Is this the purchase of your violin? 
RAMO: This was the purchase of my violin. Now, I had 
it figured out that I had a good chance of winning the 
contest that I was entering. There was no question that 
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I would be entering the contest. In the Mormon com-
munity of Salt Lake City at the time, the intermountain 
high school contest, which covered Idaho and some of 
Nevada and some of Colorado and Wyoming: represen-
tatives came from high schools from all over into Salt 
Lake City in the spring, late spring of 1929, to compete 
in these music contests nominally sponsored by the 
University of Utah's music school. The possibilities 
included free tuition and certain other expenses, which 
amounted to on the order of two or three hundred dol-
lars, which was, of course, even then less than the 
major private schools of the East, since the University 
of Utah was a state school but still was a fortune as 
the Depression started, and free music lessons as well. 
PEASE: Well, you've indicated in the past that you knew 
that you were going to win this contest. I wanted to 
ask you, what made you so sure? 

RAMO: It isn't that I knew I was going to win it; it is 
that I thought the odds were high. Well, for one thing, 
I was aware of the competition in Salt Lake City— 
PEASE: Exactly what I wanted to ask you. 
RAMO: So in Salt Lake I was the child prodigy. I joke 
about the fact that since there were only two of us 
taking fiddle lessons, and I could play faster than the 
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other kid: he was considered your ordinary little kid 
taking fiddle lessons and I was the child prodigy. 
That's a bit of an exaggeration, actually there was a 
lot of music-lesson taking in Salt Lake City. The 
Mormons were strong on basketball, debating, music 
—cultural affairs, not just music but the dance. There 
was a ballet company, a dance company it was called, not 
a ballet company in those days. There was a symphony 
orchestra, there was the Mormon choir, there was an 
opera company. 

PEASE: Well, I wanted to ask you about this a little. 
You've indicated that your father did not have much of a 
formal education, is that correct? Yet, he insisted 
that you and your brother learn how to play musical 
instruments, isn't that right? 
RAMO: Well, there are two things about the culture. At 
that time immigrants, typified by Jewish immigrants, had 
a tremendous confidence in the idea that if you were 
educated no one can take that away from you. Anything 
else, material possessions, can be taken away from you, 
but an education cannot. That's one thing. 

The other thing is that education was a route, 
considered an almost certain route, to a reasonably good 
standard of living. Even today, people say that you've 
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got to get an education to make it in the computerized 
society. 

In addition, the culture included an appreciation 
of music. That latter appreciation was not prevalent in 
the United States as a whole, and to this day it's a 
tough job to insure the health of a symphony orchestra. 
PEASE: Well, did your parents in the home emphasize 
other, you know, literature, art work, were these other 
activities and interests that the family engaged in as 
well? 

RAMO: Well, reading. My father was an avid reader, and 
he read from Edgar Allan Poe to Tolstoy. He read those 
things that you could easily get your hands on without 
going to the library to borrow books. So that you could 
be sure that if the Literary Digest said if you sub-
scribe you'll get ten volumes of Edgar Allan Poe, he 
would subscribe to the Literary Digest. So there were 
books around the house. Of course, in school at that 
time reading was a big thing, and students were expected 
to use their library cards zealously. A typical situ-
ation was that you would be expected to go get two books 
every two weeks and get them finished and get them back 
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PEASE: So you wouldn't characterize the environment at 
home as being one where there was more emphasis than 
your peers in these areas. Would you consider the 
emphasis at home about the same as most of the people 
you knew, most of the people you grew up with, your 
friends and neighbors? 

RAMO: Well, now my friends and neighbors were basically 
gentile; there were very few Jewish families. It would 
be true of almost any Jewish children that they would 
have as their friends those who lived nearby. The 
school and the neighborhood determined the friendship. 
Compared with the average of those, I did much more 
reading and my brother did much more reading, and I 
think that was because my father did a lot of reading 
and encouraged it. 
PEASE: How about your mother, was she also interested 
in these kinds of things? Was she a reinforcer of this? 
RAMO: Well, she had the same interests, but she was 
much more taken up, shall we say, with conventional 
mothering and household duties; she did a lot of sewing. 
I'm suggesting that with my father's approach to busi-
ness, the income was exceedingly modest. It never 
occurred to me during that time, but it has since, that 
actually we were poor. [laughter] And when the 
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Depression came, during the teenage years, that means 
you see in '29 I turned sixteen, so from sixteen to 
twenty, the four years I was at the University of Utah 
were Depression years. That was nip and tuck as to 
whether my father could make it because the Golden Rule 
Store was underinventorized. It was larger in area; it 
should have had a much bigger stock in order to make it. 
My father was operating from too low a level of capital 
and, as I say, would not operate with borrowed funds. 
PEASE: Was there enough money out there to buy his 
goods if he had them? 

RAMO: There would have been a decrease of the percen-
tage of overhead to substantive costs of the merchan-
dise . 
PEASE: Did you have a sense of this then or is this 
something that— 
RAMO: Yes. Yes. 
PEASE: You already realized this at that time? 
RAMO: Oh, I understood that because my father under-
stood it well. He knew perfectly well what his weak-
nesses were, and he would comment on it and analyze it 
again and again saying, "Do you suppose I should— Well, 
but I can't," sort of thing. And I would be involved in 
discussions with him because I was around the store 
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then, throughout those four years. I did everything in 
the store, from janitor work—I was allergic to dust and 
didn't know it. I would be busy dusting boxes and 
cleaning up the place and my nose was just running like 
mad all of that time, just everything swollen up and my 
sinuses. I always kept wondering why I had these colds, 
and so did my folks. In those days, there was very 
little general knowledge about allergies and hay fever 
and things of that kind. It was not until later that I 
learned about my allergies. 

But I would keep books and the word overhead, 
"keeping the overhead down" was around. Typically, 
merchandise would come in, you'd take the cost, you'd 
arrive at the retail price by applying a factor like a 
50-percent additional over the cost. Fancier stores 
would double the retail price over the wholesale price. 
But our Golden Rule type of store [had] a 50-percent 
markup. Now, the rent and the heat and the light and 
the certain aspects of insurance, other overhead costs, 
telephone—all of those would apply equally to a doubled 
volume as to a single one. So what we were struggling 
[about] would be fixed and the markup— 

PEASE: But you're already developing a sense for these 
factors. 
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RAMO: Oh yes, I understood these. I also painted signs 
and dressed windows. I wrote advertising. I phrased 
and wrote letters to suppliers and things of that kind. 
PEASE: Digressing a little bit, you've mentioned 
several times in the past that you were a very inquis-
itive child, that you tended to ask why often and ask 
the question why in places or at times when it may not 
have been that appropriate. For example, there are 
stories that have been told about your being in Sunday 
school and constantly asking the teacher during lessons 
why something was true or why it was not true. 
RAMO: I remember the first day in Sunday school, the 
first grade— 

PEASE: Where is this school, which school is this now? 
RAMO: That is the Congregation Montefiore. 
PEASE: They had their own school then? OK. 
RAMO: I can remember trying out Sunday school: it was 
my first year. It was not something that my father 
insisted on, since he was not religious; but I was 
curious about it, so it was decided that I would enroll 
in the Sunday school. Miss Goldstein was the first 
grade teacher, and it was her first day also. The large 
basement area that also served as a Sunday school 
auditorium for all the classes had some curtains that 
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divided up the area into separate classes—the first 
grade perhaps, on up to maybe fifth or sixth grade or 
something of that order—and so she could pull the 
curtain back and ask her sister, who was more expe-
rienced and was teaching second grade, any questions 
that she needed any answer to. 

The first lesson took up the first chapter in the 
Old Testament. The teacher would read some of these 
things to us, and she was getting a why out of me so 
often that she would be readily stumped. Why was such 
and such true? I mean, these statements were made 
fairly dogmatically without explanation. 
PEASE: Were you five or six now? 

RAMO: Well, at that point I guess I must have been five 
going on six and what I can remember is only— I can 
remember Miss Goldstein, who was a blond, a very sweet 
lady, pulling back the curtain and saying to her sister, 
"What shall I tell him now? He has asked me this." 
PEASE: Well, I mean, were you just truly more inquis-
itive than those around you or was there— I mean, did 
you have a touch of mischievousness about you? I mean, 
did you enjoy the— 

RAMO: Probably not. I think for all I know it may have 
been inspired in part by my father's attitude about it 
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all. You see, he was a skeptic, and he found it dif-
ficult to take things on faith or to accept something 
just because it was written down in a book or someone, 
presumably high and mighty, had said this was true. He 
wanted an explanation for things. You see, he was 
basically a scientist type. So maybe that got me 
started on it. But you see, I think it is character-
istic of people that are more analytical to have scien-
tific aptitude; I think there is such a thing as a 
research and science aptitude. It in part can be 
equated to skepticism. It's one where you don't accept 
authority as to what the facts of life are; you want 
explanations of things. Of course, that immediately 
runs up against the whole process of Sunday school 
education with the Bible put before you as some very 
special book, not merely folklore that has been handed 
down, but something that has a special position and that 
must be accepted. So I think you have that clash. 

It is not too dissimilar from what I understand to 
be true about an episode in [Albert] Einstein's life. 
When he was very young he was poor in mathematics. 
Well, he was poor in mathematics as judged by the 
conventions of the time. If a teacher said, "Now the 
shortest distance between two points is, of course, a 
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straight line," you were supposed to see that it was 
true. If you were to make a curved line between the two 
points then it obviously would be longer than the 
straight line, and everyone in the class understood that 
except Einstein; he couldn't get it and seemed stupid. 
He was bothered with things like: Well, if there are 
two points on a sphere then the shortest distance 
between the two points is a curve. So the answer as to 
what is the shortest distance depends upon the nature of 
the geometry. If it's a three-dimensional space, what 
you might call the ordinary space, then a straight line 
would be the correct answer, but there are lots of other 
spaces. If there are three dimensions there can be four 
dimensions, or there can be two dimensions flat. Why 
only consider one possibility? How can you make a 
general statement? So he didn't understand it, you see, 
and he probably couldn't explain why it was bothering 
him. He was just considered backward in mathematics. 
PEASE: Well, was this— This must have obviously 
remained with you as you went into elementary school and 
junior high school and high school. Well, what I'm 
curious about is the way you began to modify or handle 
or present this questioning, this sense of inquisi-
tiveness in relation to the responses that you got as 
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you were in forums where you were the student and 
someone was the teacher, where you were the listener and 
someone was the explainer. 
RAMO: At some point in grade school— 
PEASE: Was this at the Twelfth School, was that where 
you went? 
RAMO: My first grade school was the Oquirrh [Elemen-
tary] School; there were no schools with numbers on them 
in Salt Lake City. The Oquirrh, then the Bryant Junior 
High School, and then East High [School], And then the 
University of Utah. 

But at the Oquirrh School I skipped half grades, 
which is the way they did it then. It was customary 
that if you were good at math and good at spelling and 
you did a lot more reading than the other kids, they 
would skip you, so that I ended up— By the time I was 
in junior high, about the eighth grade, I had skipped 
two full grades (four half grades), so I was two years 
younger than my class-mates. When I entered East High 
School, instead of entering school at sixteen and 
staying until eighteen, I entered at thirteen and stayed 
until fifteen, turning sixteen at graduation. 

22 



PEASE: So you're already younger in junior high school 
and substantially younger by high school, is that 
correct? 
RAMO: Yes. By the time I was in the eighth grade, I 
think I was two years younger; that was the end of the 
skipping. But I can remember at some point arriving at 
a conclusion that I was smarter at this sort of thing 
and needed to do two things: to recognize that I was 
and not to monopolize the teacher's time. I associate 
that with a particular experience—probably that feeling 
came in gradually—but I associate it with a particular 
experience that occurred, perhaps, along about the third 
or fourth grade. In other words, I was about eight or 
nine when the following incident occurred. It had to do 
with the decimal system. It had to do with counting up 
from 0 to 9 and then shifting over to another column, so 
that you go 0 up to 9 and then you go 1,0; 1,1; 1,2; and 
then you shift over again after you've gotten up to 9,9. 
Now, this is a decimal system that was being explained. 
The first difficulty I had with the teacher was that she 
wanted to talk about there being ten numbers, but she 
didn't cite 0 to 9; she called out the numbers 1 to 10. 
And that was wrong: the symbols were 0 to 9; saying or 
using 10 was already a recognition that you had run 
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out of symbols and you needed to now use two digits in 
order to describe the number. On that issue I had her 
puzzled. I realized she was having trouble with it, and 
I was sorry I started it. 
PEASE: But you were trying to explain this to her 
before the class, is that right? 
RAMO: I was trying to make the point because she had 
said it wrong, so I threw my hand up and say, "Isn't it 
0, 1, 2, 3, up to 9? Aren't those the ten things?" 

She said, "No. Zero, you see, is nothing. It 
doesn't count." 

I said, "Well, then you only have nine symbols left 
if it doesn't count." 

"No, because you go up to 10; then you start over." 
A natural idea, maybe, but wrong. The argument with her 
ended with her seeing I had a point, but with her not 
being able to figure it out, and my not being able to 
explain it well enough. This caused me to puzzle on it 
and to take it up with my brother at home, who was very 
good at mathematics. He was the reason why I would skip 
grades because he insisted that everything he learned 
that was of interest to him, I must learn. So I knew 
long division when he knew long division. That every 
evening after school, he would insist, I had to learn 
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what he learned that day. So we discussed the issue of 
0 to 9, or 1 to 10, and we decided that I was right, and 
he said, "But, you know, the teachers don't know about 
these things because nobody else cares; you're the only 
one in the class that worries about a point like that." 

Next, if there could be ten numbers, here was the 
problem: that was the decimal system, and I wanted to 
know why it was called decimal, why wasn't it called the 
ten system or something. And I got that explanation out 
of the teacher; the Greek or Latin words being used 
because that's where it originated. But how about 
having only nine numbers, how about eight? It never 
occurred to me, because this was well before computers 
and semiconductors, that the real challenge to the 
decimal system, which goes with ten fingers on a hand, 
was the binary system, because electricity likes to be 
either on or off. And if you want accuracy and economy 
and speed, you deal with two numbers, on or off, not 
with ten gradations. 

PEASE: You didn't seem to ever have any problem as a 
child or young man in dealing with adults; you seem to 
be very open and willing to interact and discuss with 
them. Many times children are a little hesitant or— 
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RAMO: I was terribly, terribly shy, and as a two or 
three year old I always hid behind my mother if a 
stranger came into the house. But when they left, I 
would talk my mother's ears off. Apparently, I built up 
a vocabulary and I would enunciate clearly. But even in 
the junior high the teacher knew that if the principal 
came in on occasion to visit, strolling around a bit to 
see what was going on— It was common for the teacher in 
the English class to call on someone to get up and 
deliver something that we'd all had to memorize from 
Shakespeare, "Friends, Romans, countrymen" or "Is this a 
dagger which I see before me" and so on. Now, the 
teacher knew that I knew those passages and really had 
them well memorized, so since she wanted to show off she 
would like to call on me. But I made it very clear she 
must never do that; I couldn't possibly stand up in 
front of the class— 
PEASE: You told her that? 

RAMO: This was despite the fact that I was playing the 
violin so that I was the concertmaster of the orchestra 
and a soloist. But I had such stage fright about 
appearing with the violin or reciting in front of the 
class that I had a natural vibrato because my left hand 
was shaking, but unfortunately I also had a natural 
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staccato with the right hand and not all notes should be 
staccato; some should be legato. So my legato was a 
little bit weak when I had to play solos. It was a 
terrible experience, performing. Despite that, I was 
the best violinist in the high school. 
PEASE: But in some contexts you were very open with 
adults. You have a facility to discuss ideas with them 
at a very young age and a willingness to do that, to 
think and challenge. And then, in another context 
you're saying you're fairly shy. 

RAMO: Well, I was— In performing in front of an 
audience, I had stage fright. 
PEASE: And that would include a principal standing in 
the classroom and having you get up. 
RAMO: Oh, of course. 
PEASE: But in a give-and-take discussion-type period— 
RAMO: No problem whatever. For one thing, the teachers 
treated me well. I was always treated in such a way 
that there was no reason for a lack of confidence. What 
I mean is that whether it be the students or the 
teachers, it was sort of understood I was the smartest 
kid in the class. I was the smallest kid and the 
youngest kid; I was small for my age. So when we lined 
up in the cloakroom to get our coats on and march out 
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for recess or at the end of the school day, I was the 
one stationed in the front and I was protected by the 
other kids. No one would pick on the littlest kid in 
the class, particularly if he could help you with 
homework. For most of my schooling it seemed to me an 
advantage. But the teachers— Mind you, there I am in 
the second grade having been taken out of the first 
grade, second half of the first grade, and now I'm in 
the first half of the second grade; I skipped a half 
year. And as I say, I'm little, and the teacher would 
say, "Now, little Simon is going to join us; he comes 
from the first grade, but he's very smart." And so, the 
other kids assumed I was smart because the teacher said 
so. The teacher would not call on me if I had my hand 
up if it was a routine thing with a lot of students with 
their hands up, but if she was trying to get a response, 
and none of them were coming through, and I was, I was 
her pet. So I had a sense of being a teacher's pet, of 
being treated kindly and considerately. 
PEASE: So you're having benefit— This is helping you 
learn to—or giving you the ability to interact with the 
kind of confidence that you did. 

RAMO: Yes. It was bound to happen that there would be 
a crossover, at some point, in this basic shyness of the 
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child and this stage fright to where I could drop it 
all. It took until my freshman year in college. Ever 
since a particular Saturday in that year, I've been 
totally immune to stage fright all of my life. I can 
remember what it was like— 
PEASE: One particular event? 

RAMO: Well, it turns out that the boy next door, whose 
mother insisted that he was going to be a great attorney 
and eventually a great judge and for whom [Louis B.] 
Brandeis was the model— 
PEASE: Justice Brandeis. 
RAMO: Yes. He was determined, and his mother, partic-
ularly, was determined that he was going to be on the 
debating team. The way they had the debates set up—I 
mean the tryouts for the debates—they had a subject, 
and you were to be prepared for the positive and the 
negative, but you came with a partner. It turned out, 
the way they handled it, that there was no need for the 
partner, but my friend didn't know that. I forget what 
happened to his partner, broke a leg or something, but 
almost at the last minute I went on this Saturday as his 
partner. I didn't go to work that Saturday; instead [I] 
went up to the University of Utah to participate in the 
debate tryouts. 
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Now, we had walked from our homes, next door to one 
another, to the University of Utah most mornings and 
during that time we discussed the debate topic. The 
topic had to do with— Strangely, it was an equality of 
sexes thing, going all the way back to the fall of 
1929—with the expenses of dates. It was: Resolved, 
that All dates should be Dutch treat-type dates. All. 
Including the annual formal balls. During those walks I 
had participated in cooking up the positives and nega-
tives and what you would say if you wanted to win a 
debate, including, as I recall, making the point that 
absolute equality in expenses would require that the 
young man put up somewhat more of the money in actually 
paying for the ball because the expenses of hairdos and 
dresses were greater than the expenses of cleaning or 
renting a tuxedo. 

PEASE: So you're already thinking about economics. 
RAMO: So I was already putting economics in and arguing 
that if you're going to be fussy about sharing costs, 
for goodness sakes, then do it right; do it all the way. 

30 



TAPE NUMBER: I, SIDE TWO 
NOVEMBER 15, 1983 

PEASE: So you arrived for the tryout— 
RAMO: So when I arrived, there were something like 
twenty-five students, boys and girls, trying out for 
freshman debating. They gave everyone three minutes on 
the affirmative and three minutes on the negative, so 
everyone talked twice: there was some fifty times 
three, 150 minutes. And it was all ordered by just 
putting names in a hat and pulling them out. I showed 
up along about number twelve or something like that, or 
eleven, when I had already heard so much nonsense, such 
failure to hit good points and use the three minutes to 
advantage, that I could hardly wait to get up. 

The first thing I did in my first three minutes was 
say that the affirmative had failed to make the really 
[good] points, namely, such and such, and the negatives 
had failed to make their points—they should have 
claimed the following—and I gave them a summary. 
Talking much too rapidly, I tossed off in effect a 
criticism and rebuttal of the speakers who had preceded 
me, on both sides of the question. Since I was supposed 
to present the negative side, I summarized what the 
positives should have said, having thrown out the weak 
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and nonsense positives, the real things the negative 
side has to answer are these, I claimed, and the answers 
are these. 
PEASE: Well, were you just so caught up in the concepts 
that you're not paying attention to the audience? 
RAMO: I was not paying attention to the fact that I was 
supposed to be nervous and have stage fright; Instead, I 
was anxious to get the points out. When they were all 
heard from, the coaches produced ratings. I was chosen 
unanimously for the team; the other twenty-four can-
didates were subjects of discussion by the coaches. 
Actually I did not go on the freshman team because it 
would have required Saturday activities— 
PEASE: And you needed to work. 

RAMO:' —and I was working Saturdays. Besides, I was 
already committed to being concertmaster and violin 
soloist with the symphony on account of winning the high 
school contest. Of course, I had my free fiddle les-
sons, and there was a conflict between the orchestra 
meeting time and some mandatory engineering subjects. I 
already had my hands full, and I was working after 
school. 
PEASE: Well, even by this age you're not one who's not 
used to reinforcement. Do you think this unanimous 
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rating had anything to do with overcoming the shyness 
before groups? Or had just the process already— 
RAMO: I had overcome the shyness— 
PEASE: The process had taken care of that. 
RAMO: —because what had happened was that the know-
ledge that I had some things to say that were right was 
sufficiently strong that, as I say, [the shyness] had to 
cross over. 

Now, just as my talking much too fast—(and the 
teachers always pointing it out that I must slow down) 
that it was amazing that it didn't cause me to be a 
stutterer—in a similar way it is not easy, I would 
think, to keep a proper balance when you are constantly 
with the problem of being younger than the others and 
said to be smarter. Because when I entered the univer-
sity, I was the youngest engineering graduate they had 
ever had. I was at the top of the class; there were 
some four or five hundred engineers, because they had 
mining and chemical and mechanical and civil and elec-
trical, and I had the highest point average. And since 
there were no jobs for engineers in the country, nobody 
was doing any hiring, but I could get the scholarship at 
Caltech [California Institute of Technology], I was 
amazed at Caltech to discover that I was ordinary in an 
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entirely different arena. I thought science and math, 
engineering fundamentals: they were coming so easy to 
me that I was particularly suited for that work and I 
expected to be in with the top grade and everything. 
PEASE: Do you think you were at all egotistic as a 
young man? 

RAMO: I probably was, but I was much too busy for it to 
have major negative effects. You see, part of being 
recognized as an egotist, part of having a conceit 
problem, goes with the nature of the people around you 
and the way they react to you. If people expect a 
certain performance from you and you've got to deliver 
it and you're under pressure because you're so busy— I 
used to carry a little card in my pocket at the begin-
ning of each term at the University of Utah, a business-
size card in my wallet, in which I had the schedule for 
the week, because I had to allocate time with a pre-
analyzed priority system. I said, now let's see, this 
course in economics comes at the time that the orchestra 
comes; I'm going to attend very few classes, if any. 
I'd better tell the instructor not to be surprised that 
I'm not in the class, but I better have him understand 
what my problem is. 
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It turned out, as with all other good lucky things, 
that Professor [Edward P.] Kimball was a strong sup-
porter of the symphony and the orchestra; he thought the 
symphony was great stuff. And he said, "Look, you're a 
high point average student; I give lectures, but they're 
material that's in the book, and you read the book and 
you'll be able to pass the exam." 
PEASE: When did you first start becoming intensely 
aware of the value of your time and start really 
thinking about allocating it? Is it prior to college? 
RAMO: Prior to college, yes. 
PEASE: How early? 
RAMO: I guess I have the problem in high school. 
PEASE: Is that when it becomes a problem? 
RAMO: There was some high school debating, and there 
was work after school and Saturdays, whereas the other 
kids didn't have that problem. There was the violin, 
there was a lot of activity with regard to the violin. 
I knew that it was important for me to decide— Well, 
for one thing I knew it was important here—it was part 
of my father's constant worrying and caution and conser-
vatism—it was important that I decide what I'm going to 
be, what I should do in college. So I had become 
analytical quite early. 
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The first serious consideration of career that I 
decided was [that it was] for me, not for my father or 
someone else to choose for me; it was for me. This was 
age twelve, for the first time, at age twelve, in the 
Mormon Tabernacle, I heard both [Jascha] Heifetz and a 
little later [Fritz] Kreisler. No; it was the other way 
around: Kreisler first and Heifitz second. And I 
decided then and there, at age twelve, that I was not, 
as I had previously thought, going to be a violinist. 
PEASE: Did you immediately know what you were going to 
be? 

RAMO: I had something to fall back on: I knew I was 
good in math, therefore, I should do something like 
science or engineering. 
PEASE: Are you already thinking about having to al-
locate your time then, at age twelve? 
RAMO: Well, I remember kind of a shock, as I was 
puzzling out and figuring the violin situation, that 
related to the business of having to allocate time. I 
didn't think of it in terms of allocating time; I 
thought of how much time have you got to prepare to be 
what you want to be. I had not known that one could do 
with the violin what Kreisler and Heifetz were doing; 
the models available to me in Salt Lake City didn't 
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register in that respect. And I remember concluding 
that it's already too late. Here I am twelve: those 
people started at age four, five, six, seven. I started 
at seven, but they started with good teachers, with 
people around them who played like that. They knew 
then, deep down, obtained very early, they knew what it 
is to play a violin. Here I am in Salt Lake City; 
there's no one around me like that. My parents weren't 
going to send me to New York to live with relatives and 
start studying under great teachers and live among 
people who were concert violinists and pianists and so 
on, and I was not in that group. And if I were going to 
just go on taking violin lessons and then, instead of 
going to college at age sixteen or so, go to New York, 
I'd probably be a failure. I would be like the people 
that I saw in Salt Lake City; I'd play the violin about 
as they do. 

So I said, well, in that case, I've got to be 
something else and now, what's the program? How does it 
work if you want to be an engineer? I chose engineering 
rather than pure science because I thought there would 
be more jobs and it would be more practical. You apply 
the science. If I were going to be a pure scientist, I 
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would have to work in a university, and I understood 
that it was very difficult to get university jobs. 
PEASE: When is this that you're understanding this and 
making these two choices? 
RAMO: Oh, twelve, thirteen. 

PEASE: Right in there. Did you discuss this with your 
brother? 
RAMO: Yes. It was clear he was going to be a doctor, a 
physician. 
PEASE: When was it clear for him that he was going to 
be a physician? 
RAMO: Oh, because parents, Jewish parents in that 
period— 
PEASE: So it had always been clear for him. 
RAMO: If you're going to be a doctor or possibly a 
lawyer. I remember a Jewish comedian somewhere saying 
that— Oh, he was an ex-rabbi—you may recall the name 
of that Jewish comedian: he used to be very big in Ed 
Sullivan's time on early TV—but he was a former rabbi 
who was just a very funny fellow and became a profes-
sional comedian, in which he would explain a lot of 
phenomena of life in a very, very funny way. And he was 
being interviewed and someone asked him, how come you 
were a rabbi? He said, "Well, that was the number one 
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thing to be. In my age group, back in my time, if you 
were considered to be very bright, your parents would 
hope you would become a rabbi, if not a rabbi then a 
doctor. If you were somewhat backward then a lawyer." 
[laughter] 

And so my brother was going to be a doctor, but I 
was going to make use of this math. Math intrigued me 
and I was good at it in school and that was the basis 
for skipping grades, and so I was going to do something 
with that. 
PEASE: What is your relationship with your brother? 
Were you very close? It seems like he's teaching you 
throughout school; he's bringing lessons home to you. 
RAMO: Well, we were close in the intellectual side of 
things. I always regarded him as superior in mathe-
matics; he won the calculus medal for the best student 
studying calculus at the University of Utah, even though 
it was an elective, not required of him as a premed. 
And I had the problem that I would get the same profes-
sors, who would assume that he was doing my homework. 
We were both good in math. He was especially good in 
things like chess and bridge, which didn't interest me 
at all. I mean, to me chess was much too slow and I 
realize now that he was not strong on ingenuity, 
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originality, creativity, and I had more of that apti-
tude; so I was impatient with merely the business of 
keeping a lot of stuff in your head. 
PEASE: Were you guys competitive at all? 
RAMO: Not really, no. He was big for his age and I was 
little, so he was protective of me and we enjoyed each 
other's company in the analytical fields. But because 
he was two years older and bigger, and he matured early 
in every way, so [that] he was operating, he might have 
been the same as four or five years older. So that when 
you're ten and you've got a three or four-year dif-
ference, you're not mixing with the same kids. So he 
was doing his associating with other kids. It was not 
until we overlapped at the University of Utah that we 
would do a bit of doubledating, although neither of us 
did much, we didn't have either the time or the money 
for it. 

PEASE: How would you characterize yourself as a boy and 
a young man? Were you a loner? Were you a socializer? 
Were you too busy to be a socializer? 
RAMO: I consider myself to this day basically not 
antisocial but modest and shy. I consider what I am 
actually is a gifted actor; I can act the part of an 
extrovert. I am frequently called on, although I never 
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accept, to be the chairman or master of ceremonies for 
some big fundraising deals, as well as being the 
honoree; I don't accept either one of them. I loath— I 
did it only once. Twenty years ago, the company people 
said you must accept—this was a City of Hope Man of the 
Year affair or something like that—we do our duty here 
to the community and your name is most conspicuous with 
regard to TRW [(Thompson-Ramo-Wooldridge) Inc.] that is 
now a large employer in the area. And I found that this 
business of an evening being spent honoring somebody— 
It's for the purpose of raising money, so what they do 
is get ahold of every friend and associate and importune 
them to come or at least buy tickets or have somebody 
else come so there will be a big group there to honor 
this good friend of yours, "You wouldn't want to let 
your friend down." And I marveled at how so many of my 
friends can accept those things and do it again and 
again and be a man of the year and sit there, up on a 
podium, while people read off all of these glowing 
things about what a great person they are. To me, that 
is terribly bothersome. I don't feel comfortable, I 
don't enjoy going to a big affair where there are a lot 
of strangers, having to shake hands with people and 
become acquainted with them. Going even to someone's 
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house for dinner, sitting between two people that I 
don't know, making small talk, is still not something 
that I — 
PEASE: Do you think that this tendency helped you in 
developing your ability to examine issues and examine 
where you stood in relation to the world and just 
generally help you become a person who was strong in the 
area of analysis? Did you enjoy spending time alone in 
trying to crack nuts? 
RAMO: Well, whether I enjoyed it or not, it was abso-
lutely essential for my makeup. That is, I can't 
remember a time when I was not analytical, examining 
what the situation really is, what are the alternatives, 
what am I into, what is my relationship to everything. 
I think that is a big help in avoiding conceit, inciden-
tally. I consider that a truly conceited, egotistical 
person hasn't an adequate understanding of himself in 
relationship to the people around him. 

PEASE: So, perhaps your sense of shyness or however we 
want to describe this is more a result of your analyt-
ical thinking than the reverse. I guess I'm looking for 
a direction here. 
RAMO: That's right. I think I've analyzed what goes 
with me. Well, for example, I would find it impossible 
to imagine going to a black-tie affair and wearing a 
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colored tie or having a velvet suit or having a white 
shirt with a lot of lace; I don't want to be noticed. I 
want to get lost in the total, so I'm given to conser-
vative dressing. I can just barely wear a plaid sport 
coat, but just barely, and that will be because I get 
kind of pushed into it somehow. 

PEASE: We've discussed your relationship with your 
great-uncle and your parents and your brother, I was 
just wondering if you might tell me if, during your 
elementary, junior high, and high school and into the 
University of Utah, that whole period of time, educa-
tion, formation of your manhood, growing up, becoming an 
adult, if there is anyone in particular who stands out, 
or any small group of people who stand out as having had 
an extraordinary influence on you, as having been people 
who served as models, someone whom you really picked out 
to emulate? 

RAMO: I'm immediately aware, always have been, that a 
particular professor of music, who became my violin 
teacher during my four years in college, Arthur Freber, 
who was the conductor of the symphony in Salt Lake at 
that time: he, I not only admired but I think I learned 
a great deal from him. He probably had more influence 
on me than any professor in math or engineering, and it 
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had to do with the language of music. He was a gifted 
musician; he was the first, you know, genuine violinist, 
properly trained, that I had run into in Salt Lake. I 
had never heard him play before the Kreisler and Heifetz 
shock changeover, because it was afterwards that I came 
under his guidance; but in music he had an understanding 
of it, so it was not a case of simply showing me how he 
does it and then letting me play and calling attention 
to playing the wrong note or being out of tune or 
whatever. The phrasing, the effect that you're trying 
to get, goes through a combination of intellectual and 
artistic aspects; there's a great deal of logic to it. 

The whole concept of the producing of a set of 
sounds and the translation of what the composer intended 
by his putting down something on paper, which is a code, 
a language, that brings to the performer's mind what it 
is that's intended, from the mundane: which notes held 
how long and in what relationship to one another, to the 
much more complex and subtle aspects of the play, so the 
tempos and changes of tempos and the loud/soft contrasts 
and the points of emphasis, and whether what you're 
after is, let's say, to play something with utter 
sweetness or to impart a touch of anger or force or 
insistence in what is being said by way of the music. 

44 



So that there was an intellectual exchange between us, 
and I guess I admired his manner. He was a quiet 
person; he was articulate, but he delivered his thoughts 
in a reserved manner, and I think that I felt at home 
with that. 

I think, when it comes to the development of the 
whole mind, that music was for me, and still remains, 
more than an outlet; it was a case of broadening the 
brain that then applies to everything else. I would 
argue that in education, in the development of a human 
mind, almost anything that stretches it and gives it new 
dimensions will show up in some other aspect of that 
person's contributions. Now, there is a relationship, 
you see, between science and mathematics and music. In 
that sense there's perhaps a reason why a good many 
scientists choose music as a hobby. There are other 
things, of course, that have nothing to do with that in 
music. If you don't have a good ear, if you don't find 
it easy to sense distinctions in the frequency and the 
pitch of notes, and some people just have very little of 
that, then there'll be a great handicap, not so much in 
playing the piano, as long as you have a good piano 
tuner, but in playing the violin, where it's indefinite 
where you should put your finger to get even the note 
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that you're after, unless your ear is in cooperation 
with your brain and your fingers all tied together in a 
feedback loop. There is perhaps a sense of rhythm. 
There's certainly an artistic aspect of it that is not 
the same as the work that you do with your brain in 
scientific efforts. 
PEASE: It sounds to me like you saw in him some strong 
connection or intermingling of emotion and technology, 
interpretation and process. 
RAMO: I feel that I was— Without putting my fingers on 
it at that time, I had a special relationship with him 
and he had a special influence on me, because I sensed 
that I was being broadened. I think I developed an 
appreciation for the concept of breadth that I might 
well have missed. 

You see, engineering at the University of Utah, at 
that time, was typical of engineering schools all over 
the country, in which there was a great deal of handbook 
engineering, I would call it. You spent hours in 
laboratory work and then you worked up the data and you 
plotted curves and you multiplied numbers by other 
numbers and you put the result onto the graph. There 
was a type of rigor, ritual exercise, that you went 
through in engineering which had a minimum of stretching 
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out your brain to create—well, for the purpose of 
creativity, invention, association of science and 
technology with the society. I mean, after all, what 
are you doing it for? So that you could easily become 
exceedingly narrow in an engineering course. And 
Professor Freber was my outlet, which was very important 
to the way I was put together, to stretch it out. It 
enabled me to feel inside that there was a lot more to 
it than the kinds of narrow things going on in the 
engineering subjects. 

PEASE: Would you describe this as a sense of values? I 
mean beyond— 
RAMO: I would include a sense of values in the picture, 
yes. Because I felt then, and I especially began to be 
more and more convinced of it as my life moved on, that 
what you're doing something for is as important as what 
the substance of your acts are. You know, engineering 
is defined as the application of science and technology 
for the benefit of society. If you look in a dic-
tionary, a big one, I think you'll find something like 
that as a definition of engineering. Science and 
technology are tools; mathematics is a tool. But 
engineering is a profession in which you are trying to 
apply these tools to get something done that presumably 
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is of benefit to the civilization. Yet, engineering 
isn't taught that way in the engineering schools of 
America, where the attention is to the tools. All 
engineering schools now require the engineering students 
to take some social sciences and humanities, but the 
impression is that that is the veneer that you apply, or 
it's cultural broadening so that you will be a better 
man, a broader person, a better husband or wife, a 
better citizen. 

It's as though in medicine you had the accepted 
point of view on the part of the students that they're 
there to major in knives and drugs, which they vaguely 
know they're going to apply at some later time, when 
they get out, to the human body, and then when they take 
courses on the human body, they think of that as cul-
tural broadening: it's nice for everyone to know 
something about the body. It does not occur to them 
that if you're going to apply knives and drugs to the 
body, you ought to know as much about the body, roughly, 
as you do about knives and drugs. 

In engineering you can study principles of elec-
tricity and higher mathematics and semiconductors, 
beams, and materials. And then you can take a course in 
economics, perhaps political science, American 
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literature, because you're required to take a certain 
number of these cultural electives. 
PEASE: Was your only contact with him during lessons? 
RAMO: Essentially. Although, there was more to it than 
that; after all, he was conducting the symphony. I 
played the [Felix] Mendelssohn [Violin] Concerto with 
the symphony. There was a lot of stress and problems in 
connection with how to get my time organized so that I 
could do what I had to do. For example, I remember how 
disappointed he was, and how unhappy I was to note his 
disappointment: in no way could I do what he was hoping 
I could do; that is, take ten days off, leaving the 
engineering courses that were extremely difficult, time 
consuming, as I mentioned, leaving work, which was 
giving me the income I needed, and come to Southern 
California. The University of Utah [orchestra] and the 
Utah Symphony—they were all coming. The Hollywood Bowl 
was included; I was to play a movement of the concerto 
in the concert in the Hollywood Bowl, and it was a great 
disappointment to Freber that his violin protege here 
was not going to be on hand for that and [that] he had 
to choose someone else that was not as good. 
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The violin was important enough because I would 
keep winning these contests. See, there were contests 
within the School of Music— 
PEASE: See. I was going to ask you that question— 
RAMO: So I would keep winning the contest each year. 
PEASE: And you had to take a music course in order to 
stay eligible, is that correct? 
RAMO: It was adequate that I played as concertmaster of 
the orchestra. 
PEASE: I see. 
RAMO: And I didn't get credit for that because it 
always came at the time of a required course in engineer-
ing. 

So here, this business of being in more than one 
place— See, there wasn't time to develop conceit 
because I was just too doggoned swamped getting by. I 
would very often come to a lesson with Freber not having 
touched my violin since the previous lesson. 
PEASE: How did you feel about that? 
RAMO: Well, I would arrive a little bit early and have 
the music out, and at that time, when this peak period 
was occurring, it was in my junior year that I ran into 
the worst scheduling problem; I got better control of it 
by the senior year. The junior year was the toughest. 
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That was when we went from the general engineering, the 
first two years, to the speciality—electrical engineer-
ing. So, the junior year was the first year of elec-
trical engineering, and it was extremely important that 
I knock over those courses well and really understand 
that material and have it down. 

It was harder to get the practice in; so oc-
casionally when I would arrive— I was playing the Bach 
sonatas; that was the principal thing we were on. The 
Bach sonatas for violin alone are a difficult part of 
the classics; you cannot play them at all well unless 
you have the fingering all carefully worked out; there's 
just too much going on. The Bach sonatas and partitas 
for violin alone, with no accompaniment, involves a 
great deal of the accompaniment going on while you're 
bringing the melody out on other parts of the instru-
ment, so they're difficult. But they're not even 
negotiable unless you have worked out which fingers are 
going to go where to achieve a combination of a couple 
of notes of accompaniment while you're playing with two 
other fingers the melody. So I would work over those 
things without hearing them, with the music out in the 
anteroom to the studio, while waiting for him to finish 
with the previous student. We didn't discuss that; he 
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knew I was in a bind and he was quite tolerant of my 
problems during those periods. 

But the violin was an important part of my life. I 
was frequently asked to play at parties for friends, 
Mormon friends, going away on a mission, where there is 
a little fundraiser. And again and again there would be 
these little clippings in the paper: So-and-so going 
off on this mission to Sweden or someplace, and here's 
the program, violin solos, Simon Ramo. When I was 
younger it used to be Master Simon Ramo; the word master 
being used for the child, as you know, not the expert. 
So, I did a lot of playing; I had to get that in. 
PEASE: But you were really— You could have gotten by 
without taking these lessons from him, is that correct? 
There was a motivation there other than— 
RAMO: Yes. Well, to win the contest I had to— I won 
not only tuition and perhaps a couple hundred dollars of 
money—laboratory fees, all of that was paid for—but I 
also got free lessons. Now, it was a package so that 
the eligibility was implied in the whole thing. You 
couldn't win and then go and register in the engineering 
school and neglect the music school entirely. 
PEASE: OK. I'd like to maybe move on to something else 
here. I'd like to know when you first started thinking 
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about— Well, first of all, you really didn't consider 
going to another undergraduate school for economic 
reasons, is that correct? 
RAMO: That's right. 
PEASE: I mean, it was just out of the question to go 
back east or to go elsewhere. So you knew you were 
going to go to the University of Utah. I'm wondering 
when you first started thinking about leaving Utah 
altogether? 
RAMO: Well, the ambition I had was to get my bachelor's 
in engineering because that was what you did in engineer-
ing. It was not common— I guess I never heard initial-
ly of a Ph.D. when I was in high school; I wasn't quite 
sure what that was about. But if I appreciated it at 
all, it had to do with teaching. But I was going to be 
an engineer, and I had picked out what I wanted to do. 
I wanted to go to the General Electric research labora-
tories. The GE research laboratory started before the 
Bell labs [Bell Telephone Laboratories] a little bit. 
It started— Actually it goes back to Edison in the late 
1800s. So the GE research lab, which was advertised as 
the House of Magic— As a PR thing General Electric 
actually had a special show in which they did things 
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with electricity on the stage, and it would come around 
and do that in Salt Lake City once a year. 
PEASE: When did you first see that? 
RAMO: Probably as a high school student. But the GE 
research lab was number one in electricity. And the 
reputation, the closest thing I can come to that is to 
say, well, as a physician, the Mayo Clinic has got a 
special position. 
PEASE: When did you decide it was number one and that's 
what you wanted to be, when you were in high school or 
when you were at the university? 
RAMO: No. No. No. I was in high school then, and it 
was part of choosing electrical engineering as an 
option. No, my job was to go to work at the General 
Electric Company. But I knew early in my undergraduate 
work that there was a problem, the Depression. And when 
I was a junior, one more year to go, nobody who was a 
senior had got a job in engineering. Whatever they 
did— They did something, but General Electric did not 
come out to recruit, as was common, and there was no 
chance. 

This caused me, then, in my senior year to consider 
graduate work. By that time there was a professor, the 
youngest professor, a man by the name of [J. Hugh] 
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Hamilton, in electrical engineering and also the smart-
est professor, and he had a Ph.D. from Caltech 
[California Institute of Technology]. I thought of 
Caltech, because there was some publicity about Einstein 
and the great Robert A. Millikan, who was heading 
Caltech—I thought of Caltech as a pure science place. 
I thought of MIT [Massachussetts Institute of 
Technology] as an example of an engineering school that 
you go to if you were going to get a higher degree in 
engineering. 

PEASE: The "trade school on the Charles River." 
RAMO: Right. I didn't know at that time that in the 
typical engineering schools in the country (the larger 
ones, the better-known ones) if you did a Ph.D. you 
typically took no more math and science. You simply 
went more deeply into some practical aspect of engineer-
ing. You did a thesis on a subject like the "Character-
istics of Paper-Impregnated Cable" or something like 
that. In contrast, at Caltech you learned what goes on 
in the atom's nucleus, and the phenomena in the solid 
state of metals, and cosmic rays and things of that 
kind. I had thought, before arriving at Caltech that 
that was for pure scientists. 
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Now, I liked pure science, but I was still thinking 
about needing a job after graduation. I thought there 
might be room—just as there might be room for three or 
four or five top concert violinists while every other 
violinist has a terrible time making a living and does 
not have a good life—in pure science for an Einstein, 
or several near him in stature. Otherwise, pure science 
was not so good for a career. But in engineering 
there's every kind of industry over the nation and 
there's a need for lots of engineers. So if you can be 
an above-average engineer you will get a job and you 
might be able to earn your living. And that was ex-
tremely important: the business of having a job and 
being able to have some security, because the Depression 
had an enormous effect on me. 

PEASE: So your motivation to leave Utah was first and 
foremost the goal of going to Schenectady. 
PEASE: Well, I had to do something. There were no jobs 
for young engineers in 1933 in Utah, Schenectady, or 
elsewhere. What I could do was go to a graduate school. 
I applied to a number of places, including MIT, seeking 
a scholarship. There were very few scholarships or 
fellowships available. Letters generally came back 
saying, "You need a year of graduate work first. You 
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have to get your master's degree first. We don't have 
scholarships for the master's; we have a few of them for 
the Ph.D. We have to see how you do for a year." 

At Caltech I was able to get a scholarship and be 
entered in pursuit of studies towards a doctorate 
because Caltech believed the master's was for the birds 
in the first place. At Caltech the master's really had 
little stature. If you went to Caltech for graduate 
study you went because you were proper for a Ph.D. I 
was the high-point man at Utah and Professor Hugh 
Hamilton, who had come from Caltech, told them, "Look, 
you've got to have this student; he's good." I did not 
get the highest paying [scholarship], but one that just 
barely could get me by if I had a little bit of supple-
mental funds, so I got part-time work. 

At the start of the first year, I encountered 
another gamble. When I came to Caltech I immediately 
was hit by strong advice from the head of electrical 
engineering, Professor [Royal W.] Sorenson. Despite the 
fact that Caltech doesn't think a master's degree is 
essential and isn't interested in it, he said, "You must 
understand that there is a good chance you will not make 
it to the Ph.D. here. We have very high grade point 
people entering every year who don't make it. If you 
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fail to get a Ph.D., you'll at least have a master's 
degree to show for your time here." 

But for a master's degree you had to take one 
cultural subject that would take up maybe a fifth of 
your time; that was a requirement. Caltech was a 
pioneer in requiring some social sciences and humanities 
each year—freshman, sophomore, junior, senior—and 
master's. I assumed, of course, that I was going to get 
high grades at Caltech; I'd always gotten high grades 
and I was not interested in engineering if I was unable 
to do well at a place like Caltech. I'd consider maybe 
playing the violin for a living instead. It just didn't 
occur to me that there was any possibility that I 
wouldn't make it. So by pressing hard—Sorenson had to 
make the decision because I came under his guidance—I 
got him to allow me to forget the master's degree and 
substitute for the required humanities course a course 
for which I did not yet have the prerequisites. It was 
required for the Ph.D. and was disarmingly called 
Principles of Electricity and Magnetism. I said to 
myself, what can there be in Principles of Electricity 
and Magnetism that I don't already know. I've just got 
my bachelor's in electrical engineering; I mean, I know 
all about electricity. The prerequisites for the 
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electricity and magnetism course included Introduction 
to Mathematical Physics and Advanced Calculus; those 
were two prerequisites without which you supposedly 
couldn't register. But I had looked at the whole 
curriculum and I said if I don't take that course in 
electricity and magnetism, then my stay at Caltech is 
going to be four years instead of three years. Three 
years was the absolute minimum to get a Ph.D., and I 
still wanted to do it in a hurry and get to the GE 
research labs. Three years was enough for the Depres-
sion to improve a bit. Well, I wanted permission to 
register for that course. 
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TAPE NUMBER: II, SIDE ONE 
NOVEMBER 15, 1983 

PEASE: I guess originally the track I was trying to get 
on, what I was trying to probe a little bit, was whether 
there was anything in the environment of Salt Lake City 
or Utah that you felt just inherently limited you; 
whether there was some point in your growing up where 
you decided that you had to get out of that region 
entirely in order to make yourself into what you wanted 
to be. I suppose I'm getting an answer to that question 
in the sense that you have targeted Schenectady, New 
York, and the GE labs as a goal, and that obviously 
means you're going to leave the state, but beyond that, 
I'm wondering if you had some sense of limitation in 
general that you developed from having explored and 
poked at the parameters of what was available in your 
hometown? 
RAMO: No, I could have been very happy living all my 
life in Salt Lake City. I never really assessed Salt 
Lake City's limitations and gave [them] that much 
attention. What happened was, pure and simple, that I 
had selected engineering, specifically electrical 
engineering, for a career and that automatically meant 
that Salt Lake City was not going to be where I would be 
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spending my life. It was extremely unlikely that after 
going to GE or anyplace else and becoming a full-fledged 
electrical engineer that I would wind up in Salt Lake 
City. There was one possibility, and as a matter of 
fact, while I was still at Caltech [California Institute 
of Technology] I was asked to actually act on that 
possibility, and that was to be a professor at the 
University of Utah in electrical engineering. 
PEASE: Was that attractive at all? 

RAMO: Yes, but I knew that if that were ever to happen 
as a possibility, and it was not a big thing that I was 
hoping for, I would be interested in it only after I had 
had a certain amount of practical experience. So in any 
case, I would be going somewhere else first to become a 
full-fledged electrical engineer. 
PEASE: Did the prospect of leaving your family and your 
friends and your hometown perhaps, or even probably, 
forever— Did this— 
RAMO: I don't think it penetrated my brain at all. My 
mind was totally on career. And I didn't assume that my 
contacts with my family and friends would necessarily 
all end; I would visit occasionally. You see, my mother 
always had that problem, of everyone else in her family 
being in the East; she was alone. But we had made trips 
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to the East; she had made trips to the East to see her 
family. She had adjusted to that situation. 

No, it never was a topic of discussion or thought 
about, gee, if I choose electrical engineering, since 
there aren't jobs in electrical engineering in Salt Lake 
City, then I'll have to leave there and not live there. 
It just didn't matter to me. It was just the same way 
later at Caltech when I got my doctorate. It was not 
until I shifted to the East that I realized that I had 
"California-itis" and that it mattered where I lived: 
"California-itis," for which the definitive cure, smog, 
had not yet been discovered. 

PEASE: Something we're fortunate enough not to have 
today. 

What about Professor Friedman? He must have been 
important in terms of, obviously, getting you to 
Caltech. Did you have a special relation with him at 
school or was he just someone who recognized your 
abilities? 

RAMO: You said— Did you mean Professor [J. Hugh] 
Hamilton? 
PEASE: Oh, I'm sorry; I must have used the wrong— 
RAMO: Yes. Professor Hamilton at the University of 
Utah. Well, it was only that he did what a typically 
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good professor interested in his students does: He 
said, hey, there are no jobs now. So you ought to go on 
and get your doctorate. And we've got to get you 
applications to all of the schools where you can get 
your doctor's degree. He was aware of the fact that the 
problem was scholarships, fellowships, or whatnot, since 
I wouldn't be able to handle it otherwise. And since he 
was from Caltech, he was delighted when Caltech did make 
me an offer. 

Now, I got one, as I recall, from Case Institute 
[of Technology] in Cleveland, that is now Case Western 
Reserve [University], from Carnegie Tech [Carnegie 
Institute of Technology], from Rensselaer Polytechfnical 
Institute]. I was accepted at MIT [Massachusetts 
Institute of Technology] but they offered no money; 
Stanford, the same thing. But Stanford, at that time, I 
did not consider an important school in my field of 
endeavors. I didn't consider the University of 
California at Berkeley, which would have been another 
possibility. I don't know why; probably I didn't know 
that they had a strong engineering school, perhaps, nor 
did the professors. One of the other professors had a 
degree from Columbia, and I think I applied there; I 
don't remember what happened there. But I must have 
sent my application to study for a Ph.D. 
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and have a crack at a fellowship or scholarship from 
about ten or twelve institutions. And I ended up at 
Caltech as it was the cheapest thing for me to do. It 
was lower bus fare to Pasadena than to the East; living 
was a little bit cheaper in Pasadena than at a typical 
eastern college. I had a little bit of help from 
Caltech. 

PEASE: So once again economic constraints and practical 
issues are largely defining choices amongst certain 
alternatives. You know, in one of your books you wrote 
that, in referring to this century, "Ours may go down as 
the century of technology because it will be seen that 
in the 1900s society did more to incorporate its share 
of technological advances, became a technological 
society." And I'm wondering, as a boy and a young man 
at the beginning of this century, the first quarter of 
this century, how aware were you of the degree and the 
dynamics of change and technology? 

RAMO: Well, at least I'm sure I had the following point 
of view about it; and that was that we were going to 
become much more technological, that technology was 
going to pay off in every way in the society. I had no 
awareness of the negatives of technological advance, 
such things as safety and environmental pollution 
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hazards, impact on health. I assumed that there was 
great value in the technology expansion that was inevi-
table, whereas in many other fields, the expansion would 
only be a result of population expansion. If you had 
more people you needed more houses, buildings, more 
railroads, as small towns got bigger, more industry and 
so on. And you'd have to keep adding telephones and 
whatnot. But new ways of doing things—the automobile 
and the airplane for transportation, the coming of radio 
and the potential someday of television, because it was 
being talked about. 

PEASE: When do you recall your first experience with 
something like radio? 
RAMO: The second [Jack] Dempsey-[Gene] Tunney fight. 
PEASE: How old were you then? 
RAMO: Well, gee, when would that have been? Maybe 
1927? [1927 —ed.] I was, perhaps, fourteen or fif-
teen . 
PEASE: Was there a radio in the home? 
RAMO: No. There was a radio in a home on the block, 
and everyone crowded, a hundred or a hundred and fifty 
people, all around the house's outside, trying to listen 
in to this squeaky thing set up against the window in 
this one home that had the radio. 
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The first Dempsey-Tunney fight, as with the Dempsey-
[Luis] Firpo fight and the Dempsey-[Georges] Carpentier-
— I was going to say Carpentiay, but we called it 
Carpenteer—there you went down to the Salt Lake City 
Tribune on their high windows, they posted the reports 
of the rounds as they came off of the telegraph system, 
the summary of what happened during the rounds. There 
was round one plastered on there, I can remember, in the 
Dempsey-Firpo fight, with the succinct description of 
Dempsey getting knocked totally out of the ring into the 
first row of seats and coming back in and then Firpo 
doing nothing but going up and down; [it said] "Firpo 
moved vertically" during that fight. 

PEASE: Well, here you are, you're a young man who has 
an aptitude for math; you have some sense of change and 
technology; you see it as an area, or your sense is that 
it's something that's expanding, perhaps, with an 
unlimited horizon. But I have no indication or sense 
from you that you are a tinkerer at all, that you like 
to work with machinery or that you worked on radios or 
cars. You had no time for that, is that right? 
RAMO: I had no time for it. When I was younger, before 
high school, I had chemistry sets and Erector sets and 
things of that kind. But my father was not a tool man. 
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We lived always in rented places, which were either like 
apartments or— In Salt Lake City it was quite common to 
have what I would I call horizontal apartments, a set of 
connected units that would be like condominiums today, 
with a central heating system through the whole thing. 
My father didn't want to bother with a furnace or things 
of that kind, so there were essentially no tools around 
the house. Despite that, I can remember being intrigued 
with mechanical devices; I used to like to make drawings 
of how an Eversharp [pencil] worked and how the lead was 
held and was moved in and out. This was when I was 
about, you know, eight or nine, and such things were 
just beginning to be available, at least in Salt Lake 
City. 

PEASE: So, you were interested in the theory and 
application, you have this aptitude, but it seems like 
you're apart from the nuts-and-bolts reality of it for a 
while, is that right? 
RAMO: Well, it was a strange thing. In the freshman 
year of engineering there was a shop course, wood 
turning, where you made models that were then to be used 
in the third quarter in the foundry. The second quarter 
was machine tools. Unlike the other people in the 
class, the older men in the class, who were typically, 

67 



perhaps, off the farm or something—they were accustomed 
to tinkering with things. It was totally natural for 
them to take a hunk of, a cylinder of steel, put it into 
the saw thing and watch it get sawed through to get 
their chunk, about eight inches; get a little dent made 
in the end, stick it onto the lathe, start the tool 
there to shave off some of the stuff— But remember, I 
was a violinist; I was good with hand coordination, so 
that it didn't matter that I didn't have the background; 
I was not at all awkward. I saw what they were doing, 
what had to be done. 

I can remember the first day of the second quarter 
in machine shop where, for a reason that I considered 
then and consider now to have been unsound educational 
practice, they first had us shape the tool that was 
going to be used to cut the metal. And there, what you 
do is hold this hunk of hard metal up against the wheel, 
the emory wheel, with a piece of glass over it and glass 
over your eyes, with all the sparks flying, to shave off 
enough metal to get it shaped, to get a cutting edge 
onto the tool. 

Now, we had a picture of a cutting edge. This was 
what you were supposed to do; this was what you were 
supposed to work down. Well, you know, that's straight 
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forward enough. But some of the other fellows who had 
not actually done that had some trouble. One guy got 
his thumb too close, and it's a very painful burn you 
get off of such a stone, and that scared everybody in 
class. They were worried about the delicacy of adjust-
ment, and they were having a heck of a time getting the 
angles right. A thing shaped about like this, with a 
cut in here, so that you have an edge, so that when you 
cut the metal off, here's a thing rotating and you're 
shaving off a piece, [and] the piece will slide down, 
[demonstrates] So there were these shapes. Now going 
from a shape, the observation, to the motion of your 
hand—I could do that better than those guys that had 
been tinkering all their lives. 

I found out very early that the guys that flunked 
out in engineering, they flunked out the calculus 
course, they flunked out in physics. They were— In the 
chem lab, the precision of measurements and observation 
was difficult for them. Most of those tinkerers, I 
decided, would be tinkerers all their lives; they would 
be technicians, mechanics merely assembling to someone 
else's instruction. The analytical stuff was more 
important. Unless, of course, you had the misfortune of 
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being kind of awkward with your hands, then you darn 
well better stick to the theory alone. 
PEASE: But you didn't feel uncomfortable, you just 
adapted right into that, and you attribute that basic-
ally to your coordination. 

RAMO: I remember in my high school chemistry lab, some 
of the others, when it came to the test tube and the 
Bunsen burner, they would be busting the test tube and 
would have to start the experiment over again because of 
the combination of all the things to watch simultane-
ously: keep it from boiling but get it hot enough; look 
at the color; have the clamp on; take it away; pour it 
into this; don't make a mistake, only so many cc's and 
then so many cc's of this and then put this other stuff 
in. I could do it quickly, one after the other, without 
a mistake. 

See, some of that was a bit like "Here are the 
notes you're playing, you have to be here and not there 
and get the fingers right." 
PEASE: You're talking about your violin playing, OK. 
RAMO: It turned out that the violin, probably, was a 
big aid to doing experimental work in the laboratory, so 
that by the time I hit college, in the laboratories, the 
business of understanding what I was doing— Now, [in] 
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electrical engineering, for instance, you might have a 
couple of motors running in parallel; that's the experi-
ment. And you have to arrange the transformers and the 
switches so that when you feed the load to one, then to 
the other, and you have to see how they share the 
incoming electricity. You've got to know what you're 
doing, and then you've got to be able to take what you 
know, your observations with your eyes and the reading 
of meters, and put it together with your hands to get 
the right things done, to turn this or that knob when 
you should at the right time. 

Some of these lads that had taken down motors on 
the farm, perhaps, replaced a bearing, still couldn't 
keep track in their heads of what to do quickly enough. 
So they would have to do the experiments slower. They'd 
make mistakes; the circuit breakers would go out. And 
when a breaker goes out, then whoever's in charge, the 
professor or a lab assistant—which I was, in my senior 
year I was a lab assistant, getting a little money, for 
aiding the junior engineers—he then comes around to see 
what the hell is wrong with your connections and whatnot 
that made the breaker go. And sometimes a breaker went 
because you didn't adjust the breaker to handle 35 amps 
but only 25 because you forgot that part of the 
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experiment. Keeping all of these things in mind is 
important. So if you aren't afflicted with awkwardness, 
ineptness of body motions, particularly your hands and 
fingers, then you should have no difficulty with the 
hands-on aspects of engineering. 
PEASE: In this same book you went on to write, I 
thought this was a very interesting statement, "that 
America has worshiped science and technology in the past 
as idols or gods." I'm wondering—and this will prob-
ably be the last area we'll explore today—if you had 
any sense of this spiritualism, if you will, when you 
were young. Was this something that was in the air 
around you? Was it something that was a trend in the 
country, a feeling? And if so, how did you assimilate 
it? 

RAMO: Well, there were two things that I can recall: 
One is something that I've already expressed about the 
fact that engineering is bound to go up in its impor-
tance; there's bound to be a need for more engineers. 
But there was something else, the Depression created a 
major doubt at that time. There was the feeling by 
some, it received considerable attention in the nation, 
that automation was putting people out of work. So 
there was that aspect that came up. 
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I can remember that there was a debate—remember, 
this community was big on debating. I was a junior in 
electrical engineering when this occurred, and I was one 
of the two debaters. We debated against a couple of 
visiting lads from the law department. How this came 
about, I've forgotten, but I think they just wanted to 
have some fun with the engineers. The subject was, 
"Resolved: That the engineers have caused the Depres-
sion." And the lawyers pointed out that what had 
happened was that we were developing these various 
things that were putting people out of work and that 
caused the Depression. Their case, obviously, couldn't 
have been very strong, and we had fun with it. At 
least, I remember having fun with it. I thought we won 
with great ease. It was like a—what do they call 
it?—an exhibition fight, you know, no score. It was 
[as if] the lawyers and the engineers, supposedly 
natural enemies, would occasionaly need some sort of a 
contest, a baseball game or something; this time it was 
a debate, and resolved that the engineers caused the 
Depression. 

