Hi! This is a panorama of JPL — Jet Propulsion Laboratory — in
Pasadena, California. It's a picture that I took at the time when I
began to work for NASA for the first time doing a history of planetary
radar astronomy. In fact, the contract was with JPL-Caltech and not
NASA, although NASA Headquarters was involved.
I first met Craig because of this contract. He was here, at JPL, at the
time, working on a history of the Deep Space Network. The Deep
Space Network is a series of antennas and buildings that stretch
around the globe that NASA uses to track launches, spacecraft, etc.
Let me take you on a tour of the Deep Space Network facilities in the
Mojave Desert somewhat distant from the Jet Propulsion Laboratory.
We leave Pasadena before dawn or at the very break of dawn.
We are traveling out to the Goldstone Deep Space Network complex
with Steve Ostro. This was my introduction to the DSN antennas.
Steve Ostro was a radar astronomer at JPL, and he was taking me out
there to one of the antennas where we were going to — he was going
to do — a radar astronomy experiment.
It did not work. The Goldstone hardware was misbehaving, and the
experiment failed.
By the time we were approaching the complex, the Sun was up. We
had beautiful blue skies, as you can see from these pictures.
Forget what the maps tell you. This place also is known as Fort
Stinking Desert.
This shack, or what appears to be a shack, is part of the Venus radar
at the Goldstone complex. The Venus radar was used during the 1950s
and 1960s to bounce radar signals off Venus. Subsequently, JPL
became the first among many contestants — both in the United States
and overseas — to successfully measure the astronomical unit -roughly the distance from the Earth to the Sun — using these radar
measurements.
The sign indicates that we're approaching the Pioneer Station. The
Pioneer Station is the antenna named after the Pioneer program which
originally was created not by NASA but by the military, the Advanced
Research Projects Agency, ARPA, to send probes to the Moon.
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This was a very important moment in both the nation's space program
and the development of JPL and its Deep Space Network — as well as
its capabilities — first-class capabilities — to navigate spacecraft to the
planets and beyond.
I don't remember which dish this is, but I'm sure that if Craig were
here, he would know which one it was, and he'd be able to tell us quite
a bit about it.
I spent a lot of time in Pasadena thanks to Craig, who graciously
invited me to stay in his apartment. He even drove me to JPL during
my first visits and became my JPL tour guide. We had a great time
dining at various LA area restaurants along with Craig's friend, Joel
Harris, who also became my friend. Ironically, although we were
friends and colleagues, Craig and I had competed against each other
for the radar astronomy contract. Craig seemed to have had the edge
as the "inside man." He had helped JPL to write the request for
proposals by doing research, and he already was writing history for JPL
on both the Deep Space Network and the Galileo project. One of the
great boons that Craig provided was a large collection of articles on
radar astronomy from various scientific journals that he had amassed
for the project. As I acknowledged in the radar astronomy book,
Craig's "extensive collection of photocopied materials greatly facilitated
my research." His manuscript histories of the Deep Space Network and
Project Galileo also served me well.
In 1993, the University of Notre Dame started a biannual series of
conferences on the history of astronomy. A group picture of all those
attending was taken during each conference.
Craig and I attended the first one. It's hard to make out faces in this
picture. If you look way in the back at the far left, you will see me,
then to the right is Craig, and farther to the right and down a tad is
Steve Dick.
Craig and I also attended the 1995 conference. I managed to find my
copy of the group shot and scanned it, so the resolution is a bit better.
That's me in the front row, second from the left. Craig is visible, if
somewhat occulted, toward the back of the group. Steve Dick is seated
in front.
Craig and I again attended the 1997 conference, although you may
have some difficulty finding the piece of his face that is visible.
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Craig continued to attend each of the Notre Dame conferences after
that. [pause for montage]
Here is Craig at the 2011 meeting. Trudy Bell is seated in the first row.
