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Abstract 
 
The author was invited to speak at North Park College as the 1994 Distinguished Alumnus Lecturer 
on his role in the development of Personal Rapid Transit (PRT), the first genuinely new urban 
transportation system to appear in a century.  This Chapel Lecture describes his relevant technical 
experience, his search for meaning, his need for interdisciplinary project work, and the extraordi-
nary circumstances and timing that led him to PRT as a new career and that carried this work to the 
point where it has been taken over by a major corporation and a major urban transportation 
authority.  The lecture ends with a challenge to young people to aim high and seek a noble cause of 
fundamental importance to mankind. 
 

An Aerospace Career 
 
I am a mechanical engineer. There were no adults in our early lives that influenced my brother Ray 
and me into the field of engineering, but both of us knew by about the age of 12 that we were going 
to be engineers. There were warnings in books on careers that after the war was over (WWII in this 
case), there would be few opportunities in engineering. Yet, we never thought in terms of any other 
vocation. 
 
I have now practiced and taught mechanical engineering for almost 45 years. I have known 
engineers who wished they had taken up a different profession.  This has not been so in my case. I 
can't say I have enjoyed every minute of it, there have been difficult times, but on the whole my ca-
reer has been exciting for me and varied—never, or hardly ever, a dull moment. 
 
I spent the first third of my career in aerospace engineering. Green, with a Bachelor's Degree in Me-
chanical Engineering from Iowa State University, I was hired by the Structures Research Laboratory 
at NACA, the National Advisory Committee for Aeronautics, predecessor to NASA, at Langley 
Field, Virginia.  There I developed methods for calculating stresses and deflections in supersonic-
aircraft wings and received the equivalent of a Master's Degree on the job.  
 
After a few years, I moved to the Honeywell Aeronautical Division in Minneapolis, where, a course 
at a time with no time off and no reimbursement for tuition, I earned a real MSME from the 
University of Minnesota.  My mother had urged me many times to get all the education I could, and 
I wanted to take her advice. 
 
At the Aero Division at the age of 25 I was given a budget of $35,000 a month and single-handedly 
designed an aircraft fuel gage sensor that left Honeywell with no competitors.  I was then asked to 
do the mechanical design of the first transistorized amplifier that flew in a U. S. military aircraft and 
in so doing was the first at Honeywell to introduce printed circuits, nylon gearing, and adhesive 
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bonding. The design won the Aviation Age Product of the Month Award. 
 
Looking for new worlds to conquer, I transferred to engineering research on autopilots for fighter 
aircraft and missiles as a research engineer and manager of the work of about 15 engineers during 
some of the peak years of the post-Korean-War military buildup. 
 
After a couple of years, I was invited to move to the field of inertial navigation, where I invented 
and led the development of a new type of inertial navigation.  I had the recent satisfaction of learn-
ing that my work on so-called "gimballess inertial navigation" has been incorporated into laser-
inertial guidance packages that now fly aboard almost every commercial aircraft.  
 

A �ew Challenge 
 
On October 4, 1957 the Soviet Union launched its first Sputnik spacecraft.  It was a tiny device by 
the standards of the next decade, but it was a wake-up call, a challenge to American scientific and 
engineering prowess. It brought on the new math that tormented many children, but for me it creat-
ed a challenge.  
 
Right after Sputnik, the Aero Division Director of Planning proclaimed that there should be more 
PhDs in the Honeywell Aeronautical Research Department, where I worked.  I had wanted to get a 
PhD but by then had just about given up on the idea.  I thought about it until the summer of 1958 
when I decided to go for it. That was the best decision of my professional life!  It opened up 
avenues essential to my later work in directions I could not have dreamed possible.   
 
By June 1959 I was at work in a PhD program in the Department of Aeronautics and Astronautics 
at M. I. T., the greatest engineering school in the world, starting one of the most enjoyable phases of 
an enjoyable career.  I wanted to broaden my understanding of physics and mathematics and gen-
erally wanted to broaden my knowledge base, thinking at the time in purely technical terms. 
 