There was concern at that time that engineering not 
only was putting people out of work, but that everything 
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was too expensive because we had designed expensive ways 
of doing things. 
PEASE: This hardly sounds like worship, though. 
RAMO: No, it's the opposite of worship. I said there 
were two things. The negatives of technology in that 
sense, they were not genuine negatives, they were just 
misunderstandings. But the question of whether the 
technological society is all good arose during the 
Depression. And you remember there was a technocracy 
movement, as it was called. Well, there was a substan-
tial movement in the United States: you could get 
propaganda; you could subscribe and be a member. There 
were people who came around and gave speeches. There 
would be advertisements in the paper every once in a 
while. 

There were those who wanted to created a tech-
nocracy. This was in the direction of "let's have a 
controlled society in which everything is worked out 
technically, economically." It was without adequate 
understanding; it was really a controlled, dictated 
society that was being proposed. It was going to make 
everything efficient. It was thought of, it was present-
ed as a counter to the Depression: "The trouble with 
the Depression is that we've got this chaotic system." 
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It was not described as a free-enterprise system that's 
bad, and let's have total government control, or social-
ism, that's good. It was, rather, claimed that, mis-
takenly, the society does things at random. We over-
produce, and then we fire everybody and then stuff is 
dumped on the market and everybody loses money and 
people go bankrupt. Instead, it was argued we've got to 
plan things. We've got to have everything techno-
logically sound. You figure out how much we need of 
everything and you do it in the cheapest way and you get 
this high standard of living and everybody works. 
PEASE: Is your feeling that this, you know, this is the 
Depression, also a traumatic event for the whole coun-
try, that these feelings stood in contrast to your 
memories about people's optimism or lack of optimism 
with regard to technology, say perhaps in the twenties 
when you were a young man, a boy? 

RAMO: Most people didn't talk about or interest them-
selves at all in whether we were becoming a more tech-
nological society. 
PEASE: How did they relate to things like radio and the 
motion pictures? 
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RAMO: They expected, simply, great new things that were 
exciting. Talking pictures was exciting; everybody had 
to go and see— 
PEASE: Automobiles. 
RAMO: New cars were coming out; everyone had to have a 
car. You had to have a telephone in your home, and of 
course, you had to have a radio. It was always exciting 
to see what was going to come out next. You believed it 
when the automobile manufacturer would come out and say, 
"Now, come and see my new model, an absolutely new 
concept in motoring." You know, Cadillac still does 
this; on comes an ad, a page in Time magazine, or on TV, 
"Come see the new"—they'll do it again—"the 1984 
Seville, a whole new concept in motoring." Now, we know 
that's a lot of baloney; it isn't a whole new concept in 
motoring. It may differ a little from last year's 
Cadillac, but it's not a whole new concept. But in 
those days, in the late twenties, early thirties, when 
automobiles came out with their new model you expected 
some real exciting new things. 

PEASE: Do you think that during this period is when 
people start to form the idea that technology is going 
to solve all of our problems, or is that something that 
comes a little farther down the line? 
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RAMO: Well, I think that was beginning to happen, 
although people didn't talk about it much. I have no 
doubt that there were certain [people]—or maybe there 
was—was it Thorstein Veblen?—who would talk about 
things like this. There were mostly people— 
PEASE: Was he a journalist or a commentator? 
RAMO: He was a sociologist, economist, a philosopher. 
PEASE: Oh, I see; he was an academic. Did you talk 
about it? 

RAMO: No. I don't think so. I participated in that 
debate, which means I had some sort of an awareness that 
there were doubts about the technological society that 
we had. But the doubts seemed to have to do with how 
you arranged to get the right things done. You see, 
after all, FDR [Franklin Delano Roosevelt] came in in 
'33, the New Deal, the point of view that the government 
had damn well better enter into control of a society to 
be sure there were jobs; that was the thing: to be sure 
that there were jobs, to be sure that nobody starves. 
So there were some negatives coming to mind, but I think 
that whole period of my stay in Salt Lake City, the 
first twenty years of my life, were years in which 
science was definitely considered by the society as 
having no possible negatives. 
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The exciting new discoveries about what are the 
laws of nature, the theory of relativity, which (quote) 
"everyone understood" [but] only half a dozen people in 
the world could understand, obviously [were] great. 
They didn't know what in the world it was all about, but 
Einstein symbolized a great thinker category that was 
going to understand scientific fundamentals, and this 
was bound to have beneficial repercussions. And the 
building of new things, the creating of new devices that 
you could have: the vacuum cleaner even, the ap-
pliances, the refrigerator in the home; instead of 
having ice delivered daily, to have a refrigerator. 
Everyone expected every year there'd be something else 
new and great. And yet the thing collapsed because 
there's something wrong with the system. Instead of 
making all these new things, here we all are out of 
work. And when people are out of work they aren't doing 
things, so something is wrong. So people invented 
either the blaming of technology or else they wanted the 
world to become more technological to straighten the 
world out with technological approaches, a la that 
technocracy movement, technocrats, as they were called. 
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TAPE NUMBER: III, SIDE ONE 
JANUARY 25, 1984 

PEASE: Dr. Ramo, during our first session we took you 
through your childhood in Salt Lake City all the way up 
through your primary education, graduation from the Univer-
sity of Utah in 1933. Today I'd like to start out by 
talking about your arrival in California and the California 
Institute of Technology [Caltech]. 

The first question I'd like to ask is, you're listed 
in the December '33 California Institute of Technology 
catalog as an entering student in electrical engineering. 
At this point our country is in deep economic depression, 
and here you are at age twenty, not quite twenty-one, 
you've just moved from Salt Lake City, where you were born 
and raised, to California. Moreover, Caltech is an in-
stitution whose president, [Robert A.] Millikan, is a Nobel 
laureate and whose faculty includes the likes of Linus 
Pauling, [J. Robert] Oppenheimer, and a visiting professor 
named Einstein. And if you could, please, I'd like you to 
describe the sense you had of the environment you were 
about to enter then. 

RAMO: While I held Caltech and its illustrious faculty in 
tremendous awe, Caltech had not been my first choice. I 
knew of MIT [Massachusetts Institute of Technology] and, 
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oh, a half a dozen other universities that I thought of as 
primarily engineering schools. I thought of Caltech as an 
Einstein[-type school], pure research, off into the examin-
ation of the most fundamental laws of physics, as exem-
plified by Einstein's work. And I had already, earlier, 
made the decision that I was going to interest myself in 
the application of science and technology, which is engi-
neering. It is not that I lacked a major interest in pure 
science and couldn't have easily chosen to go after pure 
science as a field of endeavor. But I had been greatly 
influenced by the 1929 crash and all the implications 
thereof. I thought there was simply a better chance that I 
would be able to earn a living as an engineer, that there 
was a need for more engineers; that in pure science, almost 
like the matter of being a violinist, if you can't be one 
of the very top ones then I didn't think it would be very 
satisfying. It turns out that's not true with the pursuit 
of physics; there's a broad array of physicists required, 
from competent to the superstars. It is not the same as I 
had judged the violin situation to be, where it's one thing 
to be a concert violinist of great repute, and it's another 
thing to be eking out a very poor living playing the violin 
in an average symphony orchestra, not of the largest 
cities. [tape recorder turned off] 
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PEASE: OK. We were talking about Caltech, the environment 
of pure science as opposed to applied. 
RAMO: I'm suggesting that I was wrong in understanding the 
nature of careers in pure science and the relationship to 
my potential for choice of preferable careers. When I say 
I would have preferred something like MIT, what I didn't 
know was that in the thirties the engineering schools of 
the United States, including even the more prestigious 
ones, were not schools where it would be preferable, 
concerning what the future held, to work for a Ph.D. They 
were inclined to keep you there for four, five years after 
your bachelor's and [have you] do a thesis in something 
like the characteristics of paper-impregnated cable rather 
than something more fundamental, rather than looking ahead 
to future developments, with very little additional math 
and physics but a lot more detail that interested the 
professors, who were doing consulting and who knew some-
thing about practical engineering in some specialized 
fields. For those individuals, it would be far better to 
go to someplace like General Electric, where there were a 
large number of real professionals pushing forward the 
field. You would learn there a lot more in three or four 
years about what engineering is about than remaining at a 
university. 
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The thing that really made sense, which I knew nothing 
of but just fell into as a matter of good luck, is that if 
you were interested in pursuing engineering and wanted an 
edge in your career, a good start, you should come to 
understand the frontiers of physics, the frontiers of pure 
science. Caltech was just the perfect place to prepare for 
a career in engineering as well as a career in pure re-
search. It was luck that I went to just the right place. 
PEASE: That was primarily the responsibility of Royal 
Sorensen. He was the one that was responsible for that, 
was he not? 
RAMO: Not really, no. 

PEASE: Oh, really? Because one of your professors, a 
Frederick Lindvall— 
RAMO: Fred Lindvall, yes. 
PEASE: —an associate professor, said, referring to 
Sorensen, that he was crazy enough to see that if he 
hitched electrical engineering to physics rather than 
leaving it tied to civil and mechanical engineering, he'd 
have a better chance of doing graduate programs. And 
indeed that's how it worked out. I was wondering what he 
meant by that and how that related to comments you made 
later about timing, which you've already referred to. 
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RAMO: Sorensen was a distinguished engineer of the old 
school; he was a specialist in high voltage, for example, 
and that was typical of the distinguished engineering 
professors. They had expertise in some area of engi-
neering, highly specialized. But Sorensen could not have 
passed the courses for admission to a Ph.D. at Caltech at 
the time because his education was an old-fashioned one 
with insufficient math and physics. Well, I don't mean 
that he didn't have the basic ability to do anything he 
might have wanted to do. Obviously he was a very out-
standing man intellectually and otherwise. What I meant 
was that the courses that we took for a Ph.D. in electrical 
engineering as a major were almost identical to the courses 
that you would take for a Ph.D. in physics. 
PEASE: Who was responsible for having combined those 
things? 

RAMO: Millikan. 
PEASE: I see. It was Millikan. 
RAMO: Millikan headed the division of physics, electrical 
engineering, mathematics, and astronomy. Then there was 
the division of the old-fashioned engineering—mechanical, 
hydraulic, civil—from the old Throop Polytechnic [In-
stitute] days. I think Millikan tolerated [it], didn't 
think it was anything he should do too much about. And 
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that division didn't attract the Ph.D. type of researcher 
naturally. Then there was the earth sciences: geophysics, 
of which earthquake prediction and understanding is an 
example. There was biology, chemistry, and chemical 
engineering. So there were several divisions at Caltech, 
and each division head would have been called perhaps a 
dean at other universities. There was no president; 
Millikan was merely the chairman of the committee of the 
division heads. Actually he was an absolute dictator and 
was the president and more. 

PEASE: Let's talk a little bit about him. He and his wife 
[Greta], apparently, hosted Sunday afternoon dinners for 
new students in their home about this time. Did you attend 
one of those? When did you meet him? Did you have any 
chance to develop any kind of relationship with him? 
RAMO: My relationship with Dr. Millikan came by way of the 
violin. The teas that you speak of would be places where 
you would perhaps say hello to Dr. Millikan and his wife. 
You could not put that under the heading of association. 
Millikan, being still an active researcher, had particular 
students getting their doctorate under him in pursuit of 
cosmic rays and that sort of thing. Those individuals had 
an association with him. I took one course from Millikan, 
sort of an introduction to modern experimental physics, in 
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which he had his special interests. It was a fairly 
superficial course, one that everyone could take and not 
spend too much time on. It enabled you to hear some 
firsthand anecdotes about some of the big scientific 
figures of the age and his point of view about the devising 
of experiments to check on laws, which was very high grade 
and very valuable. 

But when I speak of the violin—what was more impor-
tant to Millikan than those meetings with the students were 
teas at the homes of wealthy dowagers in San Marino for 
fundraising purposes. One way or another—I wouldn't be 
able to recall, if I ever knew—Millikan discovered me as a 
violinist. I had been involved in the limited musical 
activities that existed at Caltech. I was the concert-
master of the Caltech orchestra. I had been invited to 
play at some faculty affairs early in my first year, and so 
the year wasn't too far along, perhaps halfway along, when 
Millikan asked me to accompany him to one of these teas. 
There I softened up the audience by playing two or three 
short selections. Millikan would make reference often to 
the fact that at Caltech "we train the whole man," imply-
ing, of course, that Caltech was providing music lessons, 
to those that wanted to interpret those remarks that way. 
He was, of course, careful not to make false statements of 
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that kind, but he talked about Caltech's research explo-
rations out on the frontiers. He was a mesmerizer; he had 
an appearance and a manner that was at once charming and 
clear—that is, anything he discussed he was able to 
discuss in such a way that people with no training in 
science would be able to see the point of what he was 
getting at, and why it could be of importance. He was a 
very good-looking man. He was elegant in appearance, 
typical silver haired. His speech was cultured. He had no 
difficulty finding the right way to express himself for the 
particular audience. In no way could he be thought of as 
salesman-promoter type. His dignity was very conspicuous, 
yet it was understated, everything that he did was under-
stated. He looked the part of a Nobel awardee even though 
he could equally well have looked as Woodrow Wilsonly as 
Woodrow Wilson did, as a university president type in the 
days of statesmen-scholars. 

Whereas Einstein looked like a brilliant scientist 
with his hair wild, Millikan could pass in every respect as 
a brilliant scientist without having to have the woolly 
hair. He was, surely, an unique person in the sense that 
it was very difficult to find others that would be com-
parable in his qualifications and in his broad range of 
abilities and the recognition that had been accorded him. 
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I suppose that he was nationally famous— There was a big 
gap. Einstein was the only person in science that really 
was known to the public, and there was no comparison 
between Einstein and anybody else, not until you get to the 
Oppenheimer days after the war. That was because there was 
an Oppenheimer case; there was an Oppenheimer crisis 
situation about his personality. Otherwise, even as the 
head of the Manhattan Project, he wouldn't have become that 
well known—and Edward Teller, later, for similar reasons. 
So Millikan was about the second best-known scientist in 
the country. I came to understand Millikan a little bit by 
hearing him talk, but that was not an association. 
PEASE: Were you comfortable around him and men like him? 
RAMO: Oh, yes. When I speak of awe, it was very clear to 
me that I had had the wrong impression of my own training 
within a matter of two weeks if not the very first day. I 
had looked carefully at the requirements for a Ph.D. in 
electrical engineering with a minor in physics. For all 
practical purposes, electrical engineering and physics 
students took almost the same courses because they were in 
the same division. The thesis was different; the thesis 
was more applied [in engineering]. For example, I did my 
thesis under Sorensen, measuring voltages at the million-
volt level, both lightning, transient-type voltages that 
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come up and go down quickly, and steady state, fifty- or 
sixty-cycle AC, alternating current. Measuring voltages at 
that high level, to know what the voltage was really, was a 
frontier in engineering. Whereas my close friend [Dean] 
Wooldridge, with whom I afterwards started the Ramo-
Wooldridge Corporation, was taking his major in physics 
with a minor in mathematics. We took essentially the same 
courses, but his thesis was in the separation of isotopes. 
PEASE: I'd like to digress a little bit and talk about 
"the whole man." You know, Caltech—one of the interesting 
things about it is that it did continue to include the 
humanities in a way that was— 

RAMO: Well, it was more than that. It was not a matter of 
including it; it was a matter of injecting it. 
PEASE: Yes. And I would like to know if you participated 
in this area as well. Looking over the Weekly Calendar— 
RAMO: You're speaking of undergraduates. 
PEASE: Strictly. You did not participate? Even though 
there were seminars held in this area along with physics— 
RAMO: Oh, I would go to occasional seminars and I would 
have loved to have taken— I kept trying to scheme on how 
to take some of the humanities and social science courses 
that were listed. But something was overriding. First of 
all, as regards Caltech, it was almost in a class by itself 
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in the idea that in undergraduate work a course in English 
should be taken every quarter for the four years and, in 
addition, something else like economics or history or 
philosophy. And that was a good thing because the Caltech 
undergraduates of that day, and perhaps even to this 
day—when you have so tiny a class in a school of that 
kind, there were only two hundred freshmen taken in—so 
Caltech's undergraduates to this day are way above the 
average of all other universities in the Scholastic Ap-
titude Test mathematics portion. In the verbal portion of 
the SATs, they generally come in second. One or another of 
what previously [were] the women's colleges in the East 
would rate first. 

But these kids in the freshman year are generally a 
year or so younger than the average high school graduate. 
They're very bright; they read quickly; they understand 
what they read. If you have a group like that vying with 
each other in the freshman year and really interested in 
physics and chemistry and mathematics, then you don't talk 
about them as bookworms. You have to speak of them as 
snakes. So to get them to open themselves up to broader 
interests of other aspects of life than science and the 
tools for pursuit of it, it was more to force humanities 
courses on them at Caltech. 
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At the University of Utah, which was more typical, 
while there were non-engineering courses required in the 
junior and senior year— I took a superficial course in 
all of the following: economics, management, law, accoun-
ting, corporate finance. There were two or three others 
that I've forgotten, that don't come to mind, but they were 
all so superficial none of us did any work in them. We 
went to the lectures, the professors expected we would do 
nothing, [we] hardly even cracked the book. 

The professor from the law school, say, would come 
over and he would talk about law with the idea that we 
should know enough to use an attorney when we were en-
gineers. This was an old point of view that ignored that 
you probably would be working for a big electrical company 
and assumed instead that you were going to be a licensed 
professional engineer, more like civil engineering where 
you might find yourself with liabilities. We didn't even 
read the book, which we all had to buy, and there was a 
true-and-false exam at the end. 

PEASE: Well, when you get to Caltech you apparently don't 
have that much time or access to this. Did you know a 
Professor [C. K.] Judy? Did you ever run into him at all? 
He apparently was a guru of sorts in this area, had a — 
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RAMO: He was the senior English professor, and I guess he 
was head of the division of social sciences and humanities. 
I had very little contact with him. 

But, you see, when I hit Caltech I found that the 
minimum was three years to get a Ph.D., so that is, of 
course, what I intended to do, was get my Ph.D. in three 
years. That required that you pass certain compulsory 
required courses, some of which were prerequisites for the 
others. The only way to do it in three years would be to 
take them in parallel. For instance, a course in intro-
duction to mathematical physics was required before you 
could take the big course in electricity and magnetism, 
which was one of the facets that would be introduced in the 
introductory course. At that time Sorensen was the chair-
man of the approval committee, you might say, that had 
jurisdiction in my case because my major was electrical 
engineering. I persuaded Sorensen that in view of my high 
grades at Utah—I was number one in the class of engi-
neering out of, say, five hundred, and I was the youngest 
by a couple of years and I had, you know, essentially 
straight A's. So I looked at this electricity and 
magnetism course requirement and I said to myself, "What is 
there really about electricity and magnetism that I don't 
know?" 

PEASE: Was this [William R.] Smythe's course? 
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RAMO; This was Smythe's course. 
PEASE: I understand that this was the course that sepa-
rated the men from the boys. 
RAMO: Sir James Jeans's Cambridge text, in which the Old 
English was used—shew, sounded like Ed Sullivan on the 
early TV who would talk about his show, almost saying shew 
instead of show—well, that book had to be purchased for 
this course in electricity and magnetism. Looking at the 
book, I thought, OK, there's some mathematical tools being 
used here that I'm not familiar with. I have not had 
advanced calculus as a course, I suppose it uses some 
advanced calculus. But I can read the advanced calculus 
book in parallel. It's no real problem. If, instead, I 
wait until next year to take that course because I haven't 
had the introduction to it then—as was true, say, of 
Wooldridge, who came there with a master's degree and had 
had these introductory courses with his master's in 
physics— So I will take the introductory courses and 
this required course together and load up on this stuff. 

Whereupon Sorensen said to me, "I would suggest that 
you forget Smythe's course this first year, don't try to 
take that, and instead take one of these cultural courses, 
so you can qualify for a master's." 
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But I had discovered that a master's degree was 
nothing at Caltech, was a nuisance to them. So if you took 
a routine master's degree without those doctorate courses 
and only the introduction before you would be allowed into 
the doctorate courses, then that's why it took four or five 
years to get your Ph.D. as a minimum. And I wasn't inter-
ested in the master's. 

I said to Sorensen, "If I can't do this and be ac-
cepted as a Ph.D. student for the next year based on my 
record the first year, with appropriate fellowships and 
scholarship aid, then I'll play the violin for a living." 
I was that cocky and I was just a few months after passing 
my twentieth birthday. And Sorensen said, "Well, OK"—you 
know, in effect, I'm going to let you do it. 

Well, I went to the first class of Smythe, with the 
book, and he essentially said, "Read the first couple of 
chapters in the book and do these problems at the end of 
the chapters"—and he named some problems, there were a big 
number—"and in addition, however, I've got some superior 
problems of my own here on this mimeographed sheet and do 
those also for next time." 

PEASE: This is second year, is that correct? 
RAMO: No, this is my first year. This is the start of my 
first year. I go to that course, which is the big issue 
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course in the sense that I have stuck my neck out and said 
I'm going to take it parallel with the prerequisites. All 
the other courses were suitable for me as a fifth-year 
student, first-year graduate student at Caltech, but 
Smythe's course was one that I had to pass to qualify to be 
admitted to candidacy for a Ph.D., along with some other 
things that were required, but this was the one that I in 
effect had no business registering for. 

Well, I looked at the first couple of chapters, and 
they were straightforward, and I said, "You know, this 
stuff I already know; it's about what electricity is about 
fundamentally. I know this. OK." 

So now I turn to problem number one at the end of the 
chapter. It said, "Shew that not all families of surfaces, 
function of xyz=lambda, can be a set of equipotentials but 
only those for which—" and then they had a group of three 
or four partial differential equations. They looked funny 
to me. I'd never seen a partial differential equation; 
this was something that comes up in advanced calculus. I'd 
only seen differential equations of a different kind; I 
didn't know the symbols. I didn't know what the hell the 
problem was, let alone how to do it. I didn't know what 
they were talking about. 
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I looked at the problems on the mimeographed sheet, 
and there was a similarity. I could not understand what 
the problem was—the language, the hieroglyphics. So I had 
to immediately start in the library and pick up other books 
and try to work back in a detective sense to find out what 
the heck this was all about. 

PEASE: What kind of time frame did you have to do this? 
RAMO: Oh, this was for the next day. I knew I was in 
trouble, and the first few weeks were the most, I suppose, 
traumatic for me in my life. I foresaw that I couldn't 
retreat. I mean, that would be terrible. For one thing, 
that meant I would not get the fellowship the next year; I 
would have at most just the little bit of financial aid 
that I had at that time. So I was dependent on the small 
amount of savings from having worked during my four years 
at the University of Utah and perhaps getting some part-
time work assisting professors in their consulting. But if 
I didn't stand out—and this was going to be my way to 
stand out—I was not going to get my full-paying fellowship 
for the next year. 

PEASE: Did you ever consider going to someone for some 
help tutoring or to answer questions? Or did you approach 
this all by yourself? 
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RAMO: Not only that, I didn't even know that it was common 
for students, graduate students and undergraduates, to work 
together on assignments, to exchange thoughts. Because the 
assignment level was so tough that the shift from the 
lecture or the book to the drawing of conclusions were 
things that typically very outstanding people had worked 
for some time on. It's one thing, you see, if someone 
tells you how they have done something years later, to 
prove that the Pythagorean theorem about the hypotenuse and 
the squares of— But if you hit that for the first time, 
just having been given a figure and having it explained to 
you what a right angle is and [that] a triangle has got 
three sides and one of them is the right angle, "Now the 
sum of the squares of the other two sides is the square of 
the third side, the longer side." If you have to, from 
scratch, start proving that and you've never been taught 
how you go about proving things like that from a previous 
course— So I saw that I was going to be dependent on the 
introduction to mathematical physics very much for this 
course in electricity. 

I went to the class the next day, and all that Smythe 
did was call on students to put— He said, "OK, problem 
number one?" Students put their hands up, and he said, 
"OK, you take that one." They put the problems on around 

96 



the blackboard. Somebody asked a question about the second 
or third problem, and Smythe answered it. He went up to 
the blackboard—he had very broad shoulders, and he wrote 
in very tiny letters—standing in front of his work he 
wrote some things on the blackboard to explain that, with 
an attitude, "My god, can't you see that?" And as he 
turned, thus exposing the blackboard, with his left hand he 
erased it to get ready for next problem, impatiently, 
having answered that question. 

I wouldn't have been able to ask a question because I 
would have had to start from so far back. I didn't under-
stand the problems and I didn't understand the solutions 
and I was not talking to anyone at the time. So it took 
most of the first quarter—we were on the quarter system— 
before I learned, before I started to talk to other people. 
And there were a few people who obviously had the stuff 
down cold, that had studied it elsewhere. 

You see, in this class, generally, these were students 
who had already had a year or more of graduate work. Some 
of them were from far away, some of them had accents, and 
they were in essence close to having their doctorate. 
They'd had plenty of advance courses in electricity and 
magnetism. They had only to add a veneer to handle this. 
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But I finally did get enough of the prerequisite into 
my system— 
PEASE: Was there one exam at the end of this class? I 
mean, was there a midterm? How did they handle it? 
RAMO: There was a midterm. 
PEASE: You were ready for that? or what? 
RAMO: By the midterm, I thought I had failed miserably; it 
was just a confirmation of the disgrace with which I would 
have to return to Salt Lake City or go into some other 
field of endeavor. But I was doing extremely well in the 
other courses and I saw as a practical matter that there 
must be some way in which I could make these things work 
out, even if I flunked the course and had to drop it after 
the midterm as an accepted failure and just get out of it. 
I could still get by and I began to figure out how I was 
going to raise the money. Maybe I would need a job for the 
summer to start my second year and whatnot. But based on 
the fact that I was knocking over the other courses that 
were suitable for me there was some hope; it was not all 
negative. 

But the system was that you went into Smythe to get 
your paper, so he could talk to you about it. That was the 
system. And I was accustomed to exams in which what I 
would expect is a grade of 98 or 93, if not 100. So when I 
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had a confirmation— There were four questions for the one-
hour midterm exam. I tackled each of the four but could 
not finish a single one of the four and could get a little 
ways on about three of them; one of them I just didn't 
understand at all. I made some steps on the other three 
partially towards a solution I thought might— But I 
couldn't get them finished. 

I had a score like 33—of course, an absolute miser-
able failure—but the average of the class was 28. That 
was typical of Smythe's— The problems that he would put 
out, if you had the whole hour [you couldn't finish them]. 
They were tricky; they were very fundamental. You really 
had to know the stuff cold, but you also had to be an 
expert in the technique of approaching problems of that 
kind by having done a large number of them. You had to be, 
in other words, skilled in mathematical physics so that you 
went quickly to what was the fundamental issue of that 
problem and put down the right relationships. Then you had 
to be skillful at manipulating those relationships to pull 
out of it what it is you were being asked. And he judged 
whether you understood the stuff by how far you got on 
these things. So this encouraged me to believe that I was 
actually going to pass the cockeyed course, and I actually 
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got a 3. (At that time they used 1, 2, 3, 4; so 3 was like 
a B and 4 was like an A.) I got a 3 in that course. 

That quarter was all that was really available in 
terms of final records because the decisions about fellow-
ships for the next year had to be made in the middle of the 
second quarter, without waiting for the second quarter's 
results, that was too late. Millikan would be making those 
decisions, you can be sure of that, about the fellowships 
in physics, electrical engineering, and mathematics. And 
so I got my fellowship—full board and room and tuition for 
the second year. 
PEASE: You were taking four courses that first quarter, is 
that correct? Or three? 
RAMO: Well, probably four or maybe five, but if so, the 
fifth would be a laboratory course. 
PEASE: Basically you had 4's in the other courses, and 
this was your only 3. 
RAMO: Yes. 
PEASE: And he also knew of your skills at providing 
entertainment at some of his fundraising functions. 
RAMO: Well, there was something else that had occurred. 
At the end of the first year I had another obstacle. In 
order to get my degree in three years I had to pass French 
and German. 
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PEASE: I was going to ask you about that. That was a 
prerequisite exam before candidacy, correct? They describe 
it as a "good working, reading knowledge of both." 
RAMO: Well, you needed two years after candidacy for the 
Ph.D.; so during the first year you had to get rid of these 
prerequisite courses. And I went on into the second and 
third quarter buoyed up by what I had just done, thinking I 
could knock off other courses in place of the courses that 
were suggested. I got approval to take these others, so I 
could get those prerequisites for candidacy courses off the 
first year. You had to have a thesis selected, and since 
Sorensen was head of the department, in effect, and he was 
interested in high voltage, automatically I was interested 
in high voltage, because he'd have the biggest influence on 
deciding all of these matters. 

PEASE: I was going to ask you, one of the first seminars 
that's mentioned not too long after you arrived there— 
let's see if I can find this here—is a Friday evening 
lecture on January 12 (you had gotten there or started your 
courses in December I believe). Professor Royal Sorensen 
in the High Potential Laboratory was presenting a seminar 
entitled "High Voltage Engineering." And since I know you 
wound up working for him in that facility, can you tell us 
whether you had decided immediately to follow his work and 
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when you met him and how your relationship and your job 
developed with him? 
RAMO: Well, first of all I admired Sorensen. But I 
admired the others. I admired Lindvall, who was the 
youngest. I admired McKeown, who was the supergenius type. 
McKeown, I guess, was the first of that group to pass away. 
Since my major was going to be in electrical engineering my 
doctorate would be under one of the four principal faculty 
people, but I thought Sorensen would have the maximum 
influence when it came to a tight competitive situation on 
availability of scholarships and fellowships and the like. 

I saw no reason not to take the high voltage area for 
a thesis. In fact, it was, I suppose, easier for me to 
imagine doing something at the frontier in matters related 
to high voltage because there was less real expertise about 
the whole shebang. Whereas in, let's say, radio communi-
cations there was a tremendous amount of detail that I was 
not familiar with that would be basic to the next step. In 
addition, I think I sensed something was probably true of 
my own makeup. You had to do some inventing of some 
fundamental ideas as to how you were going to measure 
electricity at the million-volt level. There was some 
background, but no previous suggestions that would 
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automatically settle the issue. And strangely the kinds of 
things that I began to learn about electricity in the 
Smythe course were, it seemed to me, as turned out to be 
the case, precisely what was needed to apply to being 
successful in making measurements at the million-volt 
level. 
PEASE: When do you first get into the high potential lab 
and can you tell us a little bit about it? 
RAMO: Well, certainly there was no course in the first 
year in the high voltage laboratory. My first exposure to 
the high voltage laboratory had to do with the attendance 
at one of these demonstrations that Sorensen ran in which, 
as in the sci-fi movies of the day, Frankenstein and the 
like, the arcs between a couple of wires in which the arc, 
as a result of the high temperature in the arc and hence 
the rising air, would move up, so you could separate the 
two conductors and create a horn effect. And the arc would 
rise until it was too long— 
PEASE: Is that called a Jacob's ladder? 

RAMO: No, no. I don't remember whether there's a distinc-
tive name for that, but typically this would be a whirrrrr 
bang! whirrrrr bang! because the arc would start at the 
bottom, rise until the span was too great for it to encom-
pass, and the arc would then cease to exist and with a snap 
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it would go out. And then, of course, it would start 
immediately because the voltage was still being applied. 
The scary effects in the laboratories of the mad scientists 
in all of the movies of the day were the kinds of things 
that were available in the high voltage laboratories. Very 
high voltage, you see, is very difficult to contain, 
because if you have a conductor that's at a very high 
voltage, as against the rest of the building, it tends to 
jump to the rest of the building. 
PEASE: This was a million-volt lab, wasn't it? 
RAMO: Well, it was a laboratory where you could get up to 
the order of a million volts; it was that order of mag-
nitude. The scheme of creating artificial lightning 
generators was that you charged up a bunch of capacitors, 
put an electric charge on them, and when full of electric 
charge, you had another series of conductors that were not 
connected; there were little gaps between them. When they 
got charged up sufficiently the voltage would jump across 
those, connecting them all in series, so that instead of— 
The energy is stored in them in parallel at a low voltage. 
When these gaps are closed by an arc and become a closed 
circuit, in effect, they connect all of these things. So 
if there is, let's say, ten thousand, the next one is ten 
thousand, it becomes twenty, thirty, forty, and this way 
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you get a hundred of them and you get yourself up to a 
million volts for a short time until these capacitors 
discharge through this big arc, which is at a million 
volts. And you have these things on insulators, contin-
ually higher away from the ground, so that when the spark 
goes you can contain the million volts and not have it 
short itself. 

Now, it seemed to me that I could understand, I 
wouldn't be behind as to the background, and some ingenuity 
was needed in figuring out how to take account of the fact 
that the million volts that you had, had this unstable 
relationship to the walls, the floors, the ceilings—every 
other piece of apparatus in the room, every other con-
ductor. Part of what you learned in mathematical physics 
of electricity was how to be quantitative about all kinds 
of electric effects. That was what the problems were 
about. And once I began to understand the theory and the 
mathematical tools from Smythe's course, I saw that I could 
use all of that stuff directly in this thesis. Without any 
more courses I had myself a thesis area with the head of 
the department, who had the most influence on budget and 
fellowships. So I selected my thesis. 

And remember, I did make good on the Smythe course; I 
got by in it. I was not one of the half a dozen people of, 
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say, forty— There were two separate classes in parallel 
because that course of Smythe's was taken by electrical 
engineers and physicists and some mathematicians and 
chemists and astronomers as well. The fundamentals of 
electricity being, of course, one of the five or six major 
areas that make up physics. But I had taken this on top of 
the prerequisites, so I knew that Sorensen was the one that 
I had, in effect, negotiated with. So he had to think 
highly of me, as I did of him, and I thought he would be 
good to work with. So I had my thesis. 

Now, I had to take care of the languages. 
PEASE: When had you decided— Did you decide on your 
thesis prior to your candidacy? 
RAMO: Yes. You have to do that because you have to put 
down—you have to present your ideas of what you would do. 
PEASE: So when did you start working in the lab? 
RAMO: My second year. I had candidacy as I opened my 
second year so I could have two years with candidacy to 
meet that three-year requirement of getting my degree, 
except for the languages. Now the last chance for the 
languages would to be pass an exam in French and German in 
September or October, the beginning of the fall quarter of 
the second year. The exam was given every three months. 
The reason why those exams were given and could be used as 
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a way to take care of your language requirements is that 
Caltech, of course, had a very large fraction of foreign 
students, foreign professors from all over the world, post-
doctorates and graduate students, and it would be absurd to 
take someone from France or Germany or someone from Europe 
in general or even from Asia, who is going for a Ph.D., who 
would have studied French and German elsewhere for several 
years, and ask him to take courses for several more years. 
One thing you could do was take a year or two of French and 
German, and if you passed them you automatically met the 
requirement. But if you didn't do that, there was an 
alternative in any case: you could just go and take the 
exam, a three-hour exam in French or German, in which you 
didn't have to speak it. There was no oral part of the 
exam. You didn't have to translate into French or German. 
They gave you journals and books, sections, and said, "Here 
for three hours you should translate these pages of this 
book and these pages of this journal and that ought to hold 
you for three hours and let's see how you do in them." 
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RAMO: They asked you what your field was; they wouldn't 
give an electrical major a chemistry book. So when I told 
them my field was electricity, they gave me some volumes on 
electricity and told me which page numbers to work on. Now 
I had prepared for the German exam in the following way: I 
got me a copy of [Charles Proteus] Steinmetz's famous book 
on the design of electrical machinery, synchronous motors 
and induction motors and transmission lines and so on, and 
with the aid of a dictionary I spent ten or fifteen minutes 
each night during the summer, on the average each night— 
most nights I should say. Ten or fifteen minutes was all I 
could stand; it was terribly boring. I also got me a 
little German primer, First Course in German, where I 
learned the dem, die, das, die; der, die, das, die, the 
articles. 

Then what interested me more, I wrote some German 
poetry like "Der fox hat hibber dem fence gejumped and hat 
dem chicken gekilt." I was much taken by the inversion of 
subject and predicate. And "Der fox hat hibber dem fence 
geleaped and hat dem chicken geheaten," or something like 
that. I would entertain my associates with my latest 
German poem. Nehmen Sie ein Platz, take a place, and hence 
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platzen Sie, which should be setzen Sie, seat yourself. 
Platzen Sie means explode yourself. So I was continually 
being corrected by my more learned friends as I manipulated 
all those words around. I had, of course, no vocabulary 
and very little sense of the grammar. I'd had, as to 
foreign languages, only three years of Spanish, when I was 
in junior high. Apparently, however, I was a natural code 
breaker. 

So I went into this German exam. I expected to flunk 
it, and I expected then to register for German and not be 
able to get through in three years and have my candidacy 
occur one year later. But since I had absolutely nothing 
to lose, not even some entry against my record, since they 
had to maintain this quarterly exam for all the foreign 
students and others, American students who had enough 
education in the languages and thought they could pass it— 

So here were these journals and books, handed to me, 
and I started to try to read them. What is common, of 
course, in all languages, electricity and mathematics and 
the principles of physics are the same. By guessing and 
then picking out a few key words that I had no knowledge of 
that seemed to be dominant in that paragraph; and then 
thumbing through, looking first in the table of contents 
and at the back in the index, and trying to see where those 
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words came up again, if they did; then trying to find those 
same words again and seeing in the context of the rest of 
that paragrah if I could guess; then speculating on what 
those words probably were in view of the subject matter and 
putting it together with the other words that I recognized 
that were the same in English and in German, I made a stab 
at that paragraph and put down some translated phrases. 
Sometimes I put dash, dash, dash; I just didn't have any 
idea, not even a guess, as to what was going on. Doing 
this with each of the journals, in an hour and a half I was 
finished with all I could do; there was no point in hanging 
around. So I handed in my paper, much impressing—I was 
the first one to hand in a paper at the end of an hour and 
a half—impressing the teaching fellow type of instructor 
who was on hand. Then I left the room. 

When I walked out, I crossed the hall in the Dabney 
school of humanities [Dabney Hall of the Humanities], I 
suddenly saw a sign like the one I had looked for for the 
German exam, (it [had] said: German Exam), and here it 
said: French Exam. I said, why not? So I went in, and 
there's the instructor, and he says, "You're an hour and 
half late." 

I said, "Well, I had to do the German exam." 
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He said, "Yes, but I'll have to give you the same 
amount to translate, three hours' worth." 

I said, "I just did the German, which is much tougher 
than French, in an hour and a half." So I said, "Of 
course, just give me the same stuff you would have given me 
if I'd come on time." 

He said, "Well, all right." He did, handing me a big 
batch of stuff to translate. I did the same thing, of 
course, with the French books that I had done on the 
German. Some article about the design of radio tubes was 
the toughest one to translate, but it seemed to be about 
the triode vacuum tube, one with three electrodes. The key 
word was electrodes you know and trois for three. There 
was some word in there about what I decided had to be an 
antenna, so I decided to call it an antenna. I think it 
turned out it was not an antenna; it was something else. 

After all this testing took place, I then went to 
dinner at the Athenaeum. [I] sat at the round table. If 
you got there early, you could sit at that round table 
below Millikan's picture. That was the place where the 
most fun in discussion went on. A number of the others 
present knew that I was planning to take the German exam 
without ever having studied German. But when I came and 
reported that I had taken both the French and German exam, 
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they thought this a hilariously, funny thing. They all 
thought it was amusing that I had the gall to do that. Of 
course, we all knew I would flunk. A week later there was 
a posting that showed that I'd passed both the French and 
German. 
PEASE: Was this a pass/fail type of examination? 
RAMO: Yes. Two days later—I think his name was MacArthur 
[John R. MacArthur], he was an elderly man who was head of 
the languages department—he found out that I had never 
taken any French or German and I'd taken both exams at the 
same time and I'd passed them both. He interested himself 
enough in it and looked at the exams, and I think he 
realized that generosity and carelessness on the part of 
the reader had caused me to pass and it actually was a 
pathetic performance. He said, "Of course, we will have to 
do something, but we won't do anything with regard to your 
record. You've passed both exams." He said, "You do have 
a natural aptitude in language, but I urge you to study 
both of those languages, to take some courses in them 
because you don't really have the elementary, the beginning 
facility that we really expect." 

The change that they made was that there had to be an 
interview in the language of three or four minutes before 
you'd be allowed to take the exam. And half of the 
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translating in the exam would be in the other direction, 
from then on. 
PEASE: You ruined it for everyone else. 
RAMO: I ruined it for everyone else. But no one else had 
ever thought to do this; everyone else really was properly 
prepared. 
PEASE: You'd solved it as a problem. 
RAMO: I had changed the relationship of language profiency 
to candidacy for the Ph.D. 

Since after graduation I went to the General Electric 
Company, a large company, a big industrial research lab 
that naturally had a translation department, all I really 
had to have was what I had. Because I could recognize 
whether an article was in my field and one that I needed 
and ask for a translation. The translation department was 
there for that; they wanted to do translations. 
PEASE: I'd like to digress a little bit and talk about the 
Athenaeum, where you were living. I know that this was a 
faculty club and also had a limited amount of housing for 
graduate students. In fact, in the catalog it describes it 
as having "twelve specially economical sleeping quarters." 
It seems to have been a place where there were scholarly 
and social events as well, which were open only to the 
faculty and people who lived there, graduate students. 
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RAMO: And even the world's best string quartets, courtesy 
of a Mrs. [Elizabeth Sprague] Coolidge. 
PEASE: Well, can you tell me about the atmosphere? Was it 
like a club? Was it a stark place for you? 
RAMO: Well, first I lived in the loggia, which was kind of 
sleeping porch on the top where there were a dozen beds and 
adequate showers and facilities and adequate lockers and 
chests of drawers for your clothes. So it was, to me, a 
plush place to live. Very good beds, and the weather was 
wonderful. And of course, the food at the Athenaeum was, 
let's say, best describable by my saying that I sensed at 
the time that I would, from the standpoint of ordinary 
living, I would never reach again in life the standard of 
living that I had at the Athenaeum. Because the Athenaeum 
was built by the Associates of Caltech. This was a group 
of a limited, invitation only, hundred and seventy-five 
members by charter, of the wealthiest people in the San 
Marino and Pasadena area, looking upon it as their private 
club, as well, of course, to serve as a faculty club. 

There were three tennis courts; there were a group of 
fifteen Filipinos, who were the professional help, aided by 
student waiters. They would hand you a towel, in the 
showers that were in the basement for the tennis players 
when you came out of your shower. The real members, who 
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paid a thousand dollars a year (which is like ten thousand 
dollars now), also gave other funds to Caltech. There 
were, are, two dining rooms: the main, regular dining room 
and perpendicular to it, with doors that open, making an L-
shaped common room, so that a speaker could be at the 
center talking to both groups, was the so-called Hall of 
the Associates, it was named. It was a room that had a 
grand piano, had a closet where I kept my violin while I 
lived there. The associates would come in, and they would 
eat in that Hall of the Associates, most often in black-
tie. Wealthy dowagers with pearls and beautifully attired. 
So it was for them a top-class club, and they wanted and 
they had an outstanding chef. 

PEASE: This was a seven-day-a-week club, someplace where 
everybody would come for luncheon? 
RAMO: Yes. Lunch was the main meal on Sunday, and it was 
later. There was a lighter supper Sunday evening. Sunday 
morning was limited breakfast; it was just juices and 
cereals, but the rest of the week you could get anything 
you wanted in the way of eggs. I used to enjoy the menu 
that spelled out different kinds of toast and every kind of 
eggs, there was a price to go with each. I used to enjoy 
changing the numbers upon occasion to make a point. They 
would have, you know, french toast at a certain price or 
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eggs—omelette; eggs—fried; eggs—boiled; shirred eggs and 
so on and then it said, eggs—any style, which was a kind 
of unnecessary item. I thought that item should be cheaper 
because that meant if you didn't care what kind of eggs you 
got you should get it for less. The Athenaeum's food was 
fancy cooking and beautifully served. In the last couple 
of years, under some gifted new management, the Athenaeum 
has become again a gourmet restaurant and is one of the 
best in the Pasadena area. 

PEASE: Let's talk about your class with Professor 
Lindvall. This class was called Engineering Problems, and 
as I understand it—I'm not really clear where you took 
this class during your tenure— 
RAMO: The last year. 
PEASE: Oh, it was your last year. He has described it as 
being not all electrical engineering and not all mechanical 
engineering. In a sense it was, if you could draw an 
analogy, a case class. He would take problems that he 
would write up after having read about something in a 
newspaper or something in a journal. Could you tell me 
about this class, its structure? 

RAMO: Lindvall had graduated from Caltech with a Ph.D. and 
gone to General Electric for a couple of years, where he 
ran into what they called the advanced course, for selected 
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new employees of General Electric, the brighter ones. 
Everyone took classes of one kind or another, sales or 
accounting or business administration and management, 
various kinds of engineering; but the super deluxe, top-
level high technology for the technical whizzes was the so-
called advanced course. The way that course was handled— 
it was a three-year program—was that every week a new 
problem [was] put forth. There was always a supervisor for 
the course, but they mostly depended upon guest lecturers. 
A practicing engineer would come in, and he'd talk about a 
problem that he was working on or had worked on that he 
judged to be suitable for the homework for this class. A 
real life problem is never properly characterizable as 
being an electrical engineering problem or a mechanical 
[engineering problem]. 

You may have in mind, for example, amplifying an 
electric signal in a particular way, perhaps to get greater 
amplification than previously, and to do it with the 
minimum of distortion of the signal. And let's say you 
propose to do it in a way that looks as though it will 
work, but it turns out the real problem is with the ef-
ficiency. The electrical power you're putting in to 
operate the apparatus is utilized to enhance the signal. 
The signal may go from absolutely imperceptible to 
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something readily useable and in the level of microwatts, a 
millionth of a watt. But you may have the device to do 
this plugged into the hundred-and-ten-volt line that is 
consuming five hundred watts. Where is all this power 
going? It's going into heat and it's burning the device 
up. So it turns out the real engineering problem is a heat 
power problem. How are you going to take care of that 
excess heat that's generated by the nature of the process? 
You have no interest in this heat issue as an electrical 
engineer. You're trying to amplify electricity. Or, maybe 
the problem is one of materials, in which the structure 
tends to crack. 

So, in real life problems, you don't know what all the 
intellectual disciplines are that you're going to have to 
employ to solve the problem. You may run into many phe-
nomena in physics that you have to deal with in order to 
make the equipment operate, or to see if the design is 
practical. In the course of trying to invent something, 
you must consider all these factors. That is exactly the 
kind of thing that is, even today, usually not taught in 
universities. 

It's like the difference between drawing in architec-
ture and understanding something about forms and shapes and 
handling the problem of a client who turns out not to have 
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the funds for the house you designed. Or it's like the 
bedside manner problem of a physician. In engineering, the 
big issue is that real life problems are not, "given this 
and that relationship that you have been taught about, that 
applied to these limited physical phenomena, find some 
numerical value (put a number on it). Like: how thick 
must a beam be if it's going to carry a load of a certain 
amount and it's supported at the ends and it's made of 
certain materials." 

PEASE: So, Lindvall comes back to Caltech— 
RAMO: Comes back to Caltech and takes some of those 
problems from GE and starts teaching a course. Then, of 
course, over the years he augments this; he cooks up 
problems of his own. But here is, at last, a course that 
is very, very puzzling and very informative to typical 
students anywhere. Consider one example of a Lindvall 
problem: The generators in a particular city are producing 
flickering lights. Why is the light flickering? They're 
sixty-cycle lights, but they flicker. There's a generator 
burning coal, and you're generating steam and you're 
running a turbine which is running a generator. The wires 
go out to this little city, and the lights are flickering. 

Well, a hint (which is what you have to give to the 
students because they haven't the slightest idea why the 
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light flickers) is that in the coupling between the steam 
engine and the electrical generator there is, unfortu-
nately, a resonance. It accidently is tuned to vibrate in 
its structure at sixty cycles. That vibration occurs at 
certain speeds. It's like when an auto tire is slightly 
imbalanced as to center of gravity you will feel a vib-
ration of the steering wheel. In that Lindvall problem you 
have to figure out how you're going to determine what the 
resonance is and what to do about it. 

PEASE: You wrote a paper about this problem, didn't you? 
RAMO: That's why I remember that particular one. 
PEASE: Is this "Alexander Botts, the Tractor Salesman"? 
RAMO: Yes. 
PEASE: Could you tell me about that? 
RAMO: Well, I decided to submit my problem answer in the 
form of an Alexander Botts tractor salesman story. I 
originated, in my story, the three J company, the Junky 
Jerky Jenerator Corporation, that employed Alexander 
Findaflicker. And he was sent out to Neodesha, Kansas. I 
produced a before and an after picture of Neodesha from 
photos of ruins I'd cut out of various magazines. One was 
of a stonish old building, something that resulted from the 
explosion occurring after he applied his improper solution 
to the thing and everything went awry. As was true of the 

120 



Alexander Botts tractor stories—you're too young to have 
ever read them— 
PEASE: Well, as I understand, this was a style typical of 
the Saturday Evening Post. 
RAMO: The Saturday Evening Post. The man [William Hazlett 
Upson] who wrote those stories was a very popular writer, 
and that's all he did. About every six or seven weeks the 
Saturday Evening Post would have one of those stories, and 
as a Saturday Evening Post salesman, delivering Saturday 
Evening Post's, as the entrepreneur running my little 
business when I was twelve, thirteen, fourteen, I knew that 
when an Alexander Botts story appeared, you could sell more 
Saturday Evening Post's. Some people would specifically 
ask whether the issue had an Alexander Botts story; he was 
very popular. 

This inept fellow always got into trouble. The story 
always consisted of letters back and forth from the home 
office to Alexander Botts. They would send him out to sell 
a tractor, and before he finished he was involved with the 
customer's daughter, and everything else went wrong. Like 
the original Botts, my man Findaflicker introduced various 
wrong solutions, and finally the home office took over and 
sent somebody else out there and having solved the problem 
they crossed out one of the J's of the Junky Jerky— I 
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created a stationery with a circle with the three J's 
overlapping: Junky Jerky Jenerator Company. They elimin-
ated the Jerky, but it was still Junky. [laughter] 
PEASE: So you in essence turned in a paper that was 
written in a narrative, that was illustrated, complete with 
a letterhead. 
RAMO: Yes. 
PEASE: What motivated you to do this in a serious, puz-
zling and demanding course? 
RAMO: Well, it was fun; I guess I needed an outlet (that I 
now take care of by writing books about how to play 
mediocre tennis). It'd never been done before and it just 
fitted with something in my background that stuck with me 
from the old Saturday Evening Post days. 

Then what happened was that there was a controversy 
about this suddenly. Not of major proportions, but 
Lindvall naturally showed this copy around. He put gold 
stars on it. This was a pass or no pass course. And when 
the General Electric man came around for interviews, 
Sorensen had it on his desk and he had introduced it into 
the little meeting preceding each interview. So when he 
talked to Maynard M. Boring, the GE personnel man, about 
me, he mentioned both the violin and as an illustration of 
the kind of individual that I was—and I think Sorensen 
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regarded it as a plus— But I remember [Francis W.] 
Maxstadt for some reason thought that it was a little bit 
too jocular and not taking seriously the course to— 
PEASE: Who thought that? 
RAMO: Maxstadt—he was a professor that I guess I've lost 
track of. He probably isn't alive; he would be too old. 
He would be in his nineties if he were alive. Although 
Fred Lindvall is certainly in his middle to late eighties 
by now. 
PEASE: He's very vigorous, I talked to him on the phone 
yesterday. 
RAMO: Yes. But Fred Lindvall liked my story, and Sorensen 
liked it. But there was a little discussion about doing 
that sort of thing. You see, I think Maxstadt's point was 
that the instructors, the professors are very busy—they're 
doing research; they've got papers to look at—and it's 
presumptuous and immature and kind of a nuisance to force 
the professor to read a whole big exercise with lots of 
pages to get at whether or not you've done your homework 
properly. My story included the home office's sending 
their correct solution, their engineer's solution to 
Alexander Findaflicker at the end, but you didn't know that 
when you first started reading. A professor could be 

123 



forgiven for wondering when is this character going to get 
to handing in his homework or what is he up to here? 

So I was a bit concerned that Mr. Boring might not 
have a sense of humor. When I was in Sorensen's office a 
day before, in connection with my thesis work, I knew that 
Sorensen was working on having available for Mr. Boring a 
paragraph here and there or some notes about each of the 
graduate students that Boring would be interviewing. I saw 
this report again from Lindvall's file back to Sorensen's 
desk. Well, I put two and two together and figured he was 
going to show it to Mr. Boring. And being mischievous, I 
came in with a group of reports and journals in my hands 
that I plunked down on top of my story. I planned to take 
that report out with me when I picked up the pile to leave, 
[laughter] Sorensen noticed that it was missing right 
away, because apparently he had intended to say something 
about it, and it was not on the desk. And he saw my pile 
there and he said, "Oh, by the way," after I got to the 
door, "leave the—" He said, "I think you've accidentally 
picked up something I had on the desk there." And I took 
it off the bottom and put it down without a word. 
PEASE: Do you still have that report? 

RAMO: I don't think so. I'm not big on keeping things 
like that. As you move around you have to keep discarding 
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stuff that you think maybe you ought to keep. The pile gets 
bigger, and pretty soon you say, let's get rid of the whole 
shebang, and that's what I do. 
PEASE: I'd like to talk about some of your fellow stu-
dents. I have several names here; with the exception of 
one, Dean Wooldridge, I don't really know that much about 
their relationship with you, although I know they were all 
pretty outstanding people. And I was wondering if I just 
mentioned one by one you could comment on them and talk 
about them. 
RAMO: Yes. 

PEASE: The first is a James Wilson McCrae, who came from 
British Columbia. Many people think that you and he were 
amongst the two top students of your time. 
RAMO: Well, I think it is often said that the electrical 
engineering (E.E.) majors—and we sort of adopted 
Wooldridge, who had an exceptional interest in and liking 
for, as did Willy [William] Fowler, who most recently got 
the Nobel award—for the double E's. That particular 
double E group, from the standpoint of records afterwards 
and the standpoint of the way we were perceived, was 
perhaps the most outstanding double E class all in one 
chunk they've ever had at Caltech. Perhaps the Depression 
caused more people to be available at that time for 
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graduate work, who would have gone on for the Ph.D. I 
would have gone to work for General Electric research lab 
had they hired me with a bachelor's degree. The doctorate 
became important for me to consider when it was clear there 
were just not going to be any jobs in the country for 
anybody with a bachelor's degree coming out in 1933. 

I was in a hurry to get on with my career and I didn't 
think of teaching as a first choice. I associated the 
Ph.D. with preparing for teaching because the professors at 
the University of Utah had Ph.D.'s and I thought if I were 
going to do a thesis for research, the big issue in getting 
a Ph.D., I would sooner do professional research among 
professionals out in industry in the leading research labs. 
The large number of available graduate students made it 
possible for Caltech to be very choosy. 

There was also, with the exception perhaps in my 
case— Caltech was perceived as representing—and this was 
true for many years—as representing the new wave of what 
you ought to be doing in graduate work. And it took years 
before the other strong universities moved around to where 
engineers in graduate work were more heavily involved in 
real frontier science and mathematics, the tools and the 
science underlying engineering. So that the competition 
was very great, and those of us that survived, those of us 
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that were candidates and went on to get our degree, were 
well above the average for that kind of mission in life. 

McCrae was an example. His work at Caltech perhaps 
disclosed that originality—creativity, invention—was not 
his strong point. Mac could get high grades in any subject 
that he took and he was especially personable and es-
pecially understanding of and interested in people, so that 
I would say Mac was easily the most popular from the 
standpoint of someone you'd like to be with. Not sur-
prisingly, Mac went into executive work very early, and I 
would say he would have been the candidate for the chief 
executive of all of AT&T [American Telephone and Telegraph 
Co.]. But as you probably know, he went—I think even 
before he reached fifty—all of a sudden, on the street, 
with a heart attack, a massive heart attack, and was gone, 
with no previous medical history. Except I think we 
learned afterwards that maybe he had had rheumatic fever as 
a youngster. He married Wooldridge's sister; so he was 
very much in the family. That's McCrae. 

Now you're going to ask me about— 
PEASE: I'm just jotting down about his marriage to 
Wooldridge's sister. Bill [William] Pickering: he was a 
physics grad, as I understand, but was he also a part of 
this group? 
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RAMO: Well, Pickering was really an electrical engineering 
major and physics minor, just as I was. But he worked on 
instrumentation and cosmic rays directly for Millikan. So 
his thesis was more clearly in the physics category rather 
than double E. And I mentioned in connection with McCrae 
that creativity was not his strong point. One doesn't 
think of— Because I'm getting ready to talk about Johnny 
[John] Pierce, who was the other way around. Some people 
think of the genius type in something like electricity as 
naturally being like Edison or maybe Steinmetz, capable of 
pushing forward the frontiers in terms of having special 
insights in science and technology. I didn't think of 
McCrae when he was doing his thesis nor in his later career 
as one who would accumulate a large number of patents and 
who would create new intellectual disciplines. Mac was, as 
I say, so intellectually able that he'd get, to repeat 
myself, a high grade in anything. But he was a people 
person. Pickering was more the gadgeteer, the more highly 
technical type, who seemed to be happiest—very quiet—he 
seemed to be happiest when he was involved in his measure-
ments. And so he was a harder person to get to know. 
PEASE: John Pierce has been described as sort of a genius, 
as someone who could do lots of things, is full of ideas. 
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RAMO: Well, Johnny is the inventive, creative type. This 
was apparent at Caltech. While that was apparent, he was 
not the highest grade man. This was, however, even to me, 
as well as to the faculty, easily explainable. 

Typically, what would happen would be [that in] let's 
say a math exam— I remember a course that we all took 
called Advanced Modern Analysis. It was in our third year, 
not required, but we wanted to get ourselves involved with 
some of the big brains in math. So, Morgan Ward was one of 
those unusual professors, and he would lecture about 
special topics in mathematics. The reason for the use of 
the word analysis? These topics did have to do with tools 
of analysis, useful in applied work, rather than pure 
theory in mathematics. And the first exam—I don't think 
he gave a midterm—a three-hour exam, he put a half a dozen 
problems on the board. They were problems in which, unlike 
Smythe, you had a chance of doing them in twenty or thirty 
minutes if you knew your stuff and doing them properly and 
going on to the next one. 

Johnny, typically, on that exam did what he usually 
did. He looked at those six problems, and one interested 
him. And he would sit there and go off into various angles 
of the problem forgetting there were five others. And 
there was a reason why it interested him. There was 
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something offbeat about some aspect of the problem, perhaps 
the possibility of an interpretation of what the problem 
was that would not be the ordinary. 

As you know, you run into people who, whatever you say 
to them, will find a twist to show that you have been 
unclear, that there's a double meaning to your statement 
that you were unaware of. They're the kinds of people who 
will, when you say, "Well, the last time we met," and 
they'll say, "Excuse me, that couldn't have been the last 
time, because here we are meeting again. Perhaps you mean 
the latest time?" 

In mathematics there's still that point of view. 
Einstein is said to have had a very difficult time with the 
elementary idea— His teacher thought he was awfully 
stupid, hopeless in mathematics when he didn't immediately 
understand that, of course, a straight line is the shortest 
distance between two points; if it's not straight then it 
wiggles, presumably, and that obviously is longer. And if 
you take a piece of string and stretch it, it would take a 
longer piece of string to get any curves in it. So what is 
there to understand? Well, Einstein would say, but if 
you're talking about two points on a sphere, then the 
shortest distance is a curve, so that it depends on the 
basic geometry. But he was too young and little and 
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inarticulate to be able to explain what was bothering him. 
But he saw, you see, something in it that others didn't. 
That you cannot say that a straight line is the shortest 
distance between two points unless you say what is the 
geometry in which those two points exist. 

Those things were always bothering Einstein, and the 
same thing was true of Johnny Pierce. At best he could get 
a grade of 16 2/3 if he did well on that one problem. He 
didn't even touch the other five problems, so he was 
flunking out. 

