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2832 Sf. George Street, Apt. ©
Los Angeles, California 90027

June 10, 1974

Professor Norriss Hetherington
Department of History
University of Kansas

Lawrence, Kansas, 66045

‘Dear Professor Hetherington:

I have read your paper entitled "Gravitational Thrust:
The Development and Application of an Idea,” which has been
accepted for publication in the Aerospace Historian, and I urge
you not to have it published. The paper contains numerous
untruths which completely distort the true historical develop-
ment of gravity thrust space travel. You have an obligation
as a scholar and as a historian to record events accurately
even if those events are uncomplimentary to a person, group of
persons, or to an entire laboratory. If your paper is published,
it will be a disservice to science--it will be Jjust another
attempt to "program" history to suit the needs of certain
individuals.

Since I believe that you are basically honest and not
acting as a tool for certain individuals or a certain research
laboratory, I will once again outline: the development of the
concept as it relates to my involvement with the Jet Propulsion
Laboratory and, in particular, to my involvement with Mr. Victor
Clarke, Jr. This time, however, I shall include previously
omitted details which will be uncomplimentary to Clarke and
the laboratory but which are nevertheless true, because it
is clear to me that a deliberate attempt is being made to
seriously distort the true historical facts.. The paper I sent
you entitled "The Development of Gravity Thrust Space
Trajectories" (see JPL I.0.M. 393.1-436, Mey 17, 1972) was

.written while I was still an employee at JPL and hence is very

conservative.

In the spring of 1961, I applied in person for a summer
job at the California Institute of Technology's Jet Propulsion
Laboratory in Pasadena. (I worked the previous summer in
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Cal Tech's department of chemistry as a research aide to

Dr. Sten Samson.) At that time I was 25 years old and completing
my third year of graduate studies in mathematics at UCLA on a
PhD program. I was interviewed by William Melbourne, who
headed a small group of peoplejy (including Dr. Harry Lass, a
well-known.mathematiciang doing research in celestial mechanics
and low thrust trajectories for electric propulsion. I was
also interviewed by Victor Clarke, Jr., who headed a small
group of about six or seven people doing work in trajectories.
Both of these groups were in Section 312. Melbourne described
his research in low thrust trajectory determination, and he
indicated that he could probably find a place for me in his
study program. Clarke described his work in conic trajectory
determination and its analysis. After the interviews were
over, I was asked what group I would like to join. (Another
member of the Section 312 staff, Tom Hamilton, accompanied me
during the interviews.) I selected Melbourne's group because
the work seemed more exciting and he had a PhD in astronomy
from Cal Tech. On April 14 I received confirmation of my
summer employment and that I would work in Melbourne's group.
However, as it turned out later, I was assigned to work in
Clarke's group. ;

Clarke's major project at that time was determining
conic interplanetary transfer trajectories for the Mariner.
Program (see Interoffice Memo from V. Clarke to Distribution,
September 23, 1960, subject: Revised Heliocentric Conic
Program (Revision I)). It was discovered that in certain
cases the conic program would not converge properly. When
I arrived at the lab June 9, Clarke assigned me the task of
correcting it. He gave me a copy of Batten's paper entitled
"The Determination of Round-Trip Planetary Reconnaissance
Trajectories," Journal of the Aerospace Sciences, Vol. 26,
No. 7, September 1959, pp. 545-567, to act as a guide. The
paper contained a very detailed discussion of conic one-way
‘interplanetary transfer trajectories (see pages 545-555).
Clarke indicated that this section would be useful in my
assignment. Evidently Clarke told you that my assignment
was to determine the much more complicated free-fall round
trip trajectory, including the encounter trajectory with the
target planet such that its gravitational influence would
cause the vehicle to return to the earth or to cause it to
go on to pass a sequence of other planets)as in multiplanet
space travel. But this is not true.

- I completed the assignment in about one month by
developing an entirely new theoretical solution to the
transfer problem (instead of trying to patch up the solution
then in use at JPL), and Clarke was very pleased. I wrote
up the solution as a JPL technical memorandum entitled
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"An Alternative Method for the Determination of Elliptic and
Hyperbolic Trajectories," TM 3%12-118, July 11, 1961. . Clarke
then instructed me to write up the solution for publication
as a formal external JPL Technical Report.