I wanted to explore exciting new fields.  I spent most of the first year studying the Special and 
General Theories of Relativity, and even solved the clock paradox problem in General Relativity.  
But, as time went on, I realized that I had to be practical, and my search for the right field of study 
led me to magnetohydrodynamics, which is the study of the interaction between conducting gases 
and magnetic fields.  It promised the hope of substantially more efficient electric power, and 
required the learning of a lot of physics and math that interested me.  I finished in late 1961 with a 
thesis entitled "Magnetohydrodynamic Shock Waves" that was the only one of 200 M. I. T. PhD 
theses published that year by The M. I. T. Press.  It was later republished by the University of 
Tokyo Press and in Russian by a Moscow publisher Atomizdat.   
 
At that stage of my life, I didn't think there was anything I couldn't master if I set my mind to it.  
But, I had to go back to work at Honeywell to earn a living.  
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A Search for Meaning 
 
With my new background, I was assigned to manage a 25-man team to do the advanced design of 
an unmanned Solar Probe, a spacecraft that was to go within the orbit of Mercury to gather data on 
fields and particles around the sun. 
 
The project led to Honeywell's first spacecraft contract, an infrared probe that flew around the earth. 
 I found that the hardest part of the Solar Probe project, which I took on personally, was to justify 
the mission. NASA even called later to ask permission to use my report in their Congressional 
testimony to justify their missions.  Rather than being flattered, I was troubled. I wanted to be 
relevant. 
 
I also had a burning desire to be an educator, so in 1963, I left a promising career in military and 
space engineering for a professorship in Mechanical Engineering at the University of Minnesota.  I 
soon realized, however, that there was a cost in uprooting one's self from an environment in which 
one's capabilities were understood and appreciated.  Now I was "low man on the totem pole."  I had 
to work my way up all over again, although in an exciting field made possible for me by my 
research at M. I. T.  
 
During the 1960s the United States and the Soviet Union had a scientific-exchange program 
involving 30 professors each year.  I was offered an opportunity to participate.  It was a good time 
for me personally, so I accepted and spent the period from November 1967 through August 1968 as 
a guest of the Soviet Academy of Sciences mostly in Minsk, but for periods in Moscow, Leningrad, 
and ten other Soviet cities.   
 
I had interesting adventures, but most importantly I had time to read broadly and to contemplate the 
direction of my career.  I was very concerned that my work be enjoyable, meaningful, and worth the 
expenditure of my time.  I was in a hurry and I felt time slipping by.  Frankly, I was undergoing a 
serious mid-life crisis.    
 
I read many books while in Minsk, the most influential of which was a volume of writings of 
Thomas Jefferson.  My most important realization from reading Jefferson was that he was always 
talking about the first rank problems of his time.  Why couldn't I also work on a first-rank problem 
of my time?  Was it possible for an engineer to work on first-rank problems?   
 
Some time during that period of quiet a most meaningful statement of Jesus came to me:  "He who 
shall lose his life for my sake shall find it and find it in abundance."  I interpreted that to mean, "He 
who shall become deeply involved in a cause of fundamental need for mankind shall find his life in 
abundance."   
 

That was it!  The purpose of life is service in the best way each individual can provide that 
service.   
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�ew Directions 

 
Being aware of my successes at Honeywell and M.I.T., I had the confidence to aim high.  I 
concluded that the most enjoyable, meaningful, worthwhile work that I, as an engineer, could do 
could not involve becoming more and more highly specialized in a narrow field such as I was in, 
but it would be interdisciplinary, it would involve systems engineering in the broadest sense.  
Unfortunately for me, Universities were organized around highly specialized individuals, each 
encouraged to deepen his or her specialized knowledge. 
 
I read an article by a University of Michigan professor who commented that the important problems 
of the day were interdisciplinary.  They were falling neglected in the cracks between the disciplines. 
 A rank ordering of problems of importance began with trying to prevent nuclear war, then doing 
something about the burgeoning environmental problems, problems of civil rights and of poverty, 
and so on.  He concluded that the vast majority of university faculty members were working on 
problems of about the tenth to the twelfth order in importance, almost the equivalent of Nero 
fiddling while Rome burned. 
 
