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Any sufficiently advanced technology is indistinguishable
from magic.
Arthur C. Clarke

7. SLINGSHOT MAGIC

You decided long ago that you wanted to go on a Grand Tour of
exploration, and your destinations were clearly defined. Your ship is
equipped with the latest in scientific instruments, onboard computers, and
communications gear. The main problem is that your speed leaving Earth
is not fast enough (considering the Sun’s gravity) to carry you much beyond
Jupiter—the first of your four destinations. Toaccomplish the trip, youmust
find a way to increase your speed relative to the Sun.

A nice fusion drive would do the trick—or maybe a matter/anti-matter
engine—but these new technologies just aren’t around yet. Fortunately, by
selecting the proper flight path by each of your destinations, you will be able
to “steal” some precious speed, fly on to the next more remote destination,
steal some more speed, and complete your Grand Tour. Knowledge has
saved the day, and your clever scheme will be called “gravity assist.”

A Change in Attitude

The techniques used in the design of planetary missions really did not
change all that much from the 1920s to about 1960. In the 1920s, Walter
Hohmann discovered the lowest energy (least departure speed) path be-
tween any two planets. As shown in Figure 7-1, that path is an ellipse that
is tangent to the orbits of both the departure planet and the destination
planet.

Planetary mission design primarily consisted of determining the launch
times for Hohmann transfer ellipses from Earth to the various planets. With
the rockets that existed by the 1950s, it was thought that it would be a very
long time before people could send spacecraft beyond the planet Jupiter. The
energies required for even the “minimum energy” Hohmann ellipses to the
outer planets were far in excess of what chemical rockets could deliver at
that time.

Further complicating matters were the long travel times the Hohmann
ellipses required. For example, an Earth-to-Pluto Hohmann ellipse re-
quired a 40- to 50-year one-way travel time. An Earth-to-Neptune Hohmann
ellipserequired a 30-year travel time. It seemed as though not many planets
would be visited in our lifetimes.
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Figure 7-1. A Hohmann transfer ellipse, tangent to the orbits of both
the planet one is leaving and the planet one is going to, requires the
least departure energy or speed.

In the summer of 1961, a 25-year-old graduate student in mathemat-
ics, hired as a summer employee at JPL, created a revolution in planetary
mission design. Michael A. Minovitch showed how to gain extra speed by
properly selecting the path from planet to planet. ‘

Minovitch wondered if the gravity field of a planet could be used to
provide thrust to a spacecraft. Many others before him had thought about
the effect of planetary gravity fields on passing bodies. But, by 1960, most
planetary mission designers considered the gravity field of a target planet to
be somewhat of a nuisance, something to be cancelled out, usually by
onboard rocket thrust.

Minovitch was the first to show how to design a
trajectory to a target planet in such a way that a
gravity assist could be obtained from that planet to go
on to another planet. Such a boost could be obtained
from the second planet to go on to a third planet, etc.
The only energy required would be the launch from
Earthtothe first planet. All subsequent planets were
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