It was at this point that I took the liberty of dis-
regarding Clarke's instructions in order -to devote my time
to the development of a sophisticated vectorial technique for
describing and determining arbitrary conic free-fall trajectories
in a three-dimensional space. My goal was to obtain an approxi-
mate solution to the famous unsolved N-body problem of Celestial
Mechanics as it is related to the motion of a free-fall space
vehicle, so that it would be possible to permit the vehicle
to travel from planet to planet throughout the solar system
without requiring any on-board propulsion once the vehicle is
launched on its initial escape trajectory. The major portion
of this research was completed in a relatively short period
of about three or four weeks. I described my free-fall
planet-to-planet propulsion free concept for space travel to
Clarke and my new methods for studying them, but I believe
his limited knowledge of vector analysis prevented him from
obtaining a clear understanding of it. I wrote up the methods
and the concept in my second paper, entitled "A Method for
Determining Interplanetary Free-Fall Reconnai'ssance Trajectories,™
™ 312-130, August 23, 1961. (At that time I did not give
the propulsion-free method for interplanetary space travel
any special name.) However, the paper described the concept
and the "remarkable" possibilities it offered for achieving
interplanetary space travel from planet to planet without
requiring any rocket propulsion after the initial launch.
An explicit example was given involving both inner and outer
planets; specifically,it had the form earth-venus-mars-
earth-saturn-pluto-jupiter-earth (see page 39).

Clarke showed little interest in the concept, and I
am sure that he regarded it more as an academic curiosity
rather than a practical method for space travel. He spent
less than ten minutes talking about it with me. However,
Clarke evidently did recognize some merit in the generalized
mathematical techniques I used for representing interplanetary
trajectories in three-dimensional space. This is evident
when he gave me my third assignment (the second assignment
was to prepare TM 312-118 for external publication). This
task was to determine trajectory errors due to vehicle velocity
errors. I solved the problem using my new technique and wrote
it up as TM 312-133 entitlted "The Determination of Miss
Distances for Conic Trajectories Due to Velocity Errors,"
August 28, 1961. Meanwhile, Clarke assigned Roul Roth to
prepare a computer program for my one-way conic trajectory
determination that I gave in T 312-118. I urged Mr. Roth
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to forget TM 312-118 and to program TM 312-130, as the former
is a trivial special case of the latter. Roth told me, however,
that Clarke did not want him to program TIM312-130 but to confine
his work to TM 3%12-118. -

While I was preparing to leave JPL to return to school
in September,I asked Clarke if I could return to JPL during
the 1961 Christmas vacation so that I could program TM 312-13%0
for numerical processing myself. Clarke agreed (he did not
tell me to do this work), and I was back at JPL for two weeks
during the holidays. During those two weeks I managed to :
develop a serial computer program for TM 312-130 for their small
IBM 1620 computer and managed to calculate one relatively
simple round trip trajectory of the form earth-venus-earth.
During this effort, Clarke told me that he briefly considered
the problem of finding round trip free-fall trajectories to
venus by matching the vehicle's vis-viva energy approaching
venus with the vehicle's vis-viva energy leaving venus (i.e.,

Vf B Vf ). He told me that he did this by looking in his
in out
already tabulated one-way trajectories for a pair that had a
vis-viva match. He applied this test to my calculations by
consulting these tabulated trajectories (using some elementary
interpolation) and found that they gave the correct vis-viva
match. I was proud of my calculations because I was able to:
calculate the important encounter trajectory at venus which
allowed the vehicle to return to earth. Clarke never showed
me any analytical work he may have done on round-trip

trajectories. Although Vf

= Vf as required, the encounter
in out
did produce a significant change in the vehicle's total energy
relative to the sun (which is the basis of gravity thrust space
travel). Ironically, this caused Clarke to doubt the validity o
my calculations, because he said that the principle of con- :
servation of energy required the vehicle to have a constant
total energy relative to the sun at all times. It became
obvious to me that he did not read my TM 312-130 paper and
that he did not spend much time seriously studying round-trip
trajectories. I explained that the encounter will indeed
cause a change in the vehicle's total energy relative to the
sun and that the principle of conservation of energy applies
to the entire solar system and not to individual bodies in
it--except in the case of two-body motion. Clarke drew a
diagram describing a lunar encounter and asked me to show him
why there would be a change in the vehicle's total energy
relative to the earth. I did, using vector diagrams, but
Clarke appeared to be unconvinced. In view of the profound
impact that gravity thrust space flight had on astrodynamics,
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you may find it difficult to believe in the likelihood of such
a meeting. Nevertheless, it is true, and it took placein a
corner office on the second floor of building 202 at the end
of December, 1961.