By the established system of recognition, faculty members were discouraged from the kind of 
interdisciplinary work that would raise the rank order of importance of the problems they worked 
on to something close the Jeffersonian ideal.   
 
I sent a 16-page handwritten letter to my Department Head explaining all of my reasons for my 
belief that I couldn't find what I needed at a University.  I offered my resignation, not realizing what 
a terrible time it was for an aerospace engineer to find any job, much less a meaningful one.  The 
Apollo Moon Program was ending, and Aerospace engineers were being laid off by the thousands.  
My Department Head, Dr. Richard Jordan, wrote back and said "Don't resign, I think I have some-
thing here that would appeal to you." 
 
Upon returning, he handed me a solicitation from the newly formed Urban Mass Transportation 
Administration inviting Universities to submit interdisciplinary proposals to study the application of 
new technologies to problems of urban transportation.  I had not previously thought a microsecond 
about the possibility of working in urban transportation, but the descriptions I read of the possibili-
ties of new personal transit systems sounded appealing and would enable me to apply knowledge 
and skills I had acquired in every phase of my career.   
 

Urban Transportation 
 
I had experienced the worsening problems of transportation during the 1950s and 1960s.  The 
whole urban environment was becoming more and more profoundly and negatively influenced by 
automobiles.  Autos were so convenient that virtually everyone wanted one.  Credit had become so 
easy that virtually everyone could afford one.  Street congestion was becoming a major concern as 
more and more people abandoned the bus, streetcar and train for the auto.  In wintertime, while 
tediously making my way in my car through Minneapolis in a foot of snow, sliding around, 
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stopping and starting, waiting for traffic, I had wondered if there wasn't a better way.  Now, with a 
possible solution presented to me, a better way was no longer a fantasy.  The federal government 
was backing research! 
 
I had watched beautiful green lawns, bushes, flower gardens, and trees give way to asphalt parking 
lots.  I saw that the increasing rush of autos made street parking hopelessly inadequate, leading to 
huge, expensive multi-story parking structures. 
 
One particular street in Minneapolis had beautiful 100-year-old elm trees on its boulevards for 
many miles. Well before Dutch-elm decease was a problem, these trees were all cut down to widen 
the street by one lane, and in the process the beautiful character of that community was destroyed.  
Although I didn't live near that street, I had a feeling of great loss.  Could this, I thought, be 
progress? 
 
More and more roads and streets were being designed just for the automobile, with no thought for 
sidewalks or bicycle paths.  As downtown streets widened at the expense of narrower sidewalks, the 
attractiveness of downtowns gradually declined.  With more and more ground covered by asphalt 
and concrete, there was less room for grass, trees and flower gardens.  Asphalt and concrete absorb 
and reradiate the sun's energy and significantly warm the city in summertime.  Living plants also 
absorb the sun's energy; but, in the process of photosynthesis, they hold much of that energy and re-
lease it as heat only in autumn as the leaves decay.  The result is a significant reduction in 
summertime temperatures.  Is there any wonder that people moved farther and farther out in the 
suburbs to find comfort, solitude, green grass and trees? 
 
I had witnessed terrible battles over the introduction of urban freeways, which of course went 
through the poorer communities where the political resistance was the least.  Once built these 
freeways divided neighborhoods and destroyed community spirit.  The noise was so intense that 20-
foot walls had to be built next to them, and property values declined drastically for the unfortunate 
people whose houses were next to the freeway rights of way but were not taken. 
   
We learned about lead poisoning from auto exhausts.  We saw the levels of carbon monoxide and 
hydrocarbons rise and affect our health.  We saw mothers spending too much time as chauffeur 
while the children were young, and then watched our children reach driving age and work too many 
hours in menial jobs earning money to buy a car, barely having time to enjoy it because of the time 
required to earn the payments.  We saw our city bus companies go broke and we saw them replaced 
by inefficient bureaucracies. 
 
