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INTRODUCTION

The invention of gravity propelled interplanetary trajectories (also known as “gravity-assist” or “swing-by”
trajectories) was one of the most important innovations in the history of space travel. It will be shown that not only
was this invention a radically new application of utilizing gravitational perturbations for interplanetary space travel,
but it was the key innovation that made it possible to explore the entire Solar System with instrumented spacecraft.
The aim of this presentation is: (1), to demonstrate beyond any reasonable doubt that this invention was made at JPL
in 1961 by Dr. Michael A. Minovitch, and (2), to show that the rules of institutional scientific integrity and protocol
require that JPL/Caltech should formally recognize this fact by granting Dr. Minovitch an award for the invention.

THE TECHNICAL POSSIBILITY FOR EXPLORING THE SOLAR SYSTEM
PRIOR TO THE INVENTION

Prior to the invention in 1961, the method used for determining whether or not a spacecraft with a given initial
mass, equipped with a rocket propulsion system having a certain specific impulse and propellant mass, could be
propelled from Earth to reach a certain target planet involved a procedure that appeared to be so obvious it was never
questioned. The procedure involved calculating direct Earth-to-target-planet transfer trajectories, and determining
whether or not the required injection AV departing Earth corresponding to the transfer trajectories could be delivered
by the propulsion system. With this technical procedure accepted as a basic starting point, Hohmann’s cotangential
minimum-energy transfer trajectory became one of the most firmly established astrodynamic principles of
interplanetary space travel. After Hohmann discovered his trajectory in 1925, almost every paper or book published
on interplanetary space travel stated that this minimum-energy trajectory is essentially a fundamental law of space
travel. Hundreds of technical papers and scientific books were published asserting or “proving” the truth of this
assumption. Although a few trajectory researchers pointed out the fact that it might be theoretically possible to reduce
the propulsion requirements for space travel by taking advantage of gravitational perturbations, these researchers still
viewed Hohmann’s trajectory as the minimum-energy trajectory connecting the departure planet (departure planetary
system with a moon that might be used), and the target planet (target planetary system with a moon that might be
used). It is important to point out and emphasize that these researchers who pointed out the fact that gravitational
perturbations could theoretically be used to reduce the propulsion requirements for traveling to another planet, also
constructed analytical proofs demonstrating that Hohmann’s trajectory is the true minimum-energy trajectory required
for interplanetary space travel between two planets. The consequences of this universal belief in the minimum-energy
requirements for interplanetary space travel meant that it would not be possible to explore most of the Solar System
without developing advanced propulsion systems. The invention of gravity propelled interplanetary trajectories
changed the entire situation because it made it possible to circumvent the high-energy barriers of direct-transfer
trajectories — a feat previously believed to be physically impossible — thereby opening the entire Solar System to direct
exploration with instrumented spacecrafi.



INTERPLANETARY FLIGHT PATHS

ALL POSSIBLE TYPES OF INTERPLANETARY FREE-FALL
TRANSFER TRAJECTORIES TO ANOTHER PLANET

(Ehricke Ref. 1, 1962)
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Types of Transfer trajectories (Ruppe Ref. 2, 1961)

-
f, N‘\ - |
\ ’ ~ \
7 { / 3 \
!
| Q
\
\

(a) (5) (c) () (e) (r)

Fia. 9.37 Typical interplanctary trajectorics: (a) Hohmann trajectory; (b.e.d) elliptic
trajectories, (e.f) purabolic and hyperbolic trajectories.

THE ROCKET EQUATION & INTERPLANETARY TRAJECTORIES

If M, and M, denote the total mass of a conventional rocket propelled spacecrafi injected out of an Earth
parking orbit onto an interplanetary trajectory with a velocity increment AV, the ratio M ,/M ,decreases very rapidely
with increasing AV by the “rocket equation™ given by

M

v
2 - =AV/o —_ 2 e -
M—‘ = - where AV = ‘/V‘ + V_ Ve =11.01

V2

where u denotes the exhaust velocity and V, is the required hyperbolic excess velocity. For ratios below
approximately 0.10, the required launch vehicle becomes enormous even for relatively small payloads.
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1. Ehricke, K.A., “Interplanetary Flight Paths,” Sec. 9.2 in Space Flight II, Dynamics, D. Van Nostrand Co., Inc.,
1962, pp. 962-968.

2. Ruppe, H.O., “Types of Transfer Trajectories.” Section 9.233 in Handbook Of Astronautical Engineering,
McGraw-Hill Book Company, Inc., New York, 1961, pp.9-33 to 9-34.
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HOHMANN MINIMUM-ENERGY TRAJECTORIES FOR EXPLORING THE
SOLAR SYSTEM (Ehricke 1962)

100 [
BO
60+

N
o
T T

o
(o]

[
=]
T

nmo Wb 3 @O
T o

TRANSFER TIME /5 (years)

I

O O.

o @
T L}

‘d\l\

T~

o o
w b

P A
B Pt

o
]

0l

0 02 0304 060810 2 4 6 SI!O 20 30 40I G!OIBIC:IOO
DISTANCE FROM SUN (A.U)

F1c. 9-5 Transfer Time between Earth and Target Planet, Assuming Circular
Co-planar Orbits, at Mean Planet Distance and Hohmann Transfer Orbits.

