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Engineering My Way

by Eric A. Walker

Although crossing the Canadian border under
the not-too-watchful eyes of a sympathetic
guard may not be the first ingredient in most
people’s idea of a menu for success. it seems
to have worked okay for Eric A. Walker.
From such humble beginnings. Dr. Walker
went on to study engineering at Harvard,
moved on to important defense work during
the Second World War, served on numerous
academic committees and financial boards,
and finally became president of Pennsylvania
State University. a position he held from 1956
until 1970.

Of course. it would surpnse no one to
learn that Now [r's Mv Turn: Engineering Mv
Way is an autobiography. but Dr. Walker
seems to be much more at home talking about
other people than about himself, and this is
what makes the book so readable. While he
came into contact with numerous important
figures in the worlds of academe. govemn-
ment, and industry—many of whom are
given informative profiles—Dr. Walker
doesn’t forget to honor the people from his
boyhood and developmental years. the people
you don't get to read about in other history
books: like the boss at the iron foundry who
bombed his employees™ makeshift latrine on
the banks of the Susquehanna: his mysterious
roommate at Harvard, who dressed like a
dandy and drove a Packard, but who returned
to the obscure mining town from which he’d
come after deciding that higher education was
not all it's cracked up to be: or the restaurant
worker whose jelly-bean ice cream was such
a success he thought he 'd try radish and omion
varieties.
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Engle You'll enjoy such stories as
how the University got its medical
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dealing with everyone from can
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Order copies for yourself or as gifts
with the coupon below and a portion
of cach book’s cost will go to the
Alumni Association’s student schol-
arship program
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PROLOGUE
What Engineering Means to Me

Science is wanting to know about things simply because, as chmbers say
about mountains. they are there. Engineering is wanting to make things
because they seem likely to make life easier or pleasanter. Cost is always
a challenge for engineers, since excessive cost may outweigh the gain
in ease or pleasure resulting from technology. Technology is the fancy
name for the fruits of engineering. Cost is usually a consideration for
scientists. as it is for engineers. although excessive cost in science is hard
to judge. When is space exploration too costly? Cost includes social
cost—that is. damage to the environment or the quality of life. Social
cost is increasingly important.

Cost must be differentiated from value. Cost i1s primarily an eco-
nomic concept. whereas value has moral and aesthetic meanings. Both
concepts imply judgments. though value is more subjective than cost.
The value of an engineering project—a labor-saving device. for instance.
or an improvement in transportation—is usually established by consensus.
But there is no accepted way to put a price tag on the scientific discovery
of knowledge. In science, cost is what it takes to find out, while value
is the potential return to posterity. Unlike engineers, for whom cost is
a central concern. scientists are only peripherally concerned with cost.
Engineers typically work within budgetary limits, whereas scientists
usually expect some outside agency to pay for their work. Both science
and engineering involve politics and management—or administration, if
you think management implies manipulation—because engineering and
science are human activities and they therefore need consent and direction.
Politics has been called *‘the engineering of consent,’” and management
has been called **the art of steersmanship.”’ both of which are definitions
you may quarrel with but that make my point.

Engineers and scientists must know how to focus their attentions
without developing tunnel vision. The need for focus is the same whether
one is learning how to understand atoms or blood cells or how to make
an engine or an artificial heart. Focusing on an objective. however, should
not blind one to serendipitous findings but only to irrelevant distractions.
Distinguishing between serendipity and irrelevancy obviously takes talent
or training—or some combination of the two.
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How much “tormal™ traming 15 needed by a scientist or engineer”
here s obvioushy no clear answer. any more than there 1s in the arts.
hakespeare. Jane Austen. Mozart, Franklin, and Edison did most of
wrr learning by domng. Milton, Handel. Newton. Marie Curie, and Stein-
ety attended umiversiies. Talent is the key, and there are many ways
v nurturc talent. Clearly, formal education has never stifled talent. al-
woueh 1t may stifle initiative. A major challenge to educators 1s the
evelopment of scholar-explorers—academic Columbuses.

Do great scientists and engineers tend to be “‘loners™"? Again. there
. no clear answer. any more than there is in other fields. A glance at the
ames n the preceding paragraph shows a wide range of gregariousness.

ven in philosohpy. whereas Kant had solitary habits, Plato was a social
eing. Franklin was a great “‘joiner.”” Darwin did much of his work at
ome because of ill health after his voyage. though he had frequent
isitors. Edison founded his own laboratory but had associates there.
‘ommittees and societies can be distractions or substitutes for action; yet
will testify that the National Advisory Committee on Aeronautics con-
ibuted to the allied victory in World War Il and that the American
ociety for Engineering Education has contributed to the training of en-
INeers.
I was a scientist before | was an engineer. My scientific career began
1 1924 in the Wrightsville (Pennsylvania) Electric Club and the Boy
couts. when | made a primary battery and an electric motor simply to
ze how these things worked. Actually, | had another motive: becoming
n Eagle Scout. Thus curiosity was not my sole inspiration, and | shall
>turn throughout my story to the question of motivational purity even
mong “‘pure scientists.”” At the same tuime, the battery and motor were
f no practical use to me. and I would not have chosen the electricity
ierit badge in the Scout manual 1f curiosity about the subject had not
:d me into the Wrightsville Electric Club, membership of three. My
ehavior at this point in my fourteenth year was that of a scientist.