I read a broad-based interdisciplinary study by General Research Corporation of Santa Barbara, 
California, that examined the future of cities if only conventional transit systems were deployed, 
and compared that future with the future if the new personal transit systems were deployed.  The 
conclusion, reported in the July 1969 issue of Scientific American, was that congestion would 
continually worsen if only conventional transit systems were deployed, but that congestion could be 
arrested if personal transit systems were widely deployed. 
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A �ew Career 
 
In the fall of 1968, with colleagues from several departments at the University of Minnesota, I 
plunged enthusiastically into work on a grant proposal on Research and Training in new forms of 
urban transportation.  We won a grant, and that enabled us to get a serious start in this new venture.  
 
While engaged in learning all I could about personal transit, later called "personal rapid transit" or 
PRT, I began studying and lecturing about environmental issues generally.  In the Spring Term of 
1970, the Spring of the first Earth Day, my colleagues and I inaugurated an interdisciplinary course 
we called "Ecology, Technology and Society."  During preparation to moderate this course, I 
converted from a person concerned about environmental problems but from the sidelines, to an 
activist.  I saw the consequences of too many automobiles as the major deterrent to an acceptable 
urban environment, and PRT to be the only reasonable way to turn a deteriorating situation around.  
 
I had been looking for a hard problem—a meaningful, relevant, hard problem.  I decided to devote 
my career to the problem of implementation of PRT, how to make it actually happen. 
 
That was an unusual type of problem for a University Professor to take on.  I realized the risks, but 
had tenure and decided that I had to ignore the reward system if I was to "lose my life" in a cause 
worth pursuing. 
 

Enter the RTA 
 
I had no idea that it would take two decades of hard, persistent work before a major transit agency 
would become interested.  In Spring 1989, the leadership of the Northern Illinois Regional 
Transportation Authority (the RTA) concluded that they could not solve their transportation prob-
lems in the Chicago Area with only more roads and more conventional rail systems.  One of them 
commented: "there must be a rocket scientist out there with an idea that can help us."   
 
We met them a month later, and that meeting has now, five years later, grown into a contract be-
tween the RTA and Raytheon Company involving a commitment of almost $40 million to design 
and test a PRT system along the lines we had, since 1982, been developing.  This has taken great 
courage on the part of the RTA Board.  If they succeed, they will have realized one of the greatest 
technologies of the declining years of the Twentieth Century.  With only century-old transit 
concepts deployed, congestion has since 1969, as predicted, worsened substantially. 
 

Divine Guidance 
 
How we got to where we are today has involved enough uncanny, seemingly lucky coincidences to 
fill a book, which we hope to write once PRT is in operation, and have convinced us that we must 

have been blessed with Divine Guidance.  It was right for PRT to be brought through an incredible 
labyrinth of challenges and pitfalls over two decades to the point it is today, a few years from opera-
tional reality.  



 

 

 
 7 

I mentioned early in this lecture my background in engineering to comment here that my sequence 
of experiences was crucial to giving me the engineering know-how, discipline, and confidence that 
I could succeed, notwithstanding all of the naysayers that have appeared along the way.  There was 
no way for me to know in the 1950s and 1960s where my work would lead, but in looking back, 
every phase contributed something I would need in the design of a new PRT system.  There was no 
way for me to know then that PRT could not have been developed by governments because they 
require too much consensus too soon, and it could not have been developed by industries because 
they require too early a return on investment.  PRT could only be developed in a Research Univer-
sity. 
 

The Human Mind 
 
Technical education and experience alone were not enough!  Equally, and perhaps more impor-
tantly, were the lessons learned from books and hard knocks about dealing with people.  Everything 
we do, whether it be in dealing with the physical world or not, involves interaction of people, 
individually or in various types of organizations.  Those who say that engineers deal only with 
things while others deal with people cannot have had much experience in real engineering.  I give 
lectures every year on the psychology of engineering and creativity in engineering, and I regard 
these topics as essential as all of the technical topics.  They involve the relationship between the 
right brain and the left brain—how to take advantage of the capabilities of both sides of your brain. 
 