On his thesis, he would start a thesis and then get 
interested in something else. There was a problem of the 
faculty getting him through an adequate thesis. 
PEASE: He was just unconcerned, then, with whether he was 
meeting the— 
RAMO: He was concerned. He was concerned because he would 
come around and talk to me. He was concerned about his 
rating and how he was perceived and, asking, "What am I 
doing wrong?" But all us students knew he was a genius, 
and so did the faculty. And they pressed hard for him to 
be given an invitation by Bell Laboratories because they 
felt that would be a good place for him. 
PEASE: William Fowler, often known as "Sonny Boy." 
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RAMO: Well, Willy Fowler and Dean Wooldridge were the two 
shining lights getting their Ph.D.'s with a major in 
physics. They had all of the requirements; they did their 
theses superbly—difficult theses done solidly, all the 
right steps being taken. They would get the top grade in 
every course that they took. And Wooldridge received one 
of the very rare fellowships that were around. He was 
supposed to go to [University of California] Berkeley as a 
postdoctorate. They were just starting their cyclotron 
efforts to get some really potent atomic particle col-
lisions to see what goes on inside the nucleus. But Bell 
Laboratories came around and made him an offer that he 
finally decided he had better take because it offered more 
money. Wooldridge had decided to get married; he was the 
first of the whole group to go the marriage route. 

Willy Fowler stayed on to do research at Caltech and 
became a member of the faculty. Fowler was clearly a 
pleasant fellow [whom] everyone liked. Unlike McCrae, who 
was also very popular with people, Fowler was not so 
interested in people. I don't mean that Fowler had a 
disinterest. I mean McCrae was just very exceptional. You 
knew that McCrae, if he went to a university, would become 
quickly the dean of students or something like that, before 
becoming president. He was the one you sought out if you 

132 



wanted to discuss a personal problem. But Fowler was not 
an introverted person; he was adequately extroverted. And 
he enjoyed being with others. 
PEASE: What about Dean Wooldridge? I want you to tell me 
when you first met him, describe him in maybe a little more 
detail. 
RAMO: Well, I first saw him when he stepped to the board 
to do one of those problems the very first day in Smythe's 
class. 
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TAPE NUMBER: IV, SIDE ONE 
JANUARY 25, 1984 

PEASE: Dean Wooldridge. 
RAMO: Dean was one of the students that went up and put on 
the blackboard a solution to one of these problems that I 
didn't even understand the objective of, let alone the 
solution of. [He] did it with ease and dispatch, tossed it 
off as thought it was absolutely no trouble at all. I 
didn't know at that time that Dean, almost exactly my age, 
actually got his master's in four years at the university. 
I only got a bachelor's in those four years. He, like me, 
had skipped grades, a couple of years' worth. And when I 
got to know Dean, I wondered not how he managed to get a 
master's in four years, but rather what took him so long? 
And I got the explanation. The explanation was that he had 
first enrolled in law or business school and shifted to a 
major in physics rather late, and that's why it took it him 
four years to get his master's as well as his bachelor's. 
So he had had all of the prerequisite introductory mathe-
matical physics work. 

Dean could, again, take any subject and get the 
highest grade. Creativity and originality was not Dean's 
strong point; analysis was. Whatever was the problem, 
whatever was the situation, Dean would make a cold analysis 
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of it and always be right. He was not a person that would 

come forth with radical departures, bold ideas like Johnny 

Pierce who was the inventor and the creative person of the 

group. 

Dean's ability to understand anything and everything 

applied to people and management situations as well, but he 

was not as a person the outgoing type. Many people, not 

understanding Dean, would just judge him by his appearance, 

the way he expressed himself and the initiatives he might 

take in a conversation, [and] would think of him as rather 

cold and perhaps make the assumption that he didn't under-

stand people relationships. But he understood every one of 

them with ease. He was simply basically modest with regard 

to pushing himself into the privacy of other people's 

business. In management, in effect, you're doing a great 

deal of that. You're sizing up people; you're discussing 

things with them; you're influencing people. 

He seemed more serious than he was. The fact is, 

Dean, in his own way, had as much of an exaggerated sense 

of humor as I. But Dean would not stoop to writing up an 

Alexander Findaflicker story as the solution to a problem. 

I think Dean would have regarded that as a bit obvious and 

corny. 
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On the other hand, Dean did not have, as I had, the 
problem of facing up to the fact that I didn't have any 
spending money for a couple or three weekends, despite 
doing a dollar-an-hour assisting consulting for professors 
to go with my free board, room, and tuition. I often 
didn't have money for a date and I said to myself that this 
is ridiculous, a man of my accomplishments being this 
destitute. And at that time in the Athenaeum, on a table 
in the lounge there, there were copies of a number of 
magazines, including the British Punch. But the two 
leading American humor magazines were Life and Judge. 
(This is before Time, Inc., bought Life just for the name 
and its circulation list.) Life was a humor magazine and 
so was Judge. They had cartoons, they had jokes, they had 
special columns. And in Life magazine there was "Queer 
Respondence," in which, if you asked questions adequately 
stupid— A dumb question deserves a dumb answer, and this 
wit who wrote up this column would select your question, 
you'd receive twenty-five dollars. 

I looked at that and I decided I should be able to do 
that and in some future time I'd have twenty-five dollars. 
(That would cover five weekends of dates luxuriously in 
those times.) So I sent in a question: what would chairs 
look like if your knees bent the other way? Later, for the 
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other magazine, that had a silly invention column, I sent 
in an invention of the hollow cake of soap, so that when 
you used it all up you don't have that little piece left. 

Now Dean would never have lowered himself to do 
something like that. But if Dean were pressed—if you 
challenged Dean, for example, to come up with equally 
stupid questions—he could do it. He didn't have the 
desire or the taste for that sort of thing, but he could do 

PEASE: Scholarly and serious. 
RAMO: But actually with a very broad sense of humor. So 
that the truth is, when he got up to give a lecture, he 
would get off some dry humor that everyone was listening 
for and hoping he would come back to and do again. He 
would toss them in with a straight face. 
PEASE: Would you say that he's glib? 

RAMO: No. Never glib. Not Dean Wooldridge. I could give 
the impression of being glib. If I was not actually glib I 
could certainly do a good job of it, at least in those 
days. No, Wooldridge was— 

The best way to describe him in relationship to me was 
when Time decided to do a cover story on us back many years 
ago. They had two of us to deal with, and so they had a 
cover with two faces, which is not common. I'd say each of 
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us was a half of a Time cover face. I speak of a "half-
faced" cover (which gives you again an idea of humor that 
Wooldridge would never stoop to: that class of pun). But 
here were the two us. 

Now strangely, in our relationship I tended to have 
such a dominant interest in the highly scientific and 
technical and was not really primarily interested in the 
administrative and handling the supervision of the finan-
cial side of the house. I had grown up with my father's 
store and I had kept books and I understood overhead and I 
just had decided business was not as much fun as science 
and engineering. And so when Wooldridge and I came to-
gether, even though at Hughes [Aircraft Company]—by the 
time we left I was vice-president and director of oper-
ations, which included the science and engineering and 
manufacturing, and Wooldridge, then—we had been co-
directors of research and development—Wooldridge remained 
as the head of research and development, which made him 
seem the science type and me the higher-executive type. 
When we started Ramo-Wooldridge Company I suggested that he 
should be the president. That made me available for such 
things as directing the ICBM [intercontinental ballistic 
missile] program, which initially became the big mission of 
Ramo-Wooldridge Corporation. 
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But Time magazine looked at the two of us and talked 
to the two of us, and they decided that they must picture 
him as the introvert and the pure scientist and I as the 
businessman, more outgoing, who was tying things together. 

He looked like the kind of person you would expect 
would write books and stick to science. But he had not 
written books; I had written books. He looked like the 
kind of person who would go off to universities to give 
lectures and maintain tight communication with the academic 
world. I had done that. They just couldn't believe it was 
credible to look at the two of us that way. So they wrote 
it up in this distorted way, and they chose the cover 
relationship. So what I'm saying is Dean could fool 
people. 

PEASE: Was he someone— Well, let's not belabor that 
right now. I would like to talk about this whole group a 
little bit more. Was everyone here living in the Athenaeum 
at this time? 
RAMO: No. 

PEASE: OK. Most everyone? We're talking about McCrae, 
Pickering, Pierce, Wooldridge— 

RAMO: I don't know where Pickering was. Pierce lived at 
home; he was a Pasadena resident. He was a Caltech 
[California Institute of Technology] undergraduate. There 

139 



was another man by the name of Moses Widess and another man 
by the name of Louis Pipes, who had been Caltech 
undergraduates. Pipes became an outstanding Harvard 
[University] professor. Widess went on to become an 
important geophysical engineer in Texas, where he did a lot 
of pioneering work on the new techniques of examining 
what's below the surface by analyzing the echoes that come 
back. 

McCrae, we know, went to Bell labs and then AT&T. He 
was a vice-president of corporate AT&T at the end. 

Wooldridge went to Bell labs and then back to Ramo-
Wooldridge. 

I went to General Electric research labs. 
Pickering remained in academic work and as the war 

came on went into [the] Jet Propulsion Laboratory and 
became its director later. But he went on doing cosmic ray 
research with Millikan. 

PEASE: Here you are: you're all in school. Are you 
socializing with one another? Are you spending a lot of 
time— 

RAMO: Yes. The reason why Fowler and Wooldridge associ-
ated themselves with the double E's— There were others 
that had that potential, because we were taking certain 
courses together, out of physics and mathematics, for that 
matter. The reason for the association is that the double 
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E's had something special. We were a group that did more 
socially with each other. We would go to the beach with 
dates. And even the most introverted, like Johnny Pierce, 
you know, we took him along; he was a member of the family. 
We were kind of a close family. 

PEASE: Weren't Fowler and Wooldridge competitive to some 
degree? 

RAMO: In the sense of which is the most brilliant. They 
were both summa cum laudes; they were the two outstanding 
men in the class. Their thesis work was under different 
people: Fowler with Charles Lauritsen and Wooldridge with 
Smythe, in quite different aspects of physics. That word 
competition is kind of new to me as regards Wooldridge and 
Fowler. I never thought of it that way because they were 
both such outstanding people and so mature [that] there was 
no pettiness about the competition. Neither of them wished 
the other a lower than top grade out of competitive spirit. 
They both took their position as the top people in physics 
for a number of years. I mean, it took years before people 
would quit speaking of the Wooldridge-and-Fowler top level 
that everyone aspired to be regarded as being on as a 
doctorate student. 

PEASE So in other words, this whole group of people not 
only studied and worked together, you ran together as well. 
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TAPE NUMBER: V, SIDE ONE 
FEBRUARY 15, 1984 

PEASE: Dr. Ramo, during our last session we talked at 
length about your experiences at Caltech [California 
Institute of Technology] and had pretty much taken you up 
to the point where you were about to graduate and go on to 
your first job at General Electric. Before we do that, I 
would just for a moment like to go back and discuss one or 
two things that have to do with both your personal life and 
with your working style. Now, as we also discussed, 
Caltech at that time had many, many seminars in most of the 
disciplines that were being taught in that area. Many of 
them were conducted weekly. Sometimes guest speakers, 
often graduate students, would be presenting them. Now in 
both January and April of 1934, which was your second year 
at Caltech, you conducted two of your own seminars in the 
area of electrical engineering. The first was called "High 
Voltage Measurement, Part II" and was presented with a 
Gilbert McCann. And the second was "Wave Forms of Surge 
Generators," which you presented individually. What I'd 
like to ask you about these is if you could tell me a 
little bit about how these subjects were selected and how 
collaboration at this point in your life differed from 
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working alone, with respect to both the amount of time you 
invested and the intellectual process that was involved. 
RAMO: Those seminars really related to the subject I had 
chosen for my thesis. Professor Sorensen was one of the 
world's top experts in high voltage engineering, and I had 
decided that I would prefer to do my thesis under him. I, 
therefore, was busily engaged in finding all the time I 
could to read the literature looking for suitable subjects. 
I had tentatively, by that time, decided that the measure-
ment of very high voltage was what I would attempt. 
Caltech was equipped with one of the very few high voltage 
installations. It was possible to get sixty-cycle elec-
tricity up to about a million volts in their high voltage 
laboratory. It also made sense for Caltech to create an 
artificial lightning laboratory that would produce voltages 
of the order of a million volts. Those seminars did not 
involve any original effort on my part; I was simply 
reporting, in effect, on what seemed to be the frontier 
fields in high voltage engineering: where did it stand? 
For example, to what extent had others managed to create 
high voltage artificial lightning pulses—meaning short 
duration high voltage as distinct from sixty cycles, just a 
pulse? How did they know that they had a million volts? 
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What crude techniques, or what techniques which happened to 
be relatively crude, existed? 

But I'm sure in those seminars the collaboration was a 
minor thing. There were several students. There was a 
Jessie Hobson (who has sinced passed away); there was 
McCann, already mentioned—Gilbert D. McCann, who became a 
professor at Caltech. There was Louis [T.] Rader, who went 
on to head the computer work at General Electric and at one 
point was the head of Univac and ended his career as a 
professor of electrical engineering, I think at the Univer-
sity of Kentucky: a distinguished electrical engineer. 

That group of Hobson, McCann, Rader, Ramo were all 
with a year or two separating us; Hobson was first by one 
year, I came next, and then Rader and McCann were the 
following year completing our work for the doctorate and 
doing our theses in the high voltage laboratory. So, we 
talked a great deal [amongst ourselves] as well as with the 
professor. But those seminars were not a report on col-
laborative work, really. I think I'm now able to recall 
that probably McCann and I shared the presentation of 
material because he was also trying to understand the same 
kinds of things that I was. 

PEASE: You were required to present one or two seminars 
prior to graduation— 
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RAMO: Well, but that was the first year. There was 
certainly no requirement to do a seminar presentation the 
first year. So I might have been a touch precocious in 
that regard. But I'd done this work and the department 
head thought it would be a good topic, so he suggested that 
I present it. 
PEASE: Were you the initiator of these sequiturs, or did 
Sorensen— 
RAMO: Well, first, let me say: this is minor, what we're 
discussing now; it's really hardly worth discussing. It is 
not a big thing to give a seminar. It is a different thing 
to be, say, Robert Oppenheimer and give a series of sem-
inars, but for a graduate student to give a seminar in his 
work was quite a common occasion. If you were doing 
graduate work, you very frequently would be invited to get 
yourself set to make a report on some of the things that 
you had been up to, independent of the classwork. 
PEASE: I guess the point I was trying to get at was 
whether you saw yourself at this time as one who preferred 
to work individually, or was comfortable in a col-
laboration . 

RAMO: The thought never even occurred to me, probably. 
There was a doctor's degree to get; there was a thesis to 
do. It was common that the more important theoretical and 
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experimental work involved a certain degree of collabo-
ration. You see, in a million-volt laboratory the creation 
of a million-volt lightning generator, getting it actually 
to exist, involved a certain sharing of effort, all con-
ducted by Professor Sorensen. He would assign some stu-
dents to doing this part and some to doing another part. 
I, for example, worried more about measurement than about 
the creation of the million-volt generator whose voltage I 
was going to measure, although I participated in that. 
There were things to do, both analytically in design and in 
the laboratory. Graduate students would do a good deal of 
the mundane work of connecting things themselves, of 
assembling things. This was the recession period, and 
there were some acronyms for the government funding, so 
much an hour. If you were a student you could get on that 
list if you had a need and you'd do everything from car-
pentry on up. There were undergraduates assisting us in 
assembling all of the apparatus in accordance with our 
plans. The graduate students were more inclined to be 
doing the plans than they were to do the connecting, but 
there was some of everything going on. 

PEASE: It was in this facility that you asked your wife, 
Virginia, for her hand, isn't that right? 
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RAMO: Well, it was sometime after I subjected her to the 
demonstration of a million volts, that's true. One of the 
more impressive things I could do was create some awfully 
big sparks. 
PEASE: Could you tell me when you first met her? 
RAMO: Well, I met her through someone whose name I had all 
the way from Salt Lake City, that I ran into, and others 
that were at Caltech, [who] lived in Pasadena— There were 
two or three of the graduate school group who actually were 
residents. Well, Johnny Pierce was one. But through some 
of the other young people that I simply ran into in 
Pasadena— I guess, the first time I ever saw her I was 
with someone who was dating her and whom I had met and who 
wanted me to see her. She was someone you'd brag about if 
she were your date. 

PEASE: Is this during your first year? 
RAMO: This was during my first year. My first date with 
her was at the end of the first year, when I had need for a 
date to a party. It was also, I think, my first date in 
the Pasadena area. I'd gone to a number of house parties, 
but not on an actual date— First of all, there was a 
problem of money. I had free board and room and tuition 
but no spending money. Haircuts and clothes and so on came 
down to the dollar-an-hour consulting aid to the 
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professors, from which I managed to eke out fifteen or 
twenty dollars a month in addition. 

[Material deleted: Mr. Ramo repeats almost verbatim 
text from pages 136-37 describing how, as a student, he 
submitted joke material to Life and Judge magazines.] 
PEASE: Well, did your success with these magazines give 
you enough fiscal resources to launch your social career? 
Is that what happened? 

RAMO: [laughter] Well, I don't think I should connect it 
quite that well; but I do remember that money for dates was 
a problem, no car was a problem, and time for dates was a 
problem. Even today, among the undergraduates, Caltech 
considers that it has a severe problem in the date depart-
ment. Some years ago at Caltech they abolished grades for 
the freshman year. Because—talk about bookworms—we used 
to refer to the undergraduates as snakes. The grade 
competition was such that the students weren't doing enough 
extracurricular activities. The Caltech undergraduates of 
that period were required to take more humanities and 
social science than was true, in general, of engineering 
schools in the United States. Caltech pioneered in that. 
And that was fortunate because— 
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PEASE: Did you feel that competition your first year at 
Caltech? 
RAMO: Well, I felt an absolute inadequacy at first. I 
think I mentioned that I had totally underestimated how 
difficult the work would be and how much more preparation 
than I had come with was needed to do as well as I was 
accustomed to doing in my undergraduate work. So, for one 
thing I was worried during a good part of that first year 
that I had undertaken something that I'd have to retreat 
from. 
PEASE: Did this manifest itself in your not going out, not 
spending much time— 
RAMO: Well, between not having money and being in an 
environment that wasn't automatically conducive to that— 
It would have been one thing if everybody else was busy 
going to dances and whatnot. There was no such activity 
among the graduate students at Caltech; it was an Einstein-
[Paul S.] Epstein-[Theodore] von Karman— 
PEASE: Meat grinder. 

RAMO: Well, it was a research institute. 
PEASE: How long did you know your wife before you married 
her? Was it another full year? 
RAMO: No. We got married a year after I finished at 
Caltech, so— She had a year to finish at USC [University 
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of Southern California]. I went back to Schenectady; we 
were engaged. [I spent] my first year at General Electric 
and then came back, to get married in the summer in Beverly 
Hills after my first year at General Electric. So that 
would be like three and a half, almost four years [before 
we married]. 

PEASE: I'd like to, if we could, return to your interview 
with Maynard M. Boring of General Electric. And I must 
admit I had a great deal of trouble with this name. But 
there's something that's been bothering me, as I began to 
research— 

RAMO: It [the name] looks like a name someone, like 
Dickens, would invent for the purpose. 
PEASE: Yes, it does. At any rate, in looking over the 
transcripts from last time and reading about this, I must 
ask you this question. Do you really think that your music 
ability was a factor in obtaining your job at GE? If so, 
given your obvious ability and your academic record, your 
standing with the faculty, didn't this strike you as a 
little odd? 

RAMO: No. It was a factor but it was not the dominant 
factor. You see, first of all you've got to consider 
several things. I think I would have, perhaps, been 
selected by General Electric for an offer, even though they 
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were making very few in the whole nation, without the 
violin. But the violin was used as a vehicle by the 
faculty to make a point to Mr. Maynard M. Boring that would 
have been somewhat more difficult to make. I think what 
they were trying to say was, [that the violin was] one of 
the things about this fellow that seems to tie in with what 
you yourself have said you are looking for. You're looking 
for [a person with a] variety of interests. You do not 
want at this time, when you are hiring so few, to limit 
yourself to people whose apparent aptitudes and interests 
are narrowly confined to some branch of engineering. 

For instance, the opposite extreme would have been, 
say, you ought to consider this young fellow here because 
he is a coming expert on high voltage engineering. If you 
want to understand how to handle electricity when the 
voltage is very high, if you want to devise techniques for 
measuring so you know what you're doing, this is a very 
important field. Well, there are a thousand such important 
detailed aspects of engineering, important to General 
Electric Company. And if that's what the faculty had to 
say, I don't think GE would have been interested in me. At 
that time at least, with the minimum requirement as seen by 
industry for new talent, they had a greater capacity for 
accomplishing the work that they could see for the next 
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five or ten years than they were likely to have. That 
depression was unlike any recession since in terms of the 
way in which management, industry, people in general, 
looked upon things as coming to a standstill. 
PEASE: They fully expected it to last many, many years. 
RAMO: So it was not odd that the professors were making a 
point to Mr. Boring to describe what I was like. Because 
by that time, without using the kinds of measures that I've 
become more acquainted with since, if you looked around at 
the typical strong Ph.D. candidate, they did give the 
appearance of being totally immersed in and committed to 
the narrow field in which they were doing their thesis or 
the equivalent. 

Mr. Boring, for example, during his interviews with 
Caltech students apparently again and again would say, "Do 
you go out with girls? Can you dance?" Half of the 
graduate students at Caltech could not dance. I mean, they 
had never done it. If they had, it was perhaps at some 
wedding with a little sister or something like that. I 
mean, they didn't know the difference between a foxtrot and 
a waltz; they had no sense of what it is you're supposed to 
do out on a dance floor. 

Oppenheimer, the great Oppenheimer, made no secret of 
the fact that he never read a newspaper. Now, I think, 
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afterwards, years later he did read a newspaper, but at 
that time, in the thirties, he was kind of a role model for 
physicists. 

PEASE: So, General Electric was really looking for someone 
that wasn't one dimensional. In a sense, they were pretty 
forward-looking. 

RAMO: Well, hence the Junky Jerky Jenerator solution to 
Prof. Lindvall's problem was another example of items of 
interest to Mr. Boring. There were others. 

I remember once becoming interested in Caltech in my 
failure of memory as to people's names. I think that the 
part of the brain that remembers names was missing at birth 
in my case. I just simply never took in a name if I met 
someone. And that's true to this day. I find it very 
difficult to recall a name. I can be with someone for a 
few hours and then have to introduce them a moment later 
and can't remember their names. That was true when I was 
twenty, and I noticed it. 

Thus, I was a little more interested than most of the 
others when there was a visitor to the campus who was a so-
called memory expert. He met about fifty people and then 
told them what their names were a few minutes later. He 
claimed that this was done by association. So I set up a 
group of fifty associations, so that I could be given the 
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New York Times with the names covered, introduced to the 
pictures, and I could then come back and do the fifty names 
in any order, and tell the person who had pointed them out 
the name of number thirty-seven, or number thirty-eight. 
In order to achieve that I had to devise an association 
method that worked for me. Later, like my second year at 
Caltech, when we did go out on dates, went to the beach, 
for example, and then had a little campfire and roasted 
marshmallows or hot dogs—in that period of time you could 
do that at Santa Monica on the beach, those were the 
wonderful days—some of the others would want to show off 
this trick that I could do. They would toss off fifty 
names, and I could repeat all fifty later, while the others 
stopped at seven or eight. It was all a trick. There was 
something happening almost every week, and I simply had to 
do these other things. So that between the violin, extem-
poraneous speaking— 

Later it began to be true that there would be parties 
of the graduate students and of the faculty who mixed with 
us in electrical engineering. And there would be a reason 
for the party, like someone going off on a special kind of 
scholarship to Germany. This usually required that there 
be a toast or something. So I began to have the reputation 
for, if not the most apt toasts, at least the most inept or 
inapt toasts, but something with some originality about it. 
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I would toss off horrible, punning poems to commemorate the 
occasion, so that the severity, the audacity of the pun 
became the special thing. 
PEASE: How many interview sessions did you have to go 
through before you were made an offer? 
RAMO: By General Electric? Well, essentially none, 
because when I walked into the interview with Mr. Boring, 
he immediately said, "I've been hearing from one end of the 
country to the other"— He meant that he'd picked up 
[about] the violin in Salt Lake City and he'd picked up a 
few of these other things in Salt Lake. And of course, 
he'd heard me play at the lunch. Millikan arranged. And 
he said, "I think you will enjoy Schenectady because we 
have a very fine symphony that is part professional and 
part amateur." And he said, "I'll get in touch with the 
conductor when I get back." He assumed that I would be 
accepting the offer, and I said to myself, I guess he's 
making me an offer. And before too many more minutes he 
stood up, and so I stood up. That meant the interview was 
over. He said, "You'll hear from us in about a month, and 
I hope that you will find that along about August you can 
come. Will that give you enough time to finish off 
things?" 
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So I went out and I said, "I guess I have an offer and 
I'll receive something in the mail." And I did. 

So you see, actually he had been looking at lists and 
he had in mind that he was going to make me an offer. I 
could have conceivably so disappointed him— But there 
wasn't very much for me to say and much for me to respond 

PEASE: I'd like to return to your perspective as you 
prepared to seek a career during this difficult time. You 
grew up in Salt Lake City, which was the home of the Church 
of Latter Day Saints, in an environment that was free of 
anti-Semitism compared to the rest of the country at this 
time, did you ever have any sense that you were going to 
confront discrimination in looking for a job? 
RAMO: Oh, of course. Salt Lake City wasn't so isolated 
that you didn't read. For example, I knew, or I was 
essentially told, and this was something that I discussed 
with one of the professors at Caltech— At that time none 
of the large companies—AT&T, General Electric, Westing-
house [Corporation]—none of them hired Jews. Why? Well, 
given a choice, why ask for problems? Some years later, 
Mr. Boring and I had a discussion about the hiring of a 
black; they had not ever hired a black engineer at General 
Electric. 
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PEASE: Were there black engineers then available? 
RAMO: Well, there were a few, and the question that caused 
the discussion was, should General Electric deliberately go 
out and find one of those few? And Mr. Boring explained 
that at that time, the system at General Electric in 
breaking in new young engineers was that they first went, 
not on the payroll of engineering, but on the payroll of 
what was called Test, that was part of manufacturing. The 
new engineers were used to test the apparatus about to be 
delivered to customers. They worked as a team, and Mr. 
Boring said, "You know, I think it would be a good idea for 
us to hire a black engineer. There are a few; we could 
find one. But what if we have a white boy from the South 
who is just unable to accept working on a team with a 
black? Are we going to give up the southerners?" No one 
wants to have problems, so you're not going to use a team 
that includes people that are prejudiced and constantly be 
fussing about the religion or racial background of the rest 
of the team. 

I remember a book called Christians Only, by Heywood 
Broun, that I read, that included the fact that you don't 
go into engineering if you're a Jew because engineering 
requires working for a big company, and the big companies 
think in terms of these teams. They want compatibility. 
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Goodness, at General Electric, I was an exception in 
two or three ways. First of all, [my] Utah backround was 
extremely important as a plus, more important than the 
violin playing. Because Utah was, perhaps, about the limit 
of the easterners' definition of the Midwest. GE liked 
neither the eastern seaboard [nor] the West. They liked 
the middle of America from which they are likely to get 
boys that are more off the farm; they can be molded by GE 
in their mold. They didn't want MIT [Massachusetts 
Institute of Technology] and Caltech. They didn't want 
illusions of grandeur types, the elite who are less 
influenceable. They didn't want Ph.D.'s, who are three, or 
four, or five years older and are likely to be prima 
donnas. This was for their general engineering hiring. 
Now, the GE research laboratory, of course, hired Ph.D.'s, 
but that was relatively a small operation. This was their 
advanced research [facility], and the directors were all 
Ph.D.'s; they were physicists or chemists. But they did 
not get— They were not bachelors in engineering. That's 
what you hired if you were General Electric recruiting 
engineers in that period. You hired bachelors in 
engineering. 

So, Caltech and a Ph.D. were against me. It was to my 
advantage that I was so young by comparison. I was only 
one year older than the bachelor's degree people they were 

158 



considering at twenty-two, and I [was] twenty-three and I 
was from Utah. There was ample evidence of the fact that 
there was no problem in my individual case. One of the 
professors told me afterwards that in the initial going 
over of the list of candidates, Mr. Boring, looking at my 
application—it asked about religious preference or some-
thing like that on the application blank—and Mr. Boring 
pointed to that item. He didn't say anything, he just 
pointed to that on my application and looked at the profes-
sors, and one of the professors said, "You have nothing to 
worry about in his case." [laughter] 

PEASE: Dr. Ramo, they had nothing to worry about in your 
case? 
RAMO: In his case. You see, the professor told me this, 
he innocently certain that I would be elated to find that 
that had been said by him. 
PEASE: How did that make you feel? 
RAMO: Well, I remember having a conversation with my good 
friend McCrae (who has since passed away) about it. McCrae 
was a worrywart and loved people and hated the idea of 
discrimination, and so when the professor unthinkingly told 
me this—and mind you, the interesting thing was, he told 
it not because he thought I ought to know that there was a 
problem; he told it so I would know how I had been backed 
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up and, in a way, to suggest that, of course, in some or 
maybe most cases there is a problem but not in this case. 
He wanted me to know that I had been discussed as an 
exception to the negative that one usually has to associate 
with my background. Well, McCrae, of course, saw this 
right away; he was present in this little group, where this 
was brought up to us. And he was worried that I would take 
that pretty hard as evidence that, here, I was going to 
General Electric, my great ambition was to go to work for 
GE, it was what I'd always wanted, and, disappointedly, I 
would find myself in an atmosphere of prejudice. And I had 
earlier discussed with McCrae that my plan was that I would 
work for General Electric for a while, get experience, 
become really professional, and then I'd probably go to a 
university; the university atmosphere looked awfully good 
at that time. At that time I didn't know the extent to 
which universities can be very different from Caltech. So, 
McCrae started to say something about that, thinking to 
comfort me. And I told him that, as the result of hearing 
of GE's prejudice, I had decided that I would make General 
Electric my total career, my lifetime career. [laughter] 

And he said, "Well, I take it you won't see too many 
Jews there?" 
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I said, "Yes, but everybody else will see one." 
[laughter] 

No. You see, I knew this problem was general, but 
that most people, even those that you would label as bigots 
or in other ways too lacking in intelligence to understand 
what it was about, still could be reached if they really 
got to know you. You see, most people didn't know—most 
gentiles—didn't know any Jews. Now, that might not be 
true in certain parts of New York City, but most of the 
General Electric people, if they came from the Midwest, 
there was a good chance that they'd never met, really met a 
Jew or ever had a decent conversation with one. Now, for 
people who live in the United States today, that would be a 
little unusual. After all, there were very, very few Jews 
in Salt Lake City. And you could live—in that period of 
time—you could live your life and not be sure you'd ever 
met a Jew. 

For example, my friend Hobson, whom I mentioned 
earlier, Jessie Hobson, he was a Quaker. He came out of 
Indiana and he was intrigued and puzzled because I seemed 
hardly different from him. He had never before actually 
known a Jew. We would discuss things and we would go on 
about— He had some impression that there would be some 
sort of a dietary food problem. He wondered why I didn't 
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have a beard. His total knowledge consisted of something 
he had read once about Orthodox Jews somewhere, probably 
Jews in some other country. And then he'd had an up-
bringing that was pretty strict from the standpoint of 
religion. Hobson had a master's degree from Purdue Uni-
versity and an outstanding record. I remember our first 
discussion, somewhere in the middle of the first year [and] 
I remember another, older, graduate student by the name of 
Vaile, Bob [Robert] Vaile, being present [who] suddenly 
sensed in that discussion that Jessie Hobson believed in 
the virgin birth. So he asked Hobson whether he believed 
in the virgin birth: did he believe that Jesus was born of 
a virgin? And Hobson thought and he said, "You know, for 
the first time it suddenly occurred to me that I don't." 
It had never come up. If he had been asked that question a 
year before he would have said, "Of course." He hadn't 
connected the scientific approach that would make him 
require more evidence of virgin birth than taking it on 
faith, which, of course, would not be common around a bunch 
of scientists. 

PEASE: So, in a sense you felt that you had a — You were 
optimistic that you would simply be able to confront the 
environment, to make contact with people, and basically 

162 



integrate yourself into the environment once they had 
realized you were— 

RAMO: Well, this was not Nazi Germany. And remember, when 
I speak of— We're talking about '33 to '36. You know, 
Hitler had already come into Germany. And there was the 
fraternity situation in the universities. There were 
gentile fraternities and there were Jewish fraternities. 
There are several ways to look at that. One is, if you're 
going to have separate religions and if you're going to 
have people sufficiently interested in religion that they 
want their children to marry within their religion, then 
that's bound to have some influence on the socializing that 
goes on. And people begin to divide into groups on that 
basis. So there was that part of it. 

In employment, you could understand that the social 
separation would translate itself into a discrimination, a 
bias, when you're hiring people to go into teams that will 
be socializing. If you have a transformer design depart-
ment at General Electric, and then the head of that depart-
ment and his wife—she's the first lady—they would expect 
to have the group in around Christmastime once a year. 
They're socializing with each other. They're sitting 
around and talking about the problems of the world as they 

163 



see it. And they see it narrowly and they just prefer to 
live with their own group that sees things the same way. 

Things have changed a great deal, as I expected they 
would. 
PEASE: So we've gone from sunny Southern California to 
Schenectady, New York. 
RAMO: Yes. 
PEASE: You've just taken your first job after graduate 
school and you're beginning your career. With the rest of 
the newly hired engineers, you're going into the test 
rooms. I believe you had to test a large steam turbine, is 
that right? 

RAMO: Yes. I was on test for six weeks and, except for 
being loaned out here and there a half a dozen times, 
almost all of the time was spent on twelve-hour shifts, 
rather than eight hours, because of the need for continuity 
of the data taking. [We were] taking this turbine that 
would drive a navy destroyer—well, it would produce the 
electrical energy for the driving of the motors of the 
destroyer—and putting it through its paces. It was a 
dangerous setup, with hot steam possibly bursting out here 
and there between the cracks in the pipes. [We were] going 
up and down ladders reading U-tubes to note pressure 
differences and thermometers all over the place and taking 
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a reading every three minutes. A group of about twenty of 
us because there were so many probes into this setup being 
tested. 
PEASE: So you were thrust into this environment. What's 
your impression of Schenectady and GE and your new job 
testing this turbine. 
RAMO: Well, going from the Athenaeum to Schenectady, with 
the very fancy French chef preparing the meals (that we all 
got to eat) for the Associates, the wealthy of San Marino, 
who were the Associates of Caltech using it as their local 
clubhouse, then on to the YMCA of Schenectady, where I 
lived the first year in a little room with common showers 
and I ate around in the available cafeterias— I knew that 
they would give me the dirtiest, scariest tests to get 
"Ph.D.-itis" out of me, since there was a bias on that 
regard. So I was prepared for life to be tough; I was also 
determined that it was not going to throw me. I was going 
to show them that I would come through the test with flying 
colors. I did have concerns about my ears, though. We 
wore covers over our ears. The steam turbine, the steam 
chasing through the pipes and in and out of the turbine, 
made one hell of a racket and twelve hours of that was 
really something. I must say though that the twelve hours 
of very, very moist air and high temperature kept me from 
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noticing that I was allergic to ragweed, which came in 
clearly a little later. In the Schenectady area I suffered 
from ragweed from about the middle of August to the first 
freeze, about November 1. And shots didn't do me much 
good, so I always had a very congested nose. 
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TAPE NUMBER: V, SIDE TWO 
FEBRUARY 15, 1984 

PEASE: So you spent about six weeks on the test program, 
and then, as I understand it, you went to work for a Mr. 
Hans Kuehni, is that correct? 
RAMO: Well, I guess you could say I went to work for him; 
actually, I went to work for a man who was Kuehni's boss 
and was assigned to assist Kuehni. His name was Clifford 
Foust. But more specifically, what caused me to be pulled 
out was that the head of the laboratory (called the General 
Engineering Laboratory) there was a man by the name of E. 
S. Lee, Everett Samuel Lee. He was called "Sam" by every-
one and he reported to the vice-president of engineering. 
The General Engineering Laboratory housed the high voltage 
lab, and E. S. Lee had been in Pasadena near my graduation 
time for the big convention of the American Institute of 
Electrical Engineers (AIEE), which organization merged with 
the Institute of Radio Engineers [IRE] (the word radio 
going out and electronics coming in) to create what is now 
the biggest professional organization in the country 
[Institute of Electrical and Electronics Engineers (IEEE)]. 
I will be addressing it, giving the keynote speech this 
next week in Washington [D.C.], celebrating one hundred 
years from the time the [Thomas Alva] Edisons and the 

167 



Alexander Graham Bells and [Charles P.] Steinmetzs and so 
on were active in the beginnings of a professional organiza-
tion. It's bigger than the American Medical Association 
and the American Bar Association. It's the biggest profes-
sional organization in the world [with] hundreds of thou-
sands of members. 

Well, the convention of the AIEE, the electrical 
engineers— I've come to accept that I'm always in the 
right place at the right time, and luck has a great deal to 
do with career, just chance. Here I am getting my Ph.D., 
Sorensen and I are giving a paper on the measurement of 
very high voltages, and there is no question that my 
doctorate thesis on the measurements, that these were the 
most accurate measurements made at that time, and we had 
the strongest case to say we knew what we were measuring. 
We knew that our measurements were accurate. And during 
that convention, which occurred—like June—no, as I 
recall, I was in Salt Lake City for a few weeks before I 
went to work for General Electric, and the paper was being 
prepared for publication right after having been given, so 
it must have been something like May. The convention was 
held in the civic center at Pasadena, where they had an 
auditorium. During the sessions, I presented the paper 
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rather than Sorensen, who was there with me for answering 
of questions. Mr. Lee was there. 

Also, I might add, that with a three-day convention, 
or four days, they generally do something to relieve the 
intensity of the high technology going on in the con-
vention. In this particular instance they had a big band; 
I think it might have been the junior college Rose Bowl 
Tournament band or something. They played for about a half-
hour, and then I played a couple of violin solos. And Mr. 
Lee was there for that. He knew that I had been hired by 
General Electric and in the process of GE lab's development 
of new techniques for making measurements of high voltage, 
of recording simulated lightning, which was an important 
issue. As voltages were coming in that were higher, it 
became more important to be concerned with the impact of 
lightning strokes and the like and of surges that might 
result from switching suddenly very large amounts of power 
that would create surges that would be the equivalent of 
lightning, pulses of higher voltage than what the line was 
designed for. And there was a call for additional manpower 
on that project. 

PEASE: Was that the high-speed cathode ray— 
RAMO: That gave rise to the high-speed cathode-ray oscil-
lograph. 
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PEASE: And this was the work that you did with— 
RAMO: With Kuehni. Now, Kuehni was the one that had the 
project to do, but he needed help. And Foust, who headed 
that department, knew about my paper; Lee knew about the 
fact that I was there. So I got a message in about the 
sixth week, and Mr. Lee asked me to come to his office. I 
came and he welcomed me with open arms. Suddenly there was 
a whole different atmosphere; I was being treated like a 
prized professional. [laughter] He said, if I didn't have 
an objection, he wanted to arrange to get me shifted. 
PEASE: Did you have any objections here? 
RAMO: I really didn't! But I found that it took about 
three weeks, and Lee called me a couple of times during 
that time and said he was still working on it. I had to 
have a meeting with Boring, the recruiter. He was not in 
charge of the test program, but I definitely learned from 
him that the test people didn't appreciate Lee's inter-
fering with the system. It was that they hired these young 
people, and put them through a year of tests, and then they 
found their permanent jobs. You see, one reason for not 
hiring someone that might present a problem is this: what 
if you have this first test year completed and no depart-
ment wants this particular individual, even though his 
record in every way is good, because all think in terms of 
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their teams and have their own impression as to just what 
kind of a person they want on the team. But my being 
pulled off of Test after only six weeks was annoying to the 
test organization. 

Meanwhile, something else was going on. All the new 
recruits on Test were enrolled in some sort of a course 
that involved at a minimum an hour's excuse from work to 
attend lectures and some homework. 
PEASE: Is this the advanced engineering course? 
RAMO: The most important course, from my standpoint at 
that time, for everyone interested in the most highly 
technical work, was the so-called advanced engineering 
program. The various courses included management, adminis-
tration, sales, accounting, all based on the idea that 
these were very young recruits with a lot to learn. They 
were generally with bachelor's degrees; they had had no 
graduate work, so in a sense, the courses were the equiv-
alent of graduate work. They also had to be trained in the 
way GE does things. But as to the advanced engineering 
program—those who had created it at General Electric— 
there was a man by the name of [Robert E.] Doherty, who 
afterwards went to be dean of engineering at Yale [Uni-
versity], where he created a doctorate program. He was 
gone from GE by the time I came; I guess maybe he was at 
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Yale. But he and a vice-president of engineering who 
backed him up—those who controlled engineering at General 
Electric Company—looked upon this advanced course as far 
superior to a doctorate—three years, a problem each week. 
You were expected to do fifteen hours of homework at home. 
PEASE: In addition to your regular— 

RAMO: In addition to your forty-hour work [week]. This 
was fifteen hours on evenings and weekends. And you went 
to classes for four hours a week. The first year was 
general as to the mechanical, electrical, and any other 
class of engineering. In the second and third years they 
separated the group into thermal, electrical, and mech-
anical. When I arrived there they had just set up a new 
radio [course]—it would have been called, and was called a 
year or two later, electronics. The word radio was disap-
pearing and electronics was coming in. They were starting 
that course. 

To enroll, to get into the advanced course program, 
you had to take an exam first of all. A group of problems 
were thrown at you, and if you did well on that exam, and 
if your record in college suggested it, you were enrolled 
in the first year. Only a fraction of those in the first 
year made it to the second. Generally speaking, the second 
and third year were a package unless your performance was 
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miserable. You were in for the second and third if you 
made it properly through the first year. 

Now, I immediately observed that what General Electric 
thought was very advanced work was not advanced at all, 
that, actually, General Electric had allowed itself to 
become backward. They had the GE Research Lab with its 
Ph.D.'s busily engaged in doing their high grade research, 
not backward at all. But I'm talking about GE's engi-
neering, the heart of General Electric. Here you were 
trained to design motors and generators and transformers 
and appliances and radio receivers, and control equipment. 
Most of those people [had] bachelor's [degrees], and the 
"professors," senior company staff, were people with 
bachelor's degrees. They'd never done any graduate work; 
they had never had any advanced physics since they left 
school. So in the radio engineering course you learned how 
to design a transmitter, and how to design a receiver. You 
didn't ask questions like, say, AM radio uses electricity 
in the millions of cycles per second, and what is this FM, 
this new phenomena that's in the tens of millions of 
cycles? If you're ever going to broadcast television you'd 
have to use electricity in the range of a hundred million 
cycles per second or more, because you'd need a bigger band 
width. How about thousands of millions of cycles per 
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second? Can you generate electricity that alternates that 
frequently? What would you do with it? Such questions 
were for the Research Lab. The engineers were simply 
designing products for the present market. Development, as 
it was used by GE, meant you were inventing or designing a 
new product. Or you're taking new research results from 
the Research Lab or from anywhere else and trying to apply 
them. 

Edison had still not yet been forgotten. When he 
developed the light bulb, he tried to find some material 
that he could send electricity through, that would make it 
very hot. To keep it from burning up he evacuated the tube 
to remove the oxygen. He tried every metal or every 
nonmetal that he could think of and just went on trying 
every material to find out which would work out best. 

Steinmetz had been a sensation. He was acquired by GE 
along with a transformer company in Pittsfield [Massachu-
setts] that GE bought. A hunchback, a Jew who had become a 
Unitarian, he was a misfit GE would not have hired through 
regular channels. He had had graduate work in Germany. He 
worked out the theory of synchronous motors and transformer 
design and much more. They were dependent on his formulas. 

What they wanted to do was to create further Stein-
metzes by presenting courses that were taught—lectures 
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given by their top designers (of synchronous motors, say). 
The lecturer would tell you how he designs a synchronous 
motor, but he didn't go into the underlying science. 

Well, I was put into the first year of the program, 
and I knew that it was going to be boring for me. But I 
thought, fine, I'll just knock over this course with ease. 
Soon, however, I was called in by the higher-ups at about 
the six-weeks point and asked what I thought of the course. 
I told them what I thought was good about it: the fact 
that the problems, the fifteen-hour problems, were prac-
tical problems. They were like Lindvall's Junky Jerky 
Jenerator case problem at Caltech. Here's an actual 
situation and the engineers handled it. How did they do 
it? What did they do? It was like teaching medicine by 
just going around with the experienced doctors and seeing 
what they actually do. "See, this guy is sick, and I'll 
tell you how I figured out what's wrong with him. I did or 
thought this, that, or the other." It was an apprentice 
course, not a theoretical one. You didn't cut up a cadaver 
and study anatomy at GE. You just went around with the 
physicians and picked up what you could. 

So they had these practical problems. But the theory 
that they presented was most elementary. There were a lot 
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of advanced techniques, advanced mathematical techniques, 
advanced physics available that were not being presented. 

The key man was A. R. Stevenson, Jr. He was a nice 
man and an intelligent man and he listened to my heckling. 
A few days later I got a call from his deputy, who was 
actually running the details of the course, saying, that 
they were going to skip me into the second year, and which 
option did I want? I chose the new radio engineering 
course. 

Well, instead of taking the third year, they decided 
to assign me to redo both the second and third year 
totally. I never did take the third year. I was the 
teacher of the third year, the so-called supervisor. So I 
was taken from Mr. Lee and moved over to the advanced 
course and that gave rise to one of the books that you see 
up there on the shelf, that came out in 1944: Fields and 
Waves in Modern Radio. (The word radio was still used 
then.) It was a treatise on basic physics as applied to 
what was then the frontier of electronics engineering. 
PEASE: Is this the book that you dictated to your wife? 
RAMO: Yes. The memos were named DW-1, DW-2, etcetera. 
(DW for dish-washing). There were a lot of these initials 
used around, and naturally I felt I had to work in that 
angle, so I would— These were individual memos. You see, 
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first I would observe some things that went on and decide 
that some confusing principle ought to be written up 
succinctly in a way that would be understood by the others. 
So I gave it a title; it'd be DW-63 and then a word title 
under it. Nobody knew what the DW meant, but they came to 
expect such twists from me. The DW's circulated for a few 
years around the place. Why is it that very high frequency 
electricity, above what was then thought of as clearly 
useful in the radio spectrum, why does it act about as much 
like light as it does like electricity? You can focus high-
frequency beams and you can send the electricity down the 
inside of a pipe. Most of the engineers would say, well, 
you have to have a couple of terminals. Voltage is always 
applied between two terminals. A cable consists of two 
parts, a coax or a twisted wire. So how can you send 
electricity down the inside of a pipe? Well, if the wave 
length is short enough it is possible. Why? How do you 
arrive at such a conclusion? Well, there were such prin-
ciples as [James Clerk] Maxwell's equations that the 
physicists were working with. 

So I kept putting out these memos. The book was not 
written as a book first; it was in fact a series of little 
micro-lectures on individual topics as they came up. 
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PEASE: So you were moved out of the test program early, 
you were asked by the head of GE's in-house training 
program, of which GE thinks very highly, to evaluate the 
course, you're put in the second year, you wind up in some 
period of time supervising it— 

RAMO: Well, the previous supervisor of the second year had 
come from the radio transmitter division. He had no 
graduate training. He had been designing transmitters all 
his life. He was about forty-five and he was constantly 
leaning on me as to what topics should be presented to this 
group and trying to devise problems that would interest 
them. He is the one that suggested that instead of his 
creating the third year of this new course, he ought to go 
back to the transmitter division, and they ought to ask me 
to do the third year. 

So I revised both years. The second year somebody 
else supervised, and I did the third year. Then I went 
back to the General Engineering Laboratory with Mr. Lee, 
where I worked on microwaves, originating very high fre-
quency electricity, learning how to transmit it, to receive 
it, to amplify it. Since that involved controlling and 
utilizing streams of electrons, I naturally was always 
trying to think of other ways to use precision-controlled 
streams of electrons, using them as though they were light 
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waves of extremely short wavelength. The electron micro-
scope thus came to mind. 

I didn't invent the electron microscope. The prin-
ciple first was tried in Germany. There were people 
experimenting with it in other nations, notably a team in 
Canada, in Montreal, I guess it was, at the university 
there. One of that team of two faculty members went to 
work for RCA [Radio Corporation of America] as a result and 
RCA came out with their form of an electron microscope. 
PEASE: You were worked on a team in this area, is that 
correct? 

RAMO: On a team? 
PEASE: Yes. 
RAMO: Well, by this time I was the head of the team on 
both microwaves and electron optics. I had my own little 
group and I was the team head. 
PEASE: I see. Well, I have a name, Dr. Ellsworth Cook, is 
he in this period in this kind of project? 
RAMO: Ellsworth Cook was a higher executive to whom I 
reported at one point. He was one of the assistant direc-
tors of the laboratory under E. S. Lee. 
PEASE: So how long into GE are we right now? 
RAMO: Well, in my third year—my second year I redid their 
educational program—the third year I went back into the 
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laboratory to start my own work in microwaves (which I had 
selected). Again, as I did with my doctorate thesis, I 
said, "I'm no expert in electronics. There are people who 
know a lot more about it all over the world so I never will 
catch up." Young people going into radio in those days had 
all built radios at home. They also were radio hams. I 
knew I must take up a facet of electronics where the 
physics is not yet clear. No one knew then how to orig-
inate, in a practical way, very high-frequency electricity. 
PEASE: Now in seeking this orientation, do you already 
have ideas for application? 
RAMO: Not for applications, no. 

PEASE: OK. So what's drawing you here is a theoretical 
pursuit. 
RAMO: A research pursuit. I said to the laboratory 
directors, when it was time for me to go to work, and the 
laboratory wanted me back— I had done well in high-
voltage measurement, the oscilloscope work, and Foust and 
Lee wanted me back in the laboratory. I said, "Hey, I want 
to come back to the laboratory, but I do not want to work 
in high voltage. I want to work instead in electronics. I 
think I know some ways to generate high-frequency elec-
tricity and, look, it's bound to be true that every time we 
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increase our ability to utilize the frequency spectrum 
applications later develop. Do not worry about ap-
plications. They will come." 

At that time FM was coming along, and TV was begin-
ning, and as I say, they obviously needed higher fre-
quencies. So I said, "Well, there's more. Microwaves act 
somewhat like light, so, as I said, you can create focused 
beams, and they'll get used for communications or some-
thing." But I was not interested in and I had no ideas 
about applications to offer. The key thing was to learn 
how to make use of a stream of electrons in a way that 
would cause waves to appear in that stream of such wave-
length that, when translated into the concept of fre-
quencies, they would produce radio waves of extremely high 
frequency. And this was something that nobody was an 
expert in yet. Therefore I could be, you see. It involved 
physics, so it was right for me. I was just a lone worker 
at that point in the laboratory, but immediately I needed 
help because I had to have the actual experimental tubes 
built. That required my being assigned an assistant from 
the tube-building department. 

I was sought after by the students who left the 
company's new advanced course. They wanted to work with 
me. I'd been their supervisor and teacher. Mr. Lee was 
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anxious to have these bright young people who want to come 
into the laboratory. By now I was known to enough of the 
leadership of the laboratory that they were anxious to 
support me. You see, I was all of twenty-five, and now 
they were going to support me in this new field of micro-
waves. They were going to give me assistance if I needed 
it as long as they were already gambling on me. 

I didn't appreciate quite the way I must have appeared 
to them. I must have looked much more exceptional than I 
had a feel that I was appearing as. Years later, when I 
was, say, forty and running the Ramo-Wooldridge Cor-
poration, for example, or before that the Hughes operation, 
I would not expect someone only twenty-five or twenty-six 
to be writing a book that would become a classic textbook 
and be widely used. They'd have to be in the operation 
about ten years before they would have the kind of a status 
to rate being made a project head, something where there's 
a substantial gamble involved. 

Don't forget, there were such executives in GE as, for 
example, R. [Roy] C. Muir, who was the vice-president for 
engineering and his main deputy, a man by the name of Harry 
Winnie. Muir and Winnie, or through their wives, I forget 
which, all being in the elite vice-presidential class in 
Schenectady society, I met first because I played in the 
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Schenectady symphony orchestra— At that time the word 
vice-president was not diluted by broad applications; there 
were few. There was a vice-president for sales of General 
Electric, a vice president for finance, vice-president for 
engineering and a vice-president for manufacturing, all 
reporting to the president of General Electric. So the 
vice-president for engineering was a very big man, hence he 
and his wife were big in the community. They were on the 
board of the symphony, even as happens in bigger towns 
where the principal executives of major corporations and 
their wives tend to be heavily involved in United Way, 
cultural activities, trustees for the local university, and 
so on. 

PEASE: How big a risk was GE taking with you? 
RAMO: Well, it is not— Well, to think of it in terms of 
how big was the risk—it is rather what is the age at which 
you give people that kind of assignment. And I was twenty-
five, and most other people were forty. 
PEASE: I'm including that as a factor of the risk. 
RAMO: Yes. Well, that's what I mean. The risk they were 
taking with me at twenty-five was more than they were 
taking with forty-year-olds. What was unusual was how 
little experience I had when they were setting me up with 
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my laboratory. It was customary for a person to be more 
like forty years old than twenty-five. 

PEASE: Was it also customary for that forty-year-old, say, 
to be pursuing something where there was no concrete 
applications as an objective? I mean, this is a research 
facility. 
RAMO: No concrete application existed initially that the 
project was already working on. But confidence existed on 
their part that there would be applications. They wouldn't 
have budgeted me at all if they thought there never would 
be applications. They bought the idea of course, [because] 
they felt there would be applications in the future. There 
always had been when you increase the frequency spectrum. 
We always were running out of available space in the 
spectrum, so we could expect we would gradually have to 
have more broadcasting going on at higher frequencies in 
order to accommodate more stations separated from one 
another, if nothing else. So they weren't concerned about 
the lack of early concrete evidence. 

But, look, within one year they were filing patents on 
what I was doing, and I was publishing papers and de-
livering papers before conventions. I was sent to San 
Francisco; [that] was my first experience. That would have 
been about 1938, '39. It was '39. I got there in '36; '37 
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I started that teaching program; in '38 I went into the 
laboratory to start my microwave work; in '39 they had sent 
me to the IRE [Institute of Radio Engineers] convention in 
San Francisco. It was very unusual to be sending a kid. 
Then they sent me the next year, like 1940—it was before 
Pearl Harbor — I was sent on a three weeks1 tour around the 
country talking to engineering groups and universities on 
the characteristics of electricity at extremely high 
frequencies. My publications were coming out very rapidly. 

The only other person who took that kind of a trip to 
make a speech was actually E. S. Lee, who had a reputation 
as a great speaker. He would talk about new techniques of 
measurements to help raise the GE image in the minds of all 
electrical engineers working everywhere. In any kind of 
manufacturing or public electric power utility General 
Electric was number one and was being kept number one in 
part by GE's participation in these technical conventions. 
But except for E. S. Lee, [I was] the only other person in 
General Electric who was sent on a national tour to address 
a whole group of people. This was partly because I began 
to be known as a good speaker, at least as seen by the GE 
public relations people. 

PEASE: Well, you must have had some sense that you were 
excelling at a pace which was much more rapid than your 
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colleagues or people who had entered GE at the same time 
with the same education. You must be— 
RAMO: Well, first of all, there were very few— I was 
almost in a class by myself. There were only half a dozen 
students with bachelor's degrees, who came into the test 
program in 1936. There was one other Ph.D., who was maybe 
four or five years older than I. He had done a thesis on 
the characteristics of paper-impregnated cable or something 
like that. He was typical of the evidence you could use 
that it didn't make sense to get a Ph.D.; you should go to 
General Electric with your bachelor's and take their 
advanced course. Because what he did at his university— 
I've forgotten what it was, it might have been Johns 
Hopkins—what he did at his university was just spend an 
additional few years taking all the engineering courses in 
sight but no physics or math. He didn't broaden his base 
to attack broader problems. He worked on a particular 
problem of a specialized nature that he might as well have 
worked on, with a lot more professionals around him, at 
General Electric. 

It's a little bit like imagining medicine taught with 
only a premed education, after which you have a choice: 
you can go into a hospital and for several years assist 
doctors until they decided you are a doctor; or you can 
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stay in a university and do a thesis on the knee, in which 
you take frogs and you see what goes on with their knees 
and you describe all that you see. You might as well, if 
you're going to be a doctor, go to the hospital and start 
learning about being a doctor. 

The engineering educational system of the United 
States in the 1930s was relatively backward. Here I had 
thought that it was second best to go to Caltech, which was 
a pure science school to me whereas I had selected an 
applied science or engineering career. I wanted to go to 
MIT where I saw that the catalog listed a lot of engi-
neering courses. They had no end of engineering items I'd 
like to have become an expert in, or so I thought. I could 
take all these courses and become very expert. How do you 
design filters that filter the higher frequencies out and 
leave the low ones, or something like that? How do you 
design switching systems for the telephone company? What's 
the detailed design of an induction motor? So I, at that 
time, had in mind that the way you become a good engineer, 
the way you fare well in a company like General Electric 
[was that] you come in all prepared to do professional 
engineering. So I had wanted to take as many engineering 
courses as I could. At Caltech I studied little engi-
neering. Instead, I learned about math and the theory of 
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relativity and quantum mechanics and what happens to 
electrons that makes them free, and how do they act? 
What's the difference between a stream of electrons and a 
stream of light? What about E=mc2? How do you separate 
matter from radiation? All of this was precisely what was 
needed in preparation for research underlying new 
electrical advances, but I did not realize that until 
later. 

General Electric and other companies were in a depres-
sion. The people who were put in charge were not the 
imaginative types. They were chosen to hold the line, keep 
the budget down, make incremental changes in the products, 
no big changes. Meanwhile all this new physics was build-
ing up, ready for application. So there was no one among 
the recruits quite like me in educational preparation. GE 
hadn't been hiring that way. The GE Research Lab was on a 
tight budget, and it had built up its staff with Ph.D.'s. 
Its Ph.D.'s tended to be forty, fifty years old by 1936. 
Very few new people were brought in during the Depression, 
because they didn't have the budget to add, and the staff 
weren't dying off rapidly enough to make room for new 
members. They'd had their period of buildup to a certain 
size. So it wasn't as though the labs had been going on 
for two hundred years with a steady group coming off the 
end and new ones coming in at the beginning. So again, I 
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was at the right place at the right time. The proper 
education for me was Caltech, where they were weak on 
engineering, and where electrical engineering was thrown in 
as a kind of part of physics under Millikan, and where I 
took essentially the same courses as my friend Wooldridge, 
who was getting a Ph.D. in physics. 

Now, what I am describing was particularly character-
istic of General Electric. It was not true of Bell Labora-
tories, which always had the idea of getting people with 
doctorates as a way to attack the telephone R and D busi-
ness , because they were always thinking about the step 
ahead. General Electric had been that way back in the 
Steinmetz period, but he was gone. 

Now, when Steinmetz was alive, because of his interest 
in the theory and the physics and the mathematical tools, 
it was natural that he would tie up and General Electric 
would tie up with Union College. Union College, in 
Schenectady, had been a rival of Harvard [University] in 
its early days. Many of the national college fraternities 
started at Union College. It particularly catered to 
southern wealthy, who would come up not to Harvard, but to 
Union College. The Civil War thus sort of set it back. 
But it was only a liberal arts, four-year college. The 
General Electric buildup meant that Union College had an 
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opportunity to be a foremost electrical engineering post-
doctorate school. 

Doctor's degrees were being given under Steinmetz for 
a few years there. Then he passed away, and the new dean 
that they hired, a man by the name of Dr. Berg, L. T. Berg, 
didn't get along well with General Electric. So General 
Electric and Union College sort of separated, and doctorate 
work, graduate work, at Union College died down. By the 
time I arrived there had been discussion for a few years 
that the separation was not good and that something had to 
be done about it. The vice-president of engineering had 
that in mind. So along about my third year—well, maybe 
the fourth year—I was called in by the vice-president and 
told that they'd like it very much if I would be late to 
work a couple of mornings a week and give lectures on 
advanced electronics to Union College and start the process 
of a new cooperation between the college and GE. Another 
person, whose name I can't remember, who came out of the 
power side of engineering, was asked to teach a power-
related course. We became faculty members, a part-time 
effort, and we tried to rejuvenate Union College. 

You said, "I must have realized that I was excep-
tional." I did and I didn't. Looking back later on it, I 
realized I didn't understand how exceptional my career 
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really was. I didn't understand how I was viewed when— 
The New York City—right in Manhattan—chapter of the 
Institute of Radio Engineers, it was then, the electrical 
engineers got together. They had themselves a lecture 
course and they had me come in for six lectures—which was 
unprecedented, one person giving six lectures (I was like 
twenty-six years old)—on, again, the characteristics of 
electricity as the frequency gets higher. Now, OK, I was 
working in this field and I understood the physics and I 
was pretty good at writing and teaching and lecturing, so 
they asked me to do this. What I didn't know was that I 
was the only one of the lecturers remotely that young. The 
others were mature national experts in their fields, each 
in some highly detailed part of engineering. 