My engineering career was also sparked by the Boy Scout handbook .
hen | read its directions for making a crystal radio set. Here was some-
ung | could use for entertainment and prestige—two needed. or at least
esired. objectives for a relatively poor and socially insecure immigrant

Uncle Arthur. my guardian at the time, gave his consent 10 my
mkmu the radio—as he had approved the battery and motor projects—after
ome politcking by me. My radio politics required convincing a fire-
surance agent, and thereby my uncle. that my lightning arrester on the



aerial would keep our house from catching fire. Although there was no
management involved in building my first radio. I had previously had to
manace Uncle Arthur’s purchase of the sulfuric acid needed in my first
scientific experiment: making a wet battery.

The crystal set led me to opt for engineering over science. To begin
with. I wanted a better radio for myself. one powered by batteries and
using vacuum tubes instead of a crystal. Making the new radio required
alotof my time and energy to get the thing to work—not just to understand
it. the goal of the scientist. My reputation concerning this radio led to
my first consulting fee. A local lady had received a superheterodyne radio
as a Christmas gift from her boyfriend. and neither she (an artist) nor he
(an effete New Yorker) knew how to assemble it. On someone’s recom-
mendation. | was called to hook up the components: tubes. battenes.
horn speaker. and aerial. When | finished my hook-up and the thing
worked. the boyfriend gave me two dollars—more than twelve times the
hourly pay I was used to—and [ thereupon resolved to become an engineer
and get rich. | also enjoyed being treated like a wizard by the lady artist
and her New York boyfriend. as well as the general citizenry of Wrights-
ville. Both wealth and glory seemed to be the wages of engineering.

In becoming an engineer | might have chosen the path of learning
by emulating Edison or the Wright brothers. since | enjoy tinkering. but
I chose the path of formal education. My choice was strongly influenced
by the social environment of Wrightsville. York County. Pennsylvania.
where seeking and accepting a scholarship to Harvard seemed only right
and natural. I mean. 1t seemed right and natural for the upper crust of
Wrightsville's lavered society—for the well-to-do people who lived at
the top of the hill rather than the laboring people who lived at the bottom.
My family lived halfway up. Going to Harvard also gave a boost to my
ego. since | was unwealthy. unhandsome. foreign born. and without
social standing. Perhaps. if 1 had felt more psychologically secure. |
would have skipped college and plunged right into making things. On
the other hand. | probably would not have done so because I am not
cifted with the dexterity needed by a great mechanic like Henry Ford or
Orville Wright.

A few engineers are great mechanics. but the two vocations are
different. I have spoken of the engineer's desire to “*make things.”” but
| should revise that to read “*be involved in making things.”” Does that
mean ““design”?”” Well. some engineers are designers and some are not.
William Caxton. the first English publisher. directed that the following
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lceend be printed i his books: Caxton me fieri fecir (**Caxton made me
to-be made™). That describes the engineer’s role: An engineer arranges
tor things 1o be made. coordinating the roles of various craftsmen and
techmeians, sometimes. albeit not necessarily. playing some of these
roles. Engineering therefore resembles publishing or architecture or pro-
ducing in the performing arts.

Which brings me to some other resemblances. Scientific research.
1L seems o me. resembles research in the humanities. Seeking a fact or
relanonship in history or in our heritage of artistic expression is not
intrinsically different from seeking a scientific fact or regularity. The
humanities also have their engineering or technology. Stagecraft and
movie or television production are obvious examples, but I contend that
journalism. public speaking. and expository or persuasive writing are
more technological than exploratory. Art is a special case: it may use the
techniques of engineering. but its aim is to produce wonder and delight
rather than to be useful.

Do engineers need to do research? Well. if they do not know the
““state of the art.”” they are open to the charge of trying to ‘‘reinvent the
wheel.”” (For “*wheel’" you can substitute **transistor.”” *‘laser.”” **digital
computer.” or any of the myriad of marvelous inventions we enjoy.)
Some amount of research i1s necessary to keep abreast of the state of the
art. Engineers occasionally need information in areas that scientists have
not vet probed and therefore feel impelled to do research that might better
have been done by others. This could be called *‘gap-plugging.”” The
danger for engineers. as for practitioners in any “‘applied™ field. 1s that
they can become too enamored of research for its own sake. A good
engineer needs the fruits of scientific research. but he is not a scientific
researcher. Like the physician or the clinical psychologist. he must strike
a balance between knowing and doing—or. as we say, “‘practicing.”’
The same point can be made about practitioners in fields in which the
bodv of relevant knowledge is not exclusively scientific: law. politics.
administration. journalism. teaching. or diplomacy. for example. Seeking
4 workable balance between knowing and doing—first in engineering and
later. during my years as a university president. in other applied
ficlds—has been a continuing quest for me.