Planet = M,/M, T(years)
Mercury  7.52 264 0.29
Venus 2.90 431 0.40
Mars 2.94 420 0.71
Jupiter 8.79 221 2.73
Saturn 10.29 174 6.05
Uranus 11.28 .148 16.04
Neptune  11.65 39 30.65
Pluto 11.81 135 45.60
Escape 12.43 121 Inf
Sun 29.77 .003 0.50
90° Inc 42.20 .0002 1.00
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TECHNICAL PAPERS PROVING OR ASSERTING THAT HOHMANN’S
COTANGENTIAL TRAJECTORIES ARE THE MINIMUM-ENERGY
TRAJECTORIES FOR EXPLORING THE SOLAR SYSTEM
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pp. 120-122.

Munick, H. and McGill, R., “Analytical Solutions to Several Optimum Orbit Transfer Problems,” The Journal
of the Astronautical Sciences, 1961, pp. 73-77.



19. Godwin, F., “Outer Planet Voyage Times and Velocities,” Table 19 in, The Exploration of the Solar System,
Plenum Press, Inc., New York, 1960, p. 158.

20. Ruppe, H.O., “Minimum Energy Requirements For Space Travel,” in, I0th International Astronautical
Congress, London 1959, pp. 181-201.
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Amsterdam 1958, pp. 96-119.
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CONCLUSION
THE PROPULSION REQUIREMENTS FOR EXPLORING THE SOLAR SYSTEM

The minimum-energy requirements for exploring most of the Solar System via Hohmann trajectories required
very high injection velocities AV. Since the exhaust velocities u of chemical rocket engines are limited to relatively
low values that cannot be exceeded, it was concluded that chemical rocket engines could not be used for exploring
most of the Solar System because it was believed that the Hohmann trajectories gave the lowest possible AVs.
Therefore, it appeared as self-evident that the only way that the ratio AV/u could be reduced in the rocket equation
was to develop advanced high-specific impulse propulsion systems. The following quotations are taken from various
papers dealing with the fundamental propulsion requirements for exploring the Solar System.

“The periods of transit for transfers between the Earth and the outer planets are so great that the
cotangential ellipse is unlikely ever to be employed for this purpose. Instead, non-optimal paths
involving larger characteristic velocities but shorter periods of transit will have to be followed and, until
much higher exhaust velocities become available (e.g., by the harnessing of nuclear energy for rocket
motor drives), such journeys will not be possible.” (Lawden 1958, Ref. 5, p. 176.)

“It is evident that if we exclude additional propulsion along the trajectory, most of the interplanetary
space missions require initial velocities which we are unable to realize by the use of chemical rockets.”
(Professor Theodore von Karman 1962, Ref. 24, p.4)

“The studies described in this report show that 50% of the unmanned planetary and interplanetary
missions of major scientific interest examined cannot be performed by chemical systems based on
Nova, and approximately 40% cannot be performed by nuclear heat-exchanger systems boosted by
Saturn S-1.” (JPL 1962, Ref. 34, p. 9)

“For the scientist interested in a mission to Pluto, Preliminary calculations indicate that not even an all-

chemical vehicle as large as the proposed Nova, and with a flight time of 15 years, could deliver a
payload to Pluto.” (JPL 1962, Ref. 36, p. 77)
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Il. ILLUSTRATIVE SPACECRAFT DESIGN
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SPACECRAFT DESIGNS PROPELLED BY ADVANCED PROPULSION SYSTEMS
BELIEVED TO BE REQUIRED FOR EXPLORING THE SOLAR SYSTEM
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Fig. 1. Perspective view of space cruiser
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ADVANCED PROPULSION SYSTEMS BEYOND ENGINEERING FEASIBILITY

The advanced high-specific impulse reaction propulsion systems (ion/nuclear) believed to be absolutely
essential for exploring most of the Solar System were not easy to develop, and the basic technical feasibility was very
speculative. By early 1964 it became clear that these systems were beyond engineering feasibility. ***! Thus, it was
believed that, for all practical purposes, most of the Solar System would remain impossible to reach and explore for
a very long time. The invention of gravity propelled interplanetary space travel was fundamentally important in the
history of space travel because it made it possible to circumvent the high energy barriers of direct-transfer trajectories
and hence made the exploration of the entire Solar System possible. In fact, it made the exploration of the entire Solar
System relatively easy with conventional rocket propulsion and small launch vehicles.

49. Yaffee, M.L., “Electric Rocket Program Being Reshaped,” Space Technology International, April 1964, p. 14.
50. “Nuclear Rockets: Flight Systems Deferred.” Spaceflight 1964, pp. 93-94.
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