When my book came out in '44— And in '44, let's see, 
I would be thirty-one—1913—yes, thirty-one years of age. 
OK. I was a little over thirty when the book issued. It 
took kind of a couple of years then between the time the 
manuscript was finished and the time the book would ac-
tually get out, what with page proofs and foundry proofs, 
and [for] a book of that kind, all the editing of the 
equations. But it had been used at General Electric for 
two or three years before that. So in other words, in my 
middle twenties I was writing this book that became a text 
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almost immediately in over a hundred universities and 
colleges in the country. I thought that was fine, some-
thing to be proud of, but it didn't occur to me that I was 
young for that. When I began to be brought into discus-
sions about what the laboratory I was working in should do 
about various problems, I thought maybe they just wanted to 
sample the opinions of, you know, somebody young. Ob-
viously they knew all of the usual things better than I 
did. What they were expecting from me was something 
different. 

PEASE: It sounds as if GE, at this time, is struggling 
between two poles. It seems to a certain extent, it's kind 
of stodgy and has let itself slip in some areas, and at the 
same time, you're indicating to me that as an organization 
it has some awareness of this and is probing areas— 
RAMO: You've said it exceedingly well. I think that's 
exactly right. 

PEASE: Did the pull towards the stodginess and the budget 
orientation and that sort of thing, did that ever constrain 
you, personally constrain you? 
RAMO: No. Because, you see, I rather enjoyed being the 
exception. And I think what was happening also [was that] 
I was the exception to prove the rule. I was the outlet. 
It's a little bit like — 
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PEASE: But weren't there factions— 
RAMO: It's a little bit like having a woman on the board, 
the first woman on the board. You can ask the question, 
did the first woman on the board of directors of this big 
company, did she feel a little peculiar knowing there are 
very few members of boards who are women in big cor-
porations? And you could say, well, she knew the situ-
ation. She knew that she might not be there if she weren't 
a woman. She was part of a new trend and she kind of 
enjoyed it. Now, I knew that I was being backed solidly, 
that I was well regarded, and if anything, I emphasized 
that my interest was the frontier and not near-term minor 
improvements. Others could do that far better, I knew. 
PEASE: Is there any organizational struggle over this 
issue? Are there factions, those who wish to remain with 
the old— 

RAMO: Not that I was aware of. I think, in general, I had 
a happy time in that regard. You see, part of this is 
because I was so young that I was no threat. The directors 
were in their fifties, moving towards sixties. I was 
probably thought of as someone that would move up in the 
organization some day. I was kind of a natural to be a 
director someday, but, goodness sakes, many, many years 
away. 
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PEASE: You were mentioning, as I was changing the tape 
here, your sense of being in the right place at the right 
time. 
RAMO: Well, I'm suggesting that a combination of factors 
caused me to go to Caltech [California Institute of 
Technology] rather than what would have been my 
preferences. It turns out that was exactly right for the 
times; it was exactly right for me. If I'd gone, say, to 
Bell Laboratories after Caltech, then there would have been 
more people who would have had the same kind of background 
as I had, and I wouldn't have been so exceptional. I went 
to a company that was itself in transition from the 
bachelor's degree type of engineering, not mixing in 
Ph.D.'s and new physics, that was suitable for an earlier 
age in which new physics was not churning, not coming in so 
rapidly. They were exploiting the basic electrical and 
mechanical phenomena laid out by the original scientists 
many years before. And the recession, the Depression, had 
hit them hard enough that it delayed their making their 
transition. It meant they hired few. Their prejudices 
about what kind of people to hire were based on an earlier 
era that they hadn't yet gotten over. I had the combina-
tion of factors in my makeup that met their accidental 

194 



criteria for the few hires in engineering that they would 
make, where since they really didn't need any more 
engineers—they had more than enough; if anything they 
could have fired some and cut costs and gotten out all the 
work they had to do—they were looking for (quote) 
"breadth" and not quite sure what that meant. My character-
istics suggested to them the breadth, but that was kind of 
an accidental thing that at that time was the fetish of the 
personnel recruiting operation. Then when I came there I 
had this background in physics, which is exactly what was 
needed. So I was pouring out the things that I understood 
well that were not really new but were not being properly 
applied to aid them in their engineering work. 

And now we come to still another example of favorable 
accidental timing. It turned out well, that I had selected 
an area of electronics phenomena, the higher frequencies, 
the shorter wavelengths (it means the same thing) where no 
one was an expert. It turns out that to get the higher 
frequencies you needed electrons spinning or chasing around 
at high velocities. The way you get electrons to do that 
is you accelerate them by applying a high voltage once the 
electron is emitted. If you apply a high voltage (and you 
create a decent stream to get some decent power), then the 
current and the voltage together represent high power. 
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High power for any length of time will burn up the cockeyed 
equipment unless you have very big dimensions for your 
experimental setup. But you need little ones to generate 
short wavelengths. Naturally, it occurs to one that you 
should allow the voltage to be on for just an instant, a 
little pulse of voltage. Then you measure what's going on, 
so you know that you have made short waves. And you know 
what you would have had you left the voltage on for a long 
while and you won't burn the apparatus up, strip the 
cathode, as we said, spoil the vacuum by getting a big arc 
inside, and so on. 

Well, I knew how to build a pulsed-voltage generator 
from my Ph.D. thesis work. I knew how to make measurements 
during tiny time periods. So my pulse-lightning generator, 
high-voltage measurement knowledge and experience, in which 
I was sort of a specialist, and my desire to create high 
voltage to generate short waves caused me to be busily 
engaged in pulsing electron tubes. Before I could divulge 
this—what shall we say?—clever technique of pulsing— For 
instance, I would produce a kilowatt but only for one-
thousandth of the time. I would produce a tiny little 
pulse, a millionth of a second long, every thousandth of a 
second, so that the duty cycle, so that the percent that 
the voltage was on, was one part in a thousand. If I could 
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produce these very high-frequency waves, wave-lengths in 
the centimeters, so that I could place a wire out near my 
tube and I could put a little tiny lamp bulb on it that 
[would] pick up some of this high-frequency electricity and 
glow. I would move it along the wire to show that I had, 
let's say, a ten centimeter wavelength. I would move the 
bulb along the wire and every five centimeters spacing 
there'd be no glow and in between the glow would come 
again, just like with any wave, you see. Nearby I would 
connect, right off of the wall outlet, a similar light bulb 
with a voltage regulator. I would adjust it until it shone 
about as much—same brightness—as the bulb receiving the 
short waves. And I'd see that this was, say, a watt; 
therefore, I was producing a kilowatt at the peak of the 
pulses, which my theory said I should be producing with 
this number of electrons chasing around with that voltage. 
So I could prove I had produced considerable microwave 
power. 

One day, the navy people, that were around GE in 
classified projects that I knew nothing of, came over to 
see my laboratory, and about twenty-four hours later my 
laboratory was turned into a classified laboratory. I 
didn't know about radar [radio detecting and ranging]. For 
radar you produce a radio pulse and you send it out to the 
sky in a focused direction to see if there's anything up 
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there. If there's an airplane there that gives you an 
echo, some of the radio waves are reflected back. You have 
a radio receiver waiting to see if you get something back. 
You note how much time has elapsed between the outgoing and 
received pulse, and that tells you how far away the object 
is. Radar detection and ranging—radar. I knew nothing 
about that when I started to produce short-wave pulses. 
PEASE: Is this just before the war or after the war has 
started? 

RAMO: This was about 193 9. 
PEASE: So we're prewar still. 
RAMO: We're still prewar, we're pre the war in Europe. As 
a matter of fact, it was somewhat before. My work was 
classified before the war broke out in Europe. The British 
were doing essentially the same thing that I was doing but 
they were ahead of me. The particular tube conception I 
had, on which I had patents, the so-called cavity mag-
netron—the British had been at that for some ten years. 
There's no doubt the British saw the German planes assem-
bling to come over to bomb them in the battle of Britain 
with their radar. The RAF [Royal Air Force], that did "so 
much for so many with so few," had the advantage that they 
didn't have to go up looking for [planes], suspecting there 
might be some German bombers on their way. They knew what 
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direction to go in. They could come around on the tail of 
the bomber. They had recording cameras, so they could 
review what had happened afterwards, lined up with their 
radar. They would lock their radars on target, and when 
everything would synchronize, they'd let go with their guns 
and their fighters really took care of the German bombers. 
The German bombers did enough damage—Coventry, et cetera 
—but the Royal Air Force had some technological aids that 
really made it possible to win the Battle of Britain, the 
air battle. 

PEASE: What happens to your reporting responsibility and 
your working style and environment once all these clas-
sified stickers are stuck all over your lab? 
RAMO: Nothing much because I had my team and because there 
were classified circles in the country that rapidly began 
to build up. A nice thing about it was that whereas we had 
been a competitor to Bell Labs and RCA [Radio Corporation 
of America], and at that time, Sperry [Corporation] was 
getting into the act, Raytheon [Corporation], now this 
clique, a fraternity of all the best workers, were all 
slapped with classifications on their work. We quit 
talking about this stuff in technical conventions. In-
stead, we now talked to each other. The national interests 
surmounted competitive rivalry. We told each other what we 
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were doing and our companies permitted and encouraged it. 
We were directed to do this telling. We no longer had 
secrets from each other, and— 
PEASE: This was before Pearl Harbor, but the European war 
had started, was it your sense that we were going to enter 
the war? 
RAMO: Oh yes. 
PEASE: Was it inevitable? 
RAMO: Oh yes. Oh yes. 
PEASE: And that's basically what you were being told? 
That everybody was talking about and their feelings? 
RAMO: There were major differences of opinion, so it's not 
what everyone was telling me. It's what I believed. You 
see, for one thing, I think at that time I had already 
developed a sense that for things of this kind I would 
mostly expect to be living with people that were narrower 
in their interests, so they weren't reading as much as I 
was reading. Also I think the fact that I had parents who 
were foreign born gave me a feel for European situations. 
When you say, "What do people tell you?", I had a sense of 
the way in which Europeans viewed each other. And then 
Hitler—so far as I was concerned there was no question 
that Hitler would go into an aggressive military approach 
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to handling his problem, that he'd have to expand to hold 
his position. 
PEASE: Was all of your attention in this area directed at 
Europe? And of course I'm implying there was another 
theater. 
RAMO: Well, not all. There were incidents. For example, 
the Japanese would visit GE, a group of Japanese 
engineers— Well, it was more than once, but I'm thinking 
about a particular occasion in which I was heavily 
involved. One of the Japanese electrical companies had, as 
is common, license agreements with General Electric 
Company. The license agreement said that they could come 
and ask questions and get additional data on anything that 
had been published, anything that had been patented or 
anything that had been published in the journals or orally 
presented before a convention. Before this classified work 
took over, I had been publishing my early work, and so I 
was one of the pioneers on how you create microwaves— 
without talking about any applications—travelling waves 
and electron tubes, the basic theory involved. At that 
time, before I knew much about classified work, I was 
introduced before the presentation I was to give to some 
rather high-level navy people. 
PEASE: Can you tell me who they were? 
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RAMO: No. I can't remember any names. When I say rather 
high level, I think there may have been a one-star as the 
head of the team. They sat and talked with me a few 
moments and said that in the interests of our military 
preparedness as regards the rest of the world—I don't 
remember anything at all specific with regard to Japan—I 
should try to talk only in generalities. I was not at that 
time cleared. But they said that they were concerned that 
the royalty arrangements—I should say the license arrange-
ments—of General Electric might be arrangements that ought 
to be and probably would get changed. But in anticipation 
of that they wanted to express the concern about my not 
saying any more than I had to. And the General Electric 
[representative]—it might have been, for example, E. S. 
Lee at that time, but someone who represented General 
Electric—emphasized that that would be a good idea: "We 
have agreements; we're an ethical company; we stick to our 
agreements but don't elaborate on anything not yet pub-
lished because there's no obligation to do that." 

Being an Alexander Findaflicker type of mischievous 
personality, even at that time— And after all, even then I 
was—let's say this was '38—then I was twenty-five, so I 
hadn't yet gotten over some of my habits of my early youth. 
I decided that I would abide by their requirements, but 
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during the talk I couldn't resist, since the Japanese were 
stimulating me to do it by nodding their heads a lot and 
making copious notes. No matter what I said they would 
nod. So I discovered during that presentation that I have 
a certain natural ability to double-talk. So I would 
occasionally modify a sentence with, say, a "terrinath the 
reth," and then going on with some additional English 
words, and they kept shaking their heads up and down. So I 
added more of these nonsense syllables, that sounded like 
English but words the listener missed, like "daich cele" or 
"lodocit" or "nadoker." And the military fellows, who were 
in the back of the room, they caught on, apparently very 
quickly, and they had a difficult time supressing laughter 
at what was going on. I don't know if the Japanese ever 
discovered it, but I do know that when the war was over, 
had been over about ten years, I was told by someone who 
had been engaged in studying Japanese plans and documents, 
that the Japanese had based their radar not on the British 
more advanced approach, but on the kinds of things that I 
was doing at General Electric, from which I derived a very 
major conclusion: that not General [Douglas] MacArthur and 
not the marines and not the U.S. Navy had really won the 
war with Japan. I knew that when we had those important 
naval engagements that we had radar and they didn't, so we 
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were able to be back farther and know where they were, and 
they didn't know where we were. And when they might 
attempt to close in we would move back. They had the same 
shell power, perhaps, that we had, but they didn't know 
where we were. And our radar enabled us to give them a 
very severe beating in those naval engagements. Now, they 
tried to make my inventions, my patents, work and, of 
course, they wouldn't. So my contribution of non-workable 
devices to the Japanese radar systems caused us to win the 
war. 

So there was a Japanese exposure here and there. But 
the war in Europe, of course, was going, and Pearl Harbor 
had not yet happened. 
PEASE: I'd like to talk a little bit about your approach 
to the task of organizing information and giving instruc-
tion. The reason I want to do this now, before we get much 
farther, is that this classic text you published, from what 
I've read, was basically the book that a whole generation 
of scientists in the forties and, I guess, going into the 
early fifties who went into microwaves worked with. And I 
also understand that you—at least at this point—that you 
were making this book overtime, that often you would be 
dictating it—in the same style that you've written books 
in recent years. And I'd just like to know how you'd 
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prepare yourself and your thoughts when you would be 
getting ready to commit them to paper, especially when you 
were dictating. Did you compile notes? Did you make an 
outline? Or did you just think about what you wanted to 
say at length and then say it? 

RAMO: I do somewhat— I come closer these days, in recent 
years, to making an outline at least. But in those days, 
my outline consisted, before I started dictating details, 
of just a list of the chapter headings. I knew that the 
book had to teach basic physics for about the first half 
before those physics principles would be reframed and 
interpreted for the things that had to do with what was on 
the frontier of electronics at the time (which was largely 
taken up with the business of higher frequencies). And 
yet, I knew also that in order to do the job I wanted to 
do— You see, I had in mind that the book would be for 
graduate engineers with not enough physics to be able to 
easily grasp what electrical principles were about when you 
got away from voltages and currents and resistors and 
capacitors and coils and so on and got instead to the kind 
of apparatus and plumbing that was involved in treating 
electricity, not as electric circuits with electricity 
flowing in conductors, but as confined radiation, if you 
will. And so the trick was to introduce the physics 
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material in the light of what the impatient reader, who 
would be a graduate engineer already working in the field 
and thinking of things from a particular point of view, 
what he would need. It hadn't occurred to me—I didn't 
expect it to be true—that it would be used as a university 
textbook. I thought it was only for practicing engineers 
who needed a little better understanding of the physics to 
help them with what they were now doing. It turns out 
that, because of the treatment of the physics, one of the 
reasons why the book was widely used, it could be used as 
the senior-year course in the physics department as an 
advanced course in electricity and magnetism. You had the 
elementary course during your first two years when you were 
studying all aspects of physics lightly once over, getting 
the fundamentals straight. And then, if you were going to 
do more with electricity per se, as against, say, optics or 
nuclear matters or thermodynamics, you would need another 
course in electricity. Well, the first half of the book, 
at least, could be used for that course. So there it was 
as a textbook in the physics department. And over in 
electrical engineering, in radio engineering, or elec-
tronics engineering (as it was gradually shifting to be 
called), it would be a first-year graduate course. There 
were problems at the end of the chapters. It was all set 
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up to be a text, but the problems were intended to be 
illustrative, to help the person who was studying on his 
own, or perhaps, taking some kind of an evening course from 
those who were farther along. 

So what I would do before dictating is think about it 
in that sort of way. But I was anxious to start experiment-
ing [and I thought], "Well, let's see now, in order to 
outline it in more detail, more specifically, I need to 
tell them this first and then will come this. Well, but 
wait a minute—let me be neater. Let me put a little more 
detail in this first part, so I [can] see how it leads into 
the second." And I found myself always dictating rough 
drafts that I would then improve. Sometimes throw [them] 
away, but most often I would simply just keep going. If 
I'd had a word processor that would have saved me a lot of 
time. My big bottleneck was getting all of this stuff 
typed. 

PEASE: At this time, were you doing most of this dictation 
at home? Or were you doing it at work as well, or was it— 
RAMO: I was doing no dictation at work at all. I was 
either doing the dictation at home or I was writing it out 
long hand. You see, so much of the book was mathematics. 
When I dictated I would say "blank" to leave a space about 
equal to a word in a sentence and then "line" for lines of 
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equations. So a typical sentence would be, "such-and-such 
such-and-such blank, such-and-such blank, such-and-such 
blank, leave three lines. Paragraph." So that I was laying 
out— When my wife was picking up those sentences or when I 
did it long hand, I would bring in the mathematics after-
wards. I knew what I wanted and after the typing I'd add, 
with great care, the mathematics. So those equations would 
always live from one part to the next, and I would try to 
keep improving the words in between. That's the way I did 
that kind of book. 

Now, an entirely different book— There was one that 
came out earlier. I was sent on a different lecture tour 
after Pearl Harbor and I gave a one-hour lecture on high-
frequency electricity that came to have the title, with 
McGraw-Hill, of Introduction to Microwaves, without a 
single equation in the book. I talked this stuff and had 
my own simple figures on slides. I had like forty slides, 
a minute went with each— It was a forty-minute presen-
tation with the slides, and [with] some words before and 
after [it] came out to about an hour speech. I went around 
the country for General Electric giving that in univer-
sities in the typical evening meetings of the local chapter 
of the AIEE [American Institute of Electrical Engineers] or 
the IRE [Institute of Radio Engineers]. 
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PEASE: Did this kind of lecturing and teaching help you 
pursue your own projects? Did it give you a mechanism or a 
way of looking at things in order to organize material that 
you wanted to deal with? 
RAMO: Well, you see, what always happened was that in 
those lectures at the universities, or even the evening 
ones, there would be a question-and-answer session. And I 
would learn a great deal from the way others looked at 
this. You know, typically it would be, "You mean to tell 
me that—" or "Well, then what's the difference between an 
antenna, when you look at it that way—" or "When does a 
circuit quit being a circuit?" 

And I would say, "You give me one of your little coils 
and a capacitor"—we used to call them condensers then, a 
vacuum tube producing a low-frequency electricity. And 
there are some waves leaving that, some low-frequency 
waves. There's always some wave action. I'd find myself 
often in a discussion about E=mc2 suddenly. I was, there-
fore, forced constantly to improve my own understanding. 

One of the funny things, for example, I remember, now 
that you've raised this question about it, a paper that 
received a great deal of attention, that I wrote, resulted 
from a question session. It had not occurred to me that 
some of the audience would think that electric current was 
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a stream of electrons and hence that current flow was 
measured by counting the arriving electrons. But now, when 
you get to high frequency this concept won't work. This 
electron stream they thought of as turning on and off or 
going from a big stream to a little stream. You know, it 
may fluctuate from two amperes to one ampere, averaging one 
and a half. If the stream oscillates fast, it's high 
frequency; if it oscillates slow, it's low frequency. But 
if the frequency gets high enough an electron can sit in 
one place and just jiggle back and forth. It looks as 
though there's no flow, no current. But something's going 
to happen in the outside circuits. You can't have an 
electric charge moving without influencing the metal around 
it, which contains electrons, to come up and see what's 
going on here. Some.in my audience couldn't understand 
that when no electrons are being collected, you could still 
have current. I discovered that they thought the col-
lection of charge was current because that's the way those 
words were used in their first physics. So they couldn't 
contemplate high-frequency electricity where the current 
never gets collected. So I decided to write a paper on the 
current that results in the surroundings when an electron 
moves, when a charge moves—the current induced by a moving 
charge—and showed quantitatively how you could figure out 
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how much current would occur when you caused a charge to 
move, thus creating the notion in everyone's mind that the 
fundamental thing was the movement of a charge not the 
collecting of the charges. You could get by at low fre-
quency with the collection idea, but not at high frequency. 
Now, that was very fundamental, and that paper was quoted 
and republished and appeared in other books often and was 
considered a contribution. But any good Ph.D. in physics 
already knew that concept. But they were not in the 
circumstance, as I was, where they could be a great hero to 
a whole big group of engineers who simply hadn't had the 
right course in physics yet and suddenly found a part of 
engineering in which they needed the physics principles. 

So this business of right place and right time—the 
whole combination—worked in my favor as it helped me to be 
useful, to do things that were needed. And everything, as 
I say, from the high voltage to the microwaves to the 
classified work— 

Now there was a period when we were all in it together 
after Pearl Harbor—all of us in classified circles. Radar 
became a very big thing. Physicists as well as electrical 
engineers were recruited, taken from wherever they were in 
universities to create a big group at the Radiation Labora-
tory, as it was called, at MIT [Massachusetts Institute of 
Technology]. It was just a set of buildings with all 
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of these people. It had very little to do with MIT per se; 
it was stationed on its campus. Lee DuBridge came from 
Rochester University to be the head of that Radiation 
Laboratory. And there was a big group of scientists and 
engineers at Bell Labs and the other industrial outfits. 
Now the weaknesses of General Electric showed itself. 
There was not an adequate size of team and infrastructure 
for GE to be a leader. 

I was no longer— Let's say from '42 to '45 or '46, I 
was no longer a big world-expert in microwaves because now 
there were a thousand experts. 
PEASE: You spent that entire period in Massachusetts then, 
is that correct? 
RAMO: No. I was at GE all that period. 
PEASE: Oh, I see. 
RAMO: And what I'm saying is that GE was not a major 
contributor in radar. Almost everything I would touch that 
created an advance would be picked up by a team ten times 
the size elsewhere and moved along more rapidly. I would 
then look for another aspect they weren't yet doing. GE 
had its assigned pieces of the R and D effort of World War 
II, but what I'm saying is it was one thing to be a great 
pioneering expert when there were only a half-dozen people 
engaged in microwave work. When there got to be a thousand 
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people with a lot of very outstanding, brilliant, seasoned 
experimental physicists and the like, well, they got busy 
learning how you really could make this magnetron tube so 
it would have high efficiency and not lose its power 
incidentally and not have the glass to metal seals always 
leaking so the vacuum would be destroyed. And how to reach 
precision in the manufacture of the tubes, so that you 
would be producing what you wanted to produce and not 
dissipating the energy. They got into a set of details 
that put me far behind. I was still the holder of certain 
first patents on the ideas in the United States, which in 
some respects were different from and had some points of 
superiority to the way the British had done it. But the 
British approach, was so much farther along, was picked up 
by the big American effort. 

PEASE: I'd like to talk about patents as intellectual 
property. Apparently, you accumulated twenty-five patents 
before you were thirty or by the time you were thirty. 
RAMO: Yes. 
PEASE: Who owned these? Were they GE's? were they yours? 
RAMO: GE's. The arrangement, which was the customary one 
for companies of even small size, [was] you were hired and 
paid your salary in part to do inventing and give that 
company what it needed to fare well. I think that in 
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addition to that understanding, just to make it totally 
legal by every way of judging it legally, we inventors all 
got a dollar whenever a patent actually was filed. 
PEASE: Well, here you are accumulating these patents, and 
I'm sure the war also changed the nature of these things to 
some degree because of the way projects were being passed 
on from one group to another; the priority was to ac-
celerate the development of things that will assist us. 
But how are you beginning to look at intellectual property 
in the context of a large organization? Are you beginning 
to see that somewhere down the line you're going to want to 
be on your own in order to capitalize on these things? 
RAMO: No. No. Any interest I had in being on my own 
stemmed from another thing entirely. It stemmed from 
"California-itis," the name I gave the disease that at that 
time was prevalent among those that had lived in Southern 
California. The disease required that you had to live in 
Southern California or you couldn't be totally happy. My 
wife had an even more severe case of it than I did. I was, 
after all, born in Salt Lake City, so I was western all the 
way through anyway. 
PEASE: So what's driving you is, somewhere in the back of 
your mind you're thinking about getting back to Southern 
California. 
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RAMO: I knew that when the war was over I'd like to get 
back to California. And by then, with my books and 
writings and lectures all over, I was exceedingly well 
known by the universities and by other engineers that had 
any relationship to my field of endeavor and by many 
physicists. I was a fellow, which is the highest rank, in 
the American Physical Society, as a physicist, before I was 
thirty years old, which was somewhat unusual, particularly 
for someone who was not a pure physicist. I was kind of a 
hybrid of physicist and engineer. And so I began to pick 
up offers from universities—Berkeley, Stanford, Caltech, 
and UCLA, that was then getting set to have its own engin-
eering [department], which it didn't have previously. I 
could have a faculty position, it looked as though I could 
have. Actually, the first formal invitations—between VE 
and VJ days—were from Stanford and UCLA. 
PEASE: Did you seriously consider these? 
RAMO: Yes, on account of the California-itis. But I'd 
been sent out by GE to this area, headquartering at 
Caltech's Jet Propulsion Laboratory, for a few months in 
anticipation that the war would soon be over—between VE 
and VJ day. 

215 



PEASE: I'm sorry. I didn't quite understand that—in 
anticipation that the war would be over, GE sent you out to 
JPL? 
RAMO: Yes. They were getting ready for the postwar period 
and they were readying me a higher job. The proposal was 
that I would spend a little time at JPL getting away from 
my electronics background— JPL was in rockets, in jet 
propulsion. I think General Electric also saw that mili-
tary was not going to go away. In fact, I was a factor in 
helping that decision along. When I spoke of being young 
and pulled into these discussions, there were discussions 
going on about what the postwar world is going to be like. 
Nuclear energy was included, because the atom bomb project 
was, of course, known to some at General Electric. 
PEASE: Did you know about it? 

RAMO: No. Well, yes and no. I knew that something that 
must be in that field was going on because a few nuclear 
scientists would disappear here and there from an existing 
project and go off to someplace in the West. And some of 
the big-name scientists, who'd worked on radar at the 
Radiation Lab at MIT, left and went mysteriously to work 
someplace else. So something was cooking in the nuclear 
field, and it had to have something to do with the war. 
Since the whole matter of atomic fission—not fusion 
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yet—but the whole matter of fission was a topic of discus-
sion. I'm sure that I was in more than one discussion in 
which speculation on a bomb took place. I think there was 
a general feeling that in principle you could do it. But 
we all had at least an elementary understanding that 
acquiring enough fissionable material to make a bomb 
sensible was one hell of a job, requiring an enormous 
amount of power applied to just this purpose—separating 
isotopes. So we didn't—most of us—didn't take seriously 
that a bomb would get into the war. We thought there might 
be some new thing that we didn't know anything about it, 
some new great principle that was involved. The truth of 
the matter is they bulldozed by brute force the acquisition 
of enough fissionable material. 

Now, the plan was, I go to JPL, which on account of 
the great [Theodore] von Karman was pioneering rocketry. 
You see, that area of technology was fundamental to GE for 
several other reasons. General Electric should have been, 
had they not suffered from this backwardness, conservatism, 
from this hiatus in their motion, they should have attained 
90 percent of the market for all jet engines. Instead, a 
piston manufacturer—I mean a piston-engine manufacturer— 
moved into the field of turbines. The jet-engine business 
is a turbine business. And here's General Electric 
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with the dominant position in steam and water turbines—and 
they pioneered in gas-turbine work. There was an engineer 
by the name of Moss who was leading a group that instead of 
generating steam by burning coal was burning kerosene. You 
ought to produce very hot gas this way. The pressure and 
the heat of the gas when expanded would drive a turbine and 
drive a propeller. You take the burning gas and combine it 
with air rushing in through flight and get higher com-
bustion—compress the mixture, burn and expand it and 
really drive hard a turbine in a jet engine. General 
Electric initially was way ahead of anybody else. United 
Aircraft, now United Technology [United Technologies 
Corporation], their Pratt and Whitney division, were 
nowhere in that new field. Jet engines should have 
bypassed their piston engines about as much as, let's say— 
It's not the vacuum tube manufacturers who became the 
transistor makers, the transistors—semiconductors more 
broadly—was a whole new field replacing vacuum tubes. Jet 
engines should have replaced piston-propeller engines, and 
General Electric should have dominated that field. They 
are number two, but they're not the dominant supplier 
today. United Technology is. 

Then I was to go up to Hanford, Washington, where GE 
had a dollar-a-year contract involved in the nuclear energy 
business backing up the nuclear bomb project that I didn't 
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know about. Well, I never made it back to GE because when 
we came out here, California-itis really— I think I may 
have made the remark to you that California-itis, for 
which— 
PEASE: [There is] only one cure. 
RAMO: Yes. The definitive cure—smog. Now, we have a set 
of different cures. Like in attacking cancer, physicians 
use a combination of radiation, chemotherapy, and so 
on—for California-itis we have a combination of high 
housing prices, traffic, the change of the whole environ-
ment as a result of congestion and smog. None of them are 
perfect cures. California-itis has managed to survive for 
most people, who—well, living here, they're still locked 
into California-itis. 
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TAPE NUMBER: VI, SIDE TWO 
FEBRUARY 15, 1984 

PEASE: Before we leave GE in this session, I'd like to go 
back and just ask a couple of questions. Did you have any 
mentors there? Was there anybody who you'd consider a 
mentor at GE? 
RAMO: There were, of course, a number—and they were chief 
mentors in this or that or the other area of endeavor. But 
perhaps the one that came closest to being an all-around 
mentor was a man by the name of C. W. La Pierre. He was 
known as Jim, and I've, therefore, forgotten [his real 
first name]. I think it was Cramer. C. W. La Pierre—he 
became the senior executive vice-president and a member of 
the board at General Electric. He was, I guess, the main 
deputy to Ralph [J.] Cordiner during his reign at General 
Electric. [He was] a very broad-gauged man with engin-
eering background. He headed a section in the general 
engineering laboratory under E. S. Lee when I first met 
him. He was first on a par with E. D. Cook, whom you 
brought up. And I was first in the Cook division, so I 
never worked under La Pierre. He and I developed an 
interest in talking to each other about such things as 
management—how one causes technology to be used to the 
maximum, what should be done to alter the way General 
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Electric approaches its problems, and things of that kind. 
He was very highly regarded, obviously as he must have been 
to have risen to the job that he ended up with at General 
Electric. He's retired now and living in Arizona in— Oh, 
what's the name of the— There's a retirement community 
with a name that's like Lazy or something— 
PEASE: It's not Leisure World because that's in Southern 
California. 
RAMO: No. 
PEASE: Lake Havasu is the only other one I know. 
RAMO: Well, at any rate, he lives in Arizona, and every 
once in a while we talk on the phone. He gives me a call 
or he sends me something or I send him a book. 
PEASE: What was your relationship with this man like? 
Were you social together? Was it mostly business? 
RAMO: It was mostly business. Socializing was handicapped 
by the fact that he had a wife problem; he eventually got 
divorced and remarried. There was a period when he didn't 
do much in the way of entertaining, let's say, at home or 
the like. But we saw a good deal of each other because we 
were in that same general area of the company. And he was 
a person worth talking to always, so we managed to do 
lunches or just plain call each other and decide to have a 
bull session. 
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PEASE: How did you make decisions during this period? To 
what extent did you rely on the advice of others and use 
them as sounding boards, for example? 
RAMO: Well, first, let's separate two different kinds of 
decisions. One is the technical project decisions—if I 
take sort of the center of the years at General Electric 
and look at them all, there were a lot of other people 
around with whom I was involved in my work. There were 
people working under me, and people working side by side. 
And I always was very communicative— I don't recall ever 
being criticized for it. It was sort of the other way 
around. People would be criticized for failing to confer 
adequately and communicate adequately. And I was known as 
being a person who communicates. Like La Pierre would 
sometimes say, "The trouble with that fellow is that he 
doesn't get enough help." He said, "If you were on that 
program you'd be pulling ideas from anybody that might have 
one. You'd be taking every little item that looked as 
though it possibly was going to be a bottleneck to progress 
and you'd be asking yourself who might have some ideas or 
know some details. You'd be bringing it up to others." 

I was pointed to as someone who is communicating well. 
I didn't, myself, notice that. When I say I didn't notice 
it, I was just doing what came naturally. And I was always 
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hopelessly overcommitted, as I am now. I was into a large 
number of things, working on getting something done that I 
was trying to get done that very week, for example. Maybe 
it was to get an amplifier to give me the phenomena I 
wanted, but at the same time [I] was busy writing in the 
notebook some new idea that had just occurred to me on an 
entirely different subject. So I was always busier than 
hell and I didn't have all that much time to go talking to 
people. 

But it ended up being true that by comparison with the 
average engineer and research worker— First of all, I had 
a clientele. I had a lot of people coming in to consult 
with me, not as an expert that they wanted to learn from, 
but as someone who was at least going to be kind to them. 
If they were stumped on something they said, "I've been 
working at this thing, I can't see how I might do it." 
Having a bull session with me— 

I was uninhibited about saying, "Well, have you 
thought to do this?" Even if I knew nothing about the 
subject, and they knew I knew nothing about it. And I 
[would ask], "Why do keep describing this point of view 
when it's getting you nowhere? Why haven't you shifted to 
something else?" It was generalizations that were— I felt 
it was a little bit like what you sometimes see on TV, in 
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which the psychiatrist is simply asking questions of 
someone who comes for help, and presumably they're getting 
help out of it some way. Well, I was good at asking them 
questions. 

Then the other kind of help would be administrative. 
Very often, they'd come to discuss the fact that they 
didn't think what they were trying to do was adequately 
appreciated. They were having a problem getting the 
support they needed. I would actually often find myself, 
you know, going to see a higher supervisor to explain that, 
"Say, so-and-so, you know, dropped in and was telling me 
about his project. It's darn interesting." I wouldn't 
say, "Hey, he dropped in to complain," or "Say, why don't 
you give him more support?" If there was a reason why I 
thought he ought to get more support I would think in terms 
of that reason and say, "You know, he dropped in, and this 
is very interesting, this thing he's doing, because it 
could lead to this, that, or the other." 
PEASE: That's very interesting because in an interview 
that you made during the fifties or early sixties, in 
talking about a time when GE began to groom you to be an 
executive, you said that this was to some degree the result 
of your willingness to speak up to senior managers. Can 
you just comment on that a little bit? 
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RAMO: Well, you see, it was the result of my finding 
myself put in a position where they were asking me to speak 
up. It's just like that executive I referred to, A. R. 
Stevenson, who asked me, "Well, now, tell me what do you 
think of the course we've got you enrolled in? Is it 
interesting? Are you finding it easy or hard? Do you 
think you're getting some good out of it?" I had the sense 
that I was expected to speak up or I'd be letting them 
down. They wanted a different idea than what they might 
have, as the result of the fact that I was younger and 
engaged on the firing line and knew, perhaps, the thoughts 
of some of the others. So if I didn't— One thing I 
immediately avoided was providing the general background of 
what I thought, this to be sure that it was complete— I 
avoided a complete report on what I thought about some-
thing. Instead, I felt what they were asking me for— They 
know almost all of it and better than I—I started to say 
that earlier. What they wanted is the part they've not 
heard about. So I must be sure to go immediately to the 
less-evident-to-them things, the different, the more 
original, the departures from the way things were being 
done. I was continually pressed into that position. And 
it isn't that I said, "Hey, you know, things aren't going 
well around here, and by gosh, I'm going to tell them." 
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That kind of thing, even if I thought to do it, never 
appealed to me. I think I learned early in life, for 
reasons that I can't recall, that very few people are 
interested in your coming in with unsolicited advice and 
criticism, suggesting that they ought to change what 
they're doing. If they really want to know what you're 
thinking about something, they will ask in such way as to 
suggest that that's really what they're after. It's just 
like, if someone says, "How are you?" You don't tell them 
that your knee hurts. You say, "Fine." 
PEASE: Could you just, as we wrap up, comment—and this is 
sort of an organizational theory question—on the balance 
between the concept of innovation and organizational 
success, and what factors determine that balance? 
RAMO: All right. The first thing that comes to my mind is 
that there is not a simple, single formula; there is not a 
single concept that you would describe with the word 
innovation. Innovation can mean many, many different 
things, and the way in which you go about it will be 
different for that reason alone. And the way in which you 
go about innovation organizationally, once you've picked 
out exactly what you mean by innovation, depends upon the 
organization as it is, the people that you happen to have 
around. Let me just toss off one or two examples. 
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Suppose what you're after is [that] in a technical 
organization of research and development people, engaged in 
product development, you need an invention. You can see 
that the project is going well, except that there is a 
bottleneck here. [And you think], "The way we're doing 
this particular part seems to be holding up the rest of it. 
[It is] overly expensive or overly limiting in performance, 
or it's going to have a tendency to be unreliable. By 
gosh, we've got to—and we can, we should—innovate around 
that." 

Now, it may be that you would quickly arrive at a 
simple conclusion: On that particular item you simply 
haven't had a person of the same caliber as the rest. He's 
holding up the show because he's weak compared with the 
others. That's why you need an invention there. And all 
you've got to do to handle that problem is take him off and 
put another person on and put him on something else. Or it 
may be that you simply haven't focused on that thing and 
it's only now that you realize it is going to be the 
bottleneck. So if you've identified what you need, and the 
kind of innovation you're talking about, and who's to do it 
then how you do it goes with that. 

Suppose, instead, that you're sitting back and you 
say, "I think I see that our organization here, compared 
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with the competitors, is simply not creative enough. 
They're always coming out with new ideas, and we seem to 
always be following them." And [if] you want to increase 
creativity, then you've got to ask yourself why is this 
inferiority happening. It could be, for example, that 
[among] these competitors there is one super ingenious guy 
that's making the whole difference. And if that's the case 
you can see why you're behind. 

Let's put it this way. If you were running a theo-
retical physics department in a major American university 
and you decided that the important field of endeavor is 
revising the basic laws of mass, energy, and so on, and the 
the other university is beating you out—maybe it's because 
they've got Einstein, and you haven't. The problem of 
innovation and creativity centers on a particular thing at 
that point. So it's a little bit, to me, like defining 
common sense and seeking how to quit making stupid errors 
that common sense should tell you not to make. 

For example, I have, in that desk drawer, about ten 
pieces of mail I've gotten in the last couple of weeks each 
about a space shuttle experiment that shocked me when I 
first read about it. I haven't yet asked people that know 
to see if it's really true. It's my impression, however, 
that our astronauts, in a recent shuttle flight, moved out 

228 



of the shuttle. They were suited up for this "space walk" 
and carried a device for giving themselves small amounts of 
velocity. But they didn't have even a single, little, 
strong fiber connecting them to the shuttle. If indeed 
they did that, if they were untethered, then that would be 
as stupid as what NASA [National Aeronautics and Space 
Administration] did years ago when they used a pure oxygen 
environment for the Apollo spacecraft and they burned up 
three astronauts and set the program back a year and a 
half. The odds of losing an astronaut— Maybe the basic 
information about the reliablity of this apparatus that 
they had, having shaken it and used it and tried it and 
ensured its working by lots of redundancy built into it was 
such that losing an astronaut would be, they thought, one 
chance in a million. But why even take one chance in a 
million? What is it that you could learn about that kind 
of experiment that they did? If there's something sur-
prising about being out in space that requires that you do 
it, unlikely, since its based on laws of physics that we 
understand, then there's really no need for even doing the 
experiment. Whether you're out here on the outside of the 
chamber or you're on the inside, floating, hasn't changed 
anything. There's nothing to learn. 
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Now, maybe they had to prove that a human being is 
able to live with himself for those few minutes without 
panicking if he's untethered. And the only way you'll 
prove that is to have him untethered. Well, if that's what 
you want to prove you ought to consider that you need to do 
it with a thousand people at least because you may have 
just picked the guy who does panic, and what does that 
prove? To me it borders on crazy. So I suppose maybe we 
were misled by the way the stuff was handled in the news-
papers. And there are people at TRW [(Thompson-Ramo-
Wooldridge) Inc.]—I could just lift the phone and get the 
answer but I haven't gotten to it. 

But a very distinguished—elderly but still very 
active—scientist wrote to me and saying, "I'm writing 
because I think you know NASA, you know the right people in 
NASA. It's my understanding they did this insane thing. 
Isn't someone going to tell them that it's nutty to do it?" 

Now, common sense— Suppose you ask me a question that 
I say should ideally come before innovation if you're 
running a high technology operation, if you're doing 
research and development, if you're involved in teaching 
high technology in a university, whatever. And you're 
interested in innovation as a concept, and you know that we 
want it and we want to get the best parts of innovation and 
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not have some negatives that can come from it. And we must 
balance innovation—creativity—with soundness and all of 
the other common sense things that go to success in ex-
ploiting science and technology for the good of society. 
If you want to do that, common sense comes ahead of in-
novation. 

How do you put the common sense to work? Well, you've 
got to be clear about what you're talking about. And it's 
as difficult for me to define innovation, which manifests 
itself in so many different ways, as to define common 
sense. You and I both know what we mean by innovation and 
common sense. And yet, in trying to analyze it, so you can 
figure out how to organize to get the results you want, you 
had better be a little bit more precise in what you and I 
know we know about it. You've got to define it. And I'm 
saying it means different things under different circum-
stances. I could answer with "It all depends." It is a 
rather complex thing. It's as complex as human thinking 
processes are in general. 
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TAPE NUMBER: VII, SIDE ONE 
APRIL 24, 1984 

PEASE: Well, Dr. Ramo, as we left last time you had 
arrived back in California to have a stint at teaching and 
working at JPL, at Caltech [California Institute of 
Technology], and we were beginning to get into your 
transition out of General Electric. And if you would, 
please, I'd like to ask you when you started thinking 
seriously and looking around for an alternative and how 
that happened. 

RAMO: Well, all the time I was at GE my wife and I had 
California-itis, the disease I already previously described 
to you. So I had vaguely in the back of my mind that I had 
two possibilities in pursuit of my career: one was to stay 
with General Electric, where the indications were I would 
have a very interesting career; or else, at some point to 
make a shift to California. The war was coming to an end. 
By total accident GE had sent me out to California, just 
using the relationship with Caltech, related to military 
projects, rocketry and the like, that was just beginning, 
with JPL as a pioneer operation, as an excuse—this was 
between VE and VJ day—and it was General Electric's usual 
pattern to shift assignments of younger people from what 
they were doing at the moment, if they were planning to put 
them into a higher position, in anticipation of the 
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retirement of someone up above. The tentative plan was 
that I would get away from my total concentration in 
matters electronics—which is what I'd been doing all the 
time I had been at General Electric, which was something 
like nine years at the time—and get a little exposure to 
rocketry. That was related to GE's business in several 
ways, the most important being aeronautical matters. I 
suppose General Electric was thinking more about commercial 
aircraft than it was about military at that time, because 
the war was coming to an end. They saw themselves as being 
the number one in aircraft propulsion. This is because 
General Electric—what with steam engines and then gas 
turbines and so on for the generation of electric power— 
was expert at rotating apparatus in which the character-
istics are a high-speed, high-temperatures control of a 
thermodynamic power relationship. In that, of course, they 
were way ahead of such companies as, let's say, Pratt and 
Whitney, United Aircraft, that were only making piston 
engines. So, as we were shifting airplanes from piston 
engines and propellers to turbines, General Electric was 
the natural supplier. Rocketry was another example of, 
let's say, mechanical thermodynamic devices in which you 
burn fuel, you get tremendous quantities of high-tem-
perature gas at high velocities, and you use that for the 
purpose of providing some kind of mechanical power. And 
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Caltech was, as an example, a frontier research organiza-
tion in that. It would be a good environment, and I had 
the Caltech background to pick up all of that and see how 
that might relate to General Electric's future. Then I was 
to go up to Hanford, Washington, where there was a special 
concentration of atomic energy related activities in which 
General Electric had a dollar-a-year management contract. 
And all this would take some ten or twelve months and I 
would return back to General Electric into a higher posi-
tion involving research and development activities, having 
been broadened and away while retirements were going on. 

I never got back. I had offers to join faculties of 
Stanford, Berkeley, UCLA, and Caltech. By this time my 
pioneer work in microwaves, which was a frontier field in 
electronics, and the fact that I had written books that 
were being used gave me a reputation for my age, which was 
a headstart. And I'd done quite a bit of speaking at 
conventions. General Electric had sent me around the 
country to talk about the new concepts that I was per-
sonally involved in, and a good bit of that was really no 
different from teaching in the sense that I was merely 
trying to understand, in giving those talks, the character-
istics of electricity at extremely high frequencies. That 
was my arena of activity. So I was well known to the 
university people who were getting ready to teach that 
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material and who were using my textbook. I also received 
offers as soon as I arrived on the scene here—to go to 
work for the various (quote) "aircraft companies." These 
were companies like Douglas and North American and 
Lockheed. 

I quickly observed that they were Rosie-the-Riveter 
companies. The few Ph.D.'s they had were all von Karman's 
proteges, and they all left those companies at the earliest 
opportunity, when the war came to an end or was coming to 
an end, to take jobs like head of the department at Johns 
Hopkins, or at Cornell, or at Berkeley, or at Stanford, or 
at Purdue. The aircraft companies seemed to be built 
around the idea of assembling and riveting metal in a shape 
that came from NACA [National Advisory Committee for 
Aeronautics], and not from their own organization, a 
minimum of R and D, a maximum of production at very high 
rate of equipment, in which they would assemble engines 
that came from one place and navigation equipment from 
another place. I didn't think of those companies as 
knowing how to organize the kind of research and develop-
ment that I was certain was going to be needed. The 
future, I knew, was going to be one of guided missiles. I 
knew that jet airplanes would not, depending on a human 
pilot inside, be able to find the enemy jet airplanes. 
Warning and siting would have to depend upon radars from 
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the ground and in the skies, finding where the targets are 
and figuring out with on-board computers where they were 
next likely to be and then launching guided missiles that 
would take over and be able to maneuver and have speeds and 
precisions that you couldn't get out of a human-controlled 
operation. To me then the future of that whole business 
began to shape up with great clarity. I started with the 
strong hunch, in which I had great confidence, that within 
a very, very short time, when the war came to an end, when 
VJ was over, the Soviet Union would undoubtedly have an A-
bomb. And when they did, we would face a whole new era. 
We would worry about the Russians having the chance of 
coming over and dropping A-bombs on the United States. We 
were going to have obviously a big SAC, Strategic Air 
Command, and we were going to be able to drop nuclear 
weapons anywhere in the world. That was going to be our 
strong point to control the world. And we had to have a 
huge air defense system. There would be no other answer to 
it. This would include enormous ground radars to find out 
what was going on up in the sky, and a massive com-
munication system covering thousands of miles. It would 
mean sending up missiles and, I knew, airplanes with men in 
them. The army air force was going to turn into the 
separate service of the air force, and that was the new 
thing. The navy, of course, would not take that lying 
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down. They would have planes that would carry nuclear 
weapons from carriers, so that they could compete in 
strategic warfare. The army, taking off from the V2's, 
would feel that they should launch ever bigger and smarter 
shells, including some that would go thousands of miles, 
that being an extension of army artillery. So there was 
going to be plenty of interservice rivalry, plenty of 
excitement, big budgets. That whole missile-computer-radar-
electronics weapons systems business was going to be the 
most exciting frontier for engineering. It would be the 
beginning of a commercial computer, commercial automatic 
control, automation industry. And so it was the way to go. 

I was right about the fact that when the Russians 
would have their first successful A-test we would know it, 
and the president of the United States would make an 
announcement about it. It would be something very impor-
tant, but it did not appear on the front page of the Los 
Angeles Times, as I had imagined, because on that same day 
Rita Hayworth ran off with the Ali Khan, which was the 
front-page story in Los Angeles. But I did find the story 
in the first section someplace. 

Sure enough big air defense programs were started. 
So, I had in mind that what would really be fun would be to 
have an outstanding research and development group that 
would do some of the pioneer work. I didn't even remotely 
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imagine that I would personally have a part to play and 
would get involved in the manufacture of equipment; that 
would be clearly for the GE's and the Westinghouses and the 
Sperrys and the Raytheons and the Philcos and RCA's— 
Western Electric-Bell Labs despite the telephone business 
would be drafted to play some role in this field. 

But all the electrical industry was in the east. The 
airplane companies out here would find themselves with 
contracts whenever the missiles looked like airplanes, that 
is, if they were big missiles. 

Sure enough, shortly each aircraft company had some 
sort of a contract to develop a long-range device that 
would take bombs all the way to the Soviet Union, with or 
without men in them. But they didn't understand systems 
engineering, how to put together the whole ensemble. 
System engineers were not in positions of leadership of 
engineering or marketing. There were in other words some 
big openings. 

About that time I became aware that there was a rather 
strange phenomenon out here. There was something called 
Hughes Aircraft. It was not even a company. It was an 
entity with that name that was part of the Hughes Tool 
Company which was solely owned by an eccentric multimil-
lionaire. In those days, if you referred to someone as 
being extremely wealthy, one of the wealthiest people in 

238 



the world, you would talk about his having a hundred 
million dollars. This is 1945-46, about forty years ago, 
and what with inflation, that would be the equivalent of 
talking about someone that had several billion dollars 
today. That figure would make him fairly unusual. Howard 
Hughes had a lot of money. I had a vague impression that 
the money came from the fact that his father had the 
monopoly, as a result of patents, on the drill used in 
penetrating through rockier earth for oil wells. About 
every oil driller in the world was using it and paying 
tremendous royalties. Money was coming in like mad, and 
this fellow who had inherited it at age eighteen didn't 
know what to do with it. 

This company known as Hughes Aircraft Company had no 
stature in the field. What with the war, it nevertheless 
had managed to latch on to a couple of projects. One was 
with Kaiser [shipyards]. They were building at Hughes a 
big Liberty flying freight ship. Since the priorities for 
that project were extremely modest, and there was a 
national shortage of suitable metals, they decided to build 
this big ship of plywood. They simply built a huge struc-
ture of wood, put big wings on it, and loaded it with as 
many engines as they could get on the big wings. In 
principle there is no reason why it shouldn't get off the 
floor and fly, but it was not necessarily a sensible thing 
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to do, nor was it getting anywhere. It was way behind in 
completion. No one had any respect for the people doing 
the engineering in this little operation known as Hughes 
Aircraft Company. Hughes had also managed to get some kind 
of a reversible propeller contract for some sort of recon-
naissance plane with the navy. Hughes himself had flown 
the plane, and I'd understood he was a great pilot. That 
was his big hobby. But apparently—as I learned afterwards 
from the pilots who were working at Hughes Aircraft—he 
never did his homework, he was not at all a good pilot. He 
hadn't learned how to handle the reverse propellers and got 
one of them reversed and not the other and sat the thing 
down between a couple of houses near the Los Angeles 
Country Club and almost killed himself. 

But that accident occurred just after I had decided 
that I should accept an offer by some people that seemed to 
say two things at once. First they said, "Look, Howard 
Hughes doesn't know what's going on. Nobody ever sees him. 
But there's a company here and we think there are some 
opportunities in electronics." These were people that were 
running a thing called the radio division. All they really 
had was the job of providing the radios to go on those 
planes that I referred to, those two contracts. 

I knew one of the fellows, who was very bright, who 
had once worked at General Electric near me, at GE. I had 
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a great deal of self-confidence at the time and I said to 
myself, "You know, maybe this is what I need. I can do 
what I want to do here. I can create a new company that 
the government needs. I know there's California-itis and I 
know this work is exciting so I can attract outstanding 
people. I know how to write up proposals that would surely 
get covered by the government on cost-plus contracts"— 
because of the reputation that I had and because of the 
ideas. 

PEASE: Who was the individual who approached you? 
RAMO: I can't remember his name. I'll remember it before 
we finish, but I have a mental block on it at this moment. 
There was a Mc something-or-other who had the title of 
general manager of the Hughes Aircraft Company, who turned 
out to be kind of a minor accountant in the Hughes Tool 
Company, assigned merely to keep track of the money. I'm 
trying to think of the name of the man who was a pilot and 
who was the one that had this hunch that Hughes ought to 
get into matters electronic. 

PEASE: Yes, I was very curious because it seemed that you 
had a great deal of choice, a great deal of people who were 
interested in hiring you. At that point it appeared that 
Hughes Aircraft had been a perennial money-loser and had 
not much stature in the defense industry. And aside from 
that, Hughes himself had a terrible reputation for 
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interfering with the management of his companies or divi-
sions. I was very curious as to what the specific motiva-
tion was to go to Culver City. 
RAMO: Well, first of all, only part of what you say was 
the way I understood it. I understood not that this was a 
money-loser and a poorly rated company, but that it was a 
nothing in effect, it didn't really exist. There was 
simply an entity there that would have the legal position 
of being able to take on a contract. That Howard Hughes's 
reputation was not exactly that he interfered with things, 
but much more that he never knew what was going on and paid 
no attention to it. And it was very much more the latter. 

What I wanted to do was start a new company and do it 
in my own way. In no way could I do that at once; it would 
take time to establish myself at any existing company. I 
did not know how, or was much too concerned about the idea 
of just starting a company. That's something you could 
do— I knew for instance that Dave [David] Packard, whom I 
knew at General Electric, had done that. But you see, he 
and [William R.] Hewlett started making a little measuring 
device in their backyard, in their garage, in Hewlett's 
garage, a little device for measuring frequencies, radio 
frequencies, that Hewlett had invented. You could start a 
company with a little device, but remember I was interested 
in the big field of guided missiles and automation and 
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computers, big complex weapon systems. This was going to 
be the new big frontier. That would require big teams, 
lots of experts, lots of integration, and big government 
sponsorship. No way could you do that by getting an angel, 
getting a financial backer, investing a small amount of 
money, mortgaging your house, and so on, a good route for 
setting up to create a limited product for the commercial 
market. 

What I was convinced of was that I could submit to the 
U.S. Air Force a proposal of how one ought to do the air-to-
air missile, which I was convinced would be the dominant 
missile in defending this country against Russian bombers, 
the number-one project for the age. How would one do it? 
I knew some of the key people running procurement for the 
air force. I had lectured before them. They had come and 
met with me, and they seemed to have respect for my work. 
They had money in their budget that they had to get com-
mitted before June 30—this was 1946. I said to myself, 
"I'll get me a contract for Hughes Aircraft. And then with 
that I'll recruit some people. There must be others with 
the same kind of guts, perhaps over-self-confidence, 
strength of feeling about their hunch that this is what's 
going to be the commanding thing." 

And who would be my competition? The General Elec-
trics and the RCA's. But they all had to get back to 
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fighting each other on commercial television and the radio 
business, get back to redoing the telephone business. They 
would field their second team, third team on military work. 
So, I would be able to attract outstanding people who had 
the confidence and the hunch. And I could do this and— 

Howard Hughes, I heard that he wasn't even cleared for 
classified stuff. Interference in what I would be doing, I 
argued, was unlikely because that would interfere with 
those things he had a personal interest in. He wanted to 
make motion pictures with girls in them, because he was 
interested in eighteen-year-old girls. He wanted to fly 
airplanes. He wanted to own an airline. He didn't under-
stand anything about missiles, radars, and computers. He 
was an ignorant, uneducated man in these other fields, and 
he didn't really have a company that had to be rescued or 
managed. 

So, I decided: The worst that could happen with me is 
I'll try the experiment, and in six weeks to two months I 
will discover if I've overestimated my position and I can't 
get a contract in a hurry. This was like April. I knew 
they had to commit money by June 30, or they'd lose it. 
PEASE: April '46? 

RAMO: 'Forty-six. I said, "If I don't get the contracts, 
I'll take one of these other jobs, or I'll go back to 
General Electric, or I'll go be a professor and a 
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consultant on the side and bide my time and do something 
different later." This looked like it could really be that 
unusual situation that very few people would fit. 

Well, several things happened immediately. I got my 
proposals written, journeyed to Wright Field, presented 
them orally, and got a letter contract before I left. Then 
I began to get telephone calls and letters from all over 
the country from outstanding people who were part of my 
fraternity—from all of the existing companies, Ph.D's from 
Caltech, UCLA, Berkeley, Stanford, who all had had to go to 
work in the East and all had California-itis. I added 
these people to the Hughes payroll and they added ideas and 
proposals, we were soon swamped with tasks that we could do 
and with contract money. All of a sudden there was a 
—within a few months—there was a clear embryo of what 
became in a matter of two to three years the largest 
concentration of technical-degree people working in stuff 
of this kind in the country. 

PEASE: Were most of these people attracted, aside from 
their wanting to move back to Southern California, because 
they too were on track with these kinds of ideas? 
RAMO: Yes. 
PEASE: Or was it simply your reputation and through the 
grapevine— 
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RAMO: Well, let's take Dean Wooldridge, for example. He 
and I knew each other well at Caltech, and we saw each 
other occasionally since. He was a shining light at Bell 
Laboratories. He was destined for higher positions. He 
had worked in bomb navigation computers, in bombing trajec-
tory controls and the like at Bell Laboratories. This was 
important as compared with conventional telephone things. 
But the schedule at war's end was for him to go back to the 
normal pursuits of Bell Laboratories, to understand mag-
netism better, to prepare for a field in which tape record-
ing—memory on tape, signals on tape—on magnetic materials 
was going to be a big issue, which of course it became. 
But in the war he had had his mind opened to these big 
system breakthrough projects. 

So he called me and said, "What are you up to out 
there, what are you doing?" I gave him my story, why I was 
doing it. I already had this air-to-air missile contract. 
There were a half a dozen competitive air-to-air missiles. 
Everybody else in the competition was going to have a big 
fat missile with a big warhead, because they felt they 
could not get close enough to the target to kill it by 
entering it. So they needed a proximity fuse and a big 
explosion in the sky. It's pretty hard to kill an airplane 
if you only pass near it. You have to get everything timed 
well and explode a big warhead. I had done my own little 
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calculations and decided that the fact of the matter is you 
could miniaturize the equipment and also attain such 
accuracy, and a bomber was big enough that we send a 
missile right through it. With small missiles we could 
carry half a dozen of them on a fighter plane. One fighter 
plane could destroy two or three bombers. We were the only 
ones with a small, accurate missile that was designed to 
penetrate. The airborne microwave radar search system that 
was searching, looking around the sky to see where the 
target is and then trying to get it into the center of its 
search and then figure out where it was going, was also the 
microwave antenna illuminating the target and picking up 
the radar signals. The fighter plane illuminated the 
target with radar and launched a missile at the right 
instant that homed on the echoes off the target. The 
fighter plane could turn away to avoid even being involved 
in the final collision, with its radar automatically 
turning to keep the illumination up. 
PEASE: And thus the Falcon was born. 
RAMO: Thus the Falcon was born. 

PEASE: Now, you say that within three years you had 
gathered the largest group of technical talent— 
RAMO: Second only to Bell Laboratories in one place, 
[laughter] 
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PEASE: But what about the first year or so, when you 
arrived there. What did you find, what kind of budget did 
you have to work with? Did you have any difficulty— 
RAMO: The budgets were those we decided on. Everything 
was charged to cost-plus contracts, even automobiles and 
trucks, laboratories, facilities. What you did was, you 
took— Well, you see, they had this big airplane— I said, 
"Well, we will put some partitions in here. Laboratories 
on the first floor, offices on the second floor. And 
charge it all against the contract." In those days you 
could write off almost anything against the contracts. You 
hardly needed working capital, because you would get 
progress payments. See, this was all government crisis 
financing. It developed during the war and the pattern had 
not yet come to an end, and it actually went on for several 
more years, only gradually tapering off. For working 
capital you could get a loan guaranteed by the government. 
You go to Mellon, the banker generally used by Hughes—this 
fellow McDonnell or McConnell or something like that was 
the accountant and finance arranger. For the working 
capital he simply called the Mellon Bank. Since we had a 
contract—secret, high priority—we qualified. The Mellon 
Bank was guaranteed by the government, so they loaned us 
the money we needed gladly. The government was committed 
to the general idea that you'd get about 10 percent profit 
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on the cost-plus contract. They'd estimate about how much 
work you'd do in the next two or three months—let's say 
ten million dollars, which would mean a million dollar 
profit. Well, if you only spent nine million dollars, and 
you had this million dollar profit, then you went over. 
Accordingly for the next period, the government would re-
negotiate the contract and say, "Well, you've overdone the 
profit, so we'll get it down on this next contract. We'll 
only give you an 8 percent contract fee." But the return 
on investment was enormous since there was essentially no 
investment. We had no problem of finance. Hughes didn't 
have to be asked for money. 