Is engineering a profession? The answer is certainly affirmative if
professionalism refers to accepted standards of responsibility and com-
petence. If vou would not want a dilettantish amateur—or a self-anointed
¢apert—to operate on your brain. defend you in court, plan your local
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medical center. or produce your play. why would you want such a person
to create vour highways, bndges. power plants. factories. and farm ma-
chinery? Prescribing and enforcing standards 1s. of course. a more com-
plex 1ssue than recognizing the desirability of such standards. The one
essential ingredient of professionalism. as | have argued all my hife. 1s
putting the good of humanity above one’s own selfish needs. A teacher
or physician under my code would never go on strike. because to do so
would be to place his or her welfare above that of his students or patients.
The amount of formal education that should be required for entry into
any profession—and specifically into engineering—as well as the vahdity
of formal examinations as measures of professionalism are questions |
have pondered throughout my career.
I went straight through to my doctorate at Harvard between 1928
and 1935. (The university chose to give me the doctor of science degree
even though the topic of my thesis was in electrical engineering.) My
motivation. along with interest in my subject, was the scarcity of engi-
neering jobs in those Depression yvears. While a student at Harvard, |
worked on engineering projects for professors with contacts in industry.
in addition to holding various subsistence jobs. After graduation | became
assistant professor of electrical engineering at Tufts. spending my spare
time and summers working for an electrical engineering company con-
cerned with high-voltage power lines. Then I was appointed head of the
electrical engineering department at the University of Connecticut, where
| continued part-time industrial work. By choice and by necessity. [ was
never a purely academic engineer. though I always had one foot in the

academy.

With my background. I found my way nto national defense work
during World War Il. since our government’s policy in that global emer-
gency was o combine scientifically based research findings with hands-
on engineering. Among the projects in which | was involved were the
development of sonar. the undersea counterpart of radar..and a homing
torpedo. I went to Penn State in 1944 as head of the department of
electrical engineering and director of the Navy-sponsored Ordnance Re-
search Laboratory. (The ORL grew out of the wartime Underwater Sound
Laboratory at Harvard. where | had served.) My way of engineering
evidently suited a rapidly growing land-grant university such as Penn
State. since | was named dean of engineering in 1950 (after a year in the
Pentagon during the Korean War) and president in 1956. After my re-
tirement from Penn State in 1970. | spent five years as vice-president of
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saienee and technology for the Aluminum Company of America.

I am graufied that my way of engineering has contributed in some
measure 1o a higher standard of living for my fellow human beings. My
work on national defense is also a source of gratification. since that work
in partial pavment on my debt to the country that adopted me at the age
ol thirteen. as well as to my native England. My way of teaching engi-
necering seems to have merit. since it has had some impact on Penn State’s
cumculums in engineering and engineering technology. These curricu-
lums rate highly for the quality and number of engineers and engineering
technicians they graduate. Finally. I am proud that Penn State has seen
f1t to name the environmental sciences building after me. since my way
of engineering has always included concern about the environment.

Xiv




i

In some

108, My

at work

the age

1C engi-
 State s
CUrricu-
neering
das Seen
ny way

Nl

Now It’s
My Turn:
Engineering
My Way



&

On commencement dayv in 1932 [ had no doubt that I was being
awarded a degree by the leading university of the nation. if not the world.
My confidence in Harvard's preeminence did not. however. erase two
lingering doubts from my mind. One doubt was whether Harvard. despite
my creditable record there. had been the ideal college for me. Another
doubt was whether the arrogance paraded by many Harvard professors—but
by no means all of them—was justified. In short, I retained the outlook
of an immigrant boy from York County. Pennsylvania.

The keenness of the competition at Harvard and the rapid-fire method
of Instruction kept me constantly on my toes during my four college
vears. Was that a healthy intellectual posture for my late adolescence?
Was I stimulated in a salubrious way by knowing that I could rarely outdo
my classmates? Was my learning facilitated by my feeling that I never
quite understood what was going on until months after a course had
ended? These are questions that the educational psychologists have not
fully answered. They are also, to a degree. questions of value for con-
sideration by philosophers. The issue in its extreme form has been posed
in the query “‘Is it better to be a happy pig or an unhappy Socrates?’’ At
the age of twenty-two, 1 felt—as I still feel at seventy-seven—that there
are various possible and desirable positions between swinishness and
Socratic excellence.

Excellence may seem like arrogance at times, but the two qualities
have always struck me as unrelated and usually conflicting. To be sure,
when anyone is disabused of some cherished error, he is likely to perceive
his donor of enlightenment as arrogant, at least at first. Fairness. however,
usually leads us to forgive our real mentors, even the toughest ones, like
Dean Clifford in my case. We can and should, I believe, forgive excellent
teachers or supervisors for lack of sympathy with our slow wittedness
and for inattention to our human needs up to a point. But I see no reason
for a teacher to rush us through complex material or to gloss over in-
tractable points. Blatant discourtesy 1s also unacceptable in my book—as
demonstrated, for example. by the instructor who extended a lecture
beyond the appointed hour when I had told him of my desire to catch a
train home for Christmas. Outright rudeness 1s out of character with true
greatness.

An arrogant pose may at times be a useful teaching strategem. On
occasion a teacher may feel a need to humble a student confronting some
vast field of knowledge. But this approach is the antithesis of the Socratic
method. where the student seems to be finding answers autonomously.