The 2011 conference included a tour of the Adler Planetarium. Craig
was there, as was Trudy.
While in graduate school at Johns Hopkins University, Craig chose a
dissertation topic that grew out of his love of astronomy. His
dissertation director was the renowned historian of astronomy Harry
Woolf, who had authored the long-definitive book on the 1761 and
1769 transits of Venus.
Craig carried out his doctoral research partly in France and Denmark
thanks to a Woodrow Wilson Fellowship.
He completed his dissertation in 1976. Its subject, to put it simply,
was the ongoing debate over Newton's law of gravity.
[Craig B. Waff, “Universal Gravitation and the Motion of the Moon’s
Apogee: The Establishment and Reception of Newton’s InverseSquare Law, 1687-1749,” Ph.D. Thesis, Johns Hopkins University,
1976, 261 pages]
Moreover, as Steffen Ducheyne writes: "Much of the details of the
development of Newton's lunar theory are still somewhat unclear (and
will perhaps remain so)." Ducheyne then refers the reader to Craig's
dissertation as the one place to find answers.
[Steffen Ducheyne, “The Main Business of Natural Philosophy”: Isaac
Newton’s Natural-Philosophical Methodology, Archimedes, ser. vol. 29
(Springer, 2012), p. 155.]
A Google search revealed numerous citations of Craig's dissertation by
such eminent scholars as Simon Schaffer and the ineffable I. Bernard
Cohen, who mentioned Craig's dissertation in several publications, was
a pre-eminent historian of science at Harvard. Cohen was the first
American to receive a Ph.D. in the history of science, and he was a
protégé of George Sarton, the founder of the journal Isis and the
History of Science Society, of which Craig was a member from 1969.
Cohen, coincidentally, taught the professor who eventually directed my
dissertation.
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On one occasion, Cohen wrote, regarding Craig's dissertation: "We
eagerly look forward to Waff's completion of his revisions so as to
produce a published book on a much needed topic."
To my knowledge, Craig did not publish his dissertation, like many of
us in the field, but it is still available for sale from University Microfilms
International. A soft cover edition goes for $56 and hard cover costs
$72, but a PDF can be had for just $38.
An important byproduct of Craig's dissertation, from my limited
perspective, was his article on the astronomer Alexis Claude Clairaut
and his proposed modification of Newton's Law of Gravity.
[Waff, “Alexis Clairaut and his Proposed Modification of Newton’s
Inverse Square Law of Gravitation,” 281-288 in Avant, avec, après
Copernic (Paris: Blanchard, 1975). Centre International de Synthèse
(ed.), Avant, Avec, Après Copernic: La représentation de l'Univers et
ses conséquences épistémologiques (Paris: Librarie Scientifique et
Technique Albert Blanchard, 1975)] [Clairaut, 1713 - 1765]
Clairaut was an astronomer, a mathematician, a physicist, and much
more. He was brilliant. Clairaut was elected to the French Academy of
Sciences at the age of sixteen — below the legal age for admittance. A
crater on the moon bears his name, as does a street in Paris (17th
arrondissement).
Clairaut computed the orbit of Halley's comet and predicted the date of
its return to within a month. His improved calculations took into
account the perturbations on Halley's trajectory caused by the
gravitational pull of the massive planets Jupiter and Saturn.
As a result, Clairaut helped to lay the foundation for future comet
research. By the twentieth century, the study of cometary orbits would
give rise to the first university course in space navigation. Space
navigation was very much like computing the trajectory of a comet. As
a result, Craig's dissertation was useful to me as I wrote a history of
deep-space navigation for NASA.
Craig continued to undertake research in the history of astronomy. On
one occasion he traveled to Paris to research in various archives. He
stayed at the place I was renting on the outskirts of the city. Craig
insisted on treating me to dinner at a restaurant of my choice. I chose
Heureux comme Alexandre, a Savoyard-style fondue restaurant (now
gone) on one of the many narrow, snaking streets of Paris's Latin
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Quarter and across from the Abbey Bookshop, a place that Craig could
have lived in. It was fun.