At the end of those two weeks at JPL, I gave Clarke
all parts to the program I had constructed along with detailed
instructions as to how to operate it. I urged Clarke to give
it to Roth so he could put them together for processing on
their large IBM 7090 computer. At this point, Clarke had no
idea that I would continue my trajectory research at UCLA.

I terminated my employment at JPL and neither Clarke nor
anyone else at JPL knew that I would ever return.

When I returned to UCLA in January, 1962, I decided to
continue my trajectory research by applying for computer time
on their IBM 7090. Much of my motivation for the project came
from the fact that the idea of gravity thrust space travel was
completely mine, and I knew (by a few simple slide rule calcu-
lations) that it would lead to tremendous energy savings for
almost all types of interplamnetary missions. My application
was approved, and I was given approximately twenty hours of
computing time with the Jjob number "MA-11." 1In early March,
1962, I applied for a special research classification without
any computing time limitations. I explained my ideas for free-
fall gravity propelled space travel to Frederick Hollander who,
at that time, was in charge of UCLA's computing operations,
and that I would need a large amount of computing time to
evaluate its practical applications. Hollander immediately
recognized its importance,and I was granted the special
research classification shortly thereafter with job number
"CF-09." This special UCLA computational research project
was reviewed later, in June, by Michael Melkanoff (also on the
supervisory staff of UCLA's computing facility). Melkanoff
also ‘expressed strong approval for my ideas and research project.
Since I made the discovery of gravity thrust space travel while at
JPL, I was advised to maintain complete independence from them
(so as to not put UCLA in the position of essentially giving free
computing time to JPL). Thus, my plan was to remain completely
silent while numerically analyzing all possible profiles
IH - Eé - e = Pn within the range of my recently completed

planetary ephemeris and to publish the results as a UCLA research
paper. gt that time I had already tentatively identified over
700 possible profiles where IH = earth and where P& ranged over

all nine planets where n is an integer 2 3. This was done
graphically by plotting planetary positions from 1965 to 1980.
Unfortunately, the special research classification did not cover
computing paper, and I was asked to furnish this at a cost of
$15 per box. This turned out to have serious repercussions, as
I decided to disregard the computing facilities' advice and

got the paper free of charge from JPL. . T
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I called Clarke and told him about my interplanetary
research project. He was very surprised and said that JPL
could supply all of the computer paper I needed free of charge.
We arranged a meeting and met the following Saturday (middle
of March, 1962) in JPL's building 202. I asked him what he
was doing with the programs that I gave him in December, 1961.
He said he did not have time to study them. He then offered
to buy my UCLA program, but I said it was not for sale. I
explained to Clarke that I had my own research project con-
cerned with developing and numerically analyzing my proposed
theory of multiplanet free-fall interplanetary space travel
and that I wanted full credit for it. Clarke agreed. I did
not reveal any specific mission possibilities, and I am sure
Clarke still did not recognize the potentialities of the
‘concept. Clarke also agreed to have JPL test the accuracy
of some of my trajectories by detailed numerical integrations.
He gave me three boxes of computing paper and made arrangements
with the UCLA computing facility for JPL to deposit approximately
two boxes per week. I told the UCLA computing facility of
. the agreement with Clarke at JPL and of his assurance that

my recognition and UCLA's interest in the project would not
be compromised. :

The computations ran for several hours almost every
day beginning at about 1 A.M. and ending at sbout 6 A.M. I
set up a systematic numerical analysis of various gravity
thrust trajectories having launch dates spanning the decade
1965-1975. This period was selected because at that time
(March, 1962) the period seemed to provide .a reasonable lead
time. I constructed the planetary ephemeris used in the
computer program by key punching the position vectors of all
nine planets obtained from Planetary Coordinates for the
Years 1960-1980 (Her Majestry's Stationery Office, H. M.
Almanac Office, London, England, 1958) onto data cards. As
a consequence, this restricted the numerical determination of
all possible gravity thrust trajectories to those that end
on or before 1980. TUnfortunately, this restriction excluded
any extensive analysis of gravity thrust missions to the outer
planets.since the earlier graphical analysis of the planetary
positions indicated that such missions would not become
feasible before 1976. However, several missions involving
the outer planets were calculated in order to estimate the
accuracy of the graphical methods as a predictor of specific
trajectory profiles. (But their launch energies were too
high because the launch dates were outside the favorable
launch periods.)
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As far as protecting my personal recognition was con-
cerned, this was a tremendous mistake. I subsequently found
that the goal required a computational effort beyond the
capabilities of even my new special UCLA computing facility Jjob
classification that gave me essentially unlimited computing
time. However, it was clear to me that the fastest way to
demonstrate the utility of gravity thrust trajectories would
be to move forward as quickly as possible with an intensive
numerical study to uncover the most attractive gravity thrust
mission profiles and determining their optimum launch dates
(i.e., launch dates that would minimize energy requirements.)
I asked Clarke to have JPL send me "3-ply" computing paper
so that three copies of all of my trajectory calculations could
be obtained. My intention here (which I explained to Clarke)
was to have one copy sent to NASA Headquarters in Washington,
D.C., another copy to JPL for their analysis and the third
copy to be retained for my use. In the meantime, all of the
raw computer output was being stored in the basement of UCTIA's
computing center (called at that time the "Western Data
Processing Center"). Unfortunately, the room was fairly
small, and the boxes of computer output were beginning to
completely fill it. Clarke said that if I decided to return
to JPL during the summer of 1962, I could also use their
computers for my research project. My personal finances were
extremely low, and the possibilities of using three IRBM 7090
computers (one at UCLA and two at JPL) in my research project
appeared very attractive.