62



The Socratic method even allows for the off chance that a student really
will find a vahd new answer. and it gets the student into the habit of
posing questions and seeking answers. The Harvard approach, as I ex-
perienced it, was characterized by too much arrogance. actual or feigned.
It was authoritarian. By anticipating my questions and pronouncing cat-
egorical answers, my Harvard teachers killed my initiative as a learner
unul I had recovered from the *‘undergraduate daze.”” These Cambridge
mandarnins also misled me about the evolution of scientific and engineering
Kknowledge. My professors astounded me by leading me through the
thicket of potential error to what they called, if not Truth, at least The
Correct Solutions. Not until many years after my college days did I learn
the reality about scientific laws and engineering theorems: That they are
not simply revealed to an elect with the brainpower to comprehend them,
but that they have been developed by an ongoing process of hypothesis-
testing through experimentation. Scientific and engineering research are
thus open to all conscientious and ingenious investigators, including non-
Harvard men like Franklin and Edison. Notwithstanding Harvard’s one-

word motto, “*Veritas,”" | found that my alma mater has no inside track
to Truth.
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@RST TEACHING POSTS —
Tufts College and University

of Connecticut
193441

My teaching career began unexpectedly and pleasantly after I got
my master’'s degree in 1934, When Professor Dawes summoned me one
day at Harvard. I assumed his purpose was to discuss my thesis research.
Instead, he told me that he had received a call from the dean of engineering
at Tufts College. four miles away. who said he needed someone to teach
a course 1n electrical engineering. Dawes said he had recommended **The
Commuter.”” Jessel, and me. 1 was not concerned about the first, who
was a hack and a copycat, but Jessel was a good student and seemed
sure to get his doctorate within a few months. I expected that Jessel would
get the job. However, 1 was asked to come over and talk to the people
at Tufts. I saw the dean, who took me to see the head of the math
department, explaining that their anticipated increased enrollment in elec-
trical engineering had not happened but that they might need someone
to teach a course in freshman math.

In the math department offices 1 met a strange and wonderful char-
acter. R. B. "Billy"” Ransom. a bewhiskered gentleman who looked
every inch a college professor. He explained to me that he did not teach
mathematics 1n the usual way. He had his own textbooks, his own plan
of student development for which he claimed uniqueness. and his own
way of teaching. He urged me to take a copy of his freshman text. study
it. and stand by: he might have to call me on very short notice. Since
there were a couple of months before the next semester, I did as I was
told and waited. Apparently because my record showed more interest in
math than did Jessel's. I was chosen as the likely candidate to be added
to the staff of either the math department or the electrical engineering
department of Tufts College if anyone were needed. Finally, a call came.
I went again to the dean’s office and was presented with a contract stating
that for $300.00 I was to teach a three-hour, one-semester course in
mathematics at the discretion of the head of the department. Again |
trotted over to see Billy Ransome. This time he never mentioned freshman
math: he merely said. **On Monday | want you to teach a course called
‘Higher Mathematics for Engineers and Physicists.” The text will be
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Sokolnikoff: vour students are all semors. Here 1s a copyv of the text. |
wish you luck.™

Thus began my teaching career. It was a close race. On the first
day. 1 was only two days ahead of the students. and my lead never
increased unul the final examination. Ransome never visited my class,
never questioned how much work 1 was covering. My only gauge of
progress was how much homework the senors would do without com-
plaming. My practice sessions with my Harvard peers in 207 Pierce Hall
stood me 1n good stead. and with a friendly class of budding engineers
and scienusts. | learned as much or more than they did. We had a good
time. and I would have liked to present seventeen A’s. but I did not dare.
The next term I taught three courses: one in freshman math. one in senior
math. and one in electrical engineering: and the term after that I had five
different courses. My new contract paid much less than I expected. Five
courses was a full load, which made me a full-time instructor, though
not at five times $300.000 for each semester but at $1800.00 for the full
year. This was a disappointment, but it was a regular job at last! With
my appointment at Tufts, I quit the Georgian quietly—without fanfare
“and with no broken dishes—but not without some regrets after a six-year
association.

Harvard threw me a small curve in connection with my first listing
in a Tufts catalog. In April 1935 the Tufts dean asked me about my
doctorate. Since | felt confident I had met all the requirements and since
Dean Clifford had addressed me as *‘Doctor’" at the end of my dissertation
defense, I said I expected my Sc.D. at the June commencement. When
my Tufts dean checked with Harvard. the official designated to answer
his query would not confirm my standing. Upon my learning of this
rebuff. I became apprehensive: despite my rather successful career at
Harvard. was this Jovian institution going to strike me down? Finally in
May. | received a letter from Harvard alerting me that my doctorate
would be conferred the following month. Thus I missed the deadline for
getting Sc.D. printed after my name in the 1935-36 Tufts catalog, and
| endured several weeks of mild but unnecessary apprehension.

