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generation and distribution system for the Tennessee Valley Authority. It was one of Van de Graaff's
other grand ideas and it was front and centre at another very interesting development in university-

industry-government relations. A “revolutionary”*

underground power distribution system using his
accelerator technology (enhanced by Trump) — almost became a reality. It was so close, it must have
been a huge disappointment when the project bogged down and died a bureaucratic death. The
proposal, had it been accepted, would have been another game-changer — not in experimental physics,
but in commercial electric power. Trump built upon Van de Graaff's DC vacuum transmission line
which, in theory, would “transmit a million kilowatts a thousand miles at a million volts with the
energy loss of 2.5 percent.”” It was a bold challenge to alternating current but would cost more in
infrastructure. “A vacuum line would comprise conductors buried underground; would have no corona,
no lightning faults, and no instabilities; and would be less expensive than a corresponding AC line.”*
As far as I can ascertain, it was never built anywhere® —not even as a test; but it was almost given
the green light in Tennessee and was a precursor to the way Compton was looking at changing the way
MIT, industry, and government interacted when he helped facilitate the development of High Voltage
Engineering Corporation and its benefactor, the American Research and Development Corporation.
Because the Research Corporation for Science Advancement (RCSA), traditional funders of
science and scientists, declined to fund the project, Compton had to seek support elsewhere and found
his “angel”*? in the form of the federal government itself. They would seek to strike a deal to for MIT

and the federal government to work together to develop this new Van de Graaff/Trump technology at

the Institute. The government was represented by the Tennessee Valley Authority (TVA), the newly-

28 Owens, 3.

29 Wildes, 162.

30 Ibid.

31 Given the crumbling infrastructure of modern, above-ground transmission lines, I have to wonder how things might be
different if the Van de Graaff-Trump methodology would have fared.

32 Owens, Larry. "MIT and the Federal "Angel": Academic R & D and Federal-Private Cooperation Before World War I1."
Isis. 81.2 (1990). Print.
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formed, federally-owned electrical power distribution organization,* would utilize this new technology
and, hopefully, it would generate engineering jobs and research for MIT and jobs for the Depression-
era's unemployed. Indeed, part of the TVA's role was economic development for the region so there
was great interest and pressure to make this project a success. Larry Owens, professor of history and
the University of Massachusetts Amherst, identifies that the technology, if reality matched the plan,
was a superior system:

“Lacking both the internal losses and external susceptibilities of traditional electro-

magnetic power generation, the Van de Graaff-inspired system promised highly efficient

power transmission over unprecedented distances.”**

In short, the TVA deal was a multi-party research and development contract would be made
between the main aforementioned parties (and a few others). It was new, it was radical, it was untried —
just like Van de Graaff's idea — to use Van de Graaff generators to generate power and distribute it
underground to transformers with virtually no loss of power. It was not quite Nikola Tesla's vision of
limitless free energy from the air or the earth, but it was a darned sight better than littering the
landscape with millions of miles of high-tension power lines and ugly supporting towers.

There were four problems: It had not been done before. It was going to be expensive to try it out.
It worked on paper but would it work in the field? Would it be able to pay for itself over time? That is,
would it be profitable? Profitable was not something associated with government interests;
governments were not businesses and therefore not about making profits. Yet, here was the TVA —a
government-owned corporation that would, over the long term, hope to make a profit once the
Depression was over.

The federal government's ownership of the TVA was a new concept and the government had never

33 The TVA was also responsible for flood control, navigation, and economic development (among other things) for the
Tennessee Valley region which involved portions of Tennessee, Alabama, Kentucky, Mississippi, North Carolina,
Virginia, and Georgia.

34 Owens, 199.
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Abstract

Robert Jemison Van de Graaff is known as a pioneering experimental atomic physicist best known
for inventing the Van de Graaff electrostatic generator (also referred to as a particle accelerator) and the
insulating-core transformer (ICT). Van de Graaff, together with John George Trump, founded High
Voltage Engineering Corporation (aka HVEC or HVE) which, for about a decade, was the world's
leading manufacturer (mass producer) of particle accelerators — producing over 500 units over the
course of four decades. The company was primarily funded by the then-new concept of publicly-
funded venture capital embodied by the American Research and Development Corporation (ARDC or
ARD). HVEC was thus the first high-technology firm and first corporation ever under this schema to
be successful. However, the genesis and evolution of HVEC is less well known and is significant in
that it exemplifies entrepreneurial science — perhaps entrepreneurial Big Science — and demonstrates
prototypical changes in the relationships between universities, government, and industry — particularly
at MIT. HVEC's development story has never been fully explored. At best, bits and pieces of its history
have appeared in other texts regarding other matters. This paper is believed to be the first to thread
much of that history together into one narrative and to combine it with new research into archival
materials to tell the story more fully and to indicate that Robert J. Van de Graaff was involved in an
even earlier almost unknown venture-capital-like proposal involving the Tennessee Valley Authority
(TVA) more than a decade before HVEC that possibly laid the groundwork and revealed the problems
that needed to be ironed out before later ventures could possibly have a chance to succeed. Framing this
fascinating time in early nuclear physics history are Steven Shapin's models of entrepreneurial
scientists, Peter Galison's studies of instruments and subcultures in modern physics, and Sharon
Traweek's insights into physics cultures and subcultures.
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Methodology

Founded in 1946, the original High Voltage Engineering Corporation (HVEC) faded away in the
1980s after selling over 500 particle accelerators. However, the Dutch subsidiary carries on with the
original core business. HVEC is a fascinating and historic corporation in many ways but a complete
history of this organization is beyond the scope of this research paper. This paper will focus on the
genesis of HVEC, its influences on MIT patent policy, its influences on university-government-industry
relations, and its influences on publicly-funded venture capital.