Since all employees at JPL had to have an immediate
supervisor, I could not be an exception. In my case, however,
the arrangement served only administrative purposes since it
was already understood that I would continue my own gravity
thrust interplanetary trajectory research. The name of the
actual supervisor was therefore (functionally speaking)
totally irrelevant. The person I preferred was William
Melbourne, since his group had more prestige than Clarke's
group. On May 3, 1962, I received confirmation of summer
employment under Melbourne. This is significant relative to
Clarke's assertation that I was hired by him to work out the

mathematics of round-trip (or multiglanet) trajectories since
I would have obviously returned to Clarke's group.

At the beginning of June, 1962, when I returmned to
JPL, my research work began to get hectic--but I enjoyed it,
nevertheless, as it was my own special research project. '
Mr. Carl Theis (who at that time headed JPL's computer
operations) gave me special permission to, operate the computers
myself. I had already learned to operate UCLA's IBM 7090
computer, so Theis saw no reason to use a regular computer
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operator when my program was running, especially since I
used very long blocks of uninterrupted computer time. Thus,
I would usually wait for a call that would alert me to the
next big block of available computing time. Usually these
blocks started gbout 11 P.M. and lasted about six or seven
hours. One machine was located in building 125 (called
computer A), and the second machine was located in building
202 (called computer B). (Sometimes my program ran on both
of these machines at the same time.) On the average I was
able to run about 30 to 40 hours per week between the two
computers. The UCLA computer, meanwhile, maintained a steady
pace of about 30 hours per week. The computations centered
primarily on earth-venus-mercury, earth-venus-mars, earth-
venus-earth, earth-mars-earth and earth-venus-mars-earth.

One evening during that summer (1962) in July or
August, while I was engaged in one of my long computer runs
in building 202, Clarke stopped by with some one-way tra-
Jectory 03 (launch energy) curves prepared by researchers

from Lockheed in Sunnyvale, California. He wanted to check
them against those that I had calculated for the same one-way
trajectories. We discovered some errors and concluded that
the errors were theirs. Clarke told me my research was

very important (as I already believed it to be) and that he
was sending some of my results to other research centers.

At that time we were discussing earth-venus-mars-earth tra-
jectories for 1970. (The discovery of these particular
gravity thrust trajectory profiles, were,in themselves, very
significant for manned missiohs to mars.) I made no objection,
as I was sure Clarke would protect my interests. This,
however, turned out to be a false assumption on my part.

In August I completed a second paper on gravity thrust
space travel, "Changing Interplanetary Trajectories by the
Gravitational Influence of a Passing Planet," August 23,

1962 (unpublished). At about this time, Clarke started to
encourage me to begin publishing my numerical calculations

as soon as possible. However, I decided to wait until I

was completely finished with the numerical analysis of all
five of the above-mentioned gravity thrust trajectory profiles
(each profile spanning the decade 1965-1975). Although I

was «concerned with the possibility that someone would take
possession of the program I gave to JPL and start their own
gravity thrust trajectory research project, I was fairly
close to reaching my goal. Besides, I had already documented
my theory of gravity space travel a year earlier in T 312-130,
August 2%, 1961. !
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The fall semester started in September, and I left JFPL
to go back to UCLA. Actually, this did not cause a serious
interruption in my work. In fact, since I was living on
campus, I was within easy walking distance to UCLA's computer
twenty-four hours a day. I had already reached the point
where only relatively short periods of computing time were
needed in selected areas. I completed the calculations in
November and completed the technical paper in January, 1963.