After becoming assistant professor of electrical engineering at Tufts
in 1935, I was busier than I can now imagine without effort. In addition
to teaching five full courses. | set up a lab in the new Cousins building.
With the support of Professor Dawes. my friend and Harvard advisor,
| had organized a student chapter of AIEE at Tufts. Naturally. 1 became
the chapter’s faculty advisor and thus @ member of the northcast section’s
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commitice on student branches. a commitiec that I chaired a few vears
later.
In 1934, soon after my arrival at Tufts. a friend asked me whether
I was gomg to vote for Mr. Curley for governor. I replied that | could
not vote at all. not being a citizen. When he asked me why. I told him
the story of my informal arrival in the United States at the age of thirteen.
Legally. T explained. 1 had never entered this country. My friend asked
me 1f 1 had thought of leaving and reentering properly. Yes. I said. but
I did not want to risk being kept out. My friend asked for permission to
look Iinto my status at the federal court in Boston. I gave him my okay.
seeing no danger. About two vears later. I was summoned to appear in
court—actually. in a district judge s chambers. When the judge asked me
whyv I had not applied for naturalization earher. I explained that I lacked
proof of having entered the country. The judge then told me that I had
been under a misapprehension. inasmuch as Congress had passed a law
waiving proof for persons who had entered the United States before 1924.
He then asked me a few questions about our political system. requested
that | raise my right hand in an oath of allegiance, and told me I was
now a citizen. At imes. when I look back at my experiences in becoming
an American citizen—from my stroll across the border with my dad in
1923 to my interview with the judge in 1935—it all seems like a dream.
This dreamlike quality 1s most overwhelming when I am consulted by
an agency of our government. including the Congress of the United States.
Here am 1. a poor immigrant boy. advising senators and representatives
about some phase of running the country. The wonder of 1t is that any
citizen with anv kind of know-how may be asked for help in running the
country. This sense of being part of 1t all i1s why every citizen should say
"' am proud to be an American.”
At Tufts | inherited a high-voltage laboratory similar to the one I
had inhabited at Harvard. How Tufts had acquired such a lab remains a
mvstery to me. No onc on the staff used it. and there were no courses
on high-voltage engineering. The lab was rented during mornings to
Doble Engincering Company. whose offices occupied the second floor
of the same building. The president and chief engineer of the company.
Frank C. Doble. interviewed me soon after my arrival at Tufts and offered
me a job at two dollars an hour for all the time I could spare from my
tcaching duties during the academic year. plus summers “'if things work
out all rieht.” Things worked out right enough so that I worked for Mr.
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Doble—nobody called him Frank—for threc ycars. l’nrncd a lot from
the experience. often the hard way.

Having left Tufts without a degree. Mr. Doble was obsessed with
proving his superiority to persons possessing degrees. especially docto-
rates. Fortunately. 1 could usually avoid him because he rarely came to
work before two in the afternoon and | was able to dodge most of his
late-evening conferences. While the rest of his staff had to pass his open
office door in order 10 escape at five o'clock. I could duck out of my
professorial office on the ground floor without being seen. Mr. Doble
arrived at his Tufts office in a chauffeured Cadillac. always wearing white
gloves. a three-piece suit. and gray spats. even in July. His late arrivals
may have been caused by his sickly wife. who reputedly ruled the Doble
roost.

Regardless of Mr. Doble’s marital and managerial shortcomings. he
was an astute entrepreneur. Somehow he had allied himself with a Boston
Brahmin who was a practical self-trained engineer. This engineer had
invented a gadget for testing high-voltage string insulators. the ceramic
disks by which high-voltage wires hang from the cross arms of trans-
mission towers. If an insulating disk fails. it should be replaced before
others fail. The Doble Company’s testing device was simply a two-tine
fork at the end of a hollow tube. When the fork was placed across an
insulator while the line was energized, a spark would pass between the
tines. making a buzzing noise audible through earphones at the end of
the tube. The Brahmin engineer had developed considerable agility in
climbing transmission towers to validate the accuracy of his testing de-
vice. Mr. Doble had sold this device to electric power companies through-
out the country. despite his abrasive and confrontational style of
salesmanship. Typically arriving more than an hour late, he would keep
on his hat and overcoat if he found his customer’s office chilly. When
he was invited for lunch. he would wipe off the silverware and return
food for reheating. His sales pitch was blunt: **What excuse would you
give if your whole system suddenly shut down?"" or **How would you
respond if T said you won't invest a few dollars in your employees’
safety””” No wonder engineers tried to keep Mr. Doble away from their

bosses.
Since the power companies were eager to get testing equipment to

help them spot weak bushings. switches. or transformers before they
failed. my main duty was product development. I helped develop a testing
device for transformers, which the company patented. Among my related
duties were writing instructions for Doble handbooks. speaking at cus-
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tomer seminars, and sometimes accompanying our president on sales
trips. On one occasion we were visiting an electric company where the
chief engineer really needed our help with a problem on which I had been
working for a month. Mr. Doble presented **Docror Walker's solution™
in such an obnoxious way that the chief engineer would not listen and

threatened to have us thrown out of his office.

The Doble Company’s policy was to lease, rather than sell, its
equipment. The utilities did not object to this policy with the insulator
tester. since Doble supplied skilled manpower with every equipment lease
and the customers had no desire to train their own operators. But the
transformer tester was different, since it had several potential uses by
emplovees of the utiliues, which therefore wanted to buy the equipment
outright. When one of our competitors began selling a transformer tester
resembling ours. Doble filed suit for patent infringement. Our competitor
soon realized that its case was hopeless and settled out of court. The
settlement consisted of a cease-and-desist pledge plus a million dollars.
For awhile Mr. Doble carried the competitor's check in his pocket so that
he could wave 1t in front of resistant customers.

The Doble Company still prospers. When it reached the height of
success. 1t made a handsome gift to Tufts College, now University. Tufts,
in turn, bestowed an honorary doctor’s degree on Frank C. Doble. With
his lean. ascetic figure. his sharp features, and his abrasive manner. Mr.
Doble gave the impression that he trusted nobody. Yet, after he died, I
learned that he had bequeathed his company—Iock. stock, and barrel—to
his employees.