PEASE: So, in this period you were essentially dealing 
only with his accountant and the government. I mean, 
you're not having— 
RAMO: There was also a lawyer by the name of Hall, Howard 
Hall, and I'll eventually get around to thinking of— Oh, 
there was a fellow by the name of Evans, Dave [David] 
Evans; he was the head of this little radio division. He 
afterwards left the operation to be just a general flunky 
for Howard Hughes, which is what he in effect really had 
been. I found out, after I came in, that only part of his 
time was running the radio division. If Howard Hughes was 
going off somewhere with his airplane and with one of the 
eighteen-year-old starlets, and a motion picture was being 
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made at the same time—that was one reason for going 
off—and he wanted to be sure Tyrone Power stayed away from 
the starlets, he told Dave Evans to come and watch this 
girl when Howard Hughes wasn't around. He was the head of 
this little radio division. He didn't know what was going 
on either, Dave. [laughter] 

PEASE: So, how long was it before [Ira] Eaker and [Harold 
L.] George and [Charles B. "Tex"] Thornton arrive on the 
scene? 
RAMO: Couple of years. This was April '46, so they came 
along about '48. About this time I knew for sure Howard 
Hughes did not know what we were doing, but he knew there 
was some sort of a hotshot operation involving a group of 
new scientists. I ran into Howard Hughes in the hallway 
one day—well, more specifically, the first time I ever saw 
him I was giving a presentation on the Falcon missile to a 
group of air force officers and others. There was a group 
of maybe twenty or thirty people in the room, a dozen 
visitors and a dozen of our own people in the company. And 
I noted as I was talking that Howard Hughes opened the door 
at the back and came in and sat down in the back. There 
was no question that that was Howard Hughes, because I'd 
seen enough pictures of him. 
PEASE: You'd never met him. 
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RAMO: I'd never met him before. And he just sat there 
looking glum and I remembered that he is hard of hearing 
and I assumed that he probably didn't understand a thing, 
or hear a thing what was going on. I had some charts and I 
do remember raising my voice to a somewhat higher level. I 
didn't want to overdo it. Hughes left before the presen-
tation was over. The others went next to see some hardware 
and I was not going to go along. And I completed some 
directives to some other people, and they collected the 
charts and they went off. I was the last person to leave 
the room. When I left, as I opened the door and went out 
into the hall, where I caught sight of Howard Hughes 
ducking behind a little indent along the hall. There was a 
closet or some storage area at about that point with a 
couple of double doors. And so, as I walked along, I knew 
that he was going to be there. I approached slowly. I had 
a folder with some things in it. I pretended I was going 
along and trying to refresh my memory about something, was 
thinking about something, so I could walk very slowly. And 
sure enough, you know, he put his hand out, stepped forward 
and with a look of tremendous shyness and embarrassment— 
this is the owner of the operation, this is the multibil-
lionaire—and he said, "You're Simon Ramo, aren't you?" 
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And I said, "Yes." And I thought he was going to say, 
"I'm Howard Hughes." And I wondered would I say, "Yes, I 
know." 

He didn't. He said, "Do you mind if I ask you some-
thing?" He said, "Now, I'm not a scientist." And his 
question was essentially: "How does the missile know which 
way is up?" At this point I had the impression that while 
eccentric he probably was bright and an engineer in an 
amateur sense. He was, after all, a pilot. He must know 
how a gyro operates, how you keep sense of direction in an 
airplane with instruments. 

So I started to phrase something and I saw him turn 
his head, and so I raised my voice a little bit, but from 
his response he heard me. But I soon saw that he hadn't 
really the slightest idea of the principles of a gyroscope. 
Now I'm sure, that as a pilot, at least of sorts, he knew 
how to look at an instrument on the dashboard and get 
information from what he was seeing there, and he knew that 
there was a gyroscope action behind it. And he knew that 
something was spinning and when something spins it tends to 
hold the direction of the axis of spin. But beyond that, 
what are the key things that determine the deviation of a 
gyroscope, what can you obtain from the fact that it 
doesn't absolutely, perfectly hold the direction? It tries 
to, or it tends to, but it's in that deviation that you get 
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information. That was beyond him. He did not understand 
Newton's laws, he knew not even the most elementary of 
physics, such as would happen if he had had a high school 
course in physics. Here was a very uneducated, ignorant 
fellow. And quite mindful of the fact that he didn't 
understand this kind of thing. 

That was my first introduction to Howard Hughes, and 
it began a train of pieces of information that came my way, 
to suggest that in truth he had never made a decision, 
business or otherwise, that could be said to be— There was 
no evidence that he had made one that could be said to be 
correct in any way, or understood in any way. If you have 
enough money coming in, and you want to go and make motion 
pictures because this is a way of having girls, you can 
certainly make motion pictures. He was a failure at that. 

If you have, again, enough money and it's wartime and 
you want to work at it, you can get yourself some sort of a 
contract. You can assemble a team of people. He had once 
tried to develop a steam car, not even knowing that steam 
cars had already been developed and had been bypassed for 
internal combustion engines. In his trip around the world 
the problem was to keep him from operating the plane any 
more than necessary. And the plane which he crashed, it 
was because he didn't know what he was doing. 
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He found it difficult to make decisions about any-
thing. Naturally, being eighteen years old, he wanted to 
develop automobiles and then he heard about airplanes, so 
he wanted to develop airplanes, and he wanted to be a 
pilot. He had to do something with his money as it was 
coming in. He wanted to buy California, but he did not 
know that he couldn't do that, so he bought at least Culver 
City, which is the low place to which all the water went, 
and which was cheap enough to buy a good part of. At his 
death he was still trying to buy all the land around him. 
People have a tendency to want to be the duke and to look 
around and see that they own everything that their eyes can 
see. So, from the Desert Inn he was still trying to own 
Las Vegas. 

When we needed a location for a missile plant and 
decided to put the additional manufacturing in another 
location and selected Tucson, then he directed people 
working for him, directed insofar as he knew how to direct, 
which was not very well— In an inefficient, probably 
wasteful manner, with people of general incompetence or 
partially crooked, he acquired a lot of land in Tucson 
around the plant. 

He wanted to own an airplane company, so he bought 
stock in TWA [Trans-World Airlines, Inc.]. He had 57 
percent, hence control. Naturally it would occur to him 
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every once in a while that he ought to make a decision as 
to whether they should or shouldn't buy Constellations or 
some other plane. So he would decide he ought to get an 
experimental version of a new plane and try it out. This 
would hold up decisions for TWA as compared with other 
airlines. When he hurt TWA enough the court decided to 
treat him like a child. They took his stock away and put 
it in escrow and appointed other people to vote his stock. 
Then, humiliated, he sold his stock. Naturally, if it was 
worth x dollars on the market on the day before he decided 
to sell it would be worth something more, say, like two x 
if Howard Hughes would no longer be in the picture. So, 
it's little instances like that that cause people to say, 
"Well, Hughes is eccentric, but boy, he's a genius." 
Technically, look, the Hughes operation, this electronics 
and missiles activity, he knew nothing about. He made no 
decisions about it. He did not conceive it or participate 
in it or follow it. 
PEASE: Was he pretty much out of the scene during the 
formative years of developing the Falcon system, the first 
two or three years? 
RAMO: Oh, he was totally out of the scene at all times, 
not just initially. What happened, he got into the scene 
in the following way. There were two ways in which he got 
into the picture. He knew he had a big thing going in 
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Hughes Aircraft, I mean, this was building up to big 
contracts. People were trying to make contact with him to 
buy the operation from him. This was encouraged by the 
defense department that did not want an unclearable eccen-
tric to own such a terribly important operation. We caused 
the cancellation of competitors. Every interceptor air-
plane in the United States, including Canadian planes, 
(including some navy editions) that would rise to resist an 
attempt by the Soviet Union to bomb us, every interceptor 
plane built by Northrop or Lockheed or North American or 
Douglas or the new supersonic version built by Convair 
(later General Dynamics), [or] McDonnell Douglas, I mean 
McDonnell, for the navy—every one of those planes depended 
upon hundreds of thousands of dollars1 worth of radar and 
computers and guided missiles and blind landing and take-
off and control equipment and displays for the pilot to 
stick his head in, so he could just do what he was told to 
do when he saw certain things on the screen. He was merely 
a link and had very little to do but go along for the ride, 
but it was part of the air force approach to life. All of 
them depended on apparatus coming exclusively from Hughes. 

Now, remember, I had in mind that we'd build to one 
hundred outstanding people. When we passed two hundred and 
headed for four hundred, I thought maybe eight hundred 
would be a place to stop. As we passed sixteen hundred and 
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headed for thirty-two hundred it was no longer a question 
of our just doing research and development. We had to pro-
duce, say, like one a day of a complete system. We had to 
do a lot of testing. We had to install systems on dif-
ferent kinds of airplanes. We had to train people. We had 
to take drones, old bombers set up without a man in them, 
equip them with automatic equipment, send them over the 
desert and then let one of our fighter planes loose with 
some of our embryonic early missiles and see if we really 
were able to knock the drones down. 

This was a big program, with lots of instrumentation, 
lots of people in specialized aspects of it, we had to 
produce quantities of apparatus. So we naturally had 
ourselves a production line that we thought of as an 
extension of our laboratory hardware, gradually refining 
it, gradually improving the products and make ten of them, 
then a hundred of them, then a thousand. We had to create 
automatic test equipment for the factory: We'd put the 
seeker head of the missile on a special table and placed an 
artificial target producing a microwave signal on a moving 
platform. Then we saw what the seeker head did about 
following the target. We took such initial, experimental 
test setups and turned them into semiautomatic test equip-
ment for the production line. In other words, we developed 
new production techniques suitable for this kind of gear. 
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We were beginning to have thousands of people working 
in the so-called factories. So we had to have someone with 
the title, you know, the vice-president for manufacturing. 
I was the director of operations, with the research and 
devolopment and the engineering and the manufacturing 
reporting to me. Now, such people as Westinghouse and GE 
and Philco had gotten into a lot of military gear manufac-
turing during the war. Initially they were supposed to 
make the production versions of our developments. They 
sent their manufacturing engineers to find out what we were 
doing and take the drawings and the specifications and try 
to design out a production operation. They figured out 
that they could make the first system in thirty-six months, 
and then they'd gradually build up production. 

Unfortunately, by eighteen months we had a whole new 
model, a whole new version. The system they were designing 
the factory for was out of date. They never could start 
production. One system a day, costing, say, several 
hundred thousand dollars, got you up into the hundreds of 
millions of dollars of business in one year. So, we found 
ourselves in production. After about three or four years 
it was perfectly clear that ours was one of the big, 
remarkable postwar phenomena. There was no other company 
postwar with this kind of a buildup of business— 
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TAPE NUMBER: VII, SIDE TWO 
APRIL 24, 1984 

PEASE: Could you talk a little bit about during the 
development period of the Falcon and your entering into 
producing these systems and their rapid development—a 
couple of issues: for example, how you were dealing with 
interservice rivalries, an important area; your relation-
ship with Dean Wooldridge, how it began to develop; and 
when you first began to start conceptualizing the process 
that has become known as systems engineering. 
RAMO: All right. There is a loose end that you brought up 
earlier, though, that I think we better take care of it 
before we forget about it. Somewhere in there, Howard 
Hughes had that kind of awareness that anyone alive would 
have remotely in his position, that this was a big thing 
that was going on here, but he didn't understand and he 
didn't know the people and they weren't the kind of people 
he could expect to get to know. And I don't know whether 
he knew he was not even cleared to know. But it was 
natural for some of us to say to those people that were 
employees of Hughes Tool Company, largely in the account-
ing, legal side, "Say, you fellows, you must have some way 
of contacting him. He's got to know what kind of thing's 
going on here." I began to urge it be recognized that we 
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had a big commercial business potential. At some point we 
should seek a fifty-fifty mix, military-commercial. So, 
there needs to be some decisions, and there needs to be 
something in the way of a structure of corporate manage-
ment . 

Meanwhile there was a loose end, that there was 
another part of Hughes Aircraft Company, with a chief 
engineer and other people working away at— At this time 
they were trying to get into the helicopter business. 
Having finished with the big wooden ship, they were trying 
to get some helicopter business. They had nothing to do 
with us; we were a whole different company. 

At some point here, we heard that Ira Eaker was being 
hired, and he was going to help Howard Hughes figure out 
what the future was going to be for this company. Well, 
Eaker had no problems at all in getting to know us, because 
all Eaker had to do was make contact with the air force and 
find out that this entity was their shining light. This 
was their gem. 
PEASE: Now, Ira Eaker had been a deputy commander of the 
air force, is that correct? 
RAMO: Yes. I guess he was four star, or at least three 
star. He had been one of the, let's say, three or four 
people at the very top of the air force, which had become a 
separate service. 
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PEASE: Was he already a VP at Hughes Tool, or did he come 
in — 
RAMO: No, no. 
PEASE: —as a VP of Hughes Tool? 
RAMO: He came in with that among his titles, but he came 
in as the man to worry about Hughes Aircraft Company for 
Howard Hughes. What to do about it. Now at about the same 
time Noah Dietrich, who was Howard Hughes's major deputy— 
but I found out afterwards that that only meant he was his 
principal accountant. Howard Hughes didn't have much use 
for Dietrich, nor Dietrich for Howard Hughes, near as I 
could tell from the way each of them spoke about each 
other. 

PEASE: Now, he was managing the tool company. 
RAMO: Sort of. There were other people that were busily 
engaged in turning out tools and marketing them. And the 
money was coming in and Howard never really touched that 
process, he just simply took the money as it came in and 
plunked it here, there, or the other, usually in buying 
more shares in TWA or buying more land. He didn't have to 
put any money into Hughes Aircraft Company, so it was a 
problem of just what to do with the money, losing some of 
it in this or that enterprise that he himself tried to get 
into, like the movie business, like buying RKO [Pictures 
Corporation] afterwards, and then trying to sell and going 
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through additional humiliations. Dietrich hired [Charles 
B. ("Tex")] Thornton, who had been at Ford Motor Company. 
There was some sort of a power battle going on at Ford 
Motor Company after the old man died, and Tex was not in 
the group that won out. Tex was available; Dietrich hired 
him. My impression was that Tex was to be an understudy 
for Dietrich. 

PEASE: OK, so this was Charles Thornton. 
RAMO: This was Charles Thornton, Tex Thornton. 
PEASE: Now, he hired him into Hughes Aircraft or— 
RAMO: Into Hughes Tool. 
PEASE: Okay. 

RAMO: But then immediately, I think this is probably 
Dietrich's intiative, but totally accepted by Eaker, who 
had at least met Thornton before. Eaker brought in General 
[Harold L.] George to be the acting general manager there 
at Hughes. Very outstanding person, Harold George. You 
know, honest, personable, understanding people, very high 
integrity. Tex was bright and a promoter, determined, 
charming, intelligent, a "Hey, let's go" type. So, here 
was this operation involving Eaker, George—the two gen-
erals—a little bit of Dietrich, a lot of Tex. There was 
someone, another pilot, that was known to those people, not 
to me, by the name of Dean Smith, who was a very nice man. 
Here was an entourage of people, none of whom I knew, and 
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they presumably had the job of figuring out the future for 
Hughes. Well, it was evident what the future was: We were 
it. We were already doing it. [laughter] All they had to 
do was check with the U.S. Air Force, which they did, and 
they found out we had the world by the tail and we were 
beating everybody else out. So they arrived at the con-
clusion to go for electronics [laughter], rather than 
building airplanes. In no way could they get a contract 
for building an airplane anymore, although that little 
group hung on with the helicopters. They eventually made 
it into a source of helicopters, and to this day there is a 
Hughes helicopter operation that's independent of what is 
Hughes Aircraft Company and that was part of what the 
Hughes Tool Company sold off. I don't know what exactly 
its legal status is today, but it's not part of the medical 
foundation, which owns the Hughes Aircraft Company that I 
had set up. So, that completes that picture. All that 
happened then was that Eaker and George and Tex simply 
became supporters and took care of the legal and accounting 
side of the activity. 

PEASE: They brought some rationality to the corporate 
management. 
RAMO: Yes. Although since it was all cost-plus, dominated 
by that, it turns out that Tex was usually frustrated, 
trying to find something to do, to go with his outstanding 
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ability. What he should have done was start a company 
[laughter]—as he eventually did later—earlier. Because 
how much can you do when you sit down to negotiate with the 
air force and you know they're going to try to end up with 
10 percent. So, what happened was [that] Dietrich, 
worrying about Hughes Tool being after all really the true 
legal entity, and he, its executive vice-president, the 
senior officer—he wanted personal control of this great 
new unit, the Hughes Aircraft Company. He began to feud 
with Eaker and George and Thornton, with Thornton getting 
most of the blame in the feuding. Eventually Thornton and 
Dietrich ended up with libel suits against each other. It 
was a bad situation that Tex was well out of, to get out 
of. And Tex got out and started Litton when Wooldridge and 
I left and started Ramo-Wooldridge— 

PEASE: But essentially that was insulating you, to some 
degree, I would suspect. 
RAMO: Well, but Wooldridge and I were untouchable gods. 
In no way would Howard Hughes or Dietrich or Eaker or 
anybody do anything but support us. It was as though— How 
can I describe it? Suppose that you had the greatest 
concentration of neurosurgeons in a new hospital engaged 
doing brain surgery with great distinction. Suppose 
everyone in the world with a head problem coming there, and 
they were the champion surgeons. And suppose you have 
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someone with the job title of general manager of the 
hospital, and he's engaged in feuding with someone that 
owns the hospital. Now no one is going to touch the 
neurosurgeons. Whatever we want, we got. We decided on 
salaries, we decided when to promote our people, what our 
policies would be on recruiting. We chose the projects and 
arranged government sponsorship. We created Howard Hughes 
fellowships at Caltech for doctorates. We did all of the 
substantive things. We decided we needed a new plant, that 
it ought to be in a location other than Culver City. We 
decided on Tucson. These things were decided by us and the 
corporate management merely had to follow through with 
mundane items of an administrative nature. 
PEASE: Well, I know that in late '48—if this information 
is correct—you went on, you got an $8 million contract, or 
approximately $8 million, whatever that means with cost-
plus, to put two hundred of these control systems in the 
Lockheed F-94 [Starfire]— What about the process, what 
about the interservice rivalries that are, well, fairly 
notorious in the history of— 
RAMO: Interservice rivalry was not important in our 
operation for the reason that what we were up to was 
principally an air force mission, and we were in a position 
to get our sponsorship from the air force. We had some 
navy work. Some things, naturally, would overflow, but we 
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had a position of very high respect around the country. 
There was no industrial phenomenon quite like ours. In the 
universities, as well as within the services, we were kind 
of heroes. We weren't suitable targets for any inter-
service rivalry problems. For example: it would have been 
pointless for the navy to say, "Since the air force doesn't 
know what it's doing and can't be counted on to defend the 
nation against a Russian bomber attack, you better count on 
the navy doing it." From what? Build a lot of carriers 
offshore to send up planes to destroy Russian bombers? The 
navy had its own battles: battleships versus carriers; 
submarines; the use of missiles from navy or marine air-
planes, coming off of either land or carriers. The big 
programs in strategic continental air defense where we were 
working were the air force's, so we were not with any major 
problem of interservice rivalry. Then, as regards the 
airplane manufacturers, people like Bob [Robert E.] Gross, 
chairman of Lockheed, would seek meetings with me to 
discuss what he ought to be doing in Lockheed about 
missiles and electronics. He would say things like, "Si, 
you know, we're not going to be up in your class, but we 
can't ignore the electronic side of things and just simply 
build frames around equipment that you guys serve up. 
Eventually we're going to have to be a complete systems 
group." And Gross would say, "What would you think of my 
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trying to buy you guys from Howard Hughes? You know, what 
does he know about it anyway? What's he doing as owner." 
Bob Gross was always trying to make a deal in which he 
could merge us with Lockheed. 

Well, General Dynamics [Corporation] was being put 
together, Floyd Odium was involved. He was a big promoter. 
Floyd Odium decided he would buy us from Howard Hughes. So 
we come to that part of the drama in which Howard Hughes 
found himself hearing— He would very rarely ever be found 
talking to anyone. Lacking confidence, and not knowing 
what he was talking about, and knowing he didn't, he would 
avoid ever getting on the phone with anybody on something 
that might require serious conversation. So he would send 
somebody like Dietrich who didn't know what it was about 
either. What would happen, all of these people, including 
Wall Street combines—there was a Pennroad Corporation on 
Wall Street, maybe there still is, a big collection of 
money, came from the Pennsylvania Railroad, originally, 
from people that, I guess, upon selling their majority 
ownership, the Pennsylvania Railroad then went into more 
general investments—there was everything from J. P. Morgan 
to Lehman Brothers to Mellon [National] Bank to Smith, 
Barney [and Company], We were a subject of Wall Street 
speculation. Westinghouse wanted to buy us. Thompson 
Products decided they ought to let it be known that they'd 
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like to buy this electronics and missile operation known, 
strangely, as Hughes Aircraft Company, with no aircraft 
projects. 
PEASE: Hughes had a habit of passing rumors out that he 
wanted to sell things, now and then, to find out what they 
were worth, isn't that right? 
RAMO: I don't think he was quite smart enough to do that, 
or not to do it skillfully. It was just bound to happen 
that people would want to buy this unusual company, 
figuring that sooner or later the military, the defense 
department, was never going to allow it to go on like this. 
Not with Howard Hughes owning it. So, people assumed there 
was something unstable there, and sooner or later they were 
going to— Somebody has to buy this thing. The defense 
department is going to force it; something is going to 
happen. 

So, contacts were always coming up—and meanwhile here 
is Howard Hughes sitting there. What are his problems? 
Number one, he's losing a lot of money with RKO; number 
two, he's got minority shareholders problems with TWA about 
his screwing up things. He, as he sees it— And he told me 
this with great frankness and completeness when we got to 
where we were meeting alone towards the end—he felt 
humiliated, he felt terrible, he felt that, you know, "All 
I got is just a lot of money that I didn't make. And I've 
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just about mishandled everything from my personal life to— 
I don't have anybody that admires me. I'm a subject of 
derision. People like Ramo and Wooldridge, they really 
don't want to work for me. I can't blame them. I've got 
people feuding and I don't know how to stop the feud. And 
I'm not doing too well financially. I don't want to sell 
property. I've got all my money tied up in something or 
other. And I'm being kicked around here, I'm going to be 
with a big batch of cash, as a result of having to sell my 
stock in TWA— The court— I'm not going to, by gosh, let 
them put my stock in escrow and sit there like a child and 
not vote my own stock. I'm going to sell my stock if 
that's what they're going to do to me. So, I've got all 
this money now. Here's a few hundred million dollars." 
[laughter] 

A man with terrible problems, assessing himself as an 
absolute failure in life. And somebody is always coming 
around and wanting to buy this damn thing from him. None 
of them would think of making a deal with Howard Hughes— 
who can't be reached and you can't talk to him, you can't 
make deals anyway—without checking on whether or not the 
important people are going to be there. Everybody figured 
out that if you have Messrs. Ramo and Wooldridge, then 
you've got the whole thing. So, what you do is you make a 
deal with those guys. 

269 



Well, we were extremely, super ethical. We were 
almost like religious zealots in that regard. Perhaps that 
was all this was a bit new and different to us, but we had 
very adequate appreciation of what we represented from the 
standpoint of national security. One of the things that I 
knew we were not eligible for was business deals where we 
would get rich through a deal in which the operation gets 
taken over—even if they spread stock and options ade-
quately to hundreds of our people, which is what we after-
wards did with Ramo-Wooldridge. No, I mean this is some-
thing that—we've got an obligation here, we can't even 
touch this. 

So, as to somebody buying it from Howard Hughes, we 
felt that was his problem and their problem. We felt that 
we would— No one was buying it with the idea of firing us 
and taking the thing apart. I mean, they wanted the 
entity. So, we personally would make out all right, no 
matter what. But we were going to stay out of the deal 
situation. We wouldn't talk to Fortune magazine and 
Businessweek. They could never get near us. We never 
talked to any reporters about a possible sale or about 
Hughes himself. 

Howard Hughes got into the habit then of calling me 
and saying, "You're going to hear rumors that I'm trying to 
sell the place. You should know that there's absolutely 
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nothing to it. I've absolutely no interest in selling 
anything." 

And, of course, I would hear about the fact that he 
would indirectly toy with selling. But when I answered you 
with, "You didn't say it quite right when you said that he 
was only trying to see what it was worth," and I said, "He 
wasn't that smart," I meant he was not basically a negoti-
ator, a schemer, a strategist. There he was, mixed up in 
his confusion [laughter] that he didn't understand. He had 
some curiosity about what Hughes Aircraft was worth, but he 
knew he didn't have much to do with [it]. He knew one 
thing though, "Boy, this is my great ambition, to have this 
kind of an operation, and to own it is really something. I 
mean, all this other stuff is nothing, so I'm not about to 
sell the thing." I think there he was sincere. 
PEASE: Well, Hughes Aircraft is growing like gangbusters. 
You've got, by 1950, at least according to my data over 
fifteen thousand employees, you have a thousand scientists, 
and aftertax earnings have grown from about $400,000 in '49 
to $5.3 million in '52. What is the relationship with Dean 
Wooldridge at this point? How are you dividing up the 
shop? How is the work being divided between you? 
RAMO: Well, when Wooldridge came in as associate director, 
I had a title of like director of research, because we were 
thinking of ourselves as a research laboratory. He was to 
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be associate director of research. But I told him that as 
far as I was concerned, he and I were partners. And we 
operated that way, and it was amazing. Neither of us has 
tremendous pride, despite the way I talk, of authorship or 
worries a lot about how much credit we get. For instance, 
I never ever put my name on a patent, after leaving General 
Electric. The idea was always to be somebody else's, 
working under me. I would think of myself as doing my job 
well and being respected and being able to do my job even 
better if I would keep trying to give ideas, to help 
everybody around me insofar as I had something to offer. 
Wooldridge and I were different in personality, he much 
more reserved. You would not find— Fortune would not find 
it easy to get Wooldridge to talk about himself. But we 
were exactly alike in our way of thinking. We could finish 
sentences for each other. So, let's say, I took the 
missile and he took the other parts—the radars and the 
computers on the airplane—as major things to keep looking 
at. But we arranged coordination meetings for systems 
integration of the whole, in which either of us could chair 
the meetings. So we had someone to substitute for each 
other. Each of us could go and give the presentations, 
could participate in describing what we needed. 
PEASE: Did you have some kind of system for exchanging 
information that allowed that, other than conversation? 
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RAMO: Well, we were so close together that we were like 
identical twins. We didn't need systems of— Everything 
was talked over, of any importance. 

I took the lead in recruiting. And it was about a ten-
or fifteen-minute assignment in the morning. I had one man 
that I had chosen, that was outstanding; he would come in 
in the morning with a batch of maybe fifty new possibil-
ities, having culled. These would be people that would be 
trying to get in touch with me or write to me or would 
telephone me, and I could take those names, look at the 
sheet of paper in which he had compressed, sometimes it was 
an original letter, he'd compressed— I created a form that 
had what I wanted on it. I could look [at] the top sheet 
and the back; and only if I wanted to go further would I 
open the inside. It had some other information. And I 
would say to him, call so-and-so, send the TWX to so-and-
so, ask about this fellow in the following ways from the 
following people. And we'd go on to the next one. 

Information would come back, and every morning then I 
would decide on offers to all of these people. I wouldn't 
be concerned about the specific job. I gambled that we 
would stay on a rising curve, and we needed people of 
various categories. After they arrived we would decide 
where they would go and for whom they would work. So I 
bypassed the whole business of having interviews by anybody 
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else. In that way I was able to add a thousand scientists 
a year. [laughter] I did the same thing in the beginning 
of Ramo-Wooldridge. 
PEASE: You know, often companies that are growing at 
incredible rates run into problems as a result of that 
growth, lines of communication break down, objects and 
goals become less clear, that sort of thing. Did you 
encounter any of that during this— 

RAMO: Not during that period. That kind of thing was 
trivial. See, the truth of the matter is that if you 
happen to be building the organization around projects that 
are relatively specific as to what you're trying to do, and 
you know the business well, so you know that for this 
project to be successful, you have to have a group of 
experts, let's say, on electromagnetic waves. You have to 
have a group of experts on semiconductors and circuitry. 
You have to have a group of experts on mechanical things 
like gyroscopes and controls, the motion of devices like 
the surfaces on a missile. You have to have a group of 
structural people. And you have to organize so that you 
have a leader in the overall structural, physical inte-
gration. You have to have a leader in the systems, in the 
information flow. Signals go through the system from the 
beginning to end, from the airplane out to the target and 
back, and those systems, you have to see the connection, 
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the train. So you have a group that works that problem. 
Now you take those leaders of the structural, of the 
functional areas, eight or ten of those, and of the inter-
locking groups, like guidance and control, the information, 
the energy, the heat phenomenon, because things tend to 
heat up, somebody in charge of watching where heat arises 
and disappears everywhere around the system. 

About every three days we'd have a meeting, lasting 
about an hour, of that group, to recognize the interface 
problems and go out and bargain them. For example, if you 
are going to miss in guidance and control enough— It's 
like steering a car. If you expect to be in a situation 
where you have the danger of running off the road to the 
right, and to avert that you suddenly turn left, then 
you're in danger to the left, if you have a system that's 
hunting very rapidly and you don't have enough margins, 
aside from the obvious fact that you've got a poor situ-
ation, you can well afford to ask yourself the question, 
"Have we got the right balance of weights and motions and 
boundaries?" Maybe we need a wider road, let's face it, so 
you have more time. So when you begin to sense that you 
might later run off the road, you can start correcting 
before you're anywhere near that, arrange it slower. 

If, in a missile, you put the big burden on the 
rudders, let's say, to use aerodynamic forces to get you 
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corrected, they will be too big, you'll be carrying around 
too much energy for that purpose. And when you move them, 
you get big effects. If you have them too little, then you 
put too much of a burden on trying to be precise in your 
guidance system. So, everyone is seeking to make his job 
easier, so he can get it done with greatest reliability, 
least cost and weight and complexity, and put the burden on 
somebody else to do his job better so that you can make out 
all right. The rocket engine guy says, "I can't swivel 
this cockeyed rocket to change direction. It's too hard to 
make a device that will swivel and do it fast and with big 
angles. So you've got to let me get by with just a tiny 
little bit of motion here." 

And the guidance expert says, "I can't allow that. By 
the time I have figured out what I need to have you do it's 
a little late for you to get it corrected with such a 
little bit of motion. You've got to give me a bigger 
motion." Well, those guys fight and they draw curves and 
they negotiate. 

Now, these things are the issues that all of this top 
group understands. You can do that with a project. It's a 
little different from something where you've got a terrific 
overall marketing problem; where, for example, we decide, 
you and I, to go into the personal computer business, 
trying to find a niche not being filled by the other 
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people. We've got a terrific problem of finding out what 
the market really is. 

There's another thing that bollixes up operations—if 
there is such a word, I've lost confidence in that one— 
and that is the administrative side. Remember we had these 
cost-plus, quick-action contracts. If it were a case of 
using our own money, we'd have had to have a structure to 
watch the risk in investments and have a degree of bureau-
cracy and review that would frustrate the hell out of 
people. And that's when they'd be getting on each other's 
nerves and start in effect to connive to fix it so that 
they can get done what they need to get done, despite the 
system. So with nobody bucking the system, we had the best 
of worlds for a short time there. 

PEASE: When does this time begin to change, this environ-
ment? 
RAMO: Well, I would say that probably the company would 
have become much more complex. Suppose that we had not had 
the problem of Howard Hughes being the owner and the 
defense department not liking that, and an element of 
overall instability that results from that, and feuding 
going on in the corporate levels. Suppose this had been, 
let's say, a publicly held company. Suppose I'd been the 
chief executive officer instead of chief of operations, but 
still with this same kind of system. We would have felt 
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compelled to do the following things on an urgent basis: 
First, develop the commercial side, which would have been 
computers. We would have probably become a rival to IBM, 
because at that time they were as yet nowhere in elec-
tronics. It was a punch-card era, and they had their 
machines all over the world in all the accounting depart-
ments. And the new computers, electronic computers, that 
were coming forth, really out of the military, ENIAC and 
EDVAC, bought up by Jim [James H.] Rand, who was Remington 
Rand and who had created the merger of Sperry Rand, but who 
was passing out of existence as the prime mover, so that 
that fell; but he had aquired those small companies and had 
created the UNIVAC, the first beginnings. RCA was being 
ruined by the [David] Sarnoff age failing to come to a 
proper end, and the son [Robert W.] taking over from the 
father, who had probably become too old while still the 
chief executive officer; so it missed the boat in com-
puters. GE as a result of overly conservative management 
on all three of the fields—nuclear energy, jet engines, 
and computers—missed the boat on all three of them, 
[laughter] But it was so big that it has managed to 
survive, and it's now doing very well. But it left open-
ings, and IBM was the one that filled that opening by going 
electronic despite not having been an electronics company. 
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But we had this concentration and this commitment, 
this idea to go into the commercial field. So, robotry, 
automation, computerization, not with emphasis on account-
ing, but with emphasis on scientific computing and on 
process control and on the use of computers in factories, 
and production—that area might have gone with us. Also I 
felt we had too much emphasis on the air defense dimension. 
I saw the need for the build up of NATO [North Atlantic 
Treaty Organization]. It ought to go towards smart 
weapons, I felt then and I'm still preaching on today. So 
we were determined to broaden Hughes Aircraft's military 
efforts. The Hughes Aircraft Company as it was then only 
covered a fourth of the proper fields for it. Double for 
military and versatility and double for commercial, making 
it a company four times larger. Then the combination of 
procedures and controls and organization needed, would have 
kept us from being able to operate as we did. I'm not 
saying that the company would have as a result collapsed, 
since it's all relative. Compared with the GE's, and the 
RCA's and the others we would have still looked pretty 
good. 

PEASE: Well, at this time, would you have considered 
yourself to be a scientist or a manager? 
RAMO: I had by this time I think accepted that it was 
going to be my role in life to be a very strange hybrid. 
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When I was with other scientists and engineers I was a 
businessman, an executive, an entrepreneur, a person that 
was largely engaged in making decisions with regard to 
organization. When with other businessmen I found I could 
pose and liked to still regard myself not as in their class 
as a business professional. Perhaps a talented amateur in 
their field, by accident. But actually, really basically a 
scientist-engineer. And it's a role that I've kept playing 
all these years, [laughter] I mean, this multiple role. It 
just suits me better. 

As either a scientist or an engineer, if I look at the 
details that make up the real guts of those professional 
activities, I haven't been doing that for years. If I 
compare myself to the typical businessman I really have 
never seen myself as approaching the problem in the same 
way that they do. You can't have been in the work that I 
have been in without learning those elementary things about 
business that are taught in an M.B.A. program. Indeed, as 
regards return on investment and return on assets employed, 
return on equity, quarterly results, annual results, as 
against the ultimate judging of a decision in which you've 
made an investment—you really want to know, "Did that 
decision pay off?" There's a series of overlapping cri-
teria, overlapping figures, overlapping judgments. I've 
found it necessary to write about these things in my book 
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on the management of technological corporations. My 
chapters on the financial side are like no other chapters 
in other books about finance, because to me they answer 
some questions that the others should have always been 
curious about and have wanted an answer to but not sought 
adequately. 

PEASE: But when you were in these sessions brokering 
between groups and these complex systems, or negotiating 
these problems as you've described them, did you see 
yourself as playing primarily a technical role, or a role 
of mediator? 
RAMO: It was distinctly a combination, and I would add 
five or six other characteristics. Sometimes, what I was 
doing could well be described as being a mediator. Some-
times it was a stimulator. It is when people are, par-
ticularly if they are under pressure, they've got to get 
things done within a time schedule, they've got to accom-
plish things that are not going as well as they hoped, they 
have to compromise, for some people that's difficult. They 
will stop their innovation. Other people, the moment they 
run into a problem, will start innovating like mad; instead 
of doing the necessary little things you have to do to make 
things work, they will abandon the present approach. So 
[it is] the business of understanding the process of how 
engineers and scientists think and trying to make up the 
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difference, trying to get everybody to be better by finding 
the flaws and the inadequacies about the way they are going 
about it. So, sometimes it's leading that you're really 
doing. Sometimes it's stimulating. Sometimes it's a pure 
people problem. You've got to decide, to choose one of two 
paths, let's say, maybe one of three paths, because you 
really see that you can not take the time and you haven't 
got the resources to pursue them all in parallel, in order 
to be sure. You've got to take some gambles and choose one 
or another, and you don't have enough information for it to 
be definitive. And you have differences of opinion among 
those that are around you. So, being a decisionmaker and 
taking upon yourself the onus of being wrong, living with 
the negatives of whatever it is you've decided, perhaps 
having to turn around and retreat. If you're good at that 
and you've got outstanding people around you, you'll have 
so good a batting average that you won't really suffer as 
you go about doing this. 
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TAPE NUMBER: VIII, SIDE ONE 
APRIL 24, 1984 

PEASE: Well, with the coming of the Korean War, Hughes 
Aircraft had really established itself as a defense con-
tractor. And as I understand it, sometime during the 
summer of 1950 [Howard] Hughes began to involve himself 
more in the corporation and that at this point you and 
[Dean] Wooldridge were proposing a major expansion of the 
laboratory and the staff. And some kind of a dispute broke 
out, or probably it would be more accurate, you were having 
trouble getting him to decide on, or to commit himself to 
this expansion. And a dispute later broke out over where 
the company was going to locate its primary operations in R 
and D [research and development]. Can you tell me a little 
bit about that? 

RAMO: Actually what you're describing is 90 percent wrong, 
although it's been written up largely that way. What is 
correct is that the expansion was certain to take place. 
There was never any question about that. Howard Hughes—it 
was reported to us by [Harold] George, who got it from 
[Ira] Eaker, who presumably got it from Howard Hughes— 
[had] a great interest in Las Vegas. Howard Hughes thought 
it would be great if we would put our expansion, our new R 
and D laboratories that we needed, in Las Vegas. Naturally 
we said that was out of the question, and we were not about 
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to do it. We went right ahead with our expansion plans. 
We didn't feel a need to have Howard Hughes approve since 
we knew that if we would simply go ahead then in no way 
would he disapprove. To be sure, before a building of some 
size could be created and meet all of the requirements of 
rapid write-offs and the using of guaranteed V-loans, the 
parent company, Hughes Tool Company, would have to have a 
board resolution that approved it. But we knew that those 
board resolutions never involved Howard Hughes. They were 
simply things that would happen if they had to be done. 
What would happen would be the lawyers and accountants 
would need to finish the paperwork on what we had put down 
as a fait accompli. 

However, this resulted in my making a big thing of the 
fact that, "Look, instead of having these rumors and these 
secondhand reports about Hughes having such silly ideas as 
a Las Vegas location, is it out of the question, is it 
absolutely crazy to imagine that we might meet with Howard 
Hughes? We hear that he uses a bungalow at the Beverly 
Hills Hotel. He comes in occasionally. Surely you, 
General Eaker, can arrange for us to meet with him. And 
let's hear firsthand what it is he's thinking about with 
regard to Las Vegas. We're rather good explainers, 
Wooldridge and I, and we know what we're up to here. Let's 
let him hear from us firsthand." 
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"Well, gee, I don't know if Howard Hughes would do 
that. I mean—" 

Well, this went on for months, and it would be talked 
about in a way as to suggest that he was a great problem. 
But I'm suggesting things were going along, paying ab-
solutely no attention to whether he even existed. 
PEASE: And you had not seen him since your encounter in 
the hallway? 
RAMO: I had seen him twice in addition to that, in what 
amounted to similar spurious occasions. [laughter] But 
not to really sit down and talk with. So this was now—we 
were a few years along. I had the impression that probably 
Eaker may never have seen him, may have just talked to him 
once on the phone. There was probably a piece of paper 
noting that Eaker was hired. Perhaps Dietrich had written 
the piece of paper, or somebody else had. And there was a 
board resolution that said that the following members of 
the boards, who were some assistant-secretary types working 
at Hughes Tool Company— I didn't know whether Eaker ever 
saw Hughes. I know Harold George had never seen him before 
being hired. 

Tex Thornton had been taken in to meet Howard Hughes 
by Noah Dietrich when he was first hired. The situation 
was such that it was convenient. Dietrich was meeting with 
Howard, and Tex Thornton had just arrived. Apparently he 
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came into the meeting with Hughes direct from his trip on 
an airplane. He had his briefcase with him and it was 
rather stuffed. It was perhaps a little bit shabby. But 
the fact that it was full made it even shabbier looking, 
and a piece of chewing gum had attached to it without Tex 
noticing it. Howard Hughes, when I was talking to him 
alone the last year, several times mentioned to me that 
there was chewing gum on Tex1s briefcase, showing some 
strange things about first impressions. 

Well, so Dean Wooldridge and I met Hughes along with 
Ira Eaker in the Beverly Hills cottage, finally, one 
evening. Here was Howard Hughes in the flesh. There was a 
little difficulty in the conversation getting started. He 
was kind of waiting for us. It was as though he wasn't 
quite sure what the meeting was for, and he didn't know 
quite what attitude to take and what to say. Again he had 
that same shy, defensive look. I had the feeling after-
wards that I should have recognized that among other things 
he was afraid he wouldn't necessarily hear us. Dean 
Wooldridge was inclined to speak at a fairly low level and 
probably did not enunciate as clearly as I did. I'm pretty 
sure he never heard Dean, but I think he heard me dis-
tinctly. I always made certain that I was looking at him 
and speaking slower and louder than my usual pattern and 
trying to enunciate as clearly as possible. 
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But Ira Eaker finally said something that suggested 
that we were very glad to have a chance to meet with him to 
hear firsthand his thoughts about the location of our new 
expanded R and D facilities. And Howard Hughes nodded and 
waited. Nothing was said. And so I finally popped up 
with, "Is it true, Mr. Hughes, that you think we ought to 
put our expansion into Las Vegas?" 

And he looked at me as though he was thinking, "Gee, I 
wonder where Ramo heard that? And I wonder if I really 
want to get into that discussion." 

He was kind of puzzled, so there was another delay. 
And I said, "May I tell you why we would find that an 
impossible situation?" So Dean and I began to say things, 
while he kept nodding, about the fact that the key thing 
was people. In no way could we tell our people that they 
now are going to report in Las Vegas. If we did that our 
operation would fall apart. It would no longer be what it 
is. People would quit and the whole situation would 
collapse. 

PEASE: Would you have quit? 
RAMO: Would we have quit? Oh, to us the question couldn't 
even conceivably have come up. We would have moved to 
start a new company right then and there. 
PEASE: Did you tell him that? 
RAMO: No, no. There was no need to. 
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Well, he then began to offer some thoughts. He said, 
well, he had a lot of land in that area and he thought that 
it was an area that was bound to go up in population. So 
he just thought that maybe there's a lot more vacant area 
out there and that's where we could test our missiles. 

Then I explained that guided missiles were tested only 
at government facilities, because there was a big problem 
of having things being shot around and falling on people 
down below. There was an operation at Alamogordo in New 
Mexico, for example. Missile testing regions were big, 
expensive, very special. This was not something, this was 
not our problem to find a test region. 

Then he wondered whether it made any difference where 
people were. Couldn't you leave the people in Los Angeles 
and put the laboratories in Nevada and use facsimile for 
the information to the laboratory technician, so he would 
do what he needed to do. 

And I pointed out that, well, if he was interested in 
putting his own money, not government money, into the 
development of secure facsimile, high-speed facsimile 
setups—this was a marvelous field for future R and D, 
sending video signals. I began to tell him that eventually 
there would be satellites in the sky and you could bounce 
down and get wide band, and we, as a matter of fact, were 
very anxious to develop commercial fields. 
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Well, again, I ran into the problem that he didn't 
understand this kind of material worth a damn. So, you 
were talking to— When I started to invent the word 
eighteen-year-old, I began to have a highly close to 
adequate description for Hughes. It was a great guide. I 
simply said to myself, this fellow reached age eighteen 
when he lost his parents and inherited all this wealth, 
this stream of wealth coming in. He was on his own. He 
was an orphan, and he had established that, by god, the 
money was his, and not something that the court would 
appoint a guardian of, even though he was only eighteen. 
And he quit growing. And in one way or another his iso-
lation set in until it finally became terminal isolation. 
I don't mean at the end of his life, but about the time 
that he was in his late thirties or early forties he had 
almost totally isolated himself and was hardly seeing 
people anymore. He was only talking on the phone oc-
casionally. He only saw his flunkeys that were doing the 
errands for him. 

If I thought of him as being eighteen, I could under-
stand everything from his hobbies to his interests, and the 
way he approached problems. Eighteen-year-olds can be 
bright, they can be innovative, they can be very wise at 
times. You just can't generalize. But he's an average 
eighteen-year-old, he's not a brilliant eighteen-year-old. 
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So you have to regard him as immature, and not knowing as 
much as it would be nice for him to know. He's an eighteen-
year-old with all of this power and wealth and doesn't know 
enough about how to handle it. 

Well, that meeting ended simply with my feeling that 
we had had what amounted to a kind of a social session; it 
had very little to do with where we were going to have a 
plant. It's just that we didn't hear anything further 
about putting our operations in Las Vegas. So, that whole 
business—Fortune magazine, Charlie [Charles J. V.] Murphy 
wrote that up, "The Big Blowup at Hughes" ["The Blowup at 
Hughes Aircraft"], and he made a big thing of Howard's 
interference. But this is because the people he talked to 
were Thornton and Harold George and Ira Eaker, maybe a 
little to Dietrich. He never talked to Ramo or Wooldridge 
because we wouldn't talk to him. So all of these things— 
like Hughes wrote a memorandum specifying the kind of seat 
covers that should be on the Chevrolets—that had no 
bearing on our— Maybe he did write such a memorandum. It 
just didn't have anything to do with anything substantive, 
as far as we were concerned. 

PEASE: At some point here, doesn't Dietrich move back to 
California for the first time in years and really start 
injecting himself into the business? 
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RAMO: Dietrich definitely in the last couple of years 
tried to inject himself into the business. 
PEASE: Now, at this point Hughes Aircraft was having gross 
receipts that were exceeding the tool company. 
RAMO: In the hundreds of millions. And there's no ques-
tion, Hughes Aircraft Company would have brought, if it had 
been put on the market at the highest possible fee—it 
would have had a multiple of earnings—if the earnings 
before taxes were like 10 percent, and 5 percent after 
taxes, so five million [dollars] on every hundred million. 
So, if it had— Well, the equivalent would be, say, two 
billion dollars today, if you looked at the number of 
people and take inflation into account. So, if you look at 
it at today's prices, two billion dollar revenues, at 5 
percent, that's one part in twenty. And a twenty times 
multiple would mean that the market price would be roughly 
equal to the sales revenues for the year. So Hughes 
Aircraft Company then would have brought a couple of 
billion dollars to Howard Hughes, which was a bigger chunk 
than anything else he owned. It was by far the most 
valuable thing that he had in his possession. 

Dietrich was determined that the administrative side— 
He didn't like the fact that Ira Eaker was some sort of a 
special assistant to Howard Hughes to worry about Hughes 
Aircraft Company. After all, there was a big entity here, 
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and it involved a lot of money, and people were trying to 
buy it. So, he wanted to establish that the general 
manager, by god, was under him. The general manager was 
Harold L. George. Tex had the title of assistant general 
manager. Dietrich was not concerned with, in fact was 
awfully careful that he didn't in any way appear to be 
handicapping the vice-president and director of operations, 
who was me over here. [laughter] So, this started a bunch 
of feuding between the two corporate groups of which only 
one was heeded: Dietrich and his aides versus Eaker, 
George, and Thornton. 

There were things like— As a result of the way we 
operated, we the technical people, we have a production 
line, a big area here, producing systems. Let's say, 
here's a $100,000 package of a radar to go on fighter 
planes. Let's say unit number 100 being finished off here, 
while number 200 was being started back there at the 
beginning of the line. Number 90 was out being tested— 
well, I mean, being used. The tests showed that a certain 
bearing on an antenna did not have the life we would like 
for it to have. So we'd modify, improve that design. We'd 
go back to number 200, and put in the new antenna. But 
now, even the line was moving along, we said, "Let's make 
more of these new bearings and inject all along the line." 
We were constantly refitting the lines, and sometimes the 
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paperwork didn't keep up with the changes. If something 
wasn't working right, the engineers would take the damn 
thing out and fix it and get it back in the units. Since 
the operation was all cost-plus, the hours of labor would 
eventually all be added up. Let's suppose that the system 
had been priced at a $100,000, and owing to all of this 
rework, the system was really costing $110,000. But, we 
were still getting our $10,000, 10 percent profit. So it 
meant that we were only getting $10,000 profit on a 
$110,000 of revenues. Well, that's something that the air 
force contracting people were prepared to live with. It 
was the order of the day. This is what you always did. As 
I pointed out earlier, they simply changed the percentage 
on the next contract. 

They were all over the place, the air force account-
ants. Every change had to go through a change board. The 
change board was meeting steadily. They came in at eight 
o'clock and they left at five. And each day a bunch of 
these changes came in, and they would always OK them. The 
engineers would come in and say, "Hey, we're changing this 
bearing here and we've got this and this problem over 
here." 

"Have you got the paperwork complete here?" 
"Yes." 
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Reason for change: such and such. Approximate amount 
of change; delay in the schedule: so many days; the unit 
in which it would go in. Stamp; there's the next one. So 
everything was, shall we say, kosher, legal. 

But Dietrich brought some people in that looked over 
this thing, and they said, "Boy, talk about slipshod 
accounting. And these people are overcharging the air 
force. Mind you, they're cheating the government." So 
these accusations would fly around. 

A very nice professor at UCLA, that I had met pre-
viously, was hired by Dietrich to make an assessment of the 
management of Hughes, by which they meant the adminis-
trative accounting. Roy Ash was working for Thornton as 
was also Bud [V. G.] Nielsen. One was called director of 
administration; the other was the chief accountant or 
something like that. And Dietrich's people would criticize 
Roy Ash and Nielsen as well as Thornton, about their 
competence and integrity. [laughter] Finally, as I say, 
Tex Thornton sued Dietrich for libel, and Dietrich turned 
around and sued Thornton for libel, because it was 
libelling to call him a liar, as having— And he, Dietrich, 
you know, proceeded to line up all of this evidence. 

Once I was asked in a deposition by Dietrich's lawyer, 
"But isn't it true, or maybe you didn't know, that some 
pieces of paper because they were late and never did exist, 
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they wrote out new pieces of paper. Thornton and Ash and 
Nielsen did. Then they stamped on them on the floor and 
shifted them around to get a little dirt on them to make 
them look like older pieces of paper." 

I said, "I never heard of such a thing." 
"But if you'd heard of such a thing, what would have 

been your reaction?" 
I said, "I would have been absolutely amazed, as-

tounded, and I would have reacted emotionally. What do you 
mean?" 

These were the kinds of questions I was being asked 
for a deposition. This is what went on between those 
groups. So you can imagine now—Fortune is writing up the 
departure of Ramo and Wooldridge and the starting of a new 
company—the leaving of Hughes, the blowup at Hughes. With 
Hughes's reputation each writer reads up everything he can 
find about Howard Hughes. Then they talk to those people 
who are willing to talk to them, who are feuding with each 
other. And by the time they finish, it looks like Howard 
Hughes was interfering like hell with the operation. The 
poor guy's interference was minor. But there was major 
feuding going on between Dietrich and the others in the 
last year or two. 

PEASE: Dietrich is posturing himself, trying to protect 
his position within the Hughes organization. 
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RAMO: Yes. Well, look at it from Dietrich's standpoint. 
He says to himself, "Look, I am the executive vice-pres-
ident. What's this business of these guys trying to 
operate as though they aren't in any way responsible to me? 
I mean, I'm only doing what I'm supposed to do. I mean, 
what in the world's going on here?" 
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TAPE NUMBER: IX, SIDE ONE 
MAY 30, 1984 

PEASE: As we had concluded last time I was here, Dr. Ramo, 
you had been describing Howard Hughes's lack of par-
ticipation, shall we say, in the day-to-day workings of 
Hughes Aircraft. 
RAMO: Well, all workings of Hughes Aircraft. 
PEASE: All workings of Hughes Aircraft. 
RAMO: Well, all workings of Hughes Aircraft as defined as 
the electronics and guided-missile operations, which is all 
Hughes Aircraft is today. But at that time there were 
loose-end remnants of an attempt to be an aircraft company 
that I and others of the electronics and missiles [oper-
ations] had nothing to do with, that remained kind of a 
funny hobby shop that had no stature anywhere and no 
contracts anymore. It had a few people struggling to get 
something done but, in their case, apparently with very 
frequent interruptions by the owner. But his relationship 
with us was as though he had bought one share of stock, 
say, in General Motors and never showed up and was never 
consulted and never said anything. He was in other words a 
majority shareholder who acted the part of a minority 
shareholder who was not in the act in any way, shape, or 
manner. 

297 



PEASE: But basically he had, despite certain press ac-
counts, had very little to do or had interfered very little 
with you or your work with Dean Wooldridge. We also had 
gone over briefly some of the conflict between Noah 
Dietrich and Generals George and Eaker and Mr. Thornton. 
RAMO: General Eaker. 
PEASE: Eaker. But although Hughes had had no, his inter-
ference with the company had had no direct effect on your 
work there, nonetheless you and Dean Wooldridge did even-
tually leave the company. And I was wondering if you could 
tell me a little bit about what event or series of events 
finally precipitated that decision. 

RAMO: Well, it was actually a gradual thing that was 
building up. It started fairly early, although I don't 
think I was smart enough to recognize it. I had not 
anticipated the great success that we had in obtaining this 
rather unique position, this largest concentration of 
technical-degree people in the nation except for Bell 
Laboratories, this beating out of competition, so that the 
most important military weapons projects of that period, 
defense systems against the potential invasion by Russian 
bombers carrying nuclear weapons— There were the airplane 
companies who built airplanes, but the airplanes were quite 
useless and the pilots in them not very helpful. If you 
wanted something that really would work under the 
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circumstances it had to be postulated that the Russians 
might come in with fast jet planes at any altitude, at any 
time of day or night, in any weather condition. So you had 
to have blind landing and takeoff. And you had to have the 
plane equipped to find the targets that presumably had 
initially been identified by ground radars of various 
kinds. And so you had to have search radars on the air-
planes; the nose had to be equipped so that the microwave 
signals could get in and out of the airplane. You had to 
scan the horizon. Upon finding the target—a target, a 
bomber up there, which you presume you would, otherwise you 
wouldn't have been rushed up there—you lock on it. Then 
the computer begins to figure out where the bomber's going 
to be versus time, and the computer figures out when you 
should fire either fixed rockets or, very soon, guided 
missiles, and then directs the pilot to turn at the right 
time so that he is as far away as possible from the crash 
of the missile and the bomber, and get back to where he 
started. So that enormity of electronics equipment, 
complication of radar and computers and guidance equipment, 
and then the guided missiles themselves, were all quite 
ingeniously designed devices. 

Our competitors, having assessed the problem of the 
guided missile, decided that they certainly couldn't expect 
to hit the bomber. They only could get close to him. They 
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therefore had need for some sort of a proximity fuse and a 
very big warhead. To kill a bomber when you have an 
explosion up in the air, some distance away from the 
bomber, is not easy. This caused them to have very big 
missiles. We planned to hit the target. 

We had such ingenious things as the following: the 
rotating antenna inside the missile that was holding the 
target in its center and maneuvering its surfaces if a 
target got off center, and providing proper leads to take 
care of the motion of the bomber relative to the missile, 
and even to compensate for the bomber's acceleration, if 
the bomber tried to twist or something—that rotating 
device through which microwaves went in and out was also 
the main gyroscope that you need if you're going to keep 
track of which way is up, up relative to the missile's 
surfaces, so that you know how to give a signal to the 
missile that's— When you have a target going off to the 
right you know which surfaces to pull. And the missile has 
to be stabilized against something. By such techniques, by 
use of precision circuitry and a steady group of inventions 
by our extremely brilliant staff, by comparison with the 
second teams that were elsewhere. The second teams that 
the conventional established electronics industry— And 
certainly the aircraft industry couldn't do this kind of 
thing. It was for the electronics industry; those 
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established teams were off on commercial products, trying 
to catch up and be ready to take their new proper place in 
life after the hiatus of the war. So we kept causing the 
cancellations of our competitors' contracts. 

We would send a drone up and launch two experimental 
missiles, hoping to gradually approach the needed accuracy. 
In our very first test—in which an unmanned airplane, a 
drone, that played the part of the bomber, was up in the 
sky and an interceptor plane carrying two missiles went 
after it—we made holes in the bomber. The missiles went 
right on through and made a hole pretty near the cross-
section. We figured even without a warhead—we carried a 
warhead—but even without a warhead, those bombers would be 
gone. In fact we'd had such outstanding success in early 
hit ratios, that the air force had to intervene because of 
the expense of knocking down the drones. [laughter] They 
became inoperative after they were penetrated. 

And I remember that the great K. T. Keller, the 
Chrysler [Corporation] man who had been brought in by Harry 
Truman as sort of a dollar-a-year czar for guided missiles, 
he had come to visit us and was very much impressed with 
all the pieces that he saw of the missile the way we had 
arranged it, because he was a great appreciator of machine-
shop work and all of this precision gear and the way we 
insured that it would work and our quality control system, 
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our simulation system, putting the seeker head on a special 
kind of platform with a lot of wires going in and out of it 
to see what was going on inside of it, and then moving a 
target and shifting to light rather than microwaves for the 
purpose of moving the target around in a simulated scenario 
and causing the seeker head to operate and see where it 
didn't come up to proper form— 

But I knew that K. T. Keller, being a very practical 
guy, having asked everything except where we stand in the 
tests— He knew he was going to get a presentation after 
this tour. And in the presentation I got to the place 
where it was logical to say, now to what extent have we 
tested this so far? After all, we were still in the early 
stages. We had not yet flown a completely guided missile. 
We had flown unguided— We'd done a number of things to 
test the propulsion and the surfaces and so on, but we 
hadn't gone through this whole pattern of a target, an 
actual target illuminated by microwaves by one plane and 
then having the missile take off. 

And these first full tests were going on that morning. 
I had worked very hard to get our schedule accelerated with 
the idea of getting the tests done before Keller arrived. 
I received the notice in writing, typed out on a little 
sheet, like the equivalent of a telegram, while I was 
giving my presentation. Mischievously, of course, I held 
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back, instead of going on to the next step and presenting 
the test results. And since he was inclined to want to 
have informal discussion and, hence, interruption of the 
presentation right along, I knew that if I made my presen-
tation correctly, he would say, "Well, but, when are you 
going to fly the darn thing?" and "You think it will really 
work?" and "When are you going to fly it? Prove it'll 
work." 

So when he asked that question, I said, "It happens we 
flew it this morning." And I told him what the flight 
results were and I read what it said on the telegram. So 
we combined a little showmanship that morning. That was 
all just good fortune, which I continue, of course, to 
associate with my life. [laughter] 
PEASE: So all this good fortune had been happening to you, 
how did you make the decision to leave? 
RAMO: Now here we were the championship company in the new 
military electronics and missiles that more than anything 
else defined the new weapon system position of the United 
States—this concentration under an eccentric with total 
ownership, who couldn't even be cleared, who knew nothing 
about what was going on, who had a reputation that seemed 
to be deserved, because during that time he was going 
through terrible machinations with RKO that he was trying 
to sell. No one needed to get into the kind of 
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difficulties he got into. If you want to sell a company 
you can get the company sold. But he would get into such 
things as finding some characters nobody ever heard of who 
were going to buy the company from him. Presumably he had 
some impression that maybe they would pay more than it was 
worth, or whatever. There didn't seem to be too much 
rationale for it. Then it turned out these people were 
involved in Las Vegas casinos and they had been indicted in 
the past on something or other. The idea that people like 
that were going to take over a presumably major motion 
picture company struck everybody as wrong. So there were 
editorials all over the place, and he got— He was terribly 
humiliated by it. 

And then TWA—there apparently he did indeed inter-
fere. He wanted to make decisions about when they'd get 
new planes and what they would be. He wanted to try out 
the new planes. He felt he had some special background 
that would be helpful there. And he used to drive the 
principal executives there nuts, as they would describe it. 
Finally this got bad enough in that he failed to be re-
sponsive to the government. After all there [are]—I 
forget what the initials were that were appropriate for 
that period, but like the FAA [Federal Aviation 
Administration] and the FAB and the CAA [Civil Aeronautics 
Authority] and the CAB [Civil Aeronautics Board]—all the 

304 



civil aeronautics and federal agencies in control of 
situations, laying down certain rules— I think, for 
example, it was not considered by them within the rules for 
someone who owns 5 7 percent of the stock, and no more—I 
don't know what they would have done if he owned 100 
percent—to call off a flight so he could make use of that 
airplane for some special mission he had in mind, or 
perhaps just the whim of that day that he would like to fly 
that plane now that it was a year old. And suddenly the 
passengers discovered that the plane was not scheduled 
anymore. That is as specific as I happen to remember, but 
apparently there were lots of things of that kind. 

A person like that, he might do anything at any time, 
the defense department's leaders began thinking. So we 
were beginning to get signals. K. T. Keller was worried 
about it, for example and the secretaries of defense. When 
C. E. [Charles E.] Wilson came in, this was a big concern 
on his part. C. E. Wilson, when he found out how important 
that Hughes Aircraft operation was, came out for a special 
meeting with Wooldridge and me. He had two or three other 
people present. One was Trevor Gardner, at the time an 
assistant secretary of the air force, but he was on a 
special mission for Wilson. And the subject was, tell us 
about Howard Hughes. Does he interfere? Where are you 
handicapped? and isn't this an unhealthy situation? and 
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what can be done about it? We were receiving hints and 
importunings to do something, to separate some of the 
operation away, to create a competitive organization, to do 
something so there wouldn't be this dependence on Howard 
Hughes. 

