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I started working in research and development (R&D) in 1951 aft er 
receiving my BS degree, thanks to World War II and the GI Bill. I 
have had only three full-time positions from then to now, but all had 

substantial R&D content and spanned government, education, and pri-
vate industry over nearly 60 years. R&D is a subject of tremendous 
breadth that obviously can’t be covered in a short article. On the other 
hand, you probably won’t fi nd a better short overview of R&D in the US 
this week, or perhaps even this month.

Pre-War
Let me start in the 1930s. At the end of the 1930s I was a kid riding a 
bike and wishing I was old enough and wealthy enough to buy a car. 
But an older professor in the Physics department of Colorado State 
University (my second full-time position was there) told me about 
life in universities back then. Physics departments typically provided 
$1,000-$1,500/yr. to physics faculty members for research equip-
ment and expenses. Corrected for cost-of-living, that would be about 
$12,000-$18,000/yr. This doesn’t sound like a lot, and it wasn’t. There 
was, however, a benefit that may not be obvious in today’s world: this 
support could be counted on, year after year.

World War II
The second World War (1941-1945) had a major and lasting impact on 
R&D in the US. In area after area, thousands of engineers and scientists 
developed devices few had even heard of before the war: radar, sonar, 
jet engines, anti-skid brakes for bombers, single-sideband radios, prox-
imity fuses for cannon shells, atom bombs. We became accustomed to 
technical advances during the war and understood that R&D was the 
means of realizing these advances. As someone with no hope of going 
to college before the war, the training as an electronic technician in 
the Navy gave me most of the technical content of a BS in electrical 
engineering. I, along with many others, benefitted from this and similar 
technical training received during the war.

Post-War
The older professor (Lawrence Hadley) also told me that the 1950s 
were called “golden” for the sharply increased government funding 
of R&D. The increase in funding must have taken place in only a few 
years. In 1947, when I started college, the U.S. Government was paying 
for commercials on the radio (no significant amount of TV back then) 
urging those entering college to go into the social sciences, because the 
job opportunities in physics and engineering were poor and most of 
the future economic growth in the country was expected to be in the 
social sciences.

I decided to ignore that advice and it worked out all right. If you 
know anything about hog prices, you probably know that they tend 
to be cyclical, with the cycle period roughly equal to the time for a 
suckling pig to reach market weight. The equivalent period for engi-
neers and scientists is the 4-5 years required to go through college. 
Sure enough, when I graduated, the job opportunities in science had 
improved.

After college I went to work for the NACA (National Advisory 
Committee for Aeronautics). The US had been shocked by the quantity 
and quality of German military aircraft when the war started in Europe 

and built two new NACA laboratories – in addition to the original one 
in Virginia. The one I worked at was in Ohio and opened for business 
in 1941. I first worked at the Altitude Wind Tunnel, which was designed 
to accommodate a 4,000 hp reciprocating (piston) aircraft engine at 
pressure-simulated altitudes up to 70,000 feet. Rockets, turbojets, and 
turboprops were tested in this facility but, to the best of my knowledge, 
only one reciprocating aircraft engine (for the B29) was tested in its 
entire lifetime. This was a lesson in forecast accuracy - if I missed the 
one about future US growth being in the social sciences.

The work environment at NACA was benign. If you made some 
moderate contribution, you could expect support for that work to con-
tinue for a couple of years. If you made further progress, support could 
be available for a decade or more. The environment became much more 
exciting in 1958 when NACA became the nucleus for a new government 
agency - NASA. Our research horizons expanded to include all of space, 
and the funding almost seemed to increase proportionately. Someone 
who lived through those early times at NASA described it later, “Every 
day was a new challenge and a new adventure. I thought it would last 
forever. If I had only known, I would have enjoyed it more!”  I felt the 
same way.

When I needed cross-section data for molecular momentum 
exchange, excitation, and ionization in 1958 for ion sources that were 
to be used for space propulsion (ion rockets), I found that most of the 
data came from research carried out in the 1930s. Even today, a sig-
nificant amount of such data comes from that era. I came to appreciate 
that moderate, year-after-year funding can, over time, result in the 
accumulation of an impressive amount of knowledge. At the same time, 
researchers who have worked for many years in one field can acquire a 
deep understanding of that field.

The rest of the R&D community wasn’t doing too badly in the 
1950s and 1960s. Large companies such as Bell Telephone, RCA, and 
Union Carbide all had, or had built, major laboratories. We also had 
the national laboratories that were working mostly on various aspects 
of nuclear energy. You might think that sounds a lot like it is today, but 
it wasn’t. We had ended World War II with about half of the world’s 
industrial capacity located in the US. Many companies had accumulated 
considerable wealth during the war, and a significant portion of it was 
spent on R&D laboratories. These laboratories were often treated as 
status symbols, designed by well-known architects, beautifully land-
scaped, isolated physically from production facilities, and almost as iso-
lated organizationally. The funding was excellent and channeled through 
the director of the laboratory or a central committee. The individual 
researcher seldom had to worry about financial support, or even be 
aware of the details of how that support reached him.