A great and joyous change took place in my life in 1937, with two
of my Tufts colleagues as catalysts. Mabel and John Barnes both taught
in the math department. having taken their doctorates at Ohio State and
Princeton and having met at a Princeton seminar at which Mabel was the
only female participant. One evening in that memorable spring the Barn-
ses gave a dinner party for Mabels sister, who was visiting from Chicago.

As an “‘eligible’” young man. I was invited to round out the foursome.
As a Harvard graduate. I was assumed to have a sophisticated knowledge
of cocktails and was put in charge of mixing. Actually. being a product
of a Methodist upbringing and Prohibition. I was as innocent about cock-
tails as my host and hostess. While we were awaiting the ladies. John
furnished me with a bottle of rum accompanied by a recipe for pink
daiquiris. as well as the lemon juice and grenadine syrup to be added.
Before the ladies appeared and while my host was occupied with some
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household chore. 1 consumed two generous samples of my experimental
mixture. By this ume the world, like the pink daiquiris. was beginning
to look rosy, warm. and beautiful.

Suddenly. at the top of the stairs. appeared a vision in black and
red. Before Josephine had reached the bottom step. this sophisticated
young Harvard man had made a mental resolution: **This 1s the girl I'm
going to marry. = A family joke holds that the pink daiquins were a trap,
but I know they only hastened an inevitable process. Josephine and I
were married the following December and have lived happily ever af-
terward. We have a daughter, Gail, and a son, Brian. Both are sources
of pride and joy. as are their respective daughters, Josephine and Laura.

Before the end of our first evening together I learned that Josephine
Schmeiser was a dress designer for Carson, Pirie, and Scott in Chicago,
after having studied liberal arts at Cornell College and textiles at Iowa
State. She had grown up with three sisters and two brothers on a farm
near the confluence of the lowa and Mississippi rivers. Her ancestors had
immigrated from Germany to the Saint Louis area in the mid-nineteenth
century. mostly as Lutheran missionaries. One ancestor, Jacob Schmeiser,
founded Eden Seminary. Attending college was a family tradition. When
I eventually visited the Schmeiser homestead, 1 found it to be the ideal
American family farm: a spacious white clapboard house surrounded by
outbuildings. an orchard, vegetable and flower gardens. and fields and
pastures.

Josephine and I discovered that our backgrounds were almost 1den-
tical 1n essenual ways: loving but strict parents, adequate but lean eco-
nomic circumstances, and years of hard work to gain our educations. We
laughed when we compared notes about eking out our rations before
paydays—she on Fig Newtons and I on three-day-old cakes. We took
only a brief honeymoon during the Christmas break, resolving to invest
all of our worldly wealth in a Grand Tour of Europe the following summer.
We spent fourteen hundred dollars covering fourteen hundred miles,
mostly on bicycles. from Plymouth all the way around England, visiting
my birthplace. then east to Prague and north to Oslo. Our only dis-
agreeable experience was an encounter with Hitler’s troops—this was
1938. when the Nazis annexed Austria and western Czechoslovakia—an
experience that impelled us to cut short our visit to Germany and to make
a dash to Denmark. We returned to New York in steerage class with ten
dollars between us. Since a fellow passenger coveted our well-worn
English bikes. we sold him the pair of them for $25.00 and travelled to
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roston - a Pullman chair car instead of by the three-dollar overnight
oat. At our modest flat in Medford we were well supplied with crystal
‘om Vienna. china from Prague. beer steins from everywhere. and a
tcume’s store of memories.

While teaching at Tufts. I became acquainted with one of that col-
'ee s most distinguished alumni. Vannevar Bush. Van had taught elec-
1cal engineering and mathematcs at Tufts from 1914 to 1917 before
wving to MLT. . and his sister was dean of women at Tufts during my
ears there. Van had been a founder of the American Radio Corporation.
‘hose former plant adjacent to the Tufts campus had been taken over by
1 college. Part of that plant was being converted into an electrical
ngineering laboratory. and I was involved in the conversion. My first
nance meeungs with Van Bush gave me no hint of my future deep
volvement with him 1n connection with national defense and research
olicy.

In 1938. after I had become head of the electrical engineering de-
artment at Tufts, I began my acquaintance with another engineer who
as to be important in my life: Harry Hammond. As dean of engineering

Penn State. Hammond was on an exploratory trip to other campuses.
¢ later told me that he had been favorably impressed by my department.
wo vears later, in 1940. | attended an ASEE meeting at Penn State. |
as at that tme making my second visit to Pennsylvania’s land-grant
nversity, my first visit having been made a dozen years earlier when
was a high-school senior. In 1928. after the Reverend J.T. Willoughby
id convinced me | should go to college, Penn State had offered me a
100.00 scholarship. Although I had opted for the more generous schol-
ship awarded by the Harvard Club of Philadelphia. I had friendly feel-
os toward the Pennsylvania State College, as it was then called. There
as some talk of my joining the Penn State faculty in the 1938—40 period,
it 1 was committed to become head of the electrical engineering de-
irtment at the University of Connecticut in the fall of 1939.

