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INTRODUCTION

When an interplanetary space vehicle approaches a
planet on a free-fall trajectory the gravitational influence
of the planet can radically change the vehicle’s trajectory
about the sun. It is possible for such vehicles to take
advantage of this influence by passing the planet on a
precisely calculated trajectory which will place the ve-
hicle on an intercept trajectory with another planet.

The determination of free-fall trajectories to several
planets is essentially the famous unsolved n-body prob-
lem. Thus in order to calculate these trajectories certain
simplifying assumptions must be made. The solutions
obtained in this investigation were based upon the fun-
damental assumption: at any instant one and only one
gravitating body influences the vehicle’s motion. The
primary goal of the theoretical portion of the study was
to determine a trajectory in the vicinity of a passing
planet which would enable the vehicle to pass out of its
gravitational sphere of influence on a conic trajectory
about the sun that will intercept another pre-determined
planet. Thus it was assumed that the missions began and
ended at the centers of massless planets. The initial con-
ditions were given by specifying the order in which the
vehicle was to rendezvous with the given planets P, — P,
— +«++. — P, along with the launch date, T,, and first
planetary closest approach date, T.. The solution was
programmed for the IBM 7090, and calculations were
carried out at the computer facilities of the University of
California at Los Angeles and the Jet Propulsion Labora-
tory. The results of these calculations comprise the most
significant portion of the study. The development of the
mathematical techniques employed may be found in
Ref. 1.

NUMERICAL RESULTS

The following examples depict typical advanced
free -fall interplanetary trajectories of concern: (i)
Earth-Venus-Earth; (ii) Earth-Mars-Earth; (iii) Earth-
Venus-Mercury; (iv) Earth-Venus-Mars-Earth; (v)
Earth-Venus-Mars-Earth-Mars-Venus-Earth.

These examples represent only a very small fraction of
the total number of possible different types of advanced
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interplanetary free-fall trajectories having n — 1 plane-
tary encounters. For example the total number of differ-
ent types of advanced trajectories having only two
planetary encounters of the form P, — P, — P, where
P, = Earthis 9"~ or 81. In general, the total number of
different trajectories of the form P, — P, — ... — P,
having , — v planetary encounters is 9",

When the early numerical calculations were confirmed
by elaborate integrating programs at the Jet Propulsion
Laboratory, the Computing Facility at the University of
California at Los Angeles, where the program was
written, the first extensive numerical determination of
these advanced trajectories began. These early calcula-
tions at UCLA not only proved the feasibility of such
missions but also showed that in some cases they would
become an economic necessity.

As the numerical calculations were stepped-up by also
utilizing the computing complex at the Jet Propulsion
Laboratory, three distinct types of advanced missions
began to crystallize. These missions follow in a natural
chronological order:

(1) Unmanned exploration of the inner planets by
~ instrumented space vehicles
(2) Initial interplanetary missions by manned
vehicles
(3) Interplanetary transportation networks to sup-
port manned bases on Venus and Mars.

Since short flight times and low launch energies are
always desirable, the first category of missions must be
of the form P, — P, — P, where P, = Earth, P, £ P,
and are either Mercury, Venus, or Mars, e.g., Earth-
Mercury-Venus, Earth-Mercury-Mars, Earth-Venus-
Mercury, Earth-Venus-Mars, Earth-Mars-Mercury,
Earth-Mars-Venus.

The first two possibilities were immediately elimi-
nated because launch energies required for Earth-Mer-
cury transfers are very high. The last two possibilities
were found to either require high launch energies or long
flight times. It was discovered that the Earth-Venus-
Mercury trajectories required considerably less launch
energies than the direct flight Earth-Mercury trajectories.
These advanced trajectories permitted the payload
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