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STATE OF THE ART — 1962

THE engineering and scientific as-
pects of space exploration rely
heavily on astrodynamics, and for this
reason it has become of considerable
importance in the past few vears,
under various names—space dynamics,
applied celestial mechanics, orbit me-
chanics, etc., depending on the inter-
est, orientation, and aim of the project.
It is a powerful engineering tool on
one hand and a science with far-
reaching potentiality on the other. Ac-
cordingly, its scope includes applica-
tion of celestial mechanics, astronomy,
analytical dynamics, and optimization
techniques to missile and spacecraft
motion; orbit prediction (perturbation
techniques), orbit determination (use
of observational data), trajectory modi-
fication (optimization of powered
flight), and trajectory selection (sys-
tem and mission studies). In addition,
the aim of this discipline is to obtain
new knowledge regarding the geo-
physical, lunar, and planetary environ-
ments through interpretation of the
orbital data of artificial earth satellites
and lunar and interplanetary probes.
To appreciate its problems and ac-
complishments, it is essential to under-
stand that this newborn discipline con-
sists of continuous interplays, between
modern and classical problems, as well
as between new and old techniques.
First, for the researcher to make signifi-
cant contributions, he requires, as a
prerequisite, familiarity with the back-
ground sciences of celestial mechanics,
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with the fast-widening circle of ap-
plications, and with modern computer
and mathematical techniques. Several
of the present-day problems were un-
known to the high priests of classical
celestial mechanics, and these prob-
lems require the development of new
techniques. Other problems of astro-
dynamics can be handled with the
well-known classical approaches. It
is significant that a powerful feedback
exists in the field, not only because
space explorations helped to rediscover
and rejuvenate celestial mechanics,
but also because high-speed electronic
computers and modern (for example,
topological) mathematical methods
are today capable of handling several
of the classical problems far more
efficiently than ever before.

In what follows, the status of the
major areas of astrodynamics will be
described to emphasize problems and
accomplishments, rather than to re-
view individual papers. The inter-
disciplinary aspects, the impact of
space projects on astrodynamics, the
influence of astrodynamics on space
exploration, and the roads to new dis-
coveries will be stressed, since for our
purposes here familiarity with the
whole picture is more important than
mosaic credits to the many whose bril-
liant contributions made the advances.

A classification of the main areas in
astrodynamics according to mission re-
quirements, while useful in planning
future space explorations, turns out to

be repetitious and overlapping and
prevents the presentation of the basic
problems. Considering the technical
areas involved, four major
emerge:

items

1. Orbit prediction—the precompu-
tation of trajectories.

2. Orbit determination—the estab-
lishment of trajectories from observa-
tional information.

3. Orbit modification—the changing
of trajectories by applying thrust.

4. Orbit selection—the choosing of
trajectories  applicable to given
missions.

These major areas show strong in-
terdependence. Orbit determination
aims at establishing ephemerides for
natural and artificial celestial bodies,
and it starts with obtaining and ana-
lvzing observational data from which
a preliminary orbit is established. To
improve this first approximation, one
modifies the orbit mathematically. So
orbit modification and determination
are closely related. On the other
hand, once the initial conditions and
the forces acting on the vehicle are
known, its future is determined. To
compute an orbit from given initial
conditions is the subject of orbit pre-
diction (item 1), so if orbit determi-
nation (item 2) gives the initial condi-
tions, the problem is reduced to item
1. Furthermore, selecting the “best”
orbit (item 4) requires a knowledge
of the totalitv of possible trajectories,