That summer. before moving to Storrs. 1 served as a temporary
ember of the transformer engineering design department of General
ectric in Pittsfield. Massachusetts. My assignment was to design dis-
‘bution transformers below 23 KVA and under 12 KV—a design clas-
fication in GE's transformer repertoire. During my first week | was
ven some books to study on transformer design in general and on GE
sign in particular. During my second week | was instructed on “*how
- do it here.”" to wit: When an order arrived. it was examined 10 see
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whether GE had cever made a transformer to the same or similar speci-
ficatons. If 1t had. the siwation called for no new design. If it hadn't.
we werce to make modifications as possible—retaining. for example. the
same lamimauons or the same tank size. Onlv if characteristics would not
be modified would a new design be started from scratch.

Every Monday morning cach engineer was given a stack of problems,
each one marked in the upper right-hand corner with the number of points
it carmried. When an engineer completed his quota of points before noon
on Saturday. he could use this “*bonus time’’ for experimentation and
rescarch. study and writing. or merely reading the Saturdav Evening Post.
The superintendent’s assistant kindly gave me problems that carried high
points without consuming excessive time. Thus I had spare hours to delve
into questions concerning the shielding of transformers from high-voltage
surges. an area of research suggested by the helpful assistant.

The engineering office occupied about an acre above the manufac-
turing plant and was inhabited by a hundred engineers, designers, and
draftsmen in an open “‘bullpen.”” Along the outside wall, with windows
to the outer world. were offices for the department heads. The three best
offices were those of the superintendent and his assistant and one simply
labeled “*Special Problems.” The superintendent rarely conferred with
any other member of the staff. and he was mildly disliked. disdained.
and completely ignored. I gathered that he was judged out of touch with
modern transformer design. His assistant, who ran the department, was
knowledgeable, helpful. pleasant. and considerate. As for the occupant
of the Special Problems office. lo and behold it was Charlie Wells, whom
I had not seen since he'd left our 207 Pierce Hall study group four years
earlier. This was the job for which Charlie had dropped his doctoral work.

My exclassmate certainly acted as if he owned the place. Charlie
spent much of this time walking around, swapping jokes not only with
engineers and designers but also with department chiefs and secretaries.
He seemed to barge into the superintendent’s officer whenever he wanted.
without warning. A typical comment about Charlie was *‘If you get into
a ught squeeze or run into a roadblock, go see Charlie. He knows all the
answers.’ " Obviously. no one ever thought of going to the boss, about
whom Charlie said in his booming voice, **Oh, the super—he’s perfectly
harmless. If you let him alone. he’ll let you alone.™

Clearly. my happy-go-lucky friend had no respect for his boss. And
just as clearly, though he was forced to respect Charlie, the superintendent
dishiked him heartily. Realizing his own indispensability. Charlie got the
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maximum amount of enjoyment out of a rather grim environment. For

one thing. he kept his own hours. always giving GE 1ts due but often
coming late and staying late. One Saturday when the super was having
a particularly stressful morning. Charhe bounced in about an hour late.
took off his straw hat. and spun 1t across the room toward a clothes tree.
Charlie was always somewhat of a dandy. dressed in the college uniform
of blue blazer. gray flannels. and button-down shirt. ‘‘Hi. you guys.”
Charlie greeted us as he watched his hat land successfully on the clothes
tree. As this was happening, the super came out of his office and, seeing
my friend’s display. felt constrained to do something. **Wells, you're
late!”" he roared across the room.

“Yes. I am.”" replied Charlie. showing no remorse.

““Where have you been?’" shrieked the supper.

I have been to get my hair cut,”” replied Charlie.

“You cannot get your hair cut on company time,’’ said the super.

“‘But 1t grew on company time.’" said Charlie.

“‘Not all of it,”" said the super.

“‘Idid not get all of it cut off, " said Charlie. as the super speechlessly
slammed the door.

When I started teaching at the University of Connecticut in the fall
of 1939, I found that 1t had no student branch of the AIEE. Organizing
one put me in solidly with colleagues at nearby campuses such as Conrad
of Yale and Phelps of Rhode Island. As early as the fall of 1939, President
Roosevelt was stepping up defense production and research. After the
fall of France in June 1940, the defense buildup was accelerated. Then,
in January 1941, Congress gave FDR support for his claim that the United
States was the “‘arsenal of democracy.”” Vannevar Bush and other ac-
guaintances of mine were leaders in the mobilization of scientific and
engineering talent. When an Underwater Research Laboratory was or-
oanized at Harvard. 1 accepted an invitation to join up. World War II got
me into two new fields to supplement electrical engineering and educa-
tional administration: acoustics and research management.

| learned a great deal about pedagogy. electrical engineering. and
educational administration during my first seven years as a college
teacher. My students taught me a lot. my colleagues taught me quite a
bit. and my superiors taught me a little—the natural order of things.
Above all. I learned that a teacher can make heavy demands on students.
provided these demands seem reasonable and provide the teacher seems
to be making equivalent demands on himself (or herself). 1 also continued
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to learn about politics—academic. organizational. and corporate—and to
see how all politics. from the family or neighborhood level to the level
of a nation or a global alliance. 15 of a piece. As Aristotle observed,
"1t s politics that determines what other sciences should be studied in
states: which of them should be lcarned by each group of citizens: and
to what extent they should be learned.™

How much basic (or “*pure’’) science and mathematics should be
learned by engineers is clearly. according to Aristotle’s dictum, a political
question. My two previous chapters alluded to Harvard's unsatisfactory
resolution of this question by ducking it. At Tufts College and the Uni-
versity of Connecticut. I began a lifelong quest for a justifiable balance
of theory and practice in engineering.

