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290 Rockets, Missiles, and Space Travel

If the spaceship added too much speed to the orbital speed of the
earth, it might acquire the tendency to drift across the orbit of Mars
instead of just to the orbit. In such a case its own orbit and that of Mars
would cross. If it had only enough speed to drift to the orbit of Mars,
the two orbits would only touch.

That is the difference between economical and uneconomical orbits.
If the orbits of ship and planet zouch, both move around the sun in pre-
cisely the same direction, although not quite with the same speed. But if
the orbits of ship and planet cross, the ship not only has to change direc-
tion but also has to eliminate a greater difference in velocities than in
the case of touching orbits, where the difference to be eliminated is not
very large as cosmic velocities go. Naturally a much larger amount of
fuel would have to be expended in the case of crossing orbits and, since
this fuel had to be lifted from earth first, it does mean much more fuel—
a much larger mass-ratio—at the beginning of the trip. It is easy to see
why having the orbits touch is more economical than having them cross.

One cannot ask at this point whether such a thing could be done or
not. The possibility or impossibility, the improbability or probability, if
you prefer, depends mainly on the figures which result from definite
calculations. There is no way of passing judgment until we know the
figures for the velocities (or rather their changes) and the masses in-
volved.

We can now proceed to some figures from which that answer may
be derived. This exposition of the problem was given in 1928 by the
late Dr. Walter Hohmann in my book Die Méglichkeit der Weltraum-
fahrt. 1 am not going to repeat Dr. Hohmann’s calculations, but only
state the problems and give his results.

All the Hohmann orbits, as they have come to be called, are, as is
natural, Keplerian ellipses which lie in the plane of the ecliptic (the
earth’s orbit), and which follow the general rotation of the solar sys-
tem and touch or cross at least two planetary orbits.

I have inserted the phrase “follow the general rotation of the solar
system” advisedly. Naturally one can imagine and calculate a Keplerian
ellipse pointing in the opposite direction, but this would be a noneco-
nomical orbit par excellence. It would mean the acquisition of more than
the orbital velocity of the earth against the orbital velocity of the earth
and it would again mean reducing all this velocity to zero and acquir-
ing a high velocity in the opposite direction to catch up with the orbital
velocity of the target planet, all this leading up to a landing against that
planet’s gravitation. This is something that clearly cannot be done, and
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Fig. 47. Hohmann orbits.

Left: A “possible” orbit, which follows the general rotation of the solar sys-
tem, and an opposing orbit, labeled “impossible” because of the fantastic
fuel expenditure it would require.

Right: Three “possible” orbits of which the one labeled A takes the longest
time but also involves the smallest fuel expenditure.

orbits which do not follow the general rotation of the solar system are
therefore ruled out as “impossible orbits” (Fig. 47, left).

As regards the “possible” orbits, Dr. Hohmann simplified the calcu-
lations somewhat by making two assumptions about the orbits of the
planets. We know that they are elliptical but to such a small extent
that they look like circles on a small drawing. And we also know that
they are tilted against the plane of the earth’s orbit to a very slight degree.
Dr. Hohmann made the two assumptions that the orbits of the inner
planets lie precisely in the same plane and that they are circular. The
latter assumption has the purpose of getting rid of the complication that
would otherwise arise from the fact that the planets travel somewhat
faster at perihclion than at aphelion. He assumed that the mean orbital
velocity of a planet held true for every point of the orbit. Expressed in
slightly more technical language, he assumed that the radius vector does
not only sweep over equal areas during equal time intervals, but also
describes equal angles. The difference between this simplified pic-
ture and actual conditions is such that it would spell doom for a space-
ship whose navigator lightens his duties in a similar manner. But it is not
large enough to change the figures to an important extent and at present
we only want some general figures which can serve as a basis for con-
clusions about the probability of the whole venture.