PEASE: Were they looking for redundancy here? Did they 
want two manufacturers of the same systems? 
RAMO: What they were hoping for was a magic solution. The 
secretary of the air force, who had to leave his job 
because he tried to go on with his consulting business, 
came from the Midwest. Talbott, Secretary [Harold E.] 
Talbott particularly was vehement about getting Hughes out 
of the act. Now he had some background with Hughes, which 
caused him to believe this was terrible for the nation. 
Here he was secretary of the air force, and he's not going 
to allow his most important work to go on under Howard 
Hughes, who could do anything. So these people were all 
looking for ways out. They wanted a magical solution of 
some kind. Therefore they secretly applauded when 
Wooldridge and I decided we would start a company. 

In addition to that, by that time I had particularly 
emphasized in my mind the future. We were in two or three 
generations of the missiles, we were starting to get 
involved in ground control equipment for tactical warfare 
as distinct from air defense. And I had laid out a plan 
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that said, ten years from now we should be half military 
and half civilian. We should lay out a stream of— 
PEASE: Now you were laying this out for Hughes? 
RAMO: No, we were laying it out for ourselves. We would 
talk to ourselves about it. I would give a presentation 
with a few hundred of our top people there, and we would 
debate it. And we had committees on what the area should 
be. We had the teams, the thousands of technical-degree 
people of such caliber, that Tom [Thomas J.] Watson [Jr.] 
of IBM once told me that they, you know, would continually 
use the Ramo-Wooldridge Corporation as kind of a reference 
point about attractiveness to the best technical people 
from the universities and the depth of competence from 
systems through to the pieces that would make the system 
work, the combination of invention, ingenuity, and 
analysis. 

PEASE: How long had you and Wooldridge been talking about 
actually splitting off prior to doing it? In a serious 
way? 
RAMO: Well, let's see. We started all this—I came in 
about April '46; we left in '53. So, I would take it 
halfway. I would say by 1950 it was clear that this was 
not a proper or permanent situation. And first of all, you 
see, there were things that we could do on a military 
project that we couldn't do on a commercial, apart from our 
Hughes problem. If you have cost-plus contracts and 
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government-guaranteed loans for working capital and pro-
gress payments and fast write-offs on buildings in three or 
four years, then by the time a project is finished that is 
almost certain to continue, you have generated profit but 
you have also taken care of financing all the facilities 
and infrastructure. And you don't really need any cor-
porate management, that is unavailable anyway, to make 
decisions. But if we wanted to invest in commercial 
ventures, hundreds of millions of dollars of sales should 
yield tens of millions of profit before tax, but would 
require a hundred million or more at risk. That now would 
require investing the owners money, not using government 
cost-plus contracts. Had we done what we wanted to in 
commercial product development we might not have been 
opposed, in view of our success and our position. However, 
it would have been improper and illegal to shift funds, 
even available from earnings, without approval by a board 
of directors. And Hughes Aircraft Company wasn't even a 
legal entity—so we mean Hughes Tool Company. 
PEASE: Well, during these three years— 

RAMO: At that time, Hughes Aircraft was a piece of Hughes 
Tool, which had a mysterious board that never met. 
PEASE: Well, during that three years that you were talking 
about going off on your own, what were you doing? Were you 
biding time to— 
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RAMO: No, we were talking about the fact that we've got a 
problem and we need to invent an answer. We would talk 
about various things we might do. At the same time the 
dependence on us was so great for completion of projects, 
that in the initial periods of the three years we were 
mainly dominated by clarity about that responsibility. But 
also during the three years something else began to happen. 
First, the feuding that I've mentioned in the corporate 
layer that to us was first relatively minor in importance, 
just a nuisance, became worse. It was more that evidence 
of the fact that if you've got something unsound about top 
management, everything cannot be OK. 
PEASE: Yes. Continue, please. 

RAMO: If you've got an unsound structure above the oper-
ating group, it will show itself in things like key cor-
porate executives not having clear responsibilities and 
clear assignments. Noah Dietrich felt completely justified 
in the fact that since he had the title, at least, of 
executive vice-president of Hughes Tool Company, and 
everything was part of Hughes Tool, that obviously he could 
dip into anything he wanted to and set up how decisions 
should be made, depending upon him. Since he knew so 
little, well, nothing about our business and was not about 
to touch Wooldridge and me, his idea of important decisions 
would be like, should you put out the accounting statement 
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once a month or twice a month, or do you need weekly 
results? By what means do you approve the signing of the 
next step of a contract? Who needs to be in on it? What 
is the meaning of vice-president? I was a vice-president. 
I was vice-president and director of operations. What's 
the meaning of that since I was not really an officer of 
the Hughes Tool Company. 

Ira Eaker was a special hire by Hughes personally. I 
think Hughes thought it would be great to have a very high, 
prestigious air force general on his payroll. Eaker and 
Dietrich certainly had nothing in common, very little that 
they could have talked about very seriously. I suspect 
they never found themselves in a serious conversation. But 
I think Hughes led Eaker to believe that Hughes Aircraft 
Company was to be his baby. If he needed anything, he 
should come directly to Hughes. That was the way Eaker saw 
it. Dietrich certainly didn't see it that way. So, the 
people working on each side were bound to get increasingly 
in each other's hair. 

Well, that was enough warning signals to say that the 
hunches on the part of the leaders in Washington were 
right, that you can't let this thing go on and encompass 
more and more of critical defense systems. It was already 
the biggest center of electronics and missiles for the 
services. As I said, it was the second largest 
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concentration of technical talent in the country. And our 
ambitions were to create a more balanced operation, a 
permanent large company, kind of the General Motors of 
electronics, which is what we could have become. We had 
the team, for example, that could have designed electronic 
computers more rapidly than IBM, that had to become an 
electronics company in gradual steps. Jim Rand of 
Remington Rand, had commenced to buy up the three or four 
little companies that had started to make digital com-
puters, electronic digital computers, on military contract. 
The EDVAC and the ENIAC. The Moore School of Engineering 
in Pennsylvania had a few professors and others that were 
on a military contract to create a computer. A similar 
thing happened in the Minneapolis area. The people that 
eventually later became Control Data [Corporation] and, I 
guess, some of whom went into Honeywell [Inc.] and into 
Burroughs [Corporation] and so on. IBM, however, started 
by just going out and hiring electronics people and taking 
years to gradually becoming an electronics company. With 
their huge marketing position they became the number-one 
company. General Electric and RCA were too slow, and 
Westinghouse was even slower. 

We could have barged into the computer business. We 
may very well have failed, because what we didn't know 
about commercial marketing was perhaps equally great 
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compared with what we did know about marketing to the 
military. But we knew our shortcoming. We would have 
probably hired marketing people from IBM and other places 
and gotten some of the more brilliant ones. They would 
have told us how you go about deciding what the commercial 
world really needs as to computers and our engineers would 
have designed them well. 

So, we finally got to the point where word got around 
that the government wanted some of us to leave, didn't like 
the monopoly aspects of our operation all owned by Hughes. 
Not everyone in the company knew exactly what was wrong. 
We were champions, so why was there a problem. So, there 
were all kinds of theories about what was wrong. The most 
likely theory was, well, there goes Howard Hughes inter-
fering again. That was what everybody talked about. 
Business magazine people would come around, and we wouldn't 
talk to them—like Fortune and Businessweek. They wanted 
to find out what Howard Hughes was doing that was bad, and 
was it true he was selling the company and the defense 
department wanted him to? 

Well, of course Wall Street found out about this, so 
various groups would come to buy Hughes Aircraft. There 
was the Pennroad outfit, using money from the Pennsylvania 
Railroad, that was in the venture capital business, as it 
would be defined today. They didn't use those words then. 
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They were investment people. Then there would be promoters 
who typically put together companies that need management. 
There was Price, the retiring chairman, of Westinghouse. 
He was looking for successors. He said, "Why don't we put 
Westinghouse and Hughes together and we'll turn over 
Westinghouse to Ramo and Wooldridge. They've licked the 
pants off of us in these interceptor radars and the like." 
Westinghouse was trying to compete with us in that business 
and failed utterly. 

And somebody else, I forget the name, who at that time 
was a rather conspicuous Wall Street promoter, making big 
personal fortunes. He controlled a group of companies that 
were middle-tier companies, not doing too well, in elec-
tronics. He wanted to put them all together with Hughes 
and put it on the market using Wooldridge and me to run the 
package. So they came around trying to buy Hughes Aircraft 
Company. Of course, they could never get a phone con-
versation, even, with Howard Hughes. Finally one fellow 
[Benjamin Pepper]—he was the CEO of Pennroad Corporation 
— h e thought he had a date with Howard Hughes absolutely 
pinned down. So he showed up where he was supposed to, on 
a particular street corner near the Beverly Hills Hotel. 
He was picked up by a Chevy, one of Hughes's errand boys 
with his group of Chevys, and taken to someplace in Bel-Air 
where they picked up Howard Hughes. My God—there was no 
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question, he told me afterwords: this was Howard Hughes. 
They went on, another mile or so, and then they picked up a 
little girl, I think it was Terry Moore—that you've been 
reading about—and Howard Hughes put on a yachting cap on 
an outfit that didn't fit at all with boating and gave a 
cap to the starlet. They got to a boat somewhere, and at 
that point Hughes got out and he introduced this man from 
Pennroad—I think it's Pennroad Corporation—to Noah 
Dietrich. And Noah Dietrich then had a short meeting with 
this fellow. [laughter] 

That was as close as anyone come to actually nego-
tiating with Howard Hughes for Hughes Aircraft. 

Of course, Hughes was in no position to have discus-
sions about Hughes Aircraft Company. What happened was, it 
dawned on him, at some point, that, "Boy, I've got some-
thing here." The general impression was, "This is a really 
hot operation. I don't understand it, I don't know what 
it's about, but these guys, Ramo and Wooldridge, must be 
geniuses and they've got the greatest scientists, I'm told, 
in the world." So we had this problem that people would be 
coming around saying that, well, through their own con-
nections they've learned Howard Hughes is interested in 
selling. 
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Bob [Robert E.] Gross of Lockheed thought he had a 
deal. He did talk to Howard Hughes on the phone. Finally 
some of us wrote a — 
PEASE: Where was Bob Gross from? 

RAMO: He was the chief executive officer of Lockheed. And 
he is the man I would give credit to at Lockheed during the 
era when I knew something about it, for building up 
Lockheed, making it a rather fine airplane company. Bob 
Gross had made some efforts to get going in the missile 
business and adding electronics, and it hadn't worked out 
well. He would consult me every once in a while. Like 
somebody talked him into the idea that you must put the 
Ph.D.'s into something called the research lab, and you put 
those that don't have Ph.D.'s in the engineering division. 
So [he] had an engineering division and a research lab, 
both, of course, involved in the same project, sort of 
seeking the same projects. He asked me about it, and I 
told him what nonsense that was, of course. 

Now, all of this attempt to sell involved Hughes 
finally in having to read—Eaker being the go-between—a 
short memorandum that was signed by Messrs. Wooldridge, 
George, Thornton, and Ramo to Howard Hughes, saying, "Now, 
look, you know, we're trying to run a company here. And 
people wanting to buy the place are going in and out. They 
are brought in presumably through channels of some kind of 
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the Hughes Tool. And they're looking over the place for 
the purpose of buying it. People are coming to Messrs. 
Ramo and Wooldridge and saying, 'Well, if we buy it, you 
know, we want to be damn sure you are still there. Now, 
what kind of a deal can we fix up for you? Let's see what 
you want out of this whole pie, and there'll be some 
awfully good money in it.' This is ridiculous; I mean, 
we've got to know." Finally we so, I suppose, scared 
General Eaker that he succeeded in scaring Howard Hughes 
and we had a meeting at the Beverly Hills Hotel with Howard 
Hughes. It was the second of such meetings. I described 
one to you that was kind of funny. This one was more 
tragic than funny. 

PEASE: Was Mr. Hughes a little more talkative this time? 
RAMO: No, he was totally confused. He couldn't understand 
why he'd received this letter, this memorandum from us. 

General George tried to open the discussion, since 
after all, we'd asked for a meeting to try to set out some 
of these questions we had: "What are your plans, Mr. 
Hughes? Are you going to sell the Hughes Aircraft Company? 
Are you engaged in negotiating? If you're not, why should 
we let these people in to look us over? How do we handle 
ourselves when they come directly to us?" 

It didn't go well. I mean by that, it was clear from 
the expression on Hughes's face that it was kind of 
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confusing and meaningless to him. And Harold George, 
perhaps mindful of the fact that after all, this is Howard 
Hughes and he is the owner, and being a man of military 
background, had prepared himself very carefully. I think 
he sort of memorized each sentence, and he was not likely 
to deviate from what he was saying because of Howard 
Hughes's lack of expression. 

Finally I got into the act, and so did Wooldridge and 
so did Thornton. And Wooldridge couldn't speak as loudly 
as I can speak; but he knew he had to speak up, and so his 
face was strained every time he said anything. It was as 
though he terribly disliked the person to whom he was 
talking, because his face was so twisted. So he looked as 
though he was very angry at Hughes. Tex was angry at 
Hughes. Tex feeling more on the spot in connection with 
Hughes's screwed-up top management, because he was made the 
butt, the focal point for criticisms of administrative 
matters by Dietrich. So there was an unfairness that Tex 
was feeling and frustration. So, I came off as the person 
who calmly and objectively was trying to explain to Howard 
why the situation was unsatisfactory. Eaker, observing all 
of this, decided when we left— And we finally got up, the 
four of us, and that surprised Howard Hughes, and we left. 
It was a case of, "Hey, you know, we're wasting our time. 
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We're not getting anywhere. You clearly aren't going to be 
open with us." 

He did say things like the fact that he wasn't engaged 
in selling Hughes Aircraft Company, he had no intention of 
selling it. Where did we get such funny ideas from? And 
it seemed to us then, of course, that he was lying, because 
we were quite certain that he knew that people were making 
contact. And we knew about the Pennroad case. We trusted 
that man and his little story. And we had asked Noah 
Dietrich— Wooldridge and I had met with Noah Dietrich and 
asked him some questions from which we gathered that all 
that we had guessed from the contacts made with us were 
correct. So we couldn't imagine, for instance, a person 
like Bob Gross lying to us and saying, "I think I have a 
chance of buying it. I'm engaged in working that side of 
the problem. But I want to know where you people will be 
and what you need so you will be sure to stay there. 
That's really what I'm buying." 

Westinghouse wouldn't be lying to us. They wouldn't 
start by saying, "Let's pretend we're going to buy the 
thing and see what reaction we get out of Messrs. Ramo and 
Wooldridge." 

So, everything began to add up to the fact that, look, 
we've got all of our projects rolling. The place is very 
strong. It's loaded with talent. If we start a company 
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and if a few people insist upon coming with us, we'll 
ration it. The others will get promoted. And they all 
know that the government needs this. The government can't 
let it go down. Our leaving will— One way or another 
there'll be a replacement management. The same forces that 
caused the thing to be as it is, because if you do a thing 
right and you develop a culture and a pride and a modus 
operandi— 

I use the analogy of heart surgery in a hospital and 
you're the pioneers in heart surgery and you've created 
such ideas as clean rooms, and anesthetists being in the 
act and the light and the preparation of the patient, and 
the aftercare and so on, the fact that there is a change of 
administrative officers can't really get in your way 
because you will outnumber and you'll be stronger than 
those who want to do something silly, if they do. And 
exactly what had happened would continue to happen. But we 
wouldn't have any longer the worry about the limitations, 
the feuding, the concern of the military. When we did 
leave, we had no knowledge of the coming of the ICBM era. 
PEASE: Did you or did you not go not too long after this, 
within a few days after this meeting, to Washington— 
RAMO: Yes. 

PEASE: —to discuss this with the defense department? 
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RAMO: Well, here's what happened. We left the payroll on 
a Friday night in September of '53. On Saturday morning— 
And during the interim, that I haven't described, Howard 
Hughes and I had a number of private conversations. This 
was the result of that Eaker meeting. And at this time, at 
first Howard apparently felt comfortable with me. He could 
hear me for one thing. And I couldn't resist, of course, 
throwing in a light touch every once in a while, because 
it's my nature, and I think he felt I was not unsympathetic 
to him as a person. So he was actually kind of letting his 
hair down about his personal embarrassment and that he has 
these serious problems of feeling that he's not accom-
plishing anything in the world and that it would be a blow 
that would be disastrous for him personally if we left and 
that he must find ways to fix it so that we don't leave. 
He came into town for a meeting with me on that Saturday, 
and we met all day. I went home for lunch and came back 
again. 

That was the time when he introduced the idea that if 
I would stay with him, since he couldn't buy us with money, 
make deals in that sense, if I would stay, then he would 
put in his will that when he gives all his money to medical 
research, that I would be the principal trustee of his 
foundation [Howard Hughes Medical Institute]. I'd have 
great satisfaction of giving all that money away to good 
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causes, and he'd give Hughes Aircraft Company totally to 
the medical foundation. 

And I said, "That's a great idea. You don't need me. 
If you will simply relax here after we leave, people will 
say, 'Was that Raymond Wooldridge, or were there two 
people?' And it will go on being very strong." 

He said, "No, it won't, it will all fall apart. 
Everyone will leave. Some of them will go with you. 
They'll go elsewhere. And there are all those earnings 
that I'll no longer have." He was talking about the fact 
that he'd be happy to work out a deal in which I got a 
fraction of them. I told him that there were more fun-
damental things, and I explained what they were. I ex-
plained how he was regarded by the defense department. He 
said, "You know, some people would be insulted to be told 
things like that. But I appreciate it. I know you're just 
telling me the honest truth." 

I told him I felt I had done my thing at Hughes 
Aircraft Company, and in the interest of the nation I 
shouldn't continue to be a party to this kind of a situ-
ation, one where he seemed to be an improper owner for so 
large a fraction of the defense weapon systems, and that 
there was a concern and I thought that it was a justified 
concern that he was sufficiently isolated and lacking in 
understanding of the details here that it was considered 
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dangerous, and I thought it dangerous, but that didn't mean 
the place had to fall apart. It would continue to be one 
of the outstanding organizations, which, of course, turned 
out to be true, for military research in the field of 
electronics and guided missiles. 

Now, that was on a Saturday. I told him to start 
this—give Hughes Aircraft Company to the foundation today. 
In fact I wrote the idea out longhand and gave to him. And 
he kept reading it over. They found longhand in his 
writing, his version of it, when they tried to find a will. 
A memo, it was not dated, it said something like this: 
Today I announce the formation of the Hughes Medical 
Foundation to which I intend ultimately to leave all of my 
wealth. And at this time I am creating the Hughes Aircraft 
Company from an entity at Hughes Tool. I am creating 
Hughes Aircraft Company, a corporation, and I'm giving all 
the stock of that corporation to the foundation. 

And then I said, now— I guess it happened that a few 
days before I'd read that Charlie "Electric" Wilson, who 
headed the War Production Board during World War II and had 
been chairman of General Electric—not to be confused with 
"Engine" Charlie, who was the Charlie Wilson from General 
Motors—"Electric" Charlie had just retired again from 
another one of his postwar jobs. And he was a big name, 
and so I said, "Get a name like that to be the chairman." 
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And Hughes did make an announcement sometime later. It was 
in the paper, it read just like my memo, except he named 
himself as the chairman and the sole trustee. But I also 
suggested to him, and this is what put it over. Howard 
couldn't bear to give anything away. And I never found any 
real basis for any stories that he gave anything away. We 
gave scholarships and fellowships from Hughes Aircraft 
Company, often violating what we kept hearing were his 
policies in his aircraft company. 
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RAMO: All of these scholarships and fellowships were in 
the name of the company. And they were, if not allowed 
charges on the contract, within overhead, because you're 
allowed a certain amount of entertaining expense, research 
for the future, planning, and so on. There was ample 
profit to cover them, and since these were really assigned 
profits, what you did with the money was no factor. So, it 
really cost him nothing. 

Knowing this and trying to invent on the spot, I said, 
"Look, it's very simple. You've told me that Hughes 
Aircraft Company's stream of earnings will go way down. 
Even if they stay up it's only the earnings you'll be 
giving away. And to the cause that you say you want your 
money to go to. You don't give Hughes Aircraft Company 
anything. All the assets—the land, the buildings, the 
equipment in them, the money that they're using for working 
capital—leave those with Hughes Tool. Just charge a fee 
for rental." 

And the first few years Hughes directed that the fee 
should be such that they would never have a profit, the 
Hughes Aircraft Company, and that's kind of against the 
law, the way foundations are supposed to operate. So there 
was a period there when the government was after Hughes 
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and, of course, as usual, sort of getting nowhere. They 
would have had to track him down and put him in jail. It 
was like trying to get him to show up when the judge wanted 
him as a witness. That was always a matter of great 
difficulty, and he used to violate those things. 

And he even had, at that instant in which TWA stock— 
57 percent I think it was that he owned, it was over 
50—they put that stock in escrow through court action and 
appointed directors from the outside and took Hughes in 
effect out of TWA. So, like a five-year-old child, a 
minor, his stock, which was the controlling stock, by court 
action. And he didn't show up— One of the reasons why 
that had happened was he didn't show up in court as he was 
supposed to. Partially this was punishment. He was not 
about to show up. So, what he did was sell the shares. If 
TWA on one day was worth x dollars with Howard Hughes very 
much in the act, then it was worth substantially more than 
x dollars the day after his stock was put in escrow and a 
good responsible board was appointed. So, when he decided 
to sell his stock because it was too humiliating to keep 
it—an eighteen-year-old can understand that—he got a 
great deal more for it than the market price had been. I 
think it may have been almost double by the time it was 
over. The stock had been so suppressed, you see. 
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Now, on Monday Dean Wooldridge and I journeyed to New 
York, to Wall Street where the firm of Debevoise, Plimpton 
and McLain, one of the prestigious Wall Street firms, was 
prepared to create a corporation called the Ramo-Wooldridge 
Corporation, using the lawyers, staffs, as the necessary 
members of the board. You can create a corporation, of 
course, anywhere overnight, Delaware et cetera, if you 
don't plan to sell stock to the public, just a truly 
private corporation. 

Wednesday we went to our first choice, having called 
on the phone on Friday night, to David Wright, who was the 
president of Thompson Products. Thompson was one of those 
that came out trying to buy Hughes Aircraft Company. The 
way the principals of Thompson Products conducted them-
selves endeared them to our hearts. And Fred [Frederick 
C.] Crawford, who was the chairman, had a national reputa-
tion with regard to labor relations. His employees were 
happy without a union; that is, they had a company union. 
The company was considered very high grade in metal-cutting 
type of work, in making automotive parts and parts of jet 
engines and so on. 

And we knew that they had excess cash. They had 
figured out that electronics is a field they ought to get 
into. So they thought there might be some way that they 
could make a deal, with borrowings and other financing, and 

326 



buy Hughes Aircraft Company. They had just acquired a 
general, ex-general by the name of Shepard, Horace Shepard, 
who had been the air force's procurement officer on the 
Falcon missile at Hughes. So I knew him and respected him 
very much. And he knew a lot about how Hughes Aircraft was 
regarded and how Messrs. Ramo and Wooldridge were regarded. 

So we decided, considering everything, other big 
companies, going to Wall Street, floating stock, simply 
mortgaging our homes, which were fully paid up at the time, 
and starting on a shoestring, that we would propose to 
Thompson Products that they be our financial backer. They 
were very happy to get in bed with us. So Wednesday, while 
we were hand shaking and getting our deal set, we got a 
call from the lawyers saying we had a corporation. Wed-
nesday, late afternoon, evening, we came on home. 

We had rented an office just off the street in what is 
now Westchester, off Sepulveda, where there were a group of 
one-story structures—a barber, a lawyer, a real estate 
agent. The barber had just vacated, so we rented that 
space in a hurry. We wanted to be in that area, because 
that's where all the people were. It was reasonably close 
to Hughes. We had a secretary, an administrative assis-
tant, two telephones, one a telephone booth that we had 
created to get some privacy, in what was one room with a 

327 



couple of partitions for Wooldridge and me and the sec-
retaries in the front. 

When we came to work Thursday we could hardly approach 
the place. The line of engineers seeking—from not just 
Hughes, from other places—seeking to fill out applica-
tions, went around the corner. This was like, I don't 
know, Ninety-second Street or Ninety-first or Ninety-third 
Street, and it turned around into Sepulveda. The phones, 
we discovered, were taken off the hook. It was just 
impossible to handle the phone calls. The secretary of the 
air force could not get through. So he sent a messenger 
from a local air force office of some kind to get in there, 
bulldoze his way in, and demand to tell us that he had a 
message from the secretary of the air force. We took the 
night airplane, Thursday night, met with Talbott and this 
fellow Trevor Gardner, and before we left on Friday, before 
we left the secretary's office, we had a letter contract. 

We were using Thompson Products' money for one week. 
We had not yet put Ramo and Wooldridge on the payroll, but 
our secretary and administrative assistant and the office 
expense—that's all we had by way of a start-up cost—was a 
few hundred dollars, at most a thousand dollars, because 
the letter contract covered us. The contract asked us to 
figure out how to go about evaluating, making decisions 
about the ICBM [intercontinental ballistic missile], 
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because intelligence had just come in. The decision had 
been made [that] what the intelligence meant was to be 
taken very seriously, and it was a period of a few months 
in which intelligence reports of various kinds were coming 
in. They added up to the Soviet Union's having a crash 
program on an ICBM, having bypassed intermediate range, 
having made a decision, apparently, not to give high 
priority to creating an equivalent SAC [Strategic Air 
Command], manned bombers. The indications were that they 
had solutions to the various problems. 

They were building very big devices, big enough so 
they could have a big enough warhead in them. It turned 
out, we didn't know it then, it turned out that the Soviet 
Union was behind in warhead design, so that in order to get 
the yield that would make an ICBM sensible, they had to 
have a bigger missile. They had to have a bigger warhead. 
So they were building much bigger rockets than our first 
ICBM designs. 

PEASE: Let me just see if I can clarify something here. 
You said you used Thompson's money for a week, but you're 
walking out with a contract letter, basically of intent, or 
a contract, on that Friday afternoon. 
RAMO: Yes. 
PEASE: Is this to say that— 
RAMO: That's confusing. In order to do what we wanted to 
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do, we had to go out, of course, and rent, acquire facil-
ities, get laboratory equipment, bring a large computer in. 
We had to start hiring people before contractural coverage 
and so on. There's no question we were going to have 
expenses in the hundreds of thousands of dollars, as a 
minimum, during the first year as we built up. What I 
meant was, there's a difference, operating with no 
coverage. It was as though we had sales that were 
profitable from the beginning; the contract that we had 
fully covered our costs, leaving a profit. So we were in a 
profit position within one week. And we just kept in-
creasing the sales and the people and the assets and the 
earnings and plowing them back in. But we went quickly to 
a big campus, with new buildings, requiring twenty million 
[dollars] of investment by Thompson Products. 
PEASE: Before we step into the area of ICBM development, I 
was wondering if you could touch for a moment on the 
immediate vision you had of the structure and control you 
wanted in this venture when you approached Thompson. 
RAMO: Howard Hughes had told me on Saturday that, "Hey, 
whoever you go to for financial backing, shucks, what's to 
stop me from trying to buy them out? What's to stop me 
from buying shares on the market? I'm serious about the 
fact that I just can't stand the humiliation of losing you. 
You just can't do this." 
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Wooldridge and I thought, that's not too difficult a 
problem. Here's what we did. We suggested to our attor-
neys, who bought it as a perfectly practical plan, that we 
create common stock, common shares. They were practically 
a penny a piece, so that Wooldridge and I could afford to 
buy our shares outright, instead of just having an option. 
We had two classes of common shares. Class A elects three 
directors and class B elects four directors. We bought all 
the class B shares, 50 percent each class. And our class B 
shares, which elects four directors, 26 percent of the 
total stock, would control that 50. We took the 26 percent 
and set up a trust in which Wooldridge and I were the two 
trustees. That 50 percent was available for all the people 
we'd be bringing in over the years. 

Wooldridge and I started out with a third each of the 
26 percent. The other third we gave to General George, 
because, you see, he was really out on his ear. And he was 
a remarkably fine fellow who was really very helpful to us 
in many ways, he really understood people. He understood a 
lot about, of course, the air force, and he was, of course, 
older. He was probably sixty or sixty-two. With Howard 
Hughes he had a high salary and wouldn't have to do too 
much, with proper fringe benefits and a nice, easy life, 
and we had, by our action, upset the whole shebang. In 
part, I think, Hughes had no— Well, there's no question, 
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Hughes had no interest in General George, just as he had no 
interest in Tex Thornton, who left to his total advantage. 
Tex should have left earlier, [laughter] and gotten richer. 
This good life that Hal George had, we felt terribly sorry 
about. So we decided to make him an equal partner. He'd 
had the title of general manager at Hughes Aircraft 
Company, and he was greatly admired in the air force and by 
the people. No one would think we were stupid to do that, 
and so we gave him some sort of a title and some sort of a 
salary and we gave him a third of this 26 [percent]. 

As a matter of fact I said something wrong before, I 
said Wooldridge and I were the two trustees. Wooldridge 
and I and Hal George. And in case of an opening, the 
remaining trustees— In fact we set down who the trustees 
would be to replace us. And we had another couple of the 
top technical people as trustees; in case we both went on 
the same airplane, we didn't want that to create confusion. 
And Fred Crawford from Thompson Products. So the other 
side, the Thompson Products people, had a representative we 
trusted to not sell out to the wrong people. Now they, 
Thompson Products, bought a little bit of stock here and 
there from Wooldridge—for example, when he bought a new 
house, so soon they had more than 50 percent. But the 
voting control was very much in Wooldridge's and my hands. 

332 



Now, none of this really mattered seriously, we felt, 
because we knew that the amount of money we would need to 
do what we wanted to do if we were successful would require 
raising much more money, and that original formula would 
have to go. Also it probably made sense to imagine that we 
would probably merge with Thompson Products, and put the 
whole thing together when we got big enough, so it made 
some sense to do that. Now— 

PEASE: Let me take a break. All right you walked from the 
Pentagon basically with the mission of developing the ICBM 
system for the United States on the basis of these 
intelligence reports about what the Soviet Union was doing. 
RAMO: Not quite. We left with a contract to participate 
as consultants and aides to the defense department, trying 
to figure out what this situation means, what should we do. 
And I — 

PEASE: Where was ICBM development on our side at this 
point? 
RAMO: It was almost a trivial little project at Convair. 
There were serious guided-missile strategic-weapons pro-
jects, none of which got anywhere, but were spending a lot 
of money. There was the Snark, a subsonic pilotless 
airplane, easily shot down, but taken very seriously. 
There was a project, whose name will come to me in a 
moment, at North American Aviation. That was even more 
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serious. That was supersonic. That was a ram jet in which 
the high speed would give you enough compression of the air 
you run into so that you could burn it and have a high 
speed exhaust. 
PEASE: Basically a drone, though, as well. 
RAMO: Basically a drone, going at constant altitude. You 
can think of that as a rather specialized jet airplane-type 
drone—both subsonic and supersonic. And then, because it 
was clear that it made no sense, there was only a tiny 
study contract at Convair on the ICBM, in which they didn't 
build any hardware, and weren't allowed to. 

Why was the ICBM considered at that time not a sen-
sible thing to invest in? Well, first of all, there was 
little indication that the state of our art would permit 
you to get enough guidance accuracy. Since all you do with 
an intercontinental ballistic missile is you send it up to 
so high a speed and direct it up at so high an angle, well, 
at a proper angle, so that when it falls to earth, and the 
period of power is just a few hundred seconds, when it 
falls to earth five thousand or six thousand or eight 
thousand miles later, it will land where you want it to. 
Well, that means back here somewhere, you have really 
pointed it accurately. The accuracy in guidance was not 
there to go with the warhead yields of the time. 
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In addition it was known that it would not be a great 
weapon if you had to slow it down and come in slowly by 
parachute, the enemy would shoot it down. No, it had to 
crash through the atmosphere. The reentry problem—casual 
calculation suggested that the heat that you would generate 
would just take the thing apart, melt it all away. The 
warhead was too big. It was the weight of an H-bomb, such 
that the engines had to be huge. 

You needed a ten-times improvement in the following 
things, all at once. You had to have ten times more thrust 
than any rocket engines that were in sight. You had to 
have ten times more precision in guidance during powered 
flight. You had to have a structure ten times lighter; it 
was mostly a fuel tank. That structure, you talk about ten-
times factors on a control system, you have a structure 
that flies through thick air at very low speed. In fact, 
as it starts out the control system has somehow got to keep 
the thing from toppling, a little like balancing a pail of 
water on the end of your finger. Then it flies fast 
through the atmosphere and gets up to supersonic speeds 
rapidly, during which time its weight and its weight 
distribution change. It becomes continually a different 
animal every few seconds to aerodynamics control, aero-
nautical control of this, through surfaces and the like. 
Then it's in no air at all, practically speaking, and the 
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guiding that you do has got to be done in some other way; 
so the control system had more than ten times as much 
perplexity. All of the equipment would be shaken, would be 
subject to straight G's of acceleration and to vibrations, 
each of which would be ten times more than before. The 
heat generated in reentry would be ten times greater than 
anything that you were flying, needing new materials and so 
on. Everything was off by ten times. 

So it was sensible as a research project, but not one 
where you put down a schedule and say you're going to 
produce it. But now, if the reports are to be taken 
seriously, the Russians think otherwise. And the Russians 
are making it happen, and are going to have it. 
PEASE: I guess that's the question I'm trying to get at: 
given this assessment that there are severe technical 
problems with this approach, with this concept in a weapon 
system, what would lead the U.S. at that time to think that 
the Soviet Union would have a technology powerful enough to 
deal with those problems? 

RAMO: First of all, an intelligent discussion of this 
involves what was at that time, and as far as I'm concerned 
still is, highly classified. 
PEASE: All right. 
RAMO: In any project of that kind, and we have an example 
in the Star Wars controversy of today, the impenetrable 
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defense against ballistic missiles— We had that in con-
nection with the building of the H-Bomb. Most of these 
things involve hunch judgments by the leading people. When 
you say you have to extend the technology ten times, the 
optimist will say, "Well, gee, if it's not twenty, I'll get 
it done. Give me a few years." If you have been ac-
customed to making a ten-times change in things that you've 
done. When I worked in microwaves, when I was a young 
scientist-engineer type, I was generating frequencies more 
than ten times those that had been generated before, and 
more than ten times the power, and picking up signals at 
less than one-tenth the strength of signals that had been 
picked up before. That's all part of the game. You're 
always making advances. 

As you know, in the computer field, in some aspects of 
what's happened in computers in the last two decades, a 
factor of a thousand, and in a few instances a million 
times, would have to be used to talk about the advances. 
When you try to do something, you find out why you can't do 
it with today's technology. In the process of finding out 
why you can't, you see what the bottleneck is. Ah-hah, the 
bottleneck is this thing. 

Let me give an example on the reentry problem. The 
first investigations that we made, we put together a 
committee. I suggested to Trevor Gardner, who was the 
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project head in Washington, that, "Now, what you do is you 
put together a prestigious committee to investigate this 
matter. And don't say it's an investigation of the ICBM. 
Let it be an investigation of strategic weapons systems 
other than manned bombers, the use of the missile idea, and 
only one candidate would be the ballistic approach." 

The ballistic approach was awesome in that the thing 
comes in fast and you can't shoot it down, as against 
staying at the same altitude and giving you a chance to 
shoot at it for thousands of miles. It suddenly comes from 
above and there's nothing you can do about it until too 
close to the last minute. And the warhead is relatively 
small compared with a big bomber, and it's moving faster, 
and by the time you have spotted it and can do something, 
it's closer to the kill. So that changes everything by 
orders of magnitude. Whether you have human beings in the 
airplane or not is not a big advance as seen by someone 
who's defending against ordinary manned-bomber attacks. So 
this is a real breakthrough. We knew that. We knew the 
big question was the ICBM. 

Well, at my suggestion Trevor Gardner did contact John 
von Neumann, the great mathematician, but very broad in 
things other than math and who was one of the few people 
that was outside of the Oppenheimer-Teller feud, but had 
been involved in the Los Alamos operation and would be 
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totally objective, selfless in the discussion, no affec-
tations, just trying very hard, and very bright. And go 
out and get the one or two leading aerodynamicists, struc-
tures people, guidance people from around the country. We 
included one man from Hughes, [Allen E. ] Puckett, who is 
now the chairman at Hughes and had been the chief aero-
dynamicist on the Falcon missile. At any rate, we put 
together a true blue-ribbon group and we, Ramo-Wooldridge, 
would be staff to it. We would get the studies made and 
present them; we would bring in experts from around the 
country everywhere to appear before this group on various 
issues. 

The question was, Can you increase the guidance 
accuracy by ten times? Can you solve the reentry problem? 
The first calculation said that— I joked about the fact 
that we needed a new material—which I nicknamed, well, 
which I named "Unobtainium"—that wouldn't burn up. But it 
turned out that when you got the serious people in there 
who understood aerothermodynamics and were beginning to 
make speculative calculations, they realized that you don't 
have to assume that all the heat that is generated against 
the nose cone when it hits thick air, when it hits the 
atmosphere, when it hits air, you don't have to assume it 
all goes into the nose cone. It's carried away. You might 
think of it as a source of heat. 
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And the question is, How much of it goes into the air 
that surrounds it and how much goes into the nose cone 
itself? And also you can think in original terms about 
things like having the material, in effect, boil off. And 
what you've got, is to have enough thickness so that when 
it's all boiled off, you're ready to set the bomb off 
anyway. And we suggested setting up tests, shock tubes in 
which you create these high speeds and let the air impact 
on a hunk of metal and see what happens, and measure 
things. You send up a simple rocket of one, two, three 
stages and design it so that when it gets up to the top of 
its trajectory, very high, it'll turn over as it hits the 
atmosphere, the way it's built. And on the way down you 
set off another rocket and cause that nose cone to produce 
more cockeyed heat than the reentry of our ICBM. Then we 
put that heat on various kinds of materials. 
PEASE: Now, all this continued to be under the auspices of 
this committee? 

RAMO: It continued to be under the auspices of the air 
force, who had by now assigned it a full-time general, 
General [Bernard A.] Schriever, to live with us, at Ramo-
Wooldridge, continued to be supervised by a growing staff 
of Ramo-Wooldridge. And all the while another part of Ramo-
Wooldridge was building entirely other business. The ICBM 
project kept dominating. While we were determined to cause 
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the ICBM not to dominate, we never quite made it. The ICBM 
was like 60 or 70 percent of our business the first few 
years. But we would assign other people to other work 
entirely. 

But at about this time it became apparent that, 
particularly since the breakthrough in the nuclear field 
allowed much higher yields per weight ratio, yield-to-
weight ratio. That meant we could discuss smaller total 
delivery payment, that there were possibilities on the 
reentry, that there were ways to build accelerometers, 
gyroscopes, and so on, so they could stand the G's. In 
fact, if you did it right, you made the gyroscope, that had 
to be especially precise, so rugged, with such close 
tolerances, you didn't have metal impacting metal as the 
result of the high G acceleration; you had the thing 
floating in compressed oil. You did a lot of tricks. Each 
one of them would add a little bit and getting ten times 
proved to be, or appeared to be on the edge of practical. 

So we, as a nation then—C. E. Wilson led it, 
Eisenhower had to be in on it and was—it was decided to 
make this the number-one project, to give the Ramo-
Wooldridge Corporation a contract for overall systems 
engineering and technical direction, and set up contracts 
for all parts of the hardware-building job with others. 
Two airplane companies, one of which was General Dynamics, 
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continued—the other was Martin—with two different ap-
proaches to how you do the structure. They [were] to be 
the assembler, they built the configuration and they 
assembled. Aerojet [Corporation] and North American 
Aviation's rocket division, Rocketdyne, on the engines. 
Contracts out to Bell Labs and GE on various forms of 
guidance. General Electric and AVCO [Corporation] on the 
reentry. And there were other contractors. 
PEASE: All right, so— 

RAMO: Here was this world's biggest project ever, and the 
contract included that I would be the chief scientist of it 
and not spend my time on other Ramo-Wooldridge projects, 
and Wooldridge would worry about the others. 
PEASE: So RW begins to jell as a company and it has this 
huge project. Now, this is a different kind of work than 
has been previously performed in terms of coordinating 
large contracts. And you used the term system engineering. 
I was wondering if you could tell us a little bit about the 
develpment of that term, relative to this kind of project 
and how Ramo-Wooldridge progresses here. 

RAMO: All right. Well, the word systems is an old word. 
One speaks of the telephone system, the transportation 
system, the electrical power generation and distribution 
system. The word system used here, and the way it is most 
often used, when it comes to a coordinated program. People 
talk about, "I've got a system for doing this or that." 
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That isn't quite the same thing, although the concept of 
being systematic certainly is applicable. A system is a 
combination of a number of elements, many diverse, in-
cluding machines and people and communications networks, to 
achieve some particular task. And the design of the system 
is the design of the whole as distinct from the design of 
the parts, although obviously there's a chicken-and-egg 
problem. You can't contemplate a system that will do what 
it is that you want done without knowing the parts are 
available or can be caused to be available. You don't know 
what those parts should do until you've designed the 
system. You can't design a system until you know what the 
parts can do. Indeed you can't even specify the system. 
You can't specify an ICBM system, for example, saying 
things like, "Well, we shall have ranges from x to y miles. 
We shall reenter at a certain velocity. We shall have a 
certain precision of guidance. We shall carry a certain 
weight of warhead." Specifying the workings of that system 
without knowing whether you can do one thing or another. 

If you can do one guidance accuracy, and you need to 
improve that even 10 percent, it may look virtually impos-
sible. You next look around and say, "Well, we make that 
up with a larger warhead. If we can't make it land any 
closer to the target and we still have to destroy that 
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target, then we'd better increase the warhead." So you go 
to the people and say, "Can't you give me more yield?" 

They say, "Yes, but only with more weight." With more 
weight, then the protection of it and the carrying of it 
means the whole structure goes up. The overall design is 
full of compromises, trade-offs, and so you design the 
system as you design the parts. And you even design how 
you're going to test it, because it's no use designing a 
hodgepodge of stuff and connecting it up. It'll never 
work. You can't possibly predict the workings of every-
thing that well. You must take each part out in isolation 
and know its workings and then you have to determine what 
will happen when they're all connected. 

The difference between the telephone systems and the 
power systems and the word systems engineering as it was 
used then was that we had a degree of intimacy and urgency 
about the parts and their combination, a relationship 
between the creation of the mission—what are you trying to 
do?—that didn't grow over a period of decades or a 
century, where some things are absolutely clear. Very 
little was clear. What you should be trying to do depends 
upon what you can do and what the alternatives are. 

And then here you have to design a system for testing, 
as I said, which includes ultimately launching ICBMS over 
thousands of miles and seeing what's going on. So what you 
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need is something like a series of islands stretching out 
from America into the Atlantic, because you want to take 
advantage of the rotation of the Earth to get range and not 
be bucking it. So you want to launch in that direction, 
and so you need to make arrangements with countries that 
own those islands and need to figure out what things you 
will put on the islands. And there are all kinds of 
alternate ways of doing testing. 

Then there's the question of where do you stop 
checking out a rocket engine on the ground, putting it 
through its paces and feel that you've learned enough that 
it makes sense to fly it and see what happens. 
PEASE: What's the difference here, though, with having to 
build hundreds of Liberty ships in a small period of time? 
Is it one of scope and complexity, or is there something 
that's larger than that? 

RAMO: Well, newness; Liberty ships were a minor extra-
polation of shipbuilding at the time. Here I mentioned the 
factor of ten, and that's an exaggeration in moderation, 
conservatism. In many instances it was a factor of a 
hundred, or it was a case of needing a breakthrough. You 
started out saying, "Gee, I can't do it all. It isn't a 
matter of improving by ten times. How in the hell do you 
do this?" 
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Now: the combination of schedule, indefiniteness of 
mission that had to be invented, lack of precedence, 
simultaneous advances on many fronts, the testing, the 
simulation. And a crash program meant you had to do a lot 
of things in parallel. You couldn't wait and do them in 
series. And you had to take some gambles and say, "As-
suming we can solve the reentry problem with about this 
much weight given to it—and whatever the hell the shape is 
going to be and the material, well, that's another worry— 
assuming this for the moment, what does that mean with 
regard to the size of the whole structure and so on? And 
what if we're wrong about the warhead? What if we have to 
double it? What does that do to you? Finish you? Or can 
you adjust to it?" 

The negotiating and the interaction and the newness, 
the pressure of doing it all in the shortest possible time, 
in kind of a race, required that systems engineering be 
carried to a higher level of sophistication than ever 
before. Well, we rose to that challenge; anyone else with 
proper competence assigned to that job would have. That 
was our job. 

Also it was the era when the large computers were 
coming in. With our priority, of course, we got the first 
big UNIVAC, for an example, out of Sperry Rand, who at that 
time had the leadership position. IBM wasn't yet in the 
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league to provide that kind of equipment. Without computer 
and other simulated assists we would have had to fly so 
many missiles in series and get the results and see what to 
do next, that we'd still be working on the ICBM. [laugh-
ter] 

Now, of course, you had to even take the ICBM itself 
and relate it to a basing system, a control system. You 
had to see how it would relate to the—from the president 
on down, and control of the site where the missiles were, 
and the maintenance of the operation, and the readiness. 
So you had to create a system, using that other meaning of 
the word system, for the air force service people who were 
going to be assigned to handling the missiles, to operate 
in a way that bore no relationship to SAC—to the bells 
ringing and the men rushing out and getting into the 
planes. There were different things about this. There's 
liquid propellant to store and to be able to pump in. 
There was the countdown procedure that was quite different 
from anything in the past. So, we had the opportunity and 
the absolute necessity to advance systems engineering. 
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TAPE NUMBER: X, SIDE ONE 
MAY 30, 1984 

PEASE: So, Ramo-Wooldridge is really an overseer; you're 
not a hardware manufacturer. You're coordinating all the 
contractors and subcontractors, are basically responsible 
for seeing this entire project come together. Now you've 
already mentioned that you basically directed this end of 
the business, and Wooldridge was in charge of other areas. 
I'm wondering if you could talk a little bit now— Pre-
viously you had mentioned the culture that had developed at 
Hughes, and its strength and the importance of that in an 
organization going through a transition in leadership. 
Here you have your own company, and one which is obviously 
taking on many, many projects and growing very rapidly. If 
you could describe how the two of you went about assembling 
that firm, the kind of people you wanted to attract and 
whatever conscious or unconscious efforts you made at 
providing the seed for a strong culture, and what that 
culture is. 

RAMO: Well, first of all, let me say that in that regard 
it was not any different from the Hughes operation. One of 
the reasons why we were given this assignment was because 
there was no one that came anywhere near the kind of 
recruiting operation that we had done and that I was 
particularly personally most involved in. We had recruited 
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thousands of technical-degree people of high caliber in a 
few years. I knew, what shall we say, the tricks of that 
trade. One of them is you have outstanding people and they 
attract outstanding people who want to work with them. You 
have challenging, outstanding projects and people want to 
come and work on those. As to the kind of environment you 
create, it's the kind of environment that the people in 
effect force or suggest by their very nature. 

At Hughes, for example, I was considered a great 
pioneer because I insisted upon giving some privacy, in ten-
by-ten or ten-by-twelve cubicles, to the best scientists 
and engineers that we hired, so that they could think and 
not be continually interrupted by the telephone of their 
next-door neighbor. The airplane companies who didn't 
understand had this huge bull pen with the desks against 
each other. It was ridiculous to think that they were 
saving some money in facilities. It had never entered 
their mind that private offices was a money-saving measure. 
They were simply accustomed to something where presumably 
everybody's working because everybody's being watched. 
They were Rosie-the-Riveter companies. 

And I think I may have mentioned earlier the no-doors 
on the cans that were typical of the aircraft companies. 
So, if you walk into the large men's room with the same 
kind of facilities that you find in a factory, only the 
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WC's were sitting there in a row, with partitions between, 
but no doors. 

Now, we had the practice of gathering the more senior 
people with Wooldridge and me and the senior administrative 
assistant, whom we had hired as a vice president for 
administration, who had the accounting and the contractual 
relations and so on under him; that was a man by the name 
of Nielsen, V. G. Nielsen, known as Bud Nielsen, because I 
think V stood for Virgo. So, naturally, he was called Bud. 

Well, as before, we were swamped with people that 
wanted to come to work for us. I would start out each 
morning with the personnel assistant and look over quickly 
the twenty-five or thirty or fifty names, spotting those 
that I knew, or spotting those who were presently employed 
at companies where I knew people and I knew I could get a 
check on how good they were, and giving directions to this 
personnel man to go out and get more information in certain 
respects. On those where we had as much information as we 
were likely to get, I'd take a quick look at the package of 
information and decide that this man with so many years of 
experience, on a scale from, let's say, 5 to 10, where 10 
is absolutely super human and 5 is something below which we 
do not go, and give him a number. And we had these curves 
on salary. We didn't negotiate or bargain; we didn't have 

350 



the time to monkey around with it. But mostly people 
accepted our offers. 

There were stories around the country, both in the 
Hughes situation and in Ramo-Wooldridge, that we were 
paying excessive salaries. It turned out that our average 
salary compared favorably with the average salary for 
similar people. It's a little bit like Caltech [California 
Institute of Technology] having only two hundred freshmen. 
That freshmen class at Caltech has the highest ratings of 
aptitude tests and achievement tests of any freshmen group 
in the country. You take the top two hundred at Harvard, 
or the top two hundred at MIT or Stanford, they would be 
equal. But they take a bigger group in, so their average 
is lower. There was no reason why our average shouldn't 
have been higher. 

I delighted in the reputation that we were paying 
more. First, I thought engineering salaries ought to be 
higher in the nation, glad to make a contribution to it, if 
I could. And, you know, labor approaches it from the 
bottom, minimum wage; we were approaching it from the top. 
We were pulling up the outstanding people, and I think, in 
this regard, we made a major contribution, because it was 
largely considered to be a case that unless you were an 
executive, there was kind of a ceiling to what a scientist 
and an engineer would be worth in industry. And you tended 
to reach that fairly early and not get more. The 
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Depression had ensured that there would be great conser-
vatism about the salary of those people in industry. The 
older people didn't expect to get more, and it was a little 
awkward to bring in new people and advance them in salary, 
past the older, more experienced and, on the average, more 
useful people. 

So we created our own curves and went with those. And 
people advanced on the curve. A 10 person would keep going 
up, but you might, before you ever get senile, if you lose 
whatever makes you so outstanding, your rating would 
change. Then you might actually be out of line for a few 
years. So what would happen to you would depend upon the 
rating and the number of years of experience. We felt 
there was a subtlety about the number of years of experi-
ence. A 9 man with ten years is worth more than a 9 man 
with only five years of experience. 

PEASE: But you and Wooldridge took an interest in these 
kinds of issues. 

RAMO: Yes. We would work all of those things out to-
gether. When we speak of Wooldridge, largely emphasizing 
the other aspects of Ramo-Wooldridge's programs and I the 
ICBM; on anything that mattered about the success of the 
company as a whole and its future plans, Wooldridge and I 
were together. And Wooldridge was always present at the 
big decision meetings involving the ICBM. And Wooldridge 
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was a principal counselor to me on the ICBM, just as I was 
a principal counselor to him on the other things. 
PEASE: Was the structure of the firm and its culture 
consistent between these two ends of the business then? Is 
that what you're saying? 
RAMO: Well, what we did on the ICBM program went with that 
program. We had to have an organization suited to our 
being in the business of directing a multi-billion dollar 
affair, involving the largest companies in the country and 
lots of smaller ones. So the people that we had reporting 
to me were capable of directing those programs in those 
other companies. Each, in other words, was able to deal 
with the top executives as well as the chief engineers of 
those companies. 

An example of what was going on under Wooldridge was 
the starting of a semiconductor operation. That semi-
conductor operation involved its particular kinds of 
laboratories and pilot lines. They immediately began to 
produce a diode, a semiconductor diode, of such unusual 
strength and stability, it was the champion for the kind of 
applications in which those particular matters of perfor-
mance counted, not the ordinary radio set. We recognized 
early we were not the right people for mass production of 
consumer components of the lowest possible price. But when 
Autonetics [Corporation] in their inertial guidance systems 
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needed semiconductors, there was only one place they could 
get them that would meet their specs. 

So the rule that Ramo-Wooldridge would not do hard-
ware, like you prefer not to have an architect of a build-
ing who is also a contractor and wants to build part of the 
building— Thirty seconds ahead of everybody else I 
announced the firm policy that we would under no circum-
stances accept any hardware work. That in itself took care 
of most of the concern in industry that we were like a 
super, prime contractor, and if we had enough power, we 
could assign to Ramo-Wooldridge anything we wanted, that 
they felt they should be getting. No, we were not com-
peting with them. In a very short while they realized they 
never had it so good. If General Electric was not getting 
anywhere in some aspect of the reentry program, we would 
move in, and they got a lot of help, because, we had to 
make the ICBM work. 

PEASE: Right now, that issue that you just mentioned, I'd 
like to elaborate a little bit on that. There was a period 
of some controversy, as I understand it, around what was 
then the space technology lab and this relationship between 
Ramo-Wooldridge and all the subcontractors. 
RAMO: That's a whole other thing. What happened as this 
program matured was that the air force became increasingly 
dependent on Ramo-Wooldridge for future planning of things 
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at all related to the ballistic missile program. That 
included all of space. They would keep assigning things to 
us and bring us into the decision making within the air 
force. Since we had ambitions for other military hardware 
jobs it was legitimate to raise the question, and I raised 
it. In fact, I suggested, and finally got my way. I 
suggested that those people most heavily involved at Ramo-
Wooldridge in helping the air force plan ahead should be 
separated away. I suggested the creation of a nonprofit 
corporation. And those that simply were doing a job of 
systems engineering and technical direction, except for the 
fact it was a bigger total job, were no different from 
giving Northrop Corporation or Rockwell or McDonnell 
Douglas a contract to design an airplane with a lot of 
equipment on it. They not only do the systems engineering 
of the whole, but they subcontract the parts; so they're in 
a position to give themselves work. You don't say to 
Boeing, "If you want a bomber contract, we won't let you 
build hardware. Now, you've got one or the other. You 
either design it, and include it, but we want to know, we 
want to be sure you've gotten the pieces from the best 
possible place. We want objectivity. We don't want a 
competition between your in-house ambitions and your 
subcontracting." They don't do that, because it's just not 
practical. 
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PEASE: Was there any fear on the part of the contractors 

and subcontractors that because you were getting, or having 

to deal in such detail with their work, much of it I'm sure 

was on the cutting edge of technology at the time, that 

Ramo-Wooldridge was getting too much of a peek under their 

various kimonos? 

RAMO: Well, first of all, it turned out that our staff was 

so much more outstanding than the average of their staffs, 

that they were getting a lot more than they were missing. 

As I started to say, they were guaranteed success. And 

Fortune magazine quoted George Bunker of Martin Marietta 

[Corporation] as saying that when things weren't going 

right in Denver— He was talking about me. It was an 

article about me, and they used the quote that I moved in 

with a team in Denver and got the thing straightened out. 

Now, for certain kinds of things we were better, and 

they were things that had to do with the system and high-

technology aspects. In general our people were not the 

kind that you would put in supervision of a factory fab-

rication operation, as compared with those that the air-

craft companies hired. There was therefore a proper role 

for each of us. They had to overlap, and the smartest 

people, the brightest people are better at the overlapping 

than the others, because they see into the other side of 

the job quickly. So what would happen would be, initially, 
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a contractor would worry not so much about giving up 
proprietary secrets, because after all, the government was 
paying for this, and the deal in a contract is that the 
government owns it and can give it to anybody. When you 
engage in a military work on a "cost-plus-ish" type of 
contract, you don't expect to try to keep your work propri-
etary. 

It was more a question of their not being able to do 
the job; they were worried about the fact they wouldn't be 
able to do the job the way they wanted to do it: "Who are 
these guys to tell us how to do all of these things and 
what we must do." 

And for us to come in to say to propulsion, "OK, 
you've got to make that rocket engine swivel a bit more." 

They might say, "Well, it's already as tough as it can 
be. You're going to delay our schedule, it's going to 
weigh more, it's going to cost more." 

We'd say, "Well now, we know that, we wouldn't do it 
if weren't for the fact that we cannot solve the problem. 
The trajectory won't be right, the control won't be right, 
the missile will be wobbling, and we're going to have to 
have a bigger swivel. I mean, we're the systems engi-
neers . " 

Now, we were very open with them. Anyone could come 
and get as much rationale as he wanted to. If we were 
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wrong, we would be very happy to hear about it quickly. We 
continually would call meetings, giving the chief engineers 
of these components a good sense of the interrelationships. 
No, we did a good job on management of the systems engi-
neering, and they were ensured, well, they never had it so 
good. They didn't have to worry about being cancelled out 
as a result of failure. We were going to have two ap-
proaches. We were going to carry them all the way through 
and have half of the operating force Atlases and half of 
them— 
PEASE: Was that the Able? 
RAMO: No. I used to do this even during the ICBM program. 
As I told you once, the part of the brain that remembers 
names was missing. The Titan. And the Titan was a some-
what bigger missile, it was based on a stronger structure 
in which parts of the structure would fall away leaving 
always a smaller piece to go on. 

The Atlas was a steel balloon, very, very thin, and 
would collapse, not be able to hold anything up at all, 
including itself, if it were not kept under pressure. And 
that balloon went all the way until you got to reentry and 
separated the nose cone away. What I mean, it went all the 
way in the thrust portion. So you'd drop some engines and 
you'd go to smaller thrust, leaving only the final engine, 
but that one fuel tank sufficed. In a sense it was 
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simpler, but all of these things involved some kind of a 
gamble. We wanted two approaches, and we wanted to broaden 
the field too. We wanted to broaden the technology for 
many purposes. 

PEASE: So in this dual approach, there was safety in the 
redundancy, in case one system did not prove successful— 
RAMO: And you might say a doubling of the rate of tech-
nological options to be considered. Because we could move 
one over to the other. If worse came to worst we could 
take AVCO's nose cones and put them on the other. 
PEASE: It is Titan that succeeds though. Is that correct? 
RAMO: Well, Atlas and Titan both were successful. They 
both worked. We did divide up the initial operations 
between the two of them. The Titans were left—a number of 
them—were left for more years after both of them were out 
of date and replaced by the Minuteman—I remembered the 
name right off the bat. 

At any rate, what I'm suggesting here, is that it 
turned out to be good for the contractors. But what did 
make sense was to separate to Aerospace [Corporation] the 
advance planning and [to] leave TRW, in what we set up by 
that time as the Space Technology Laboratories as its name, 
the systems engineering, and the technical direction of 
specific programs. And to this day, what has happened is, 
say, like the MX or the Minuteman, the air force decides 
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whether or not it wants to give a contract to TRW to go on 
doing systems engineering and technical direction of still 
another ballistic missile. And we've been in the game now 
for twenty-five years. It's a system that has worked and 
it has been sensible for the air force to go on doing that. 
So there's still a substantial business. 
PEASE: To what degree are you, or perhaps both of you, 
Dean Wooldridge and yourself in, involving yourself in, for 
a lack of a better term, this isn't a very good term, the 
business aspects of running Ramo-Wooldridge, the finance, 
the— 

RAMO: Well, we were both involved in that, but those 
things were relatively simple. Dominated as we were by a 
contract that was steady and growing, and we deserved and 
we received a higher percent profit to sales than is 
typical of the average contract. And that made sense. 
Then we got other contracts from the government and we got 
other contracts outside the government. With Bankers Trust 
[Company] and Bank of America we did the first explorations 
of the application of computers to banking. Some of the 
things we laid out are only—are almost now beginning to 
happen. Many things required cheaper, more flexible, 
faster, higher capacity computers, more reliable. That 
would clearly take years. 

PEASE: Yes, I want to spend some time on this— 
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RAMO: We started on computerized process control, which we 
felt was a field for us. We certainly didn't want to get 
into accounting data handling. We felt that was clearly 
IBM's and Sperry Rand's business and Burroughs and possibly 
Honeywell. I guess we're at a stopping point. 
PEASE: Not quite. I want to have one last question. 
RAMO: All right. 
PEASE: Take a few minutes on this. Is Ramo-Wooldridge 
organized in a fashion that's different than more tra-
ditional kinds of firms would be at this point in time? 
RAMO: Well, if for no other reason, no firm had anything 
like the ICBM program's direction to organize around. So, 
clearly, that alone, since it was more than half of our 
backlog, our work for the first five or six or seven years, 
at least the first five. When we merged with Thompson 
Products to form TRW, that was October of '58, that was 
five years later, and at that time it was still true that 
the ICBM was more than half of our work. So, obviously, 
the answer to that is we were different. We were somewhat 
like the top structure of, let's say, a company would have 
to be if you combined several of the big high-technology 
companies. You'd have a structure at the top. But that's 
not a good—when I say it's partly that way. The fact that 
we were in the decision-making business and the direction 
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business and systems engineering, as against the detail 
design and fabrication and checking out of the parts. 
PEASE: What does this mean? Does this mean there is a 
matrix system, there's committees, or there's decentralized 
decision making, or is there something— 
RAMO: Well, let's say, we had a senior person for each 
technical area. For instance, the first person in charge 
of guidance and control was a man by the name of Fletcher. 
James Fletcher, who became head of NASA [National Aero-
nautics and Space Administration] at one point. If you 
look back at NASA space program, you'll find that Fletcher 
came in in the Nixon administration, about in there, as the 
director. He left us and became president of the Univer-
sity of Utah for a few years. He was replaced by a man by 
the name of George [E.] Mueller. George Mueller went to 
NASA to direct the Apollo program. He held that rather 
distinctive position. 