In my work for little Doble Engineering Company while | was at
Tufts. I was permitted to do some *‘basic’" research in seeking to develop
new testing devices. The entrepreneurial Mr. Doble—in spite of his Na-
poleonic arrogance. or maybe because of it—gave me and my colleagues
some scope of exploration. Mr. Doble was shrewd enough to realize that
the success of his firm depended on new approaches to newly felt needs.
The mission of the Doble enterprise was to spot potential “‘accidents’
before they happened. Accomplishing this mission required distinguishing
between controllable and uncontrollable factors. Theoretical analysis fa-
cilitated such distinctions. as did ‘*hunches’” based on experience.

By contrast, the General Electric transformer division. when I
worked there in the summer of 1939, discouraged basic or exploratory
research. 1 found that the typical way for a GE engineer to ‘‘design’ a
transformer was to look through a small shelf full of books for an existing
transformer with specifications approximating those on a given requisi-
tion. If the one 1n the book had a secondary voltage of 2500 and the
engineer wanted 2450. he would simply calculate the appropriate number
of wire turns to be removed. Thirty years later, when I worked for IBM.
one of the world’s most advanced companies in many ways, | found that
much of their engineering was done the same way. I refer to the IBM
division that produced new models, but IBM also encouraged their en-
gineers to take off after wild idcas, which sometimes produced great
stnides forward.

Now. I recognize that no enterprisc can be constantly *‘reinventing
the wheel.”" A certain amount of adaptation of existing tried-and-true
models 15 mandated by economic considerations. On the other hand.
sticking 10 the same models can be risky. as the automobile industry has
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lcarned. Of course. product development is not all done through math-
ematical and scienufic analysis. Experience and intuition. apphed in trial-
and-crror methods. often produce engineering advances and. for that
matter. scientific discoveries. The amount of an enterprise’s resources
that should be allocated to research and development. as well as the
division between pure and applied research. are political questions. |
mean they are questions of policy. reflecting the enterprise’s conception
of 1ts purposes. himits. and goals.
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NATIONAL DEFENSE RESEARCH
World War ll to Cold War

Shortly after the Japanese attacked Pear] Harbor, I took a leave of
absence from the University of Connecticut and returned to Harvard for
duty with the Underwater Sound Laboratory. This lab later had two
divisions. The one working on sonar was headed by Paul Boner and
reporting through the OSRD to the Navy Department’s Bureau of Ships.
The other, headed by me, worked on torpedoes and reported to the Bureau
of Ordnance. Outfits like the Underwater Sound Laboratory resulted from
two steps President Roosevelt had taken on converting a somewhat 1so-
lationist nation into the ‘‘arsenal of democracy.”” The first step was to
create a National Defense Research Committee (NDRC), a ‘‘brainstorm-
iIng’ operation with subcommittees on all facets of war-making from
aeronautics to submarine detection, from electronics to petroleum. There
was even a committee on radioactivity, inspired by a letter that Albert
Einstein had sent to the president. The second step was to give this
network of committees more clout by making it an office—the Office of
Scientific Research and Development (OSRD). A fuller account of na-
tional research mobilization is given in my profile of Vannevar Bush,
one of 1ts architects.

Converting the military to acceptance of scientific and engineering
research took more than the creation of OSRD by the commander-in-
chief. Successful ventures were needed to convert the generals and ad-
mirals. Such successes started quickly and kept coming at a dizzying
pace: radar, sonar, the proximity fuse. the homing torpedo, and finally
the atomic bomb. Today many scientists and engineers are concerned
about having overly close ties with the military, and even President
Eisenhower warned against the potential dangers in a **military-industrial
complex.”" The nation has undergone a sea-change since the early days

of World War II.
One of the crucial hurry-up projects of World War Il was the de-

velopment of an effective antisubmarine weapon. During the time of the
Battle of Britain. the Axis—especially Nazi U-boats—began sinking
Allied ships faster than we could build them. The Battle of the Atlantic
was being lost. With it. the war was being lost, since the Allies could
not hope to win if we could not move our men and supplies to places
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vhere they were needed. The project began as a committee activity even
setore OSRD was created. For the sake of secrecy. it had a code name—a
css elamorous one than the Manhattan Project. namely FIDO.

Project FIDO was greeted with skepticism by the Navy. The Navy
vas having so many difficulties with its standard torpedoes that the idea
{ an acoustic homing torpedo seemed crazy. Standard torpedoes fre-
juently ran too deep and passed under their targets. Actually, the fault
vas not with the torpedoes but with their calibration. Problems were
-aused by the ineptness of the people who tested the weapons. took them
ipart. and then reassembled them. Being unable to overcome these prob-
ems. naval officers could not believe that a group of long-haired scientists
ind crack-brained engineers could devise a torpedo that would listen for
1 submarine. pursue it. and destroy 1it.

The standard method for destroying an enemy submarine was first
o detect 1t and then to attack it with depth charges. This method sounds
sery simple. but a small percentage of submarines was never detected
recause of several factors: first, the sonar gear that was supposed to find
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