My contact with this industrial environment came later, during 
a 10-year period from 1976-1986, when I worked a few weeks each 
summer at the IBM Watson laboratory in Yorktown, NY. This environ-
ment differed sharply from Colorado State University (CSU), where I 
was employed at that time. At CSU, everything depended on contract 
and grant funding. If you had the funding, you could probably do what-
ever you wanted to do. At the IBM laboratory, the limitations were slots 
(positions) and laboratory space. Funding was not a problem.

If you are working on industrial applications of ion beams or 
plasmas, you probably are aware that a substantial amount of the orig-
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inal work in your field was done at that IBM laboratory during approxi-
mately that time, with Jerry Cuomo, Jim Harper, and Steve Rossnagel 
frequently included as authors of important papers. Working with Jerry, 
Jim, and Steve provided the scientific foundation for much of my work 
from that time forward.

A Shift to Shorter-Term Objectives
The more recent changes in R&D have tended to be organizational. 
Most of the large R&D laboratories still exist, but the funding now 
comes in many small pieces and is tied much closer to the needs 
in other parts of either the same or other organizations. This shift 
occurred for a variety of reasons: a concern that the organizations 
weren’t receiving adequate value in return for the money they spent on 
R&D, a recognition that faster development cycles required closer ties 
between R&D and other organizational functions, increased interna-
tional competition, or perhaps just a general shift toward shorter-term 
objectives.

When I was at the NASA Lewis Research Center in Cleveland (now 
the Glenn Research Center), the Director of the laboratory negotiated 
with NASA headquarters in Washington, DC, for a single annual budget 
for the entire laboratory. Now branch chiefs (down several steps from 
the Director) often go on sales and marketing trips to obtain funding 
for the R&D capabilities of their own branches. A similar fragmentation 
of the funding has taken place at the IBM laboratory in Yorktown, NY, 
as well as at other industrial and national laboratories.

NASA took a big funding hit when it completed its program of 
landing on the moon. If you haven’t thought about it, most government 
funding is based on perceived need. If you actually do much of what 
you were supposed to do, then you are no longer as needy, and you can 
expect a sharp drop in funding. From a government funding viewpoint, 

Gene Paulik and the large ion thruster (an ion source used for space propul-
sion) that he tested n the late 1960s.

it is much safer to always be working on a bunch of important missions, 
but never actually complete them. That may sound backwards, but it is 
the sort of thing you can learn by working for the government for 23 
years.

A cutback in aerospace R&D took place in the late 1960s to early 
1970s, and appeared to result from the government being less willing 
to support R&D that was not directly related to the contract being 
negotiated. While I was still at NASA, a several-page memorandum 
crossed my desk. It was called “Project Hindsight” and was dated about 
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1967. The conclusion of this memo was that IR&D (the internal R&D 
that need not be directly related to the contract goal) was not giving 
benefits commensurate with the money spent. I do not know how 
influential this memo was, but it was consistent with the subsequent 
reduced government support of R&D in aerospace contracts. I was left 
with an unanswered question: What would have been the conclusion 
from Project Hindsight if benefits had been looked for, not in the same 
contract, but in the contracts that followed?

At present, new faculty members at universities have to submit 
multiple proposals, often as many as five or ten, to obtain funding from 
one, and they may end up working in several different research areas 
in as many years. I believe, however, that the increased competition for 
funding at universities is due more to long-term increases in university 
staff and research facilities than any substantial decrease in available 
funding.

The changes in financial support make the present R&D environ-
ment a lot less fun for those employed in it - compared to the 1950s 
or 1960s. But is R&D more efficient now, compared to either the slow-
moving 1930s or the high-flying 1950s or 1960s?  If you want to see 
useful results during the next year or two, in the company providing 
the funding, the answer is almost certainly yes. If you take a long-term 
view, longer than one or two years, or are less concerned about the 
R&D benefits returning to the exact source of the funding, the answer 
is less clear.

Having benefitted from the long-term, low-level university funding 
of the 1930s in my early ion source work, I appreciate the value of 
such an approach. Having also benefitted from the high-level funding 
approach at IBM in the industrial applications of ion sources, I also 
appreciate the value of that approach. Both approaches have helped 
bring into being a healthy and growing ion-source/plasma-source seg-
ment of the US economy. But the gestation period for this segment 
of our economy was much longer than one ot two years for the 1930s 
R&D, and didn’t directly benefit IBM for their R&D contributions. 
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(Full disclosure: IBM had many internal benefits from their R&D on 
ion-source applications, they just didn’t benefit from the production of 
ion sources.)