On Monday, February 4, 1963, I presented a one-hour
lecture on my proposed theory of gravity thrust multiplanet
space travel in a Section 312 seminar. Almost all of the
Section 312 senior staff personnel were present. They
- included Victor Clarke, Jr., C. R. Gates, Tom Hamilton,

Jack Lorell, Harry Lass, William Melbourne, Carl Pfeiffer,
and Carl Solloway. I presented the numerical results the
following day. They covered specific gravity thrust missions
of the form earth-venus-mercury, earth-venus-mars, earth-
venus-mars—earth, as well as the special cases earth-venus-
earth and earth-mars—earth. All minimum launch energy tra-
jectories for these proposed missions during each launch
window in the decade 1965-1974 were discussed. I described
these missions in terms of unmanned interplanetary exploration,
manned exploration, and my proposed interplanetary trans-
portation system of the future involving very large space
liners that would be continuously moving between the planets
on gravity thrust trajectories, shuttling passengers from one
planet to the next. (Small rendezvous vehicles would trans-—

port passengers between the planets and the passing space
liners.) '

T decided to prepare three papers from my basic report--
one for UCLA (where I had a primary responsibility), one for
JPL, and one for the ATAA. The UCLA paper was prepared as a
candidate paper for presentation at the University of
California's First Graduate Academy to be held during the -
spring recess, April 6-9, 1963. On March 20, I received word
that my paper was selected for presentation, and that 1
would be participating in the activities as a representative
of the UCLA campus. The paper was published as "The Determin-
ation and Potentialities of Advanced Free-Fall Interplanetary
Trajectories," Proceedings of the First Graduate Academy of
the University of California, April 6-9, 1965. At that time
I called gravity thrust trajectories "Advanced Free-Fall
Interplanetary Trajectories." The JPL paper was entitlted
"The Determination and Potentialities of Advanced Free-Fall
Interplanetary Trajectories," TM 312-280, March &4, 1963.

(This paper was published as a JPL external technical report
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entitled "The Determination and Characteristics of Ballistic
Interplanetary Trajectories under the Influence of Multiple
Planetary Encounters," TR %2-464, October, 1963). :

Before discussing the third paper, I shall point out
a short but important meeting I had with Clarke around
March 4, 1963. While reading a copy of the March 4, 1963,
issue of Aviation Week and Space Technology, I saw an article
on page 56 entitled "Manned Venus-Mars Fly-by in 1970 Studied."
- The article described earth-venus-mars-earth planetary fly-by
missions in 1970 and 1972 by Stanley Ross, R. W. Gillespie
and R. V. Ragsac at Lockheed Missles and Space Company of
- Palo Alto, California, that was presented at the 31st annual
- meeting of the Institute of Aerospace Sciences in New York,
- January 21-23, 1963. The paper was entitled "Prospects for
- Early Manned Interplanetary Flight." It briefly mentioned
the fact that these trajectories were rather unusual and were
made possible by the strong gravitational perturbations the
vehicle experienced during the free-fall planetary fly-bys.
- The trajectories were essentially identical to those I had
calculated almost a year earlier, which I discussed with
- Clarke on several occasions during the summer of 1962,when
- he quite freely admitted bringing them to the attention of the
- Lockheed researchers. The paper made no reference to this
- fact. I told Clarke that it was unethical and an act of gross
plagiarism. Clarke agreed, but his only comment was, "I'm
- sorry, Mike, but there's nothing I can do about it." He
expressed no doubt that their trajectories were a direct
result of his discussions with them. This meeting with Clarke
upset me because the Lockheed paper was a violation of the
- agreement reached one year earlier in March, 1962,where I
told Clarke that my UCLA planetary-billiards trajectory
program was not for sale.

However, since my original proposal for gravity
thrust space travel was documented sixteen months before the
Lockheed paper appeared, I did not consider it as a serious
threat to my claim on the concept. Moreover, a careful
reading of the paper indicated that the authors did not
comprehend that the trajectories were special cases of broad
new concept for interplanetary space travel. Although, in
retrospect, I can see that the incident was probably the
beginning of a long process of calculated misinformation--
representing an insult to the ethical standards of professional
astrodynamicists--which can be recognized by simply reading

the technical papers on interplanetary trajectories which
followed.

One other meeting with Clarke at atout this time
should be noted. 1In early 1963 NASA was beginning seriously