Jim [James E.] Webb, who was head of NASA at that 
time, called me. We had a meeting and he said, "Hey, I've 
got to have your top man to head this lunar program. I've 
got to have at least a partial organization here that's 
like yours on the ICBM program." It was not the same kind 
of thing because they were going to depend very heavily, of 
course, on our hardware and just extend it as required and 
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take an aircraft company to make an appropriate cockpit 
chamber. 

Our top man was [Ruben F.] Mettler, who is now our 
chief executive officer, as I cited it to him. I told him 
there was no chance that Mettler could leave at that time, 
no matter what Jim Webb or President Kennedy said to him, 
because it wouldn't fit his personal situation for him to 
go off to Washington. The second man on the list was just 
going through a divorce, which was not a pleasant one. And 
he was going to be determined to stay in this area where 
the children would be, as an absolute necessity. The third 
man could go, George Mueller. 

But these people were so good, if I'd gone to the 
twelfth man, any of them could have done the job of direc-
ting the Apollo program. And they knew the hardware and 
they knew the contractors and they knew how to do this kind 
of systems engineering. As a matter of fact, the second 
man we made a deal with, in which part-time, as sort of a 
consultant, away from his work here he would show up to 
help the third man in organizing. 

So this question of how we were organized, it was 
unique. If you look at the patterns of business organiza-
tion, you usually think in terms of marketing and employee 
relations and engineering and manufacturing. And you've 
got some staff services and so on. But here we were 
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directing a program, and the principal people had to be the 
guy in charge of propulsion, the guy in charge of guidance, 
the guy in charge of the reentry problem. Those people and 
I would meet together to try to negotiate the specs and the 
directions. And we would meet with people who were keeping 
control of the schedule of every little thing that had to 
happen. A test here, the design there, all were going to 
be dependent on each other. So we originated those charts 
which afterwards were formalized and were called Pert 
Charts. We used the computer to keep track of all the 
events, their timing, and how they related to one another. 
And we kept producing these charts. 

Every Saturday morning the key people, including 
Schriever and his staff, would meet and look over where 
everything seemed to stand—we'd look over the contracts, 
we'd look over problems. We also demanded statistics that 
the contractors were not accustomed to keeping track of. 
And since they were not accustomed to keeping track of it, 
although I don't know why, because I'd used that system at 
Hughes—for instance, how many people, technical-degree 
people, are assigned to a program? And we wanted weekly 
answers to such a question. 

And I remember once we discovered that suddenly 
General Electric's curve went like this. [gesture] Fifty 
people had suddenly been assigned. Nothing had happened to 
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the program to suggest why. Upon our contacting the head 
of that division he didn't know that fifty people had been 
assigned. What happened was, they lost a contract in some 
other department at General Electric, some ordinance 
project. And they said, "Well, the ICBM certainly needs 
them." So someone reassigned all those people. And before 
the GE project head found out about it, we did, because we 
got our stuff out of GE's accounting department. And they 
weren't accustomed in their company to give those results 
to their project head very quickly. He would have found 
out some time later. He knew the money on the contract 
versus time, as it was being spent. And he'd have to go 
back and say, "Why is it costing me so much more than I 
thought?" 

PEASE: Yes, you said, that when you met in these Saturday 
meetings with the person who headed this area, or headed 
that area, these are TRW people you're talking about that 
you're meeting with. 
RAMO: Yes. 
PEASE: Are they— 
RAMO: Now they meet with the contractors that are pro-
ducing things. 
PEASE: Are they structuring their own areas in a similar 
fashion, or are they doing it according to their own needs, 
or — 
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RAMO: There was a considerable similarity in each of those 
areas where what they were doing could be broken down into 
partial tasks. And they had to keep those things coor-
dinated. And those people had their counterparts in 
industry, who were building pieces of apparatus and had to 
be constantly coordinated. So, there were lots of what we 
called TD meetings, technical direction meetings, lots of 
those. The meetings would end with the contract being 
slightly revised, always contract changes. We would have 
to sign off on them. The contractor would have to claim it 
was going to take him more time and more money. The air 
force would have to note that and see if they agreed. 
PEASE: What kind of week are you working at this time. 
RAMO: Personally? 
PEASE: Yes. 

RAMO: Well, I'm leaving fairly early morning, and I guess 
I was putting in close to a ten-hour day, and at least a 
half a day on Saturday. But I was doing a lot of travel-
ling. A lot of the coordination required spending an 
evening perhaps memorizing some information, going over it 
carefully, and getting on a night flight. This was before 
the jets, so that is was possible to get a sleeper coming 
back, on the DC-6 or the Super Constellations from New 
York, and have about ten to eleven hours and catch up on 
the sleep. 
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TAPE NUMBER: XI, SIDE ONE 
MAY 31, 1984 

PEASE: We finished up yesterday talking at some length 
about TRW1s role in the development of the ICBM system, and 
we had moved on and talked a little bit about the culture 
at TRW, and technologically oriented firms in general, its 
outgrowth of what you had developed at Hughes. Today, I 
would like to start with an issue that was mentioned very 
briefly yesterday by yourself. You had mentioned at one 
point that during this period you had begun working with 
several people in the banking industry, at least talking 
with them about the applications of computer systems to 
that industry, and in doing so had talked about having 
discussed with them things that only today are really 
coming to fruition. Now, I noticed, going through the 
archives at the L.A. Times and in a number of other places, 
that during this period of time in the mid-1950s, you were 
beginning to speak out and write a great deal about two 
basic issues: the advent of the computer, or which you 
then termed as mechanical brains, and the impact you 
foresaw of them on our economy and our society. And the 
other issue, which is a very interesting one to me and I 
would like to discuss at some length, and is also something 
that you have continued to talk about over the years, and 
that is what you at least began to perceive then as the 
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imbalance between our progress technologically and our 
social progress. In other words, our inability sometimes 
to perhaps integrate some of the things we have developed 
as a people and a society into our social relations. So 
I'd like to start out with asking you how these concepts 
began to strike you and, in particular, when during this 
busy period in your life, when your firm has a mission of 
some import to the nation, your having time to reflect on 
these things. How do these ideas begin to strike you? 
RAMO: Well, I was never able to be comfortable doing a job 
and concentrating totally on the present. For very short 
periods of time, like a day, while defending a point of 
view at a meeting, there often is no choice. But I always 
felt I had to look ahead to a spectrum in time reaching far 
out, and a breadth of phenomena, because even if I thought 
of my mission in life as being one to apply science and 
technology so that it is useful to the society, that still 
requires that you do it in a practical way, mindful of the 
nature of the society, the way it is changing, the com-
petitive forces, all influences that determine what the 
society does with its resources. You need to find the 
proper niche for your company, and for yourself. What is 
it that you come closest to being able to do that's unique? 
Stay away from doing those things that everybody and 
anybody can easily do. So I was very conscious early, and 

368 



probably was interested and doing something about it in my 
mind, at least, earlier before I became completely con-
scious of it, that I needed to understand social and 
political phenomena, economic phenomena. I needed to read 
and take opportunities to mix with people that understood 
some of those things better than I did. 

So I began to accept invitations to be on various 
committees, boards, councils. I was on the advisory 
committee to the secretary of state on science and foreign 
affairs, to the secretary of commerce, who had an advisory 
committee with people from various walks of life or fields 
of endeavor. I was on the Japan-U.S. Economic Council, 
which was privately put together with David Rockefeller as 
chairman, but really at the suggestion of George [P.] 
Shultz, who was then secretary of treasury under Nixon and 
also his main aide on matters economic and matters 
domestic, just as [Henry] Kissinger was his main aide on 
matters foreign. I was on the White House Energy Research 
and Development [Advisory] Council when the crisis started 
with the Arab-Israeli war in October 1973. I would accept 
being on visitors' committees occasionally—the Harvard 
School of Applied Physics and Engineering, the Carnegie-
Mellon University, the business school there. 
PEASE: Aren't these appointments and assignments that are 
being given to you—I think you're talking about a period 
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now more of the late sixties and early seventies—really 
the culmination of work and issues that you began raising 
some twenty years earlier? 
RAMO: Well, I would say that the first instances that I 
can remember speaking out about some of these things 
probably goes back to my period at Hughes. When I was 
still with the General Electric Company, I was a scientist-
engineer type, and I did a good deal of speaking, but that 
was about the principles of microwaves or something like 
that, before professional groups, not before the public. 
At Hughes, opportunities for major addresses at principal 
conventions came up, and one invitation would lead to 
another; so I found myself with an invitation every month 
or two that was right for me to accept, that in one way or 
another had to do with the relationship of advancing 
technology to the society. I would very often use the idea 
of extending the human brain with electronics and being 
able to do a lot of things better and differently to the 
advantage of society if we would organize to do it. I 
would talk about the space potentials. There was the 
[Charles P.] Steinmetz Memorial Lecture. There was the 
annual lecture at the Waldorf[-Astoria Hotel] of the Iron 
and Steel Institute, the big lecture at their convention. 
All of those dealt with these topics, and I think from 
about 1947, '48 on, I was talking and writing. 
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I keep running across— Having just shifted offices 
here, I always unload some things that are in the cabinets, 
and I found copies of various publications in which some-
times an editorial, sometimes a feature article, that I'd 
long since forgotten about, and that we'd never bothered to 
keep track of. I could no longer produce if someone asked 
for it, as academic people expect you to do, to put out an 
up-to-date list of all the articles you've ever written, 
because there were just too many going on during that 
entire period. Many of which were almost the same [but] 
would go to quite different audiences. 

There was a time twenty years ago—early sixties— 
well, first of all, Sputnik created an interest in science 
technology at large, as well as in space, and there were 
just numerous affairs. I was on the Meet the Press program 
in December of 1957 (October '57 was the Sputnik date), and 
on the college news conference [College Press Conference], 
or Face the Nation, and I did op-ed editorials in the Wall 
Street Journal, New York Times, Christian Science Monitor, 
and was interviewed by U.S. News and World Report. There 
was a sudden interest in science and technology. 
PEASE: I was just going to ask you if you could tell me 
what the difference in the way you believe people were 
perceiving the issues you were raising, pre-Sputnik versus 
post-Sputnik, and perhaps the tone of that interest. 
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RAMO: Well, the most important things have not changed. I 
will be giving a short graduation address at Occidental a 
week from Sunday and receiving an honorary degree. What I 
have in mind, particularly making clear to the students—I 
will find a way to do it that I hope will make it a little 
bit interesting to them, even though it's a very short 
talk—but to suggest to them that I'm going to give them a 
head start on the graduation address that one or more of 
them will be giving one generation later if the pattern is 
continued, as I assume it will, of at least a generation's 
gap between those who deliver graduation addresses and 
those who are graduating. 

That the biggest problem of the age will still remain 
unsolved, largely not yet understood, and so with all the 
changes that have taken place, Sputnik and the tremendous 
amount of attention given in all the popular media— 
television and the newspapers, and the magazines, too—the 
interrelationship between science and technological advance 
and the society. We still haven't grasped the most 
fundamental point of all, and that is that we have a basic 
mismatch between the rate of science and technological 
advance on the one hand and the rate at which we're 
maturing socially. We're hardly maturing at all, and we're 
creating such, we're forcing such alterations in the 
society that our way of organizing our society, of making 
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decisions, of choosing priorities, of deciding on goals, is 
completely out of date, unsuited to the high technology 
society in which we live. 
PEASE: Is that relative mismatch one which is acceler-
ating, or is steady, or is it less than it was? 
RAMO: I would say it's getting worse because the very 
first example, of course, is that we've learned how to 
destroy ourselves before we've learned how to live to-
gether. So we and the Soviet Union, the two superstates, 
are each going to spend another trillion dollars in the 
next ten years; that's the plan of both. Each chief 
official, the officials of each nation, have made published 
statements to the effect that— In particular, Reagan in 
his January 1984 state of the nation address said essen-
tially this: There is no longer any use for nuclear 
weapons except to deter the other guy from using his. 

I made such a statement in Time magazine when they did 
a special issue on the whole nuclear situation about a year 
ago. They had a two-page section in which they had seven 
of us, with quotes. There was a senator, an ex-secretary 
of defense, the president of MIT [Massachusetts Institute 
of Technology], the president of Caltech [California 
Institute of Technology], and so on, making statements, and 
they had one from me. And I said that the nuclear weapons 
systems of both nations constituted now the most useless— 
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because neither side could even remotely, if even half-
sane, contemplate an attempted knockout blow of the other 
because they know it would not work, and the retaliation 
would mean it would be mutual suicide. So neither side is 
going to use it, and the only reason for having it is to be 
able to retaliate in case the other guy contemplates doing 
it. So it's the most useless, the most expensive, and the 
most dangerous thing that man has ever done, and we have no 
approach—I mean, we're getting nowhere in preventing the 
continued escalation. So this mismatch, if anything, seems 
worse today than it did even four years ago. 
PEASE: Well, it seems as if when you begin to raise this 
issue, it's in a broader—and I'm talking about the mid-
fifties, pre-Sputnik—it's in a broader, more philosophical 
context. And then post-Sputnik, the energization of the 
nation and the sudden attention to technical training in 
the schools, and the space program is really within the 
context of East-West competition more than it is this other 
more fundamental issue that I think you're talking about, 
and that's man's ability to cope with what he invents. 
RAMO: Well, at the risk of seeming to be making statements 
to show how right I have been, and what great foresight I 
have, to me what is different is that parts of an under-
standing of the enormous impact of science and technology 
advance on society, part of it is beginning to be under-
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stood in more and more circles. The most important things 

are not yet understood, and the most important things are 

that we have this big mismatch, that, if anything, this 

mismatch seems to be getting worse. Secondly, that we have 

a different kind of mismatch, and that is that our system 

in the world, the systems of all nations, the systems of 

the civilization for making decisions, choosing priorities, 

setting goals, working out relationships between each 

other, seems to be unsuited to the high technology society. 

Now in all of this, it might appear that I'm talking 

as a—well, what shall we say?—amateur philosopher per-

haps, but a philosopher has nothing to do with the running 

of a big technological corporation. But, you see, I come 

by it not just out of curiosity and ideological zeal. In 

order to operate a very large technological company in 

which you're involved in billions of dollars, a hundred 

thousand people, you have to operate on an international 

basis. Just as you wouldn't design a computer intending to 

take the Kansas market and compete against people that were 

ready to compete in all states— Almost anything you do in 

technology these days, if you're not not prepared to 

exploit it on a world basis, you're going to get a poorer 

return on investment than your competitors who will. 

This means that you have to ask yourself, how is the 

whole world system working? What do governments want to 

375 



do? What do people want to do in those countries? How 
does science and technology look to them? How will it 
affect their rules, because, you see, we have in the world 
a contest of a free, one world of exchange of technology, 
technological products, raw materials. Money moves across 
borders, in some instances, labor—Yugoslavs, Turks, 
Spanish people helping them to make cars in Germany—in 
which every entity in the world, every independent entity, 
every nation, has the privilege of offering to the world 
whatever it can offer best—raw oil, great know-how, the 
results of its strong infrastructure for producing com-
plicated mechanisms that the rest of the world wants, maybe 
just cheap labor. Whatever it is each nation has to offer, 
it offers it to the world at the market price, and it puts 
itself in the best position to acquire from the others what 
they are best at making. 

And the other opposing approach is that each govern-
ment tries to control the flow of all of these things— 
money, technology, products, materials, labor, et cetera 
—to its advantage, trying to control the system; and 
that's an isolationist, segregationist, protectionist 
approach. We have a combination of the two, and I doubt if 
the youngest person present in this room at the moment will 
live to see the day when one or the other will prove out. 

Well now, the result of this is that you've got to 
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understand that hodgepodge of interactions. You've got to 
understand what will force the trends, whether one area in 
technology in which you can put your chips will pay off for 
you better than another area. Now if you're going to do 
this, you should be around universities often enough, you 
should be with other industrialists and economists and Wall 
Street types who control money and, of course, government 
people. You should do this on an international basis. 

I will be doing this again in Europe in September, 
where I'll be checking in with a lot of people. I'll give 
a keynote address at an international convention having to 
do with cybernetics. They're still using that word in 
place of computers/communications. They're also using 
computers/ communications, but cybernetics has all but 
disappeared. It never did catch on, but for a while it was 
a word to cover this kind of thing. Information tech-
nology, we would now say more often. I don't hope in this 
way to embrace all, to understand all of the things that 
affect TRW's planning, but I will make a contribution. And 
of course I've perhaps been instrumental in creating a 
pattern in which the present leadership of TRW is somewhat 
more inclined to be broad in this way, in considering how 
to run the company, and what to do in the future. 
PEASE: I would like to take the issue of government and 
business and maybe look at that a little bit. Much of the 
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work that you've done, particularly since the war and 
during the war, has involved the U.S. government, has been 
defense-related or otherwise related to public funding and 
a public policy frame. Now it has become somewhat popular 
in the last, oh, five or six years for people in the 
business community and the public in general to be ex-
tremely critical of the government, to view it as something 
that impedes rather than promotes progress, an area that is 
generally not filled with the most competent of managers. 
Yet, you seem to, in your writing, describe this as basical-
ly a hybrid kind of economy and a hybrid culture, and seem 
to take a much more positive view towards the public sector 
than many businessmen of your stature do. Could you talk 
about that a little bit? 

RAMO: Well, you see, here is another example of something 
that is not yet well understood, that I keep talking about. 
I find the audience seems to be extremely interested. I am 
always amazed that others don't talk about it more. We 
tend in the United States to go to extremes in the kinds of 
things we write about and talk about; so if there's an 
issue, one or two or three extremes pop up, and people make 
recommendations along those lines. On the business of 
what's wrong with the organization of our nation, for 
example, how can we do better? How can we have less 
unemployment and less inflation, less taxes, and spend our 
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money most efficiently, reduce waste? And you'll find a 
group who are very vehement, who say, "Well, what made 
America great, what America is, basically, is a free-
enterprise, capitalist country. And if we just get the 
government the hell out of everything and have the govern-
ment stop interfering and stop trying to control it and 
stop trying to run things, stop all this regulating, 
America would be great again as it was before." The 
government, they will tell you, is a wasteful, huge, incom-
petent bureaucracy that will never get anything done right. 

The other extreme, and it shows up in a great deal of 
publication work because it includes a larger number of 
professional writers and academics—some of whom, of 
course, are busy writing the speeches for the corporate 
executives who give this free-enterprise iiber alles speech 
again and again. While they're giving that speech, they 
look at their watches, as do the other businessmen in the 
group (this is an after-lunch address), to be sure they 
don't run over, "because I've got a date to seek some favor 
from the government"—a tax benefit, some sort of regula-
tion against their competitors but good for them, a con-
tract, a subsidy, a special tax advantage. The last thing 
they do in their work is try to get the government out of 
things; they're trying to get the government _in things, so 
as to help them in particular. 
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The opposite approach that I'm speaking of here, 
that's appearing much more in written versions, says that 
you can't trust the private sector to do anything, that 
they're just selfish interest groups after obscene profits. 
If you have issues for the people to solve, of course the 
government must do the job. And they're always expecting 
people who run for office to tell you how they will solve 
every problem. Some of those people who run for office 
tell you, when it looks as though that's the way to get 
votes in that district, that they want less government, but 
they never fail to answer the question, what would they do 
if they were in the government to solve problems A, B, C, 
D? So we have both of these. 

We certainly are a hybrid; we always have been. 
Anyone who gets up and says, "Free enterprise is what made 
us great, and let's get back to the way we used to do 
things," they're ignorant of history. We were always a 
hybrid of free enterprise and government subsidization and 
control. And every once in a while, seeing that there is 
inadequate control by the government, the government steps 
in and does the controlling job. The government, like 
management of industry, has enormous disadvantages owing to 
lack of adequate talent at the top, lack of adequate 
motivation, objectivity. 
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If private industry leadership is beset by problems of 
short-range earnings per share growth, the government is 
concerned with getting reelected. I was once before a 
committee of Congress. It was the one that had to take the 
main burden on of deciding whether to bail out Lockheed and 
Chrysler during those periods. They were trying to explore 
how they as a committee, how the Congress, what new legis-
lation might cause industry to avoid these major debacles, 
and they fastened on the idea, which they had run into, 
that industry leadership is too short-range in its think-
ing. They said, "What can we do to get industry to think 
more long-range and not be so busy with the next year or 
two or three?" 

I looked up, and I think that perhaps because I got a 
smile out of them and nobody was mad at me, with the right 
smile on my face and perhaps the right wording that I 
lucked onto at the moment, I suggested that it really was 
extremely interesting to notice that a group that has to 
worry about getting reelected every two years asks how they 
can help to get other people to do long-range thinking; 
perhaps it's because they know they can't do any. 

And they said, "Well, but industry has a quarter to 
quarter—" 

I said, "Not really, it's the year to year, and it's 
the second quarter compared to the same quarter of last 
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year, year to year. At most the House has two years, but 
one of those two years is simply lost from the standpoint 
of being dominated by any long-range thinking. The first 
year you have to sort of get acquainted with the new 
situation because you've got new associates to some extent. 
You may well have a new administration. At any rate, 
you've always got new trends in popular thinking, and you 
have to cater to that." 

The whole nation is short-range in its thinking. Even 
universities now, the leadership of universities—the 
presidents and the deans, the department heads, and the 
principal researchers—are dominated by a need to be sure 
they have the budget for next year. Comes April, when 
they've got to make decisions about which teaching fellows 
they can promise can come back in October and be funded on 
their projects— Even the top superstar Nobel laureate 
researchers are not sure in April that this little team of 
two assistant professors, four doctorate students, and 
themselves on a project that they've worked on for three or 
four years and expect to go on working, that everyone rates 
as extremely top-grade effort, whether they're going to get 
the funding that they hope to get and can make their 
necessary commitments. Because in April all of those 
people have to make other commitments if they're not going 
to be taken care of. 
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So everybody is busy working that problem and selling 
avidly, trying to be sure that they cover the angles and 
get their grants funded. So we've become a short-range 
society. This keeps us from being able to look ahead; so 
things happen t̂o us rather than because of us. 

Look, we're in a presidential campaign where I guess 
we all have accepted that the most important influence in 
determining who is president of the United States is how he 
is on television and getting enough money to be on tele-
vision. Having enough to say that's not boring, being 
charismatic, so that the TV people will go after you, so it 
doesn't cost you anything to get interviewed. 

Now, when television was invented I was around—I 
mean, when the first demonstrations were made—television 
was envisaged as an extension of entertainment, which is 
the way radio was envisaged. Radio was used for messages 
to rescue people at sea and for business communication 
purposes as well, but the dominant thing that the public 
saw was radio as an entertainment vehicle, broadcasting 
programs into the homes. TV was going to bring another 
dimension, and indeed, TV has been a successful, big—a new 
entertainment dimension involving a million or more people 
and billions of dollars a year. But no one at that time 
envisaged, well, two things: first, that television would 
become the dominant instrument in the election of a 
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president of the United States; and secondly, that it would 
be more important in the education of the children than the 
schools, churches, and homes. I would say television, in 
the sense of its biggest influences—and I can mention 
others, these are just two examples—has happened to us. 
It was not in accordance with any plans we had. 

Now, no matter how smart we are, we can't see every-
thing about the future. But what I'm suggesting is that if 
there's enough power, economic and social attractiveness to 
the implementation of new science and technology, that it 
tends to create situations for us. The most impressive 
example now is nuclear weapons. Progress and understanding 
what goes on inside the atom was bound to make it apparent 
to those who understood it that you could release an amount 
of energy from a given mass a million times greater than 
doing it by chemical techniques, in which you deal at the 
molecular level, to actually break up the nucleus of an 
atom, have that potential. 

One is bound to ask the question, what do you do with 
that potential for producing that much energy? This is an 
enormous factor that's suddenly thrown at you, that you 
can't put back in the bottle. What does the society do 
with it? Well, what the society does with it depends upon 
how the society is going socially. The way it's going 
socially is to have great wars in which there's great fear 
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that your favored way of society is going to be destroyed 
by the enemy, and so naturally you put this to work as a 
weapon. Once you've done that, now we've got the problem 
of how to keep from destroying ourselves and how to keep 
from ruining ourselves economically. Because our big 
deficit would go away, Russia's problem with regard to 
Poland and perhaps other problems of the Soviet Union in 
getting their consumer business elevated and increasing 
their standard of living, developing their resources that 
they have so much of and haven't got the means to develop— 
all that would be changed if they could take that trillion 
dollars for the next ten years away from nuclear weapons 
and all the related gear and personnel assignments and put 
them instead on some other purposes. 
PEASE: You know, I've read that the last forty years, 
since the end of World War II, the hostilities, was one of 
the longest periods of peace in terms of great powers and 
conflict in several hundreds of years. Has technology made 
the world a safer place or a more dangerous place? 
RAMO: Well, these things can happen at the same time. It 
can be more dangerous and yet be safer. It depends on how 
you do the judging. You judge whether it is dangerous or 
not by the potential for destruction. In that sense, of 
course, it's more dangerous. We've never had a situation 
where potentially you could essentially destroy civiliza-
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tion. Oh, there will be people left on earth, but it would 

take them hundreds of years to get back to an organized 

society with anything like the standard of living we have 

today. And it is even conceivable we don't know enough 

about it yet. Not having tried yet an all-out nuclear war, 

we have to go by speculative theory and put estimates in. 

And depending upon how you estimate certain factors that we 

can't measure, you can have total destruction in society. 

We've never had that before; so there's no question it's a 

more dangerous world. 

Safer? If you judge it by this potential danger, it 

is certainly not safe. Automatically we've covered it with 

the word danger, we've covered the matter of safety. If, 

on the other hand, you choose to define safety as whether 

or not the big powers have engaged in a war against each 

other, then we have presumably been safer. Obviously, 

safety can't go to that. The definition of safety is, 

you're safer when you lower the dangers. If it's a more 

dangerous world, it can't be safer. There are a lot of 

things that we can each of us do that are not safe, and the 

fact that we haven't killed everyone yet doesn't neces-

sarily change whether or not it is safe. 

PEASE: As a scientist and an engineer and a businessman, 

and as someone who played a large role in the construction 

of our strategic defenses, what role did you have, or what 
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role would be proper for someone like you, in the architec-
ture of doctrine? In the side that says, here is the 
device—now how is it deployed, or how is it used, or how 
is its projection of power made? 
RAMO: One thing I can do, which I've been doing, is to 
take the occasion, whenever it is offered to me, to try to 
make these fundamental things clear to people that are 
thoughtful and innovative, and who have a chance of joining 
in a process I hope will build, so a larger fraction of our 
brainpower will go to the question of evolving new organiza-
tional techniques. An example is that last week I gave the 
dinner talk, the keynote, the starting address of a con-
ference held the next day, throughout the day, jointly by 
the National Academy of Sciences and the Council of 
Economic Affairs. Here you had quite a gathering of three 
hundred invitation-only people, leading scientists and 
engineers, and people who had distinguished themselves in 
matters related to foreign affairs. There were people like 
Bob [Robert S.] McNamara, others who had held high office 
in the government in matters related to this, a number of 
major corporate executives, present leaders in the 
government in things related to these matters. 

I made my talk the night before, the one that says 
that we have a mismatch of the social maturity and science 
and technology advance, that we have a mismatch between the 
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way the world is run, the way the world is governed, and 
the technological society. I gave them a list of progress 
that we would like to attain in the way in which we do 
things. We'd like, for example, to have means for estab-
lishing goals. Not necessarily pinpointing everything, but 
being a little bit clearer on goals and having the idea of 
setting goals and knowing what the goals are. The way our 
government is constituted, you can get motherhood goals, 
where we want a better life for everyone, which doesn't 
help you at all. And then you have a constant flow of very 
specific, narrow goals popping up that last a short time, 
that become totally confused and forgotten a mere few 
months or a few years later. 
PEASE: Such as? 

RAMO: Land a man on the moon is a goal. So you land a man 
on the moon. Now that you've done it, so what? The goal, 
more clearly, was for America to be the leader in science 
and technology. That it was in our best interests and the 
world's interest, we felt, but that goal was never so 
clearly stated or understood. By launching their Sputnik 
the Russians had been even more deceitful than we had 
thought. They, by gosh, were not backward in science and 
technology, and they led us to believe they were. Those 
bad guys needed to be taught a lesson. What could we do 
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that's so colossal and fantastic that it will prove to the 
world that we are superior? Gee, land a man on the moon. 

In today's money, that program cost a hundred billion 
dollars. To this day, people will keep writing articles 
about all the great things that we got from that program; 
like now we can have a remote indication of how a fellow's 
heart is doing in a hospital down at the nurses' station 
some two hundred feet away, and we first monitored the 
astronauts in that manner. The absurdity of the fact that 
if what we wanted was to apply available electronics to the 
remote monitoring of a patient by a nurse some distance 
away, that we had to go by way of the moon to do it. 

The moon was a dead-end program after it was over. We 
didn't do anything else about the moon, and we went around 
looking for other projects to replace it. We couldn't find 
one, so there was a temporary hiatus in the manned space 
program. While it was perfectly clear we need intelligence 
and reconnaissance on what the Soviets are up to, so we did 
a great deal more with unmanned intelligence and recon-
naissance satellites, and communications satellites, also 
important in the military, but they are important as well 
commercially. 

We had a goal to be self-sufficient in energy, not 
thought out, tossed out as a political ploy. We toss out 
this combination of narrow and general goals for political 
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purposes. There's no mechanism for finding the goal, 
except the longtime effect of the public arriving at goals 
by indirection, by negating things we don't like. 
PEASE: Well, in a democracy and in an era of rapid and 
powerful communications, where does this planning respon-
sibility and this decision making properly reside, in your 
opinion? 

RAMO: First of all, I note that the Constitution nowhere 
bans long-range thinking. It nowhere bans the government 
from considering, in the major things that it does, what 
the impacts will be ten, twenty years from now. It nowhere 
says that the government must refrain from producing 
studies and descriptions of alternatives. The government 
spends hundreds of billions of dollars a year to do explor-
atory studies of things like Star Wars defense. Possibil-
ities, speculative possibilities requiring ingenuity and 
advance in thinking, in order that there might be a supe-
rior defense somewhere out in the future. How much money 
has the government spent trying to figure out how you 
arrange a program of fiscal and monetary control that has 
the best chance of providing for those government services 
the public wants and will need, that the government will 
spend for, while at the same time allowing for the maximum 
of private economic growth—growth in the standard of 
living? How much money has the government spent in 
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attacking the problem as a systems problem when it has a 
problem? The government is organized piecemeal, so it 
attacks every problem piecemeal. 

If the problem is national security, let us do the 
sound things about national security. National security 
goes to economic strength, ability to set up appropriate 
relationships with allies and to negotiate with potential 
enemies. It involves the spirit of the people. It in-
volves military strength. Military strength goes to such 
things as the intelligence of the soldiers and the people 
and the way they are drafted, how military planning is 
organized; but included in a big list of things that deal 
with such things as the manpower situation are weapons 
systems. 
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RAMO: What I'm suggesting is that the high technology part 
of weapons systems is a small part of the whole national 
security problem. Yet the way we do these things is that 
we have Congress debating an MX or a cruise missile—out of 
context, largely dominated by how those congressmen see 
work for their constituency, or how they see themselves in 
relationship to their constituency for reelection, or a 
chance at running for president, or whatever, by taking a 
view, espousing a view, becoming a leader of a line of 
thought that they think is going to build and will make 
them popular. [Alan] Cranston gambled on the idea that the 
public really was going for a nuclear freeze in a big way, 
and if he made that his big issue, he could ride that up to 
the top. He would be bold and honest and objective, and 
he'd believe in it strongly, and he'd make that the big 
issue. Well, the public didn't see that as the big issue, 
or at least it didn't see that the solution that he put 
forth as to how to handle the big nuclear contest which has 
to be handled. 

You see, one way to look at the problem—and your 
question, of course, asks me to start giving solutions 
here—one way to look at the problem is that everything we 
need to do in decision making in our country and the 
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organization of our society involves both the government 
and private actions. Policy, if policy means setting 
goals, priorities, allotment of resources, implementing 
programs, planning ahead, if that's what policy is about, 
then policy is not totally made by government in the United 
States. It arises from a myriad of actions of all kinds, 
of little and big private actions as well as government 
actions, and interpretations by the people and the media, 
and it adds up to a semiconsensus on some issues and 
confusion on other issues, constantly exploited by the 
process. 

PEASE: I think perhaps more than solutions I was trying to 
understand your opinions and thoughts given the de-
sirability of—now, this is from the perspective of a 
scientist, an engineer, and a business leader—the de-
sirability of public debate, the man and woman on the 
street, of extremely complicated issues. Where does the 
responsibility best lie or reside for debating and deciding 
even a process or a mechanism for long-term planning? Can 
issues such as nuclear policy or economic policy, in a time 
of rapid communications, be decided in a public forum? 
RAMO: No matter what you and I say to each other, and no 
matter what anyone else says in the near future, things 
will get decided. Policies, or their equivalent, get 
formed, and they get formed out of this confusion, out of 
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our selfish interests, outshouting-contest, constituency 
type of democracy. If you want to make the process better, 
so we do less wrong things and more right things, so the 
science and technology advance happens largely because of 
us rather than to us, then you've got to have, on the 
whole, a smarter and more informed populace. 

In talking about the world becoming worse from the 
standpoint of this mismatch, I cited quickly the nuclear 
example, but I could give you the education example: 
preparing now for an even higher technology society, in 
which science and technology advances more, is deeper, more 
pervasive in its influence, more complex in terms of 
handling decisions, and where communications and transpor-
tation by leaps and bounds have altered the relationships 
of nations of the world and changed the meaning of re-
sources. In preparing for that now, we notice that we have 
less of our high school graduates studying some science 
than before; high school laboratories are disappearing; 
fewer students are getting a course in physics and chem-
istry. We're teaching less math rather than more math in 
the high schools than we did. We even are producing two-
thirds as many Ph.D.'s in engineering as we did ten years 
ago. We have 10 percent less physicists in this society 
than we had ten years ago. The fraction of our GNP going 
into research and development is lower now than it was for 
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the average of the last few decades. Half of our high 

schools in the nation are using partly unlicensed temporary 

teachers for math and science because they can't get math 

and science teachers; so we're preparing for a greater 

ignorance and appreciation of how these things relate. 

If the people that understand these things were to 

press for a change in that system, we might hope that in 

ten or twenty years we'd be producing people that have a 

better chance of understanding some of these things. The 

more the people understand these things, the more the 

leadership of government and industry and academia and the 

media will be of higher caliber and broader. I would argue 

that, you see, an understanding would, for example, be 

bound to buck short-term thinking. What would happen, for 

example, would be that if a company principal executive 

stands up and says, "I'm going to get higher earnings this 

year and next year; I'm doing these following things," he 

could expect the board to jump on him and say, "Yeah, but 

what about five or ten years from now? We're going to be 

judged on that." 

If the executive says, "No, the Wall Street Journal 

and the New York Times business section and Business Week, 

they're going to put all their time on the short-range 

performance of this company," someone will have to say, 

"Well, you're out of date—that's the way it was in the 
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1980s. But now in the nineties, the new people that are in 
there, the new younger people, they look at a company and 
one of the first things they ask the chief executive is, 
'I'm not going to ask you whether your earnings are going 
to be up for this next year; what are you doing to ensure 
that your company will do what's right for your share-
holders, right for the nation, five, ten, fifteen years 
from now?'" Because a lot of these things—most of these 
things—have big lead times. 

If everybody is pursuing the same sort of thing it 
begins to be difficult for a politician to get up and say, 
"Elect me because I will do this thing for you." If the 
population says, "Yeah, but you're not capable of looking 
ahead. We see you as intellectually too low a level to be 
a participant in decision making." 

What I'm saying is, more intelligent, more educated, 
more highly motivated people will drive the whole system. 
But it'll always remain a combination of government and 
private in the United States. Total free enterprise, total 
freedom for everyone: we always are pursuing individually 
the freedom to do as we please. But to have a society at 
all, we do have to accept traffic lights at intersections, 
or we have utter chaos and we can't get around and can't do 
as we please in terms of getting anywhere. So we know we 
have to have a government with rules and regulations. We 
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have a certain minimum number of things that the government 

absolutely must do. And then we say that some things can 

only be seen at a level of the whole world or the whole 

nation, and you've got to have some people to whom you 

entrust the job of setting some of those policies. So, 

leadership will get better, and the process will remain one 

of myriad inputs, no easy, clear way to set the proper 

division of roles of the private sector and government. 

Biomedicine, medical advances in the United States, 

what's the role of the government versus the private? 

Well, it's certainly different from the role of the govern-

ment versus the private entities of the computer/communi-

cations revolution that is taking place, affecting how 

information is handled and moved about and used. It's 

certainly different from the proper role in transportation, 

ground or air. It's different from the role in energy, and 

it's certainly different from the role in military. And 

space is another thing. 

In each of those main areas that I mentioned, where 

the proper mission and role of government versus the 

private sector vary from one another, you can break those 

things up into pieces that will have radically different 

aspects. Space, for example, you could argue that in 

commercial communication satellites, where you are moving 

data around at the request of customers to satisfy their 
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needs, some of that is ready for or is proper for the main 

initiative to be in private hands, in competitive industry 

that provides that service. Even there you can see enor-

mous tasks that only the government can do, without which 

the whole field won't grow to maximum advantage. 

We're heading for a situation where in information 

handling, hundreds of millions of terminals, human beings 

and machines, switching centers, will be connected wide-

band for every kind of TV-video conferencing, data of all 

kinds, and voice communication. Control information to 

control industry; to get superior scheduling and to keep 

inventories down and have everything arriving in the right 

place at the right time, cutting costs, increasing produc-

tivity, increasing standard of living. Well, there's a 

standardization problem; there's a privacy, a liability 

problem. There's an interconnection problem; there's an 

antimonopoly problem. And most of this involves worldwide 

connections. There's the allocation of slots in space for 

satellites, as well as the frequency spectrum. Meanwhile, 

technological advance keeps changing the base of all of 

this. 

It's impossible to conceive of an approach to this 

that doesn't involve the government in a major role; only 

the United States government can do the negotiating with 

other nations on some of these things. There are going to 
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be national rules that control information crossing bor-
ders, because information exerts such important control. 
You can't imagine allowing a system that automatically 
causes a tremendous money crisis in France and destroys 
three big banks in the United States, all with electronic 
money flow about which there are no regulations. You've 
got to redefine banking. The government's got to do that 
defining. How do you regulate the flow of money in view of 
the many catastrophic things that can occur? 
PEASE: Relative to government doing the defining—its 
role, its decision—given all these things that you've 
brought up, all these issues—national security, mission, 
et cetera—I want to give you two examples and have you 
comment on them, where I wouldn't necessarily be asking you 
for a solution to the broader problem. Two companies, 
Lockheed and Chrysler, both at different periods in our 
history, about a decade apart, had to seek government help 
in order to stay viable, in order to stay alive. I suppose 
on the one hand, one could argue there was a security issue 
with Lockheed, a company involved in many, many defense 
systems, a high technology company. On the other hand, 
that would probably be a difficult argument to make for 
Chrysler at that time; a manufacturer of automobiles with a 
basically outmoded, outdated fleet of cars that it de-
signed, and factories that it built them in, but a very 
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important role to the economy of some states and local-
ities. What is the proper role of government in those two 
examples, both of which appear to have been successful in 
public intervention in the marketplace? What was the 
proper role? What would you have done? 

RAMO: All right. First let us note that the situations 
occurred—we slam-banged into it as a nation—with no 
preparation for it, no anticipation that things like this 
might happen, and hence, no talking out of alternatives. 
The alternatives, I'll tell you right away, are that at 
times the government should act to do the sort of thing it 
did with Chrysler and Lockheed, and at times it should not, 
and let the free market forces determine the situation. 

To decide what kinds of things ahead of time would be 
proper would involve the scenarios in which you consider 
possibilities: What kinds of things might happen? If they 
happened, what would we do? Well, if you do that, if you 
say, "But the following things might happen," then the 
question would immediately arise, "Why not prevent them 
from happening in the first place?" 

For instance, in addition to Lockheed, there were 
other companies hit by the same basic, I would say, poor 
management problem. Litton was an example. Litton and 
Lockheed both took on very big government contracts, fixed-
price bidding far below what it would take to really do the 
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job. I don't say they did this out of malice; I don't say 
they did it out of a feeling that they'd get rescued and 
they had nothing to lose. They did it because they were 
part of a pattern that exists broadly over the defense 
industry: in which between the government leadership 
within the defense department, the procurement forces, the 
Congress that participates in the procurement process, 
making it highly political, in which the process involves 
putting work out to the various constituencies, and if you 
don't, you don't get the support from those areas' represen-
tatives to get the contract money voted in the first 
place—satisfying the services' intracompetitive forces and 
the empire-building—and out of this nonsubstantive, highly 
political, competitive situation arises the need to be sure 
that you have the appearance of forcing contractors, by 
gosh, not to waste, put them into competitive bidding and 
choose the lowest bidder. 

That forces the contractor into bidding low and 
gambling on the idea that, "Don't worry, the government, 
over the length of this contract, in view of its confusion 
and general incompetence and our skills in this manipu-
lation process, will surely change its mind and keep adding 
other things to the contract. And as we change it, now 
that we've got the contract, we'll negotiate it up to where 
we'll get the price right, and the schedule will be 
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rescheduled. It'll slip, and we'll have more time to do 

these things. So, goodness knows, if we really had to do 

this thing we're promising at this time, there would be a 

big question of whether we could do it." 

Occasionally, some company is going to be caught with 

multibillion-dollar-loss potentials, and some guy within 

the military is going to rise and make a career out of the 

fact that he's going to hold the contractor to its con-

tract. Litton, on shipbuilding, there was a possibility 

that if they were held to deliver those ships that they had 

promised to deliver that they'd be off by two to three 

billion dollars, much more than their net worth, and they'd 

be bankrupt. Well, Litton managed skillfully to re-

negotiate sufficiently so it didn't have to ask for rescue 

by the government. Lockheed got into a worse imbalance 

between their net worth, the amount at risk, and their 

ability to negotiate. 

You can expect even more of that in the future. And 

we don't have any plans, we don't talk about these things. 

You don't see the smarter people in the defense department 

industry sitting down and saying, "If this happens, what do 

we do?" Because, immediately the question would be, "Why 

let it happen?" You've got to change procurement prac-

tices. You've got to do something to increase the 
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competence in the defense department. You've got to change 

retirement rules. 

The way it is now, if you get to be a lieutenant 

colonel or a colonel and you're in your forties, and you're 

not going to be promoted up to being a general—and only a 

certain fraction can be—just when you're at the peak of 

your ability—you understand the process, you're onto the 

contractors—you're forced to retire. And you take a job 

with some of the contractors, where now the strength of the 

more mature people is on the contractor side, and the 

people that replace them in the defense department, who are 

not yet up to top caliber are going to be their competitors 

in negotiations. Even the top generals, the four-stars in 

their early fifties, are likely to be gone. And you do 

that, and you're going to be sure that you'll gradually 

have less and less competence in the defense department. 

There are some brilliant, competent generals, and there are 

some awfully good civilians. But compared with the task in 

which they really have a responsibility and a tougher 

assignment by far in terms of overall comprehension of 

management, industry, technology, the defense department 

people need to be the bosses. They're putting out these 

multibillion dollar contracts, and of course they're not up 

to managing them well. 
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PEASE: Well, given the pickle that we were in, in both 

these situations, what would you have done? What would you 

have done with (a) Lockheed, and (b) Chrysler? What would 

have been right? 

RAMO: I probably, if you ask what I would have done—and 

this is presumptuous— 

PEASE: That's all right. You're allowed to be presump-

tuous . 

RAMO: —because if I were in it and had to make the 

decision, presumably I'd know some things that I probably 

don't know. In the case of Lockheed, I would have left it 

to Lockheed, I'd say, "You've got a problem, you've got to 

deliver these things, and if you're running out of money, 

that's your problem". If Lockheed had said, "Well, we have 

only one alternative, that's bankruptcy"—bankruptcy 

doesn't mean the company comes to a halt. I would sooner 

have the government then negotiate with other aircraft 

companies to bring in their management and create a merger. 

As it is, I think we lack the kind of aircraft in-

dustry that the nation needs; we've lacked it for some 

time. Not a single company, not even Boeing, which comes 

closest to being able to do it, is able really to mount a 

new commercial airplane project—I mean a really new one. 

A big program involves billions of dollars. By the time 

you've done all the R and D, and you've made enough pilot 
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runs, and you've experimented with the experimental plane, 
the first versions, and then you've tooled up and set up 
the factory, and you've produced a number of planes before 
you get paid, and you get orders, you've got a few billion 
dollars at stake. Well, there's no company that has those 
billion dollars to put at stake; their net worth is too low 
compared with the cost of a single project. So they're 
very dependent on military projects that have great similar-
ity so they can sponge off of them—while claiming, of 
course, that they're meticulous in their accounting and 
their work operations. Because one of the things that 
would get them into serious trouble would be to say, "We 
use the military contract to do engineering of a future 
commercial plane." Wrong policy for your nation: we 
should tie those things together, right from the beginning, 
knowing that they involve that. 

I was, in a sense, happy when McDonnell merged with 
Douglas, instead of two independent companies. Douglas was 
headed for bankruptcy. What we need is about three com-
panies, not six or eight. We've got, well, the old Convair 
with a new name, we've got Lockheed and Northrop and McDon-
nell-Douglas and Rockwell and Boeing and LTV [Aircraft 
Corporation], Grumman. We've got eight or ten airplane com-
panies, none of whom can tackle big projects with their own 
money. And what they do is, they get a big military 

405 



project and they build up and prosper, then they come down 
and have troubles. 

We're doing the nation's space programs the same way. 
NASA has a need to pretend that the shuttle is all finished 
and developed, and is engaged in the routine transporting 
of things up into space. What it is, is an experimental 
program that's still unfinished. Things don't work quite 
right, and it takes months to get the shuttle ready for 
another trip after it's had a trip. NASA decided to 
pretend that now it has entered a period when it is no 
longer developing the shuttle, which was North American 
Rockwell's job. And now it should go to the lowest bidder, 
for someone who will continue to operate the shuttle. 
Continuing to operate it means to keep finding out what you 
haven't designed right yet, and get it designed right, 
remake the things that don't work, and are proven not to 
work, and fall apart or wear out or something during each 
voyage. 

Lockheed won that bidding contest. But Lockheed 
doesn't have the people to do that job and they don't know 
that much about the shuttle. They've not been involved in 
the integrating of the engines and the body and the control 
systems and the like. So what Lockheed has to do now is 
hire the experts away from Rockwell, who, having lost out, 
has to fire a lot of people. So those people will shift 
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from Rockwell to Lockheed, in the course of which they'll 
lose pension, so it doesn't do them any good. And there's 
a start-up curve again. Lockheed will probably, for all 
practical purposes, lose some money at first. It has a 
chance of making money later on. Obviously a very bad 
thing to do. 

Now I've said the answer to all of this: First 
understand the problems, get the people who understand them 
to keep complaining about it so loud it will educate a lot 
of other people. Get a smarter public. So this is a long-
range thing we're up against. This is going to go on for 
decades, and it's going to get worse before it gets better. 
PEASE: Well, you said we need two or three big companies 
that can do this, can mount these efforts, can be strong 
enough financially to take on projects of the magnitude— 
RAMO: But, our antitrust laws preclude it. 
PEASE: I was just about to say, in the case of the auto-
mobile industry, here was Chrysler, and there were only 
three big companies, if you discount American Motors as a 
small player. 

RAMO: Well, we only needed one company in America because 
we have major companies overseas. Part of our antitrust 
laws being out of date, created many decades ago—it'll 
soon be a century—they were based on an isolated America, 
and it may well be that when two big companies get together 
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they will dominate the market and misuse the consumer. But 
not if the real competitor is a foreign entity, par-
ticularly if it is subsidized by its government and is 
offering the same products in this country. So the auto-
motive industry clearly should have been seen as one where 
antitrust should be thrown out the window. We didn't even 
allow the automobile companies to exchange data about smog 
controls. 

PEASE: Has the time come for the United States government 
to play the same role in certain critical industries that 
is played by European and Japanese governments? 
RAMO: No, I think the way they do things and the way we 
should be doing things are quite different. In the United 
States the complexity and size, diversification and the 
strength of the free-enterprise sector is such that rel-
ative to what the government could do, it would be absurd 
to imagine that the government can decide what industries 
should survive, what industries should not, and to make 
decisions and direct what products we should go into. 

It's bad enough that the government helped to screw up 
the automotive industry. Now, the government had essential 
things to do; but in view of its lack of competence, lack 
of systems approach, it was simultaneously, for example, 
deciding that cars should be severely regulated as to the 
amount of emission, while also, by different agencies 
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entirely, working on conservation of energy by regulating 
the miles-per-gallon regulation, while at the same time, 
fighting depression and unemployment. It's a lot easier to 
take a small car that burns up less fuel in the first place 
and puts out less exhaust in the first place, and have 
controls on it so that the total amount of emission for 
that small car is tolerable, than to do that with a large 
car. In the United States we forced making more economical 
cars in terms of gasoline to save energy. But the com-
bination of everything caused the prices to be so high that 
people wouldn't buy them. So they kept on driving their 
old cars that pollute more and use more gas. 

You could almost consider alternate approaches like 
this: you could say to everybody, "You bring your car to 
us if it's a big gas guzzler and it's an old car, and we'll 
give you, for goodness sakes, a new car free (the govern-
ment paying the cost) and just get the junk value out of 
the old car. And you'll be safer, use less gas, and 
pollute less." And that would have cost less to the 
American public, perhaps, than the dislocation of the 
industry by doing what they did in a totally nonintegrated 
fashion. 

Now the way we handled energy on a piecemeal fashion, 
doing this, that, or the other— First they edicted a 
change from petroleum to coal in all our power-plant energy 
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operations, because we're going to have a shortage of 
petroleum fuel. On the other hand, they put such severe 
requirements on coal that you can't burn it; that is, you 
can't do it and get a return on investment. So it won't be 
done. So no new power plants will be built. So you'll 
have old plants, which pollute more. We did a C-, D+ job 
on energy and automotive controls. 

Unemployment in the automobile industry was bound to 
have had the effect— And it's not just in Detroit, it's 
all of the suppliers and glass manufacturers, and materials 
for the upholstery and artificial rubber for the tires, and 
everything; and, of course, marketing of cars, the salesmen 
and their families. You do enough dislocating and you 
lower the standard of living while they go on relief 
through unemployment and we all have to pay for that. 
Also, the question is very reasonable whether you've 
impaired the health of people. People unemployed, gen-
erally they don't fare as well medically, psychologically 
and physically. They don't eat as well; they don't take 
care of themselves; they don't go to the dentist when they 
should, or whatever. Things are bad, and that hurts them 
just as much as having more bad emission into the air hurts 
them. 

So there's obviously a systems problem, and government 
is not organized to do that kind of decision making. 
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Hence, the last thing we need to do is to add to the 
government the job of planning for industry, like deciding 
what there should be in the way of small cars. 

To eliminate the out-of-date aspects of antitrust— 
All we really need is to set up a procedure whereby you can 
apply to a particular government agency—not the Department 
of Justice, which has the job of obeying the law. The law 
should be changed to say that you can have immunity cer-
tificates issued by, say, the Department of Commerce or 
something. Whenever you can come forth, say, you and I 
running a couple of companies and we come forth and say, 
"Our chief competitor is a foreign company," or "—are 
foreign companies." Whenever you can say that and you've 
got the facts, and those are the facts. Now if the govern-
ment turns you down, you can take it to court if you're 
really right and they've been incompetently misreading the 
data you brought. The Department of Justice can attack the 
situation if they say, "Hey, the Department of Commerce 
made a mistake. These guys are a monopoly, and it isn't a 
foreign competitor." 

But there are straightforward changes in the law that 
makes this possible. This would cause the free-enterprise 
system itself to do the job. The government could affect 
industry's development, backward industry's disappearance, 
in the following way. It can say, "From the standpoint of 
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national security, in case of some kind of war situation 

developing, we must have a certain minimum industry." 

Let's take steel. Let's imagine that it begins to be 

clear that in the making of steel, many nations can now do 

it and do it as well as we can do it, and they have certain 

advantages that keep their costs lower than ours. So all 

we will do by going on making steel is have companies that 

cannot possibly get a decent return on investment. They'll 

always be in trouble, and they'll demand protectionism, and 

that hurts the American standard of living. That's all it 

does. But we need a certain minimum steel. 

Now here the government says, "OK, now I'll tell you 

what we'll do. We will add a certain amount of government 

subsidy, up to a certain point, if certain things are 

done." The combination then of, in some instances, it 

could be essential government stockpiling. "We will buy or 

provide subsidies, and you put that into your equation of 

world competitiveness." 

Now some company, maybe U.S. Steel, will come forward 

and say, "Well, we have a plan that makes this viable. If 

you do this on top of what we will be doing here." 

Someone else comes forth and says, "That's a terrible 

plan. They need all this big subsidy. The way you do it 

is, you use really high technology, much more automation 

and computer control. You locate the plant differently. 
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You use raw materials differently. And you can have this 
basic steel requirement." 

Let the experts out in industry compete for the 
government contract to provide the minimum steel require-
ments, and in order to give them a market, the government 
will pay the difference of cost. Only a few companies will 
compete, but it will only be those that see themselves as 
able to do it. 

If Lockheed were allowed to float they'd have been 
bought up, taken up by somebody else, and the shareholders 
would take a beating, as is proper. Their management would 
probably find it difficult to have comparable jobs in some 
new association, which is proper. In the case of Chrysler, 
they would have disappeared as an entity, but their plants, 
the better ones, and their workers, the better ones, would 
have found jobs in the industry. If they couldn't run it 
in such a way as to make that proper, why, then they 
deserve to go. This is what I would have done. 

I would have done the same thing with New York City. 
I wouldn't have helped New York City. I would have let 
them default on their bonds, and let that affect the way 
they organize the spending in New York City. 
PEASE: You know, your example of the steel industry raises 
an issue I think is important, and one which is talked 
about a great deal today. And that is the transition of 
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America from a manufacturing economy to a service economy, 
what we're calling the postindustrial age. 
RAMO: Postindustrial is asinine as a name. Post-
industrial?—when industry will continue. How can it be 
post-something that hasn't stopped and never will? 
PEASE: Is it essential that we manufacture to survive? 
RAMO: No, in principle. If you imagine a world economy 
that's a free economy, then it isn't any more than it is 
necessary for Kansas to manufacture computers to survive. 
But in a world that is a hybrid of one-world, free economy 
on the one hand and a protectionist, segregated, isolation-
ist society [on the other hand], then I think that you 
would discover that there is a huge list of things that 
we'd better manufacture, because otherwise we might well be 
caught in a situation that would absolutely be disastrous. 
But it turns out to be an academic question. The United 
States is going to go on manufacturing because there are 
opportunities to make money manufacturing if you choose the 
right things to manufacture where there are advantages. 

We have the biggest single-entity economy, integrated 
economy, free economy, the largest number of human beings 
who have a good stream of income and an amount of resources 
available; the infrastructure that makes it possible to 
provide for those people. We're bigger than Japan by more 
than two to one. They're even better integrated, but 
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they're smaller. Western Europe is not all that in-
tegrated; it's bigger. The Soviet Union is out of this 
discussion really. There's no use talking about the 
developing societies of India and South America and so on. 
We're the biggest; that's a tremendous advantage. We're 
affluent; that is, in terms of the people being in a 
position, the majority of them, to spend their money on 
things and being above just minimum subsistence. 

We have today the highest technological resource pool, 
despite the fact that we're going down relative to the rest 
of the world as a total. We'll probably hold championship 
on points in the science Olympics indefinitely against any 
other single nation. Now it turns out what really counts 
is the total of the other nations. We have to reorganize 
our thinking and our way of operating around the idea that 
most new science and most new technology that we will want 
to use will originate elsewhere. If you have only 25 
percent of the engineers of the world, and the other 
nations can put about as much behind them as we can, then 
there's no reason to expect more than about 25 percent of 
the important breakthroughs, first implementations, big 
improvements—they mainly will come elsewhere. So we've 
got to operate in such a way that we're interlocked with 
the rest of the world, and we're latching onto their 

415 



technology just as they're latching onto ours. That will 
happen, because it pays off. 

Multinational corporations will see to that, and 
they'll work around any short-term government stupidities 
one way or another. If, for example, we don't allow 
American companies and their subsidiaries overseas to 
supply parts to the Soviet Union pipeline, a political 
decision by the United States, what do you do if you're a 
multinational company? You say, "Well, I think pipeline 
business is here to stay." If you think that's the case, 
this kind of thing is going to keep happening, this kind of 
situation, you become a part-owner of a French company. 
Ah, we'll pass a law in the United States that says you 
can't shift any technology to them. Well, maybe we will. 
If we do, if we go to that degree of stupidity, then it'll 
be amazing how many Americans will quit their jobs in 
company A here because of the high offer they've gotten to 
go and work a year or two or three in France for company B. 

Now we've got to pass a law that forbids Americans 
that are smart to leave. That sounds a little bit like the 
Soviet Union, that won't let people out when they're smart: 
they've spent all this money training them and they need 
them. And they're just exactly the kind of people that 
want to leave—their best ballet dancers, their greatest 
scientists. Here they've given the higher degrees and 
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these opportunities to become great scientists to a certain 
fraction of their population called Jews, and those people 
aren't satisfied, and they want to leave. 

Now, if we're going to stop our people from moving, 
they'll always find a way to circumvent a political, short-
range decision that's wrong. We're talking in this country 
now—in fact, there's some people in the government that 
are talking loudly about it—that we should try to control 
science and technology information in this country, to deny 
its exposure, even when it's not classified, to foreigners. 
They'd like a copy of the lecture that will be given in 
Physics I by the professor—before they allow him to give 
that talk—they'd like to have someone at the door checking 
in the students—clear all the students. If they're 
foreigners we want to be sure they're not from communist 
nations, or if they're from friendly democracies, we want 
to be sure they're not communist citizens of the friendly 
democracy. This is crazy, but it actually gets discussed 
seriously by people who don't know this game. 
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TAPE NUMBER XII, SIDE ONE 
MAY 31, 1984 

PEASE: So, are you saying that there is an imperative for 
us to continue to be a nation where people not only make 
things, but where there are human beings involved in that 
manufacturing process? Not just robots. 
RAMO: I mentioned that there will continue to be oppor-
tunities in America for us to manufacture—where we're 
better than anyone else, and those in some instances will 
be the result of high technology of a kind that involves 
big programs, lots of facets, not just a little, narrow 
piece of very high technology. 
PEASE: And in order to exercise those opportunities and to 
continue to be on the forefront, we have to do that— 
RAMO: Well, we will do it. Because it will come naturally 
to do it. 
PEASE: —in an environment where information is passed 
freely, given our world economy? 
RAMO: Whether or not information is passed freely or not 
passed freely, whether the government does stupid things in 
attempts to control to get temporary advantages of one kind 
or another, whether it subsidizes the wrong things, like 
the growing of tobacco while also subsidizing studies to 
show how bad smoking is for you—no matter what negative 
things get done by the government, and foolish things done 
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by the leadership of industry and the media in misinter-
preting it, we will go on manufacturing. It's an academic 
question to ask whether we must manufacture. We must 
manufacture to protect ourselves in an unstable world where 
there isn't a guarantee of free motion on a free-market-
value basis. 

But it'll turn out that there will be opportunities to 
manufacture so well suited to the United States as compared 
with others, that we will automatically do those things 
because they are socially and economically going to be so 
desirable that we will do those things. We will manu-
facture the equipment, and we'll be the first suppliers of 
them, and we'll lead the world in those. We will lead the 
world in our share of things, and it's possible to make out 
some reasonable descriptions of where the United States 
especially should be good at doing something, and where 
other countries should not be expected to be as good. 
PEASE: Given the organic needs of our hybrid or basically 
free-enterprise system, for people and money and infor-
mation to be able to move about freely, in recognizing this 
dynamic that you've talked about between isolationism and 
free trade and free markets, and given, again, the other 
kind of society, the Eastern Bloc, which is closed, which 
you've just described, are we stronger or are they 
stronger? Or is that a stupid question? 
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RAMO: No, it's not a stupid question, but it's a question 
that has to be answered by saying we are stronger in 
certain things and they are stronger in others. Even in 
military weapons systems now, they're stronger in some 
things and we're stronger in others. And it's a permanent 
situation, regardless of the score. 