Future Trends
What can we expect in the future?  In the US – from World War II 
to the present – we have moved from wealthy complacency to having 
to compete daily in a highly competitive world economy. The rate of 
change shows no indication of slowing down. R&D is a tool for man-
aging change and its importance can only increase in the future. This 
almost certainly means further integration of some R&D with other 
functions in private companies making or using complicated equipment. 
At Kaufman & Robinson, Inc., we have integrated many R&D activi-
ties with production. Production hardware and facilities are routinely 
used to carry out R&D. It saves money. We also avoid naive mistakes in 
the development process by using skilled and experienced production 
personnel to carry out the R&D. The development of new hardware 
routinely incorporates alternate approaches to some functions. If the 
more exotic approach works, the hardware is usually the better for it. If 
it doesn’t work, the more prosaic and reliable approach is also included 
so the development is not appreciably slowed down. This sort of thing 
is easier to implement in a company with a few million dollars in sales, 
compared to one with hundreds of millions, but I feel it is also indicative 
of future trends.

The further integration of some R&D with other business func-
tions is consistent with what I view as a current cultural and business 
emphasis on short-term results. But what about long-term planning 
and goals?  If a particular technology is crucial to a company, I believe 
a long-term R&D program should be supported regardless of whether 
or not a payoff can be shown in advance. My example is an old one, 
but it clearly shows the effect of long-term R&D, or lack thereof, on a 
company’s future.

Pratt & Whitney and Curtiss-Wright were the two big makers of 
aircraft engines during World War II. Both made reciprocating aircraft 
engines during the war and ended up after the war with large profits. 
They had not been given work on the then-new turbojets during the 
war: that work had been given to Westinghouse and General Electric. 
What did they do after the war?  Pratt & Whitney said that their busi-
ness was aircraft propulsion, so they spent a large amount of their 
accumulated wealth learning how to make turbojets. Curtiss-Wright fol-
lowed a much more cautious financial approach. They did not support 
any project that did not show a financial payoff in two years or less and, 
as a result of that cautious approach, their current presence in aircraft 
propulsion is negligible compared to that of Pratt&Whitney.

There are companies with management who understand the 
importance of long-term planning and R&D and those who don’t. As a 
long-time participant and observer of R&D, I am sensitive to a common 
mistake made by managers. That mistake is to implicitly treat tech-
nology as a “given” - that is, a time-independent parameter. This mistake 
is very easy to make if you are a technology-challenged CEO focused on 
short-term goals. The opportunity for this failure can also be enhanced 
by considering only those things that can be quantified with reasonable 
accuracy.

I once saw an experienced and savvy board member of a small high-
tech business conclude that it was a “mature” business with little expec-
tation of growth. If his view had prevailed, the R&D of that company 
could have been sharply reduced. Fairly small R&D advances made that 
technology much more practical and user-friendly, and the company 
sales grew by nearly a factor of ten in the following decade. Such growth 
is clearly not what you would expect from a “mature” business. The 
board member was experienced and savvy in many aspects of business, Jerry Cuomo (right) and Harold Kaufman (left) at IBM Yorktown in the late 1970s.



2010 Spring Bulletin 45

but knew almost nothing about the technology (ion sources) of that 
company.

Technology in today’s world is more likely to be a variable, which 
can change rapidly with time. In general, the more important a tech-
nology change, the less likely you can quantitatively forecast the effects 
of that change. Long-range planning is sloppy work, but it is necessary. 
And you can’t do any long-range planning without paying close atten-
tion to the technology that is crucial to your business, preferably while 
carrying out some relevant R&D of your own. Many management 
consultants believe that a good “generalist” can run any business. That 
can be a dangerous belief – if the generalist is also ignorant of the basic 
technology upon which a business is based.

At the national level, I believe that a government-supported basic 
research program, not application driven, provides long-term support 
for the entire US economy - similar to the way a crucial technology 
program provides long-term support for an individual company. There 
are many large-scale, high-profile R&D programs supported by the 
government. However, I doubt that enough attention or funding is 
given to the less-glamorous aspects of basic research, equivalent to the 
cross-section studies of the 1930s that I found so useful.

If you are concerned about my repeatedly lumping research and 
development together, that appeared to be the only practical approach 
for an article this short. If you are a novice in R&D, and are unsure 
how R differs from D, let me give you simple working definitions. You 
are doing development if you are making a machine or process work, 
even if you don’t know how it works. You are doing research if you are 
gaining understanding of how something works, even if you have no 
intention of using this understanding in a machine or process. And 
yes, it is possible to do both research and development at the same 
time.

I want to thank Dave Byers and Jim Harper, who shared many of the 
R&D environments described above, for their helpful reviews.

Harold Kaufman, a WWII veteran, married Elinor 
Wheat in 1948 and is still married. He did pioneer 
work on gridded and gridless ion sources, used 
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films.
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