Craig also published a lot of space history, much of which grew out of
his research on the Deep Space Network and the Galileo project. In my
own NASA research, I keep coming across his publications and papers.
These two articles are critical for understanding the origins of the Deep
Space Network.
[Waff, "The road to the Deep Space Network," IEEE Spectrum, 30, no.
4 (April 1993), 50-57; Waff, "The Origin of the Goldstone Complex,"
TDA Tracker, 1, no. 3 (Autumn 1991), 4-5]
Craig also drew attention to the importance of the military — namely
ARPA — as the country's first space agency in these two articles that
look at the Pioneer lunar probes initiated by ARPA and launched by
NASA.
[Waff, "Designing America's Initial 'Deep Space Networks': The
Choices of Antenna Design, Operating Frequency, and Antenna
Location for Supporting the Pioneer Lunar-Probe Attempts of 195859," IEEE Antennas and Propagation Magazine, 35, no. 1 (February
1993), 49-57; Waff, “Going to the Moon instead of just going into
orbit,” Air Power History, 54, no. 1 (Spring 2007): 22-37]
Craig's work on the Galileo project deserves more than a passing
notice. Galileo was a NASA probe that explored Jupiter and its moons.
Craig was Project Galileo Contract Historian from 1985 to 1989. He
researched and wrote a book-length history of NASA’s Project Galileo
from conception to the period of the Challenger Shuttle accident (in
1986) that delayed Galileo's launch until 1989.
In tackling the period from conception of the Galileo project, Craig
actually took in the evolution of all of NASA's plans for outer-planet
exploration, plans that led not only to Galileo, but also to Pioneers 10
and 11 that flew to Jupiter and Saturn and to the Voyager probes.
He published a glimpse of this impressive work in Quest.
[Waff, “A History of Project Galileo, Part 1: The Evolution of NASA’s
Early Outer-Planet Exploration Strategy, 1959-1972,” Quest: The
Magazine of Spaceflight, 5, No. 1 (1996): 4-19.]
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Because of his work as Galileo Contract Historian, Craig should be in
the Internet Movie Database.
He was a historical consultant for “The Rocky Road to Jupiter,” an
episode of NOVA produced by Geoffrey Haines-Stiles and WGBH that
aired in 1987. It tells the story of the often-delayed Galileo mission to
Jupiter.
Craig provided producer Haines-Stiles with a basic historical outline of
the project as well as potential questions to ask interviewees, which
included NASA Administrator James Fletcher. Craig also checked
several versions of the script for historical accuracy.
I had the luck to publish Craig twice. The first time was in a volume I
put together on the history of satellite communications based on a
conference that I had organized at NASA Headquarters. Craig's
chapter dealt with the Echo balloon experiment, an attempt to
communicate over great distances — whether across the continent or
across the Atlantic Ocean — by using special balloons instead of
satellites.
[Waff, “Project Echo, Goldstone, and Holmdel: Communications as
Viewed from the Ground Station,” pp. 41-51 in Beyond the
Ionosphere: Fifty Years of Satellite Communication, ed. by Andrew J.
Butrica (NASA SP-4217) (Washington: NASA, 1997)]
More recently, I published Craig's latest research on the Deep Space
Network in my newsletter. He was beginning to look at the diplomatic
and foreign affairs aspects of setting up a global communications
network.
[Waff, “Negotiating a Worldwide Space Communications Network:
NASA’s Discussions with the Australian and South African
Governments for the Establishment of Overseas Deep Space
Instrumentation Facilities, 1958-1960,” Antenna: Newsletter of the
Mercurians, Special Interest Group, Society for the History of
Technology, vol. 21, no. 1 (October 2008), 6-11]
His contributions to the history of astronomy and the history of space
exploration ensure Craig's place among the stars.
FIN
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