From the last century to the present, there has been a profound advance in understanding of the 
workings of the human mind, and of its affect on the physical body, its own and others.  Having 
said this, I must hasten to add that my observations and reading have convince me that we are on 
the threshold of a quantum leap in further practical understanding of the power of the mind over 
events.   
 
If everyone could be trained in this knowledge, how much greater would be our prosperity and our 
tranquility.  Many minds of a century ago carried resentments, anger, hatred, anguish over past 
events, and bitterness to the point of destroying effectiveness and ruining lives.  Even outstanding 
scientists let the acid of hatred lead to tragic lives and early death.  Of course this happens all too 
frequently today.  Not everyone reads the psychological literature. 
 
Destructive behavior has been countered by wise counsel of religious leaders to love one's enemies, 
to forgive, and to forget.  But, all too often we resolve, after a Sunday morning sermon, to improve, 
but by Monday morning fall back into our old habits.  Today more and more leaders of mind-body 
research add hardheaded scientific evidence that love, forgiveness and prayer really work.  One 
must harbor no resentments.  One must cleanse one's mind of all negative thoughts, which are de-
structive not only of one's relations to others, but affect, often disastrously, one's own health. 
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�ew Challenges 
 
Are there new challenges for young people today? 
 
We live in an age of mounting problems.  The world faces practically unconstrained population 
growth, with an additional billion people expected in only six or seven years; with the prospect of 
one hundred million more people in the United States in two decades.  We have waste disposal 
problems that now force states to ship wastes thousands of miles to dump sites at heretofore-
unimaginable costs. 
 
We have a burden of debt with interest that now consumes 57% of our income taxes, and with the 
need to borrow more money just to pay the interest.  And this is not static.  With present policies, in 
a decade that 57% could, if we lack determination, be ruinously higher, leaving our children and 
grandchildren with staggering reminders of our fiscal irresponsibility. 
 
We all know that problems of crime are increasing.  We are reminded continuously that our 
educational system is not adequate, and that we are falling behind.  We know that we have too 
many people caught, with apparent permanence, in structural poverty.  We know that our health-
care system cannot continue as it is, but there is not enough consensus as to appropriate remedies.  
We are faced with the prospect of potentially disastrous climate change due to relentless increases 
in dumping of carbon dioxide and other substances into the atmosphere.  We fear the loss of the 
rain forests and the further effect that will have on our climate. 
 
With respect to urban transportation, urban settlements everywhere are crying for solutions.  PRT is 
an essential element, but most planners and opinion leaders will do nothing until it is demonstrated. 
 PRT has been referred to as an essential technology of a sustainable world.  But, we are not out of 
the woods yet. There are many pitfalls and there is too little understanding.  Your help, your 
positive thoughts, and your prayers are much needed. 
 
Every one of these problems requires for its solution, interdisciplinary, systematic thinking.  Yet far 
too many brilliant scientists still concentrate on narrow specialties and leave interdisciplinary work 
to others. We do need specialists, but we need a balance between specialists and interdisc-
iplinarians.  Fortunately, more and more colleges and universities are recognizing the importance of 
interdisciplinary research as a respected academic discipline, and the National Science Foundation 
is now funding such research. 
 
Are there new challenges for young people today? 
 
You bet there are!  Are you preparing for a significant role in the solutions?  Do you think you can 
contribute in a significant way?  Don't underestimate what you, as one individual, can do.  With 
dedication, concentration, careful study, carefully prepared papers, thoughtful speeches, and a 
burning desire to make a difference, you can and will make a difference.  
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The world is full of cynics and naysayers who will put logs in your path, who will discourage you at 
every step.  Be ready to understand them and to answer them calmly, kindly, factually, with respect, 
and with love in your heart.  Your challenge, with tact and perseverance, is to prevail. 
 
Remember the advice of Jesus: "He who shall lose his life for my sake shall find it and find it in 
abundance."  
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