The science and technology Olympics is a reasonably 
good analogy to use for a moment more. If we as a nation 
are in first place as a result of the scores in various 
events, that still leaves to other nations being first in 
the 100-meter dash. We may be poor in weightlifting, but 
on the whole we win the Olympics. Now looking at science 
and technology advances, putting those advances to work for 
the good of the nation or the society as a whole, as I say, 
we're going to have something like a quarter or less of the 
world's engineers and industrial scientists, and so we 
should expect about a quarter, on that order, back of the 
world's major contributions. That will be probably a 
bigger score than any other nation will have for quite some 
time. 

The Soviet Union has the theoretical potential to go 
past us; the Japanese can't unless we achieve a high 
measure of failure to exploit what we have. We've been 
doing pretty well at that, but the Japanese are not ten 
feet tall. It seems strange to apply that measure to the 

420 



Japanese, who on the average are people of a relatively 
short stature. We have much more in the way of resources 
than they do. We're bigger than they are, and we start 
from a broader base of infrastructure. We haven't done 
things so badly so as to preclude our continuing to be the 
leading nation in science and technology advance. 

Now, the society increasingly will be one where what 
people will be doing will involve more their brains and 
senses in the control of machinery to produce what we need 
than was true of the past, where a larger fraction of our 
people were either on the land working the ground or in 
factories working pieces of metal and the like. But that 
doesn't mean we won't be producing things. 

And postindustrial I say is a particularly misleading 
title; only a social scientist could cook up words like 
that. If you use the word industry, what in the world does 
industry mean; is the telephone company not an industry? 
Is it less an industrial company when it replaces human 
operators by automatic switching? Does that make it less 
industrial? It's hard to see how one arrives at such a 
strange title for the period. 

If you wanted to label the period ahead as an elec-
tronic society, as an information-technology-driven 
society, that would begin to make a little sense. If you 
argued that we're going towards intelligence automation, 
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and not limit it only to mechanical automation in the way 
we fabricate things, if you say the society will be much 
more characterized by dependence on information, whether it 
be industrial, government, entertainment, news, information 
that crosses borders, and as a world we will be more 
instantaneously, constantly in touch with each other— 
These are some words you can use. You can talk about our 
moving from being a two-dimensional society on the surface 
of the earth to a three-dimensional society in which 
gradually we come to occupy space and make out a bit of a 
case, if you allow enough time out in the future as to what 
you're talking about. But postindustrial has no meaning. 
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TAPE NUMBER XIII, SIDE ONE 
JUNE 6, 1984 

PEASE: During our last session, Doctor, we talked at great 
length about the role of technology and society, the nature 
of business and government as you had seen them, and a 
great many of the areas that you have spoken and written 
about during the last decade. I'd like to digress just a 
little bit right now and go back to the period in the very 
early sixties and ask you if you would comment about how 
the nature of your job and your business had changed at 
that point, relative to the start-up years in the early mid-
fifties. 

RAMO: Well, in 1958 we formed TRW by merging Ramo-
Wooldridge with its financial backer, Thompson Products. I 
knew then that two things were true: first, I'd had many 
years of high-pressure, fast-paced, compelling, direct 
operations to manage, of large companies with day-to-day 
crises and emergencies and a large number of decisions to 
be made about operations then in process, the other thing I 
knew was that I had the privilege in the new situation to 
define my job and do that which, to me, would be most 
interesting and most sensible as a contribution to the 
overall activity that was to be TRW. 

I elected to try to arrange to limit my work as much 
as possible to strategy and planning, to an attempt to 
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understand TRW's potentials, technological and otherwise, 
and to match that well to the needs and opportunities of 
the outside world, mindful of the competition, of tech-
nological change, of the impact of environment beyond the 
control of our company—economic, social, political—and, I 
felt very strongly, doing it on an international scale. I 
tried to arrange my relationship to the other key people 
and to the organization so that I could participate in the 
big issues but, as I say, try to emphasize those activities 
that I mentioned. So it was a deliberate action on my 
part. 

Sometimes, when people have asked me in recent years 
what it's like to be (quote) "retired," mindful that I 
ceased to be an operating executive when I passed our 
mandatory age sixty-five in TRW, I frequently answer, not 
with total facetiousness, that I really did my retiring in 
1958, because I shifted to a pattern of activity which 
continues to this very moment, and even continues, so far 
as TRW is concerned, as a director and consultant and 
counselor for the principal executives, most of whom are my 
own proteges. I'm still heavily involved in strategy and 
organization, the matching of TRW's potential and oppor-
tunities to the outside world. 

PEASE: That's interesting, because I was going to ask you 
—you know. Dean Wooldridge retired from TRW in 1962 and 

424 



went into an academic environment. I'm very curious—you 
had made your fortune, you had done well, you had helped 
build a very important and innovative company—what was it 
that kept you there? 
RAMO: TRW remained most interesting to me and, staying 
with it, I convinced myself, was the way I could make the 
maximum contribution. I was never without at least a tiny 
toehold in the academic camp. I had managed somehow to be 
writing books, to appear on college campuses frequently, to 
accept invitations to give those (quote) "invited" special 
lectures that most universities find that they have endow-
ments for, to argue with the faculty and with the students, 
to deliver a number of lectures. That was part of a rather 
conscious scheme or plan on my part to be sure I had a feel 
for the major interfaces with TRW. 

You see, running a large, a multibillion-dollar 
international corporation dealing with technological 
products represents an opportunity for understanding the 
world. It gives you, what shall we say, an excuse, a 
basis, a totally justified rationale for a broad activity 
in connection with the management of it. It is difficult 
to find something that's comparable. The president of a 
major university has similar opportunities, someone in a 
high-level government job does; but here I was, after all. 
I had, in other words, a base that was hard to beat. It 
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would have not made sense for me, for example, to have 
confined myself to a full-time professor's job, because 
very shortly I would lose the important contacts, the 
insights that come at you every day when you're involved in 
a very large corporation. 

Consider, for instance, it was in order for me to 
visit European plants, to look at European possibilities. 
To do that in a sensible way meant that I should, when in 
Europe a couple of times a year, be sure to spend some 
time, a few hours, with some of the leading bankers, who 
have a feel for one aspect of what's happening in Europe, 
to do that with leading politicians, to seek out some of 
the people in government and industry who are the science 
policymakers of the country, to talk with some of the 
academic people there, to meet with generals at the ambas-
sador level and chief executive officers dealing with NATO 
problems, for example, because national security is a big 
issue. I would find myself at the embassy, with a lunch or 
an hour-or-so discussion with the ambassador, but more 
especially, with a number of the department heads in our 
bigger embassies, who are the economic and science coun-
selors to the embassy. To accept an invitation to give a 
talk, to which people are invited who are Americans and 
industrialists tied one way or another to America or taking 
advantage of the opportunity to be invited, and take up 
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some issues about how science and technology relates to 
government policy or to international competition or to 
national security. 

I will be doing that in September again. I've ac-
cepted giving a keynote talk to one of the larger world 
conventions dealing with computers and communications. 
It's taking place in Paris. Attending that meeting for a 
couple of days, giving my talk, being subject to ques-
tioning by others present from around the world, having the 
media interview me about what I said. My talk will be 
about the role of national governments in determining the 
nature and the pace of the applications of the new tech-
nology in communications and computers. 

PEASE: Do you think the role that you have defined for 
yourself during these years differs from that of other men 
who have reached positions in large corporations as you 
have? And if that's true, is it primarily a function of 
TRW's orientation in high technology? 
RAMO: No, I think it's just a personal thing. Just as I 
play the violin and do such strange things as write a book 
on the principles of mediocrity in tennis, in which I am a 
world authority, I find it fun, interesting; and I find it 
easy to convince myself I make a contribution. If I get 
into interface problems— Now I wouldn't do that if I found 
myself in a situation, for example, in which I was the 
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chief executive of TRW and we were in trouble, our earnings 
were going down, our position was being lost, we were 
losing our best people, and I found the people around me 
were not of top competence and I was forced to ensure the 
success of TRW by being busily engaged in the short-term 
problem of being sure that we keep our revenues up, and we 
produce on what we've taken on. But I found myself instead 
with a high-grade organization with lots of talent. 

And most of the talent in major corporations— You 
look at the chief executive officers, you look at the 
entrepreneurs or the professional managers of stable, large 
companies who have never been involved in the founding of 
the company, but know how to manage a going operation—they 
tend to come out of one or another specialty; they may come 
out of law or accounting or marketing or engineering. But 
they're people of presumed breadth, leadership qualities. 
Very often what is important is that they are drivers, and 
they have ambition. They want a bigger empire. They want 
success. Or, they're motivated by the fact that their 
opportunity to create for themselves a high degree of 
financial security for their families depends upon getting 
the stock to double in the next five or ten years, and to 
do that, they know they've got to get the earnings up. 
They've got some clear goals, most of them, and they're 
working away at them. 
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Most people that are successful in the business world 
are successful because they have to be, they want to be. 
They intensely want to arrive at certain positions. Some 
are merely empire builders. What drives them is to be in 
charge of the biggest company that they can put together. 
PEASE: What drove you? 

RAMO: Well, initially, scientific technological attain-
ment, which quickly caused me to be in a situation where, 
first in World War II, there was a need to develop certain 
things. We were in a war, and there was a competitive 
battle to be fought in which my role was a clear one. It 
was not the same as landing on the Normandy beaches, but it 
had to do with developing certain kinds of gear that only 
people with a great deal of technological background could 
develop, and to do it ahead of the enemy, to do it in a 
timely way so it would help our forces. 

And later, it was to be able to take some of my own 
ideas about how you really ought to organize technological 
talent to do complex high technology and make it work—the 
satisfaction of creating a high-grade organization and 
making it work. I had, in the back of my mind, the most 
minimum of interest in making a lot of money in the pro-
cess. Now this is not because I had no interest in the 
benefits of having financial security and disdained the 
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idea of being regarded as well-off financially. It was 
because other things dominated. 

You see, I took for granted that in the era that I 
thought I understood well, someone with my particular 
backgrounds and aptitudes would not have to worry about 
making a living. Even back in the period of my first job, 
the period at General Electric Company, as I was ap-
proaching the age of thirty I was mindful of the fact that 
when I looked at my salary against some curves that were 
made available about General Electric salaries, for 
example, I found I was in the 1 percent group. I expected, 
in other words, to do well. I was able to save a little 
from my income, above the expenses of the way we were 
living, which was in a style that went with my peers, with 
the people that we were mixing with. 

So that again, at Hughes, I was not involved in 
concocting schemes for stock options, ownerships, capital 
gains. It was apparent that I was an officer, a relatively 
young officer, of a very large company, and I was being 
properly paid in light of industry-competitive salaries. 
This enabled me to set aside some funds, to have a decent 
house to live in, and the like. So I assumed that I would 
have reasonable financial security. 

If I had thought about it more, and known what I know 
now, I could be a really wealthy man. As it is, I'm only 
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modestly wealthy, because the shares in Ramo-Wooldridge 
Corporation I was instrumental in distributing, rather 
widely, to key people. Most often, these days, you look at 
people that have started and built very large corporations 
and you will find that they happen to own a very large 
percentage of the shares and have managed to hold on to 
that large percentage. There was not that much of a 
dissemination, as was true in the Ramo-Wooldridge situ-
ation . 

I turned down stock options that my job at TRW would 
have called for; that is, I and others in the top echelons 
were expected to have a certain number of shares assigned 
to us each year. Over a period of the years that I've been 
at TRW those would have amounted to substantial amounts. I 
argued as follows: That any stock assigned to me, since I 
had a batch that came from the Ramo-Wooldridge merger, 
would not really be an inducement to me to work any harder. 
If that stock instead were available to twenty-five other 
people, making them work harder, it would cause TRW to be 
more valuable and cause my stock to go up. 

I couldn't see that it helped the cause for me to have 
more shares assigned to me. I have never, for example, 
taken an interest in the investment of my funds. I've left 
my shares in TRW. Diversification in my case has been 
largely through the tax deductions one gets by giving TRW 
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stock away. We've got a building at USC with my wife's 
name on it; we've got a building with our names on it at 
Caltech [California Institute of Technology]; we've endowed 
a chair at Caltech; we've had a major philanthropy budget, 
approximately equal to 30 percent of income over many 
years. Most of that was financed with TRW stock being 
donated. In the process of giving away TRW shares, we took 
a tax deduction. That tax deduction is not 100 percent, 
but it meant that my taxes were lower, which provided me 
with some cash that enabled me to buy the land and to build 
my house in Beverly Hills, which has turned out, perhaps, 
to be a very good investment. It amounts to 
diversification. 

But instead of playing the market, for example— I've 
never done that. The only exception was when once I 
received—Wooldridge and I received—a high award, one 
that, unlike say, the Nobel awards, is by its charter not 
publicized. It's money that came from the Rand family of 
Remington Rand [Inc.] and Sperry Rand [Corporation]. The 
foundation— The Rockledge Foundation, that had, at the 
time we received our award, General [Douglas] MacArthur as 
its chairman, just as he was chairman of Sperry Rand. One 
day we received some phone calls, and we found ourselves at 
the Waldorf in General MacArthur's apartment receiving, 
each of us, half of a $40,000 check—the income from $1 
million which was set up by this foundation. I put the 
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$20,000 into IBM shares, that I've since sold, but I sold 
them some years later at something like $100,000. So I 
bought the right things with the money that came in extra, 
that was above what I needed for my housing and philan-
thropy. 
PEASE: Well, if fortune wasn't necessarily a driving 
force—and, for a man who, despite his public flamboyance, 
professes to be somewhat shy—how does fame enter in here 
as an incentive? 
RAMO: Well, it is satisfying to find that your peers 
regard you well, to be invited to groups that are limited 
to people that are highly regarded. For example, I've just 
accepted being a member of the Council of Scholars of the 
Library of Congress. Now the other people are very distin-
guished people, [but] they've not, perhaps, had an engineer-
scientist type. They've had some Nobel award pure scien-
tists on the list, but they have historians and phil-
osophers and people that legitimately might be called 
scholars. I don't consider myself basically, you see, a 
scholar, but it's all relative. It's not easy to find a 
scholar who brings in every side that the Library of 
Congress wants. 

They want to bring this group together to argue with 
each other two or three times a year and evolve a list in 
the areas that they attack. They took "creativity" one 
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year; they're taking "work" in the couple of years ahead. 
Evolve some listing of what we don't know as a means of 
encouraging other scholars to apply themselves to under-
standing those fields best. How does work fit into the 
culture of the world and the culture of Americans? What do 
we mean, really mean, by work? What is the concept, and 
how is it changing? They take something good and ambiguous 
and broad, hard to define, but that you know, intuitively, 
is important. 

It's satisfying to have your books widely reviewed, 
especially if the reviews say a few nice things along with 
the criticisms. It's nice to be invited to receive high 
awards. But like everything else, you get jaded, or at 
least I do. Once you've had a number of honorary doc-
torates it isn't that big a thing to go give a graduation 
address and receive another honorary degree. 

Also, I can't avoid allowing practical thoughts—what 
I've learned about the way the society really works—to 
enter in the process. I know, for example, that when a 
committee of some professional, academic, government, or 
industrial association comes together and says, "We have 
this award to give each year for people that have made 
meritorious contributions in this or that," they look at 
the list of awards all the candidates proposed have 
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received. If you've received a lot of awards, then they 
feel much safer. 

Once you've received awards, you're going to receive 
more awards, and the thing begins to snowball. Finally you 
get to where a good deal of your time, if you don't watch 
out, is taken up in traveling to receive awards and making 
the acceptance speech. And I suppose, late in life, if 
this keeps up, Herbert Hoover's experience should be 
mentioned; and that is, they bring awards to you. You sit 
there in your chair, with a blanket over the bottom part of 
your body, and pictures are taken, and people come and give 
you awards. 

I have a little diagram: it's a rectangle divided by 
a couple of diagonals in the rectangle. I think of time 
moving from left to right. The first rectangle, on the 
left, that shrinks as it approaches the center, life's mid-
point, as the result of the two diagonals as you move 
along, represents useful work. Somewhere, sort of in the 
middle of your career, if you're successful, these diagonal 
lines cross. The top triangle and the bottom triangle 
represent going to and from—that is, travel. The triangle 
at the right that you reach after you've passed the inter-
sections at the center of the rectangle is awards. So in 
the first part of your life you do useful work, but that 
triangle begins to shrink towards this intersection point, 
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because you're spending a lot of time traveling in order to 
have meetings, in order to be able to do useful work. Then 
pretty soon you start traveling to receive awards, and you 
do no useful work after that. 

PEASE: Since World War II, at first by circumstance and 
then quite deliberately, you have been intimately involved 
in very important public policy issues. You also became 
involved in a major way in American enterprise in the 
postwar transition. And I'm wondering if you could, having 
known and worked for presidents and captains of industry 
and military men and scholars, if you could comment briefly 
on the nature of business and the nature of government 
today, versus forty years ago, and the quality of its 
conduct. 

RAMO: Well, I don't really regard myself as an expert for 
the purpose of making comparisons to the way things were, 
because I was not that much of an actor in the whole arena. 
That is, if I go back forty years I have some impressions 
as to what dominated industry and government, but those 
impressions from my early career have to do with the impact 
of the Depression. It tended to cause very conservative 
people who watched the budget closely to avoid bankruptcy 
to be at the top of American industry. And it caused 
people in government to be of a particular type. The 
circumstances, in other words, set the kind of leaders that 
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you have. With the technological explosion in recent 
decades, there have been opportunities to exploit the 
openings created by new technology. There are, for 
example, new computer companies that wouldn't have existed 
if computers hadn't been developed. 

I think if I were to bring up any generalization, it 
would be that, whether it be industry or education or 
government, the people at the top who set policy, who are 
the leaders, who pull things together, are of several 
distinct types. And they're all necessary; they all 
represent routes to success. Some are simply very hard 
workers who get to know the system well and by relentless 
pursuit of their jobs find themselves in a position of 
considerable influence. There are others that are pro-
moters, very ambitious, that are basically empire builders, 
where the personal ambition factor is extremely high. 
Those people tend, because of their apparently great need 
to be successful by the criterion they've set in their 
minds— They're willing to take gambles. You tend to hear 
about those where things happen to have worked out. A good 
deal of it is luck. There are numerous others that you 
don't hear about because they've failed, but that are 
probably very little different from those where the thing 
worked out. There are, of course, people of very unusual 
creative talents, who try very new things. Only a small 
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fraction of those can work out because of the practical 
difficulties of real life, so that— But again, some of 
them do. 

Most people, however, in government and industry and 
the professions are quite average, ordinary. They are 
successful by the usual ways of judging; that is, perhaps, 
anyone that's in the top quarter—certainly the top 10 
percent—in income, in recognized stature among peers, 
would be regarded as the successful people. They are 
qualified, they are competent. On the average they work 
hard, but they're not that exceptional. The difference 
between them and the people below them is not all that 
great. 

PEASE: Well, you've said there are several different types 
of people, and each one's approach is different, each one 
is needed in his or her own way. Let's zero in now, if not 
on a type, perhaps a category, and that's the entrepreneur. 
I would like you to answer a series of questions here, as 
an entrepreneur, and as someone who has known other entre-
preneurs and men who have run very large and very powerful 
corporations. The first group of questions, really, is 
attempting to get at the decision-making process. And I 
suppose this first one is a personal one, and if you could 
answer this in a succinct way, it might be very difficult— 
The question is, how do you personally make decisions, and 
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to what extent have you relied on the advice of others as 
sounding boards in that process? 
RAMO: I have always done a great deal of relying on 
others. I try very hard to throw ideas, approaches, 
possibilities, tentative decisions— In fact, I do it 
probably to a fault in that I do it early. Most of the 
people around me do not know whether I'm seriously con-
sidering something because they know that I am inclined to 
bring up possibilities without waiting for as much study as 
possible. I'm anxious to get the input in and begin to 
sort out the good ideas from the bad, to learn what the 
negatives are as seen by other people, to get additional 
pieces onto it. So I do a great deal of that. 

I am conscious of the fact that I have always had need 
for a variety of approaches to decision making. That is, I 
think it would be wrong for me to imagine that I, for 
example, have a tendency to be sure to weigh all the 
available facts carefully. I sometimes have absolute need 
for moving quickly on hunch decisions. I don't know how I 
would characterize—except to say that I am not easily 
categorizable as to whether I will jump to conclusions, do 
things quickly and off the cuff, or whether I am very 
analytical. Just as someone who, perhaps, enjoys food, 
likes a variety of food and not just one kind, I like 
decision making of a whole variety of kinds. And I suppose 
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when I say I like it, I intuitively feel that some things 
call for a gamble, call for moving fast without waiting to 
be sure you're right, and other things it is sensible to 
approach with the idea that you should use the time avail-
able, that you do have the time, that you will gain a great 
deal by working the problem as much as possible before 
making the final decision. 

PEASE: But in that there's no direct correlation of the 
risk involved. In other words, high risk means more study, 
low risk means more intuitive decision? 
RAMO: Not necessarily. It may be that the high risk is, 
however, a high gain. It's to me a return-to-risk ratio. 
It is, what do you get for what you risk. If you look at 
something that involves high risk, and what you might gain 
out of it is so little anyway, leave it alone. And surely 
if you're compelled to do it and you've got the time and 
it's very high risk, try to minimize the risk by under-
standing the problem better, being sure you understand the 
alternatives before making a decision. But sometimes— 
Well, I'll make it very simple. It may be, for instance, 
that an opportunity for acquisition of a company arises, it 
arises out of a crisis that company suddenly has. You may 
have to make up your mind in a day or two. In no way can 
you get all of the facts. If you let it go by because you 
don't know enough—because the risk is great you may find 
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yourself with a very bad situation, a very bad error. Then 
you will have missed the gain. So it's always a case of 
putting the gain against the risk. This may end up with 
your moving fast on a high-risk situation and taking the 
high risk, but presumably because it is your best guess at 
the moment. But the gain if you're right is extremely 
high. It's the ratio of the two. 

PEASE: To what extent did you or do you delegate au-
thority, and what kind of importance would you attach to 
that characteristic? 
RAMO: Well, this again is one where it would be very bad 
to give a general rule for most situations. I can speak 
from my own experience. I have had strong delegation-of-
authority habits; but, remember, I also have to say I've 
had the good fortune of having good people to delegate to. 
If you think in terms, as I always have, of a team; if you 
count as I do, and always have done, heavily on the fact 
that if you're lucky enough, if you're capable enough to 
put together outstanding teams, then by all means that goes 
with maximum delegation. Indeed, if you don't delegate to 
a maximum, you're not going to have a high-grade team. You 
show me a great entrepreneur—by any way in which you judge 
it—who is a lone dictator, who makes all the decisions, 
and I think you'll find for sure that he has second-rate 
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people around him. Because first-rate people won't work 
for a person like that very long. 
PEASE: As you became more experienced, what balance did 
you strike between heeding the advice of others on the one 
hand and making sole decisions on the other? Did that 
change for you over time? 
RAMO: No, I think even when I was doing my research, I 
used to be— Well, let's put it this way: Compared with 
others that I knew well in the GE research labs, the other 
researchers up and down the floors and in the laboratories, 
probably more people, a lot more, knew what I was up to 
than was true of what they knew about the others. Not only 
the directors up above, the higher executives, who I kept 
informed, but my associates. In fact, this caused me to be 
the recipient often of their coming around to tell me about 
their work, and this caused me, without realizing it, to be 
regarded as a candidate for higher executive position, 
because I was able to bring to the attention of the direc-
tors above me potentials that they were not actually 
appreciative of, because most people were not that com-
municative. I wanted the others to know what I was doing, 
and I was always saying, "You know, I've got this problem. 
What would you do about it?" I was looking for additional 
answers. It's just part of a personality. I was not a 
lone-worker type. 
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PEASE: What's the best way to handle instances of strong 
opposition, or at least opposition, on the part of sub-
ordinates in a situation where you think you're right and 
you think they're wrong? 
RAMO: Well, it will be consistent with what I've already 
said about my own personal habits, as I see them, that I 
would of course be talking out these situations, and not 
only when a decision is about to be made. It would be 
strange if anything of importance were not sensed by 
others, because they would have been in on the process. So 
I think I would just let it be as it is. I mean, if I have 
the responsibility finally for making the decision, mindful 
of the fact that I've considered inputs from other people, 
the decision has to be made, so be it. It's made, and 
maybe that in itself is a way of handling it. People 
expect that. Obviously someone who feels that he has a 
different point of view, and he's never able to establish 
his way of doing things and thinks he is right, that person 
would be someplace else. I've not really had that ex-
perience . 

People that have left Ramo-Wooldridge and TRW have 
done so because we have too much talent; we couldn't 
provide the top jobs for every one of them. When we selec-
ted someone, for instance, to succeed me in running the 
ICBM program, it meant three other people would have to ask 

443 



themselves—now that they were no longer going to be the 
recognized senior executive over that particular part of 
Ramo-Wooldridge activities—did they want to do something 
else? These people were very high grade, and they were 
well known. We were running a multibillion-dollar program, 
as I indicated earlier; we were running a program that 
involved many large companies, all of whom had continually 
the problem of openings. So our people were beginning to 
get offers. So people would peel off and be replaced by 
someone else essentially as good, because we had depth. 

There were some that we regarded as not properly 
suited to being executives. They were outstanding in their 
technical work, but they aspired to be executives. They 
aspired to go into business. Some of them left and took on 
work assignments which [were] exactly what they were 
aspiring to do. In general, I have to say that most of 
those did not make it in the executive world. A few of 
them started companies which were failures, but some of 
them made money in the process. They started a company 
which had to be rescued; some large company came along and 
bought it. For their stock ownership, they got perhaps a 
substantial bit of money, but they were not retained very 
long as executives; they really weren't right for it. 

[In] the last couple of decades, some of that period 
involved years in which any group of Ph.D.'s with some 
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background of accomplishment in a technical field starting 
a company could get financing. And whether it was a 
success or not, having put together a bit of a team and 
[having] started to develop some products, even if it 
looked as though they had no chance of making it as a 
business—the funds coming in didn't match the expenses, 
and they would need additional financing indefinitely—by 
changing the management, that beginning could be purchased 
and be of some value to someone else, at least as it was 
seen by other companies, usually large ones. 

But I don't even recall an occasion where someone left 
because they said that they don't see eye to eye on major 
decisions we were making. For one thing, that would have 
required a consistent pattern, as I say, a person who felt 
strongly about some approach that was different from the 
way TRW was going to go and [who] was being continually 
turned down. What happens instead is that you have a large 
number of decisions, so that— And with team effort it's 
not so easy for a person to say, "I'm being turned down." 
He's making his input, his input is a factor, or he 
wouldn't even have been consulted. 
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TAPE NUMBER XIII, SIDE TWO 
JUNE 6, 1984 

PEASE: Dr. Ramo, how does an entrepreneur define organiza-
tional objectives? And in defining those objectives, how 
influential is his or her own success in achievement? 
RAMO: First, I have to say that my impression is when you 
use the word entrepreneur, particularly in high technology, 
most of the people that come to mind don't—haven't—didn't 
operate with (quote) "objectives," today's objectives or 
otherwise. First, a good fraction of the so-called entre-
preneurs are basically promoters. They are good salesmen. 
They have a sense that there is a market there, that 
there's an opening. They may decide to start a company 
based upon a line of thought. We shall design certain 
apparatus and sell them. There is a big market out there. 

They sell their ideas to sources of financial backing. 
Most of those sources are playing a hunch and are not 
competent to investigate the details anyway. They think in 
these terms—the sources of financing, venture capital 
operations—they look at this and they say, Is this some-
thing which will sound good enough to a stock-buying public 
that after we get it started— They'll put a team together, 
have an embryonic product. Whether it's ready or not, it 
will surely need more money to expand marketing, to build 
factories, to start producing enough quantity so that you 
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can turn out something. And at that point, we can go to a 
bigger group of potential stockholders. Will they think 
it's good? That's when we'll unload our stock. We don't 
really care whether the thing is good or not; we care 
whether we can sell it in a few years at a high price to 
someone else that thinks it's good. So if it's adequately 
esoteric, if the people seem to have the qualifications, if 
it sounds new enough, if it's reasonable to a layman that 
there's a market there, then this large number of investors 
around the country that are looking for places to put their 
money through the system of spreading ownership will buy 
the shares. 

So if we put a million dollars in, and it needs ten 
million next. Ten million dollars; we will sell shares at 
twenty-five dollars a share. You look at what you buy and 
[are] getting for the twenty-five dollars; you're getting 
practically no net worth. Most of what you're getting is 
your fraction of the ownership of the money that's put in. 
There isn't a pool of patents or proprietary position, 
there isn't a proven product, there isn't much of an 
organization as yet. And in many of those instances, a 
twenty-five-dollar opening price might go to fifty, just 
because a lot of people want to buy the shares and there 
are not that many shares to go around. The thing to do is 
buy it at twenty-five, sell it at fifty a few weeks later, 
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and walk away from it. The manipulation of the market is 
such an important factor. 

So when I think about such things, the entrepreneur 
isn't busy setting down detailed objectives carefully 
worked out. What he wants to do is make progress along the 
lines that will satisfy those who have put the funds in. 
Now this is exaggerated; I'm sure that there is a sub-
stantial fraction in which there is an owner, an inventor, 
an entrepreneur-inventor who is convinced that his mouse-
trap is definitely going to take the world by storm. His 
mousetrap is indeed different, perhaps. On the other hand 
it has been conceived by the people that make mousetraps 
years before, and the reason why they didn't put it out is 
it's too expensive to build, it really wouldn't sell well, 
it isn't that much better, it requires a bait that's hard 
to get, it's very difficult to handle without getting your 
fingers caught in it. So they're not about to put it out. 

The inventor doesn't know this. He's idealistically, 
sincerely convinced he's got the world by the tail, and he 
isn't doing it because he wants to build an empire; he 
wants the satisfaction of producing the world's greatest 
mousetrap. And when people put money behind him, he thinks 
they're doing the right thing because he's going to have 
this great success. Most often, it develops that the 
mousetrap not only has these problems that I mentioned, but 
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it turns out that there is a shortage of mice. There are 
problems with rats, for which the trap is not suitable, but 
this was not known. But someone in the rat-trap business 
comes along, and they've decided that they have not spent 
enough money in research and development. They may find 
themselves beaten out by some outside technological develop-
ment. So they pick up a few of these companies that have 
tried to make a beginning, with the idea of getting the 
teams, the Ph.D.'s, the inventors, and their beginnings. 
Most often they have to, after a short time, fire the 
management. They get very little for what they paid. They 
should have done it differently. 

There is so much of this going on in the high-tech-
nology field. I suppose even today, for example, there 
must be at least two hundred small home-computer companies, 
most of whom you will never hear about two or three years 
later. 

PEASE: How much distinction have you made between line and 
staff in your organization? And to what extent have you, 
as an entrepreneur, at some point in this process been the 
organization? 

RAMO: We have a problem here in that entrepreneuring 
usually implies you're starting with a very small company. 
Later, if the company's successful, you begin to get big. 
You begin to get into the need for formality in 
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organization. You have to organize around getting all the 
functions done, around clarity of responsibility and 
authority. You have to organize around information flow, 
so the people know what they need to know to get their jobs 
done. You have to organize around auditing, so you know 
who's responsible. You have to organize around knowing 
what's going on, so the right people will be abreast of 
what it is they have to have. You have to organize around 
control—control of budgets, control of the flow of the 
product, the materials, the flow and allotment/assignment 
of personnel. But, initially, if you use the word entre-
preneur, it almost seems strange to use words like line and 
staff. Line and staff goes to formal organizations suit-
able for larger organizations. A typical entrepreneuring 
effort involves a few people who are very close together 
and work close together. It may involve one man who is the 
major decisionmaker, and the others as his deputies. They 
are not conscious of line staff— "Joe, you do this," and 
"Henry, you do that," and you keep coordinating hour by 
hour. Staff and line overlap all over the place. 
PEASE: How does the size of an organization begin to 
affect its capacity for innovation and flexibility? 
RAMO: It hurts it. In general, the coordination of people 
involves effort by all of them that could have been used in 
getting something useful done. It is, I think, not too 
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much an exaggeration to note the following little scenario: 
if you have one person he gets one day's work done per day; 
if you have two, each one gets nine-tenths of a person's 
work done per day, because one tenth of the time is taken 
in coordination between the two. If you keep on with that 
one-tenth factor, by the time you have nine or ten people 
you get nothing done, because each of them has nine or ten 
people to coordinate with 10 percent of his time, and the 
coordination uses up all the time. 

So there is a great deal to be said in the management 
of substantial operations in being innovative, being 
competent, being very skilled in the way in which you 
organize, the degree to which you coordinate, the degree to 
which you decentralize. But all of that requires a de-
tailed understanding of the organization. I have little 
interest in books with general principles that can apply to 
a big bank, a real estate organization, retail sales, 
technological operations, space technology, transistors, 
all with principles of organization, because how you can 
arrange the minimum waste, maximum innovation, maximum 
soundness, integration of the various parts of the puzzle 
for every decision that various people understand best 
because of what they're into, and how those people are what 
makes them up, vary so much with the kinds of things you 
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For instance, in producing semiconductor chips, the 
relationship between manufacturing and R and D, between the 
design of the products and its fabrication, between the 
marketing of the product, and application to a customer's 
needs—the design process is exceedingly tight. It's 
probably true that you really haven't designed the product 
unless you've learned how to make it. So you need the 
physicist, the semiconductor physicist, those who under-
stand what goes on inside of semiconductor matter, what 
happens to the electrons. You need those people in the 
manufacturing, in the fabrication process. 

In other things, let us say the design of an auto-
mobile, you can have a much more severe demarcation between 
the business of producing a million cars and the business 
of doing research on what it is that makes the automobile 
work properly. The concepts of the physics of internal 
combustion, for example, and the process of mass production 
of pistons can be much more separate. The way labor is 
recruited, made happy, trained, utilized is quite different 
in some kinds of operations where you have large-scale 
production, in plants that are isolated from the design and 
the research process, than it is for a new, high-technology 
product in which you're engaged in completing the develop-
ment of the product and making it really suit the 
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application while you're already in manufacturing and dis-
tribution of the product. 
PEASE: How do you look at the environment that offers 
projects associated with uncertainty, and in asking this 
question I think the point is, does uncertainty offer a 
degree of tension that heightens the desire to initiate and 
to continue and to go on to further activity? Is that 
tension essential to success? 

RAMO: Well, I suppose it is a controversial subject which 
you can never get settled: to what extent tension is 
necessary to success. It's a little bit like, if 
Tchaikovsky didn't have such an unhappy personal life, 
would he have written such beautiful music, most of which 
was in minor key and had a touch of sadness about it? It 
turns out that most businesses, including technological 
businesses, are dominated by short-range considerations. 
There is always a great deal of uncertainty. The higher 
the technology the greater the uncertainty. First of all, 
it's more difficult to predict the cost, the time it will 
take, and the end results that you will get if the tech-
nology is less proven, if it depends upon new principles in 
physics that have not yet been applied before, where there 
may be all kinds of pitfalls lurking. 

So high technology by itself requires that you have a 
spirit in the organization that recognizes the potential of 
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failure, of disappointments, and not necessarily complete 
failure, but the need to continue to revise what you're 
trying to do as you see that what you were after really 
doesn't fit the true needs of the market. If you add to 
that the fact that we have had for decades now, rather than 
just years— We're into at least a second, almost a third, 
decade of a period of inflation, indefiniteness about 
government policies that affect things. It means that the 
tendency is toward short-range and biases you against 
taking long-term risks. It means that the pressure, the 
tension, is towards making smaller, safer, more certain 
improvements in existing products rather than take the risk 
of going with something very new. 

Consider this: with the expansion that has taken 
place, with the dynamics of companies coming and going, 
with new operations starting, mergers and acquisitions, and 
operations failing and having to be revised and recon-
structed in all of technological industry, the enormous 
competition coming into the American market, even from 
overseas, so that the total competitive world, the total 
technological change factor, injects much greater doubt as 
to the success of technological ventures. One of the 
repercussions is that the manager of a technological 
division, who is concerned with controlling budget and 
taking risks, who controls research and development, and 
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manufacturing and marketing, he will be in his job about 
five or six years. If all goes well, he'll be promoted; 
the operation will grow. Other operations will not do so 
well. He'll be rewarded by being given a bigger job in 
which he encompasses more territory, and someone else 
succeeds him in the particular area that he's in control 
of. Well, if it's going to take you ten years to ensure 
the success of something, and all of that time as against 
the annual earnings that you could have been achieving and 
could be rewarded for in salary and bonuses and assigned 
stock options, you have instead a negative contribution to 
those earnings because you're investing in this new specu-
lative venture which, when and if it is successful, will 
benefit your successor, not you, because it will take ten 
years and you won't even be in that job. This goes from 
smaller divisions of a company all the way up. 

The scenario is quite different when you're starting a 
new company. You generally have a narrow, very specific 
product, and as I indicated, the people that are backing 
you are interested in going public with it a few years from 
now and cashing in on their original investment. That 
requires a certain amount of success or, as I indicated 
before, especially an appearance of success, a success for 
the future that appears credible. But once you've got a 
going operation, you've got a choice of where to put 
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available funds; you never have enough. The higher the 
technology, the bigger the risk, the longer time it'll 
take. Now the pressure is very high to hold your share of 
the market and make small changes. 

This is affecting the nation as a whole. The market 
works that way. 

The news media of the market emphasize this quarter's 
earnings as against last year's. You rarely will see, in 
the Wall Street Journal or the New York Times or in 
Barron's or Business Week, you rarely see something like 
the following: This year, in this second quarter, company 
A had a 20 percent, a 30 percent, maybe a 100 percent 
increase in earnings. Of course their earnings were so 
terrible last year, and even with the increase, they have a 
poor return on investment. You don't see a diagnosis, an 
essay about that company accompanying the announcement. 
No, they generally stop with a ratio: "Earnings up 100 
percent." "Earnings down 50 percent." But the earnings 
last year may have been swollen by some special thing that 
could not be expected to repeat. 

PEASE: These factors that seem to force an emphasis on 
short-term goals, at an individual level and at a corporate 
level, at least on the surface seem inherently unhealthy. 
Are they? 
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RAMO: Yes, but you might argue, of course, in the long 

term that it all washes out. It's just kind of a free-

market of a sort, a free-market effect that's in the 

picture. Over a period of time a company that steadily 

increases its earnings, improves its position against 

competitors, has a good return on assets employed, will 

have a stock price that shows this. But, while that is 

true, the overlay of fluctuations is also true and probably 

for most companies is more of a dominant factor. I'm sure 

that a company as big and powerful and successful as IBM, 

for example, has in its management a strong long-term 

stability. But even there I'm sure that the individual 

managers of each of the product lines are very mindful of 

the short-term considerations. It is necessary for the 

long-term emphasis to come from above. 

Now in TRW, for example— Obviously I wouldn't be 

talking this way if I didn't think TRW was exceptional in 

this. For instance, I'm sure Dr. [Ruben F.] Mettler, our 

present chairman and chief executive officer, and half a 

dozen people that with him constitute the leadership of the 

company insofar as long- versus short-range policy are 

concerned— When they bring in a manager of a hundred 

million dollar profit-and-loss entity, a division or a 

department or whatever it is, a product line, and say, 

"Goody goody for you, you did exceedingly well last year, 
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and your base pay will be augmented by this salary," they 
also say, "Now, you would have deserved an even bigger 
bonus, in our opinion, had there been better evidence that 
you were assigning, out of your earnings, more adequate 
amounts to ensure the life of your activity ten years from 
now. We found you lacking in long-range effort and we've 
spoken to you about that before, but you still haven't done 
it." 

In other words they say that they expect from him long-
range thinking as well as short-range thinking. If they 
don't emphasize that and make it really sound credible by 
what they actually do— If the top management simply gives 
a speech that says, "We are long range, not just short 
range in our company, superior to the average American 
company." 

But when they set up bonuses, when they hold manage-
ment meetings, when all of the emphasis is on the immediate 
result, when they go over the five-year plan and they say, 
"Yes, but your return on assets is so poor. Maybe we ought 
to get out of this business." 

And the fellow says, "Well, wait a minute now, the 
reason why it's poor is because we have these great oppor-
tunities, the fact that they're going to take six or seven 
years, but we've discussed them. We know we have these 
great opportunities. We know that this is where the future 
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of the company will lie. And I'm spending the money for 
that. If I weren't I'd have great near-term earnings." 

"I know, but, gee, we've got to keep our total earn-
ings for the company going up. We've got to. We don't 
want to have to drop dividends. We want our dividends to 
increase gradually. We're known for that, and too many of 
our divisions are taking this view that they're investing 
in the future, and we're going to have to cut back because 
we're not meeting our short-term requirements." 

Now the truth will out, is what I'm saying. If you 
really expect to be in business and to be strong, and you 
are heavily dependent upon investing in the future, as with 
an IBM, then that truth will out because it will show 
itself in the way the whole company operates. 
PEASE: What elements in an environment encourage and 
promote entrepreneurship, and I'd like you to answer that 
question both in terms internal to an organization that 
exists and that thing we talk about, the start-up company? 
RAMO: Well, I think what's happening in high technology is 
not too different from any kind of entrepreneuring. It's 
the old American free-enterprise, capitalist system: Get 
rich! To be sure, in high-technology corporations there 
remains that element of wanting to achieve technological 
breakthroughs, of wanting to be recognized by your peers as 
an outstanding scientist or engineer. 
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Let's say instead of that being zero, as it would be, 
say, in the retail business when you start a store based 
upon some specialty you're going to have; you're going to 
sell certain things in your store where you think there's 
an opening; you're going to do a better job and you're 
going to attract all the buyers. Then you're going to have 
a big chain of those stores, and then you're going to go 
national with it, maybe even international. And maybe 
you're going to cause some of your funds to actually cause 
the creation of certain products that you can sell in those 
stores that other people have overlooked. You've got this 
grand scheme, and you don't do that because you want to be 
regarded by other retailers as a great retailer; you do it 
to get rich. Oversimplified, but close to it— Zero 
percent are trying to make a great contribution that will 
cause you to be recognized for your great innovative 
ability. OK, so there's 10 or 20 or maybe even 30 per cent 
of the technological accomplishment present. That still 
leaves 70 percent for wanting to get rich. 

By and large, entrepreneurs, people who leave other 
companies to start up a company, say, "Gee, these other 
people did it, and they got rich. I'm going to start a 
company and get some backing, own a lot of shares in it, 
make it a big company, and become a very wealthy man. Then 
I'll be looked up to as an entrepreneur, that's a great 
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thing, a successful entrepreneur." Most people do it for 
that reason. 

You see, we're getting away from that period that was 
important in my period of maturing. The big, military 
projects: you've got to save the nation. You see. World 
War II was of that nature. When you have things like 
nuclear weapons and ICBMs, and you're indoctrinated with 
that, you're bound to be in a situation where these more 
idealistic things affect you. What I'm saying is it's not 
that I was basically put together with genes that caused me 
to put a lower value on the business of seeking to simply 
become rich. Instead I was thrown into a situation. 

Take the ICBM program. It required of me intimate 
relationships with General Schriever and members of his 
staff, who were assigned from the air force to that pro-
ject. These were people who were very, very highly 
motivated. There was no chance of their getting rich 
because of success in the ICBM program. These people 
become your friends; you admire them. You pick up some of 
exactly that same thing: the important thing is to beat 
the Soviet Union in having an ICBM capability. And you 
don't— You aren't interested in going to some meetings 
because some big financial promoters naturally want to 
create a new corporation around you, to exploit your 
position and your reputation, and to point out to you that 
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there are many millions of dollars that could be available 
to you if you come into this kind of situation. You 
haven't got time for it, you aren't motivated to do it, you 
think it's beneath you. That happened to me. That doesn't 
happen to most people today. 
PEASE: Could you foresee events or circumstances now or in 
the near future that could rekindle that kind of spirit? I 
mean, people talk about an astral policy or the rebuilding 
of our infrastructure or whatever— 
RAMO: Well, a little bit of it happens all the time. It's 
just that there— Yes. There's just simply less of that. 
Suppose, for example, that President Reagan were to an-
nounce that for his Star Wars defense projects, in which 
billions are going to be spent, he wants to have the top 
scientists for that purpose, the chief scientists, to come 
to work for the government at a government salary. He 
would succeed in getting a very outstanding person, even 
someone away from an embryonic activity where he had 
planned on getting rich. Because that person will say, 
"Gee, I'm going to be a great hero." 

When George Mueller left TRW, he, heading our elec-
tronics on the ICBM program, guidance and control, went to 
become the associate head of NASA in charge of manned space 
programs, basically to direct the Apollo program. Now, he 
was attracted to it on the basis of it's being this big, 
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fantastic breakthrough program. George Mueller could have 
left, as had his predecessor, Jim Fletcher, to start a new 
space company with Aerojet funding. That turned out not to 
be successful. Jim Fletcher, who was amply idealistic, 
went to be president of the University of Utah, and then to 
be head of NASA later. Very outstanding man, Jim Fletcher 
—outstanding, technical director type of individual. Not 
really basically a businessman-promoter-entrepreneur out 
after making money. Not surprisingly, that was not a part 
of his career that became permanent, although I think he 
probably did well for himself financially in that short 
period. The same with George Mueller. 

PEASE: What kind of a government participation in regu-
lations are favorable to innovative entrepreneurial activ-
ities, as opposed to those that tend to stifle them? 
RAMO: Well, first, the tax structure should be mentioned, 
I suppose. When we for a number of years took the capital 
gains tax, which was around the 20 to 25 percent level, and 
moved it up to 50 percent, we about eliminated venture-
capital operations in the nation. Previous to that, a few 
billion dollars annually in new issues on the market, new 
companies, to the tune of billions of dollars being raised 
for brand-new companies went to almost zero. Now we're 
back to where it was before in capital gains, and we are 
again back with substantial venture capital. But Germany 
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and Japan have no capital gains taxes. Taxes have a great 
deal to do with it, because taxes have to do with at-
tracting capital, which is essential to the process. OK, 
that's one thing. 

Another thing is a more general thing that is becoming 
a way of judging America's future. We are becoming a 
consumption-oriented rather than savings- and investment-
oriented society. The Japanese have been investing some-
thing like three times as large a fraction of their GNP, 
plowing it back into infrastructure, new factories, new 
technology, with the result, of course, that they're moving 
up rapidly in productivity increases and the like. This 
has to do, of course, with the availability of funds. The 
fact that we have this consumption rather than saving 
society is part of the reason why we have the big deficits. 
You take the two things together: the failure to put 
enough into savings as against consumption, and the high 
deficit gives us, of course, the high interest rates. High 
interest rates, high real interest rates, inflation, means 
that dollars spent today have to give you a very big return 
in order to make up for the inflation that you could have 
had by putting those dollars, presumably, into something 
that benefits from the inflation, such as buying real 
estate in Beverly Hills. The longer time it takes to get 
your money back, to get to a break-even position, to get to 
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a positive cash-flow position first, to be into a profit 
period, the longer it takes, the higher those profits had 
better be at the other end. But also that curbs risk 
taking. So those government policies that have resulted in 
our having periods of high inflation, high real interest 
rates, high deficits, high consumption as against savings 
—those things have been hurting risk investment in in-
novation. OK, that's another part of it. 

Government policy that is short-term with regard to 
preparing technological resources for the future will hurt 
us in innovation in the future. The best example I can 
give of that is that when our high schools lose their 
physics and chemistry laboratories, when half of our high 
schools have unlicensed teachers because the high schools 
do not pay enough to be able to attract people that are 
capable of being licensed science and math teachers, that 
means we're preparing a situation where we're going to be 
unable to back up technological innovation. It's all 
relative compared with other nations who are doing the job 
better. So long-term things like science and technology 
education are being neglected in the country. 

We have had a recent reversal in pure research fun-
ding, for the universities' basic research, to where again 
the budgets are going up each year. But for a period of 
something like fifteen years, we were going down in the 
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fraction of the GNP that was invested in basic research. 

Basic research leads to technological innovation later. We 

lead the world in Nobel laureates, but most of them are in 

their sixties or maybe even in their seventies when they 

get the Nobel award for work done forty or fifty years ago. 

We're laying a groundwork for Western Europe and Japan to 

lead us in Nobel laureates some twenty, thirty, forty years 

out. So investment in basic technological resources is a 

factor if you want to talk long-term. 
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TAPE NUMBER: XIV, SIDE ONE 
JUNE 6, 1984 

PEASE: We were talking about incentive and regulation, 
short-term, long-term, and you mentioned our becoming a 
consumption-oriented society rather than an investment-
oriented society. Now, is that really the result of 
institutional policy, coercion, or have we gotten fat and 
lazy? 
RAMO: Well, like most things that are that important, 
there's never one simple reason. A lot of things have all 
been happening; they've been coming along together. We 
have been trying to combine guns and butter. We have a 
huge defense program on top of not having cut back on 
entitlements. We have major expenditures for social 
programs. We're trying to ensure the health, domestic 
tranquility of our citizens by government expenditures, and 
there isn't that much to go around. We're living above our 
means, and we're setting up for the next generation to have 
30, 40, or 50 percent of their taxes going into just paying 
the debt, because the government is getting in debt so 
much. 

There's an awful lot of debt that doesn't even appear 
in the deficit, the off-balance-sheet items. We've got, I 
guess, trillions of dollars of investment that's been 
funded through debt. Of course, it means that those with 
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ownership of the debt, domestic and foreign, will be 
receiving income and will be able to do things with their 
funds. This means that one way or another the standard of 
living goes down. Because when people get entitlements 
from their government, with regard to health, let's say, 
medical expenses, social security, some sort of special 
arrangements for those in the lower income bracket, every-
one else, having to pay such high taxes, is squeezed. So 
they can afford less in the way of a house or of a car. 
The standard of living goes down. The bulk of the people, 
the majority of the people, say two-thirds or three-
quarters, will move towards lower standard of living as to 
food, clothing, shelter, recreation. But we will have more 
and more people of extreme wealth, who'll be the recipients 
of the income on the debt. It will be they who'll come to 
own the nation, both foreigners and citizens of the United 
States. 

Now that makes for a kind of instability. That is, 
you can't, I think, have a situation in which, what I 
described, holds forth. Sooner or later, in other words, 
wealth will be not just taxed, but will be removed. There 
will be limits on what people can do with their funding. 
Unfortunately, when you put in rules and regulations of 
that kind, you also tend to curb even more investment in 
new things. So we move gradually towards a kind of a 
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government-controlled economy with an equalization of the 
standard of living, but a lower standard of living, because 
we are in the doldrums in growth. 

That, of course, is what the Soviet Union has in 
spades. They have essentially no growth. Their standard 
of living just doesn't look as though it's going to improve 
over the next decade. They're putting a lot of money into 
their defense program. They don't have the funds to even 
develop their resources that they have. So people have a 
low standard of living; it comes closer to being uniform. 
Some of their people, like ballet dancers and others who 
have gotten around a bit, finally begin to understand what 
people say to them when they leave the country and say, 
"Why don't you leave? You could have this great standard 
of living for yourself. Why be held down?" If there were 
pockets in the earth that do the job better, we could begin 
to lose some of our better people, who would go elsewhere. 

Now, what I'm describing is a trend that we surely are 
on, but the majority of people really don't want and don't 
have confidence in. I think it is true: The majority of 
Americans really believe that a lot of free enterprise, a 
lot of innovation, is the root to success. If people 
describe that, and stop there, and then when pressed a 
little more, specifically talk about the government ar-
ranging to ensure innovation by, for example, the 
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government figuring out which fields should receive the 
investment, then we know the government is incompetent to 
do that, and that would only be some more of the government 
holding things down. So, we're having a hard time figuring 
out how to get this changed over. And I think there's a 
basic reason for it, and that is the majority of the people 
of the United States don't understand these things well. 

We're going to have to have a period in which things 
get worse before they get better. I say this again and 
again. I say it arguing not totally to be funny, but 
partially to do so as a way of sparking an understanding of 
what I'm saying. In the United States, before things can 
get better, the public must understand them. We must have 
a consensus. To have a consensus things have to get worse, 
so everybody sees how bad they really are. That's why I'm 
optimistic. This first step, of things getting worse, is 
going along so nicely, that obviously we have a right to be 
optimistic about the fact that we'll get things cured. 

I used to have to say that to some of our people that 
were continually inventing antipollution devices for 
automobiles. We equipped some cars in the fifties with 
afterburner devices very similar to what is required today. 
And some of our people said, "Gee, we know how to do this. 
We understand the process. We know what is causing the bad 
gas to be emitted and we know how to cut it down. And for 
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an old car it would cost you five hundred dollars to have 
the device and get it installed. A new car, putting it in 
right from the beginning, would be, say, two or three 
hundred dollars. And so let us do some of this develop-
ment." And so we put a little budget aside, because they 
were so anxious to do it. 

I knew, as did some of the rest of us, that it could 
get nowhere unless there were laws requiring every car to 
have one. So, I used to go around saying, "This will 
happen, but the smog in [the] Los Angeles area has to get 
so bad that everybody will say, 'We have to do it even if 
it means passing laws requiring three or four or five 
hundred dollars more on a car.' Chrysler or Ford or 
General Motors are not going to put this on a car optional, 
because who in the world is going to buy something so that 
his one car is not going to pollute if nobody else has to 
do it. It has no effect on pollution. You can't make that 
voluntary, an added expense, just so you yourself are a 
good citizen." So, it had to get worse. It did get worse. 
And finally laws were passed, and now you have to have it 
on every car, cumbersome as it is, expensive as it is, but 
the public has demanded it. 

And when the public really understands that we're 
heading for a period when the taxes will have to get 
higher, when what we produce in the country has to be used 
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to pay interest on debt, and the interest only goes to 
those who are the owners of the debt instruments, and 
doesn't get used to uplift the society—we're paying for 
that period—perhaps we will insist upon having more 
sensible defense programs, we'll understand national 
security more sensibly. 

Today, for instance, we don't even have an under-
standing by the public that national security is not just 
military, it's economic strength, it's the spirit of the 
people, it's skill in conducting negotiations with allies 
and enemies. It's a training of the— It's the draft or a 
volunteer army; you have to settle things of that kind. 
It's the people involved in the military force. And 
insofar as it's military, it's only partially weapons 
systems. Insofar as it's weapon systems, it's only par-
tially new esoteric, sophisticated weapons systems. Some-
times it's just ordinary guns that are the factor. 

National security requires that we have clarity as to 
what our role is around the world. What is it exactly that 
we should be doing in the [Persian] Gulf? Why? All of the 
things that are happening in the gulf now have been put 
down as scenarios for years, decades. There can be an 
overthrow of the Saudi government. There can be an over-
throw of other governments; Iran was one. The Shah of Iran 
got overthrown. The Soviet Union may step in. The Islamic 
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people are always fighting each other. There could be a 
stoppage of the oil. We put ourselves in the position 
where we are hardly dependent on the oil from that part of 
the world. United States did, but western Europe and Japan 
didn't. National security goes to Japan doing their part, 
they haven't been doing their part. 

So, there's a lot more to national security than the 
size of the defense budget. Most people don't understand 
that. They think if we don't have this size of budget, as 
they hear from some of the leaders, then we're going to 
lose out to the Soviet Union. But it may be that a smaller 
budget with things done right in these other areas would 
cause us to be more secure. This all takes time. It will 
happen that we'll have the greater understanding as we come 
up against the fact that we can't have these big deficits 
without big negatives. We can't have the big defense 
program and the big domestic-spending program by the 
government and not have the big deficits. So, more things 
have to give. 

Pretty soon people will start getting elected to 
Congress, to the Senate, the president, who will say these 
things right, because they'll be able to say them right 
because they'll be understood. You can't say these things 
right and be elected, based on them, because they're not 
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understood today. You have to say other things. You have 
to come up with gimmick, twenty-five-word solutions. 
PEASE: I think this is a good point to go into our summary 
of these sessions. I'd like to ask you, and this is 
probably a question you've been asked before. As you look 
back on it, what are the most rewarding accomplishments in 
your life, your career? 

RAMO: Well, I don't know if by accident or by resolute 
planning, continuing to take advantage of opportunities 
that come up, being lucky, but there are several things 
that I've been involved in, that I think of as making up my 
personal life's work, that have been roughly equally 
important to me. I take great satisfaction out of knowing 
that I have produced books that have been used as textbooks 
by many thousands of engineers and scientists. I take 
pride in having started companies and then managing com-
panies that became large. I take pride in my hobbies; I 
think they have made me a better person. And I'm glad I 
devoted time to government service, in the sense of num-
erous advisory groups and commissions or the equivalent, 
and to academia, which is important in the nation in the 
long run. I don't find it easy to put one or another of 
these things much higher than the others. So, I have to 
answer it in that way. 
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I've had the good fortune of having a relatively good 
balance of being able to pick a number of areas in which I 
had the opportunity to do something and in which what I've 
done, on the average, has worked out well enough to have 
caused others to cause me to feel that the contributions 
were worthwhile. I really can't pick out some and say they 
stand out. 
PEASE: Well, can you tell me what are among some of your 
greatest disappointments? 
RAMO: Well, they go to the way things have worked out in 
our nation. I would have liked to have seen, for example, 
our having been able to take the lead and to be successful 
in causing major disarmament in the world. To me it still 
constitutes an absurdity that we and the Soviet Union are 
each planning to spend another trillion dollars on nuclear 
weapons in the next ten years when we know—both of us 
know, the leadership of both sides know and the leadership 
has stated—that there is no longer any military or polit-
ical value to threatening or actually executing a first 
nuclear strike against the other. Inevitable retaliation 
makes it suicide. There's no use for nuclear weapons 
except to deter the other side from using theirs. So we've 
got the most expensive, dangerous, and useless weapons 
systems. And we haven't got a way out of it. We can't 
seem to find a way out of it. 
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You might say, how does this touch me personally, 
aside from as a citizen? Well, I've been involved in a 
lots of classified meetings, I've been in discussions with 
people that would like to see a better approach. The most 
recent discussion, a kind of a heart-to-heart, off-the-
record, sort of relaxed discussion was with Senator 
Jackson. I was his guest at lunch in the Senate dining 
room. 
PEASE: The late Senator Henry Jackson. 
RAMO: The late Senator Henry Jackson, about a year ago. 
We were totally on this subject, because he had called me 
after seeing something in Time magazine in which I made 
statements about like this, in their special issue that 
they did. I also heard that some of the high-level people 
in the defense department were unhappy about my statements 
(that this is the most expensive, dangerous and useless way 
to spend our money) on the grounds that, "Come on, Si, you 
know we have no choice, so what's the point of making these 
statements? What it does is simply give sympathy and 
condolence to those who naively think that we could uni-
laterally disarm." Well, I didn't think it did that the 
way I said it, or I wouldn't have said it, because I, of 
course, don't feel we can unilaterally disarm. 

I wish that I could have done more for that sort of 
thing. So, in other words, my contributions to something 
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like that, that really counts, has been superficial, which 
is a way of saying to myself that, "Hey, I haven't been all 
that successful or useful or influential." I've had better 
luck than the average [person] who starts companies or 
writes books or makes personal technical contributions and 
writes papers and receives awards. But what really counts 
is getting some of these things, that I understand well, 
changed. Maybe I should have gone into more serious 
political assignments, sometime halfway through my career. 
I probably would have amounted to nothing in that field. 
In other words, it isn't clear to me how one goes about 
being more influential. 

I think if I'd dropped everything and worked only on 
some of those things that need doing for the nation and the 
world, I'd be ineffective very quickly. I would just be 
another person writing, trying to get somebody to listen to 
me. I'd have less success in getting whatever it is I have 
to say published than with what I'm doing now. Because I 
can write an op-ed piece, and there's a pretty good chance 
that it will get published by an important newspaper now 
because there's an awareness on the part of the editorial 
people who look at it that I've got these various contacts, 
I'm into things. The moment I become just an idealistic 
message deliverer, great messages of significance, I would 
become— I'd be in another category that, I think, they 
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regard as kind of a nuisance. But it's things like that 
that I think about when I think about disappointments. 

I kind of enjoy the fact that I had the naive notion 
that our company's shares should be divided up amongst a 
large group of the scientists and engineers, rather than 
trying to see how big a pile I could make. I probably 
wouldn't feel that way if I weren't financially in adequate 
shape to guarantee myself and my family that we'll get 
through most emergencies. If something happens to me or my 
wife, and each of us has to be taken care of with nurses 
around the clock for a while, there's enough to do that. 
Not everybody is in that position. So I have security. 

I wish I could do more philanthropically. There are 
so many things, particularly in higher education, that I 
wish I could do something about. I may be more effective 
there, however, in causing sources of real wealth to go to 
the right places by serving on boards or being an advisor 
or sometimes being a persuader to those that have, either 
privately or through large foundations or industry, more 
funds to give out. 

PEASE: Before we conclude, is there anything that you 
would like to add for the historical record? 
RAMO: No. 
PEASE: I want to thank you very much for making yourself 
available. 
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RAMO: Well, it's been interesting and fun for me to do. 
As Fortune magazine correctly said, I love to talk about 
myself and my work. 
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