Unlike Sharon Traweek, I cannot sit in the lab of my physicist subjects and observe their
behaviour. I cannot sit among them and experience their culture first hand. I wish I could. I cannot even
ask any of them a question. My principal characters are all deceased. Long gone. They were all men;
regular, yet extraordinarily-gifted men who came together at a certain place and time to do some
remarkable things to further the cause of science. They may have worked in the Ivory Tower but they
never seemed to act much like they did. None of them were Promethean heroes' but they were
searching for truth.

The genesis of this paper began as a serendipitous opportunity to investigate the personal papers
of late American physicist Robert Jemison Van de Graaff in the possession (and at the behest) of his
two sons John and William (Bill) in Northampton, MA and Burr Ridge, IL, respectively. That led to
several trips to photographically record everything they had (over 9,000 pages of documentation and
photos) and to dub an old reel of 1/4” magnetic audio tape which contained samples of Robert talking
about various things and a tribute by Denis Robinson to the board of HVEC after Robert's death in
1967. This reel was long-forgotten and is believed to be the only recordings of Van de Graaff's voice
known to still exist.

Additional trips were needed to fill in other pieces of Van de Graaff's story but also that of High

1 Traweek, 2.
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Introduction

The 1930s through to the late 1950s were an exciting time for experimental nuclear physics.
Following on the heels of Ernest Rutherford's 1919 experiment in which he was the first person to
deliberately transmute one element (nitrogen) into another (oxygen) by the uncontrolled disintegration
of a nucleus, the race to split the atom — if it was a race at all — was on. In England, at Cambridge
University in 1928, Rutherford's students John Cockcroft and Ernest Walton created a device —a
particle accelerator — to accelerate protons at a target (lithium) to deliberately and in a controlled
fashion, cause a transuranic effect — the artificial creation of helium. In 1932, they were the first to split
the atom on purpose. Slightly before this same period, at Oxford University, Rhodes scholar and
doctoral student Robert Jemison Van de Graaff was working out the design for his own atom-splitting
device which was a modern, technological expansion of electrostatic generating apparatuses that went
back centuries.' After graduating in 1928 and moving to Princeton University, in 1929, he built his first
electrostatic generator which produced 80,000 volts. In 1931, Van de Graaff and his equipment moved
to MIT where he promptly built a 7,000,000 volt generator.

In order to “smash”? an atom, higher and higher energies are required to pry deeper and deeper
into atomic and sub-atomic structures. Additionally, the ability to tightly focus and control (attenuate)
the beam enables more precise targeting, execution, and results. Cockcroft & Walton devices had high
energies, but the beam was not as focused nor could they be as well controlled. The same applies to
Ernest Lawrence's early cyclotrons. The Van de Graaff accelerator, in contrast, had both. For its time, it
produced very high voltages and enabled researchers a high degree of attenuation.® This gave Robert J.

Van de Graaff and his team a technical advantage and superior scientific instrument over their academic

1 Abrief history can be found in the section “The Ancestors of the Van de Graaff Machine” in “1,000,000 Volts — The Van
de Graaff Generator — An Electrostatic Machine for the 20" Century” by Paolo Brenni.

2 The term “smash” is the colloquial term used generally and by the media in particular to describe bombardment of
targets with a stream of high-energy, high-speed particles such as electrons, ions, or elements.

3 An excellent (and technical) comparison between the Cockroft-Walton, the Van de Graaff, and their variations can be
found in this CERN paper “Electrostatic Acclerators” by F. Hinterberger: http://cds.cern.ch/record/1005042/files/p95.pdf
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Part II: The Precursors — The TVA Deal and the Laboratory at Round Hill

As Van de Graaff's scientific team was being assembled, MIT president Compton continued to re-
engineer MIT in a way that was favourable to — if not influenced by — Van de Graaff's technologies.
Working simultaneously on two major projects: a radical power generation and distribution enterprise
with the Tennessee Valley Authority in one hand and building of the iconic twin-towered generators at
the Round Hill research laboratory in the other. Each was a technological innovation, each was
experimental and prototypical. However, only Round Hill would be successful. That said, much would
be learned from each experience and both would, in my view, contribute greatly to MIT's ambitions
and, later, to the initiation and success of High Voltage Engineering Corporation. The transformer and
accelerator technologies would, together, form the backbone of HVEC's product line for their first 20
years of existence. The development of these technologies at MIT's High Voltage Laboratory required
the development of new paradigm of relations between industry, government, and academia — and new
funding models to finance them.

These projects were the nexus of the teamwork that would form the core of HVL and HVEC. Van
de Graaff, Trump, and Buechner would work together as lab partners building skills that would
transcend into entrepreneurial business partnerships and friendships that would last their entire lives.
Through fame and pain, success and failure, this was the intellectual garden from which they would

grow loyalty, fellowship, and the first hints of their entrepreneurial potential.

In 1933, while Van de Graaff and his team were busy at Round Hill building the iconic generators

that would bear his name, he was also extremely busy with Compton and Trump on designing a power




