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GrauitA-assist,trajector ies
betweenEarth and Mars wctuld
reduce the cost of shuttlinq human crews and their
equipment,sou JanresOberg and Buzz Aldrin

hemical rockets have served
humankind well in its first,
tenta ve steps rnto space.
Having ridden atop them to the moon
and back, one of us (Aldrin) can vouch
for the technology'smerits. Neyertheless,for trips beyond our nearestneighbor in space,chemicalrocketsalone
leavemuch to be desired.
Even Mars, the next logical destination in space,rvould be a stretchfor
chemical rockets. To deliver a humarr
crew to the planet would require so

much fuel that essentiallyall scenarros
for such a voyage involve producing,
on the planet! surface,large amounts
of fuel for the return trip. That requirement adds another elementof risk and
complexity to the proposed mission.
Much more powerful plasma rockets,
on the other hand,are still probablya
dec.rde.ruey from useon r hum.rn-piloted spacecraft.
'We
think thereis a middle groundrusrng chemicalrockersand augmenring
their modest propulsive power by tak-

(

ing creativeadvantageof gravity-assist
maneuvers.
In rheseexcursions,
mission
planners send a spacecrafthurtling so
closeto a celestialbody,typically a planet, that the body's gravitational field
changesthe spacecraft'svelocity. The
schemeis commonly used to boost the
speedof a probe headedtoward the solar system! outer planets,rvhich rvould
othenvisebe all bur unreachabie.
\lission controllersbeganusing gravity assists in the 1970s on such missions as
Mariner 10 to Mercur)', which got an

that would periodicallyapproachEarth
and Mars. Human crewswould occupy
these castles during the interplanetary
cruise. which would last two or more
years. Then, during the encounters with
Mars or Eanh, the travelerswould make
use of more spanan vehicles("taxis")
to go back and fonh between a castle
and a planet. The castleswould be resuppliedusingpropulsion technologies,
such as ion drive, that are highly efficient but too slow for human passengers.The trip on board the taxi between
a castleand a planet would take about
a weeKor tess.
As originally conceived;the castles
would orbit the sun in such a way that
they would encounter Earth about once
every five years and Mars every 3.75
years.In a secondproposal the habitats
would encounter Earth every three
years and Mars every 7.5 years. Neither
of these orbits would have been significantly modified by the planetary encounters. Thus, gravity assist was not a
factor in theseearly concepts.
In 1985 Aldrin proposed a cycling
habitat orbit that would make crucial
use of gravity assist dudng each Earth
flyby. Thesecastleswould also circle the
sun, but the strategy would speedup the
interplanetary transit time by exploiting
orbits whose farthest point from the star
(or aphelion) would be well beyond
Mars. A major advantageof this scheme
is that the habiats would encounter each
planetevery2.7 years.and the planet-roplanet transit time would be as little as
six months. A drawback would be that
periodic propulsion maneuverswould
be neededto keep the cycling habitat in
this advantageousorbit. Becausethese
maneuverswould not be time-critical,
however, they could be performed by
high-efficiency, low-thrust propulsron
systems.
Moreover, one of the most critical
marreuverswould be accomplishedlargely by gravity assist.The interval separating encountersbetweenthe habitat and
Mars would not be an exact, wholenumber multiple of a Martian year. So
the planet would be in a different place,
relative ro the solar system,each rirne
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the habitat was about to make its approach. For rhis reason.the orbit of tie
he cycler conceprgoes back to the habitat would have to be adjustedeach
f
I early 1980s.Alan L. Friedlander time so that it would encounter the planand John C. Niehoff, both then with
et. In technicalterms, mission controlScienceApplications International, de- lers would have to rotate the habitat orscribeda systemin which severallong- bit's line of apsides(the line from its
lived spacehabitats (which they called oerihelion--<losestooint ro the sun-to
castles)would be placed in solar orbits irs aphelion) enoug-hso that the rrajec-

lides" elasticallywith the planet'sgravrtational field. If the planer is moving
into the arc of the spacecraft'straiectory
as the craft flies by the planet, the "rebound" speed of the vehicle will be
higher than its approachspeed.As with
the ball bouncing off the wall, momentum is conserved:the planet'smomentum changesas much as the spacecraft's.
Becauseof the immense difference in
their masses,though, the planet'svelocity changeis not significant.
Boing!
The more massive the planet, the
more sharply it can alter the space/\ gravity-assistmaneuvercan be lik- craft's trajectory.Jupiteq the most mas.f\ enedto a rubber ball bouncing off sive planet in the solar system by far,
a wall. ln this analogy.the spacecraftis can effect a changeas great as 150 delike rhe rubber ball. and the planeris greesin a vehicle'sdirection relative to
like the wall. As the ball bouncesoff the the planet. Not only can mission conwall, the bounce-off velocity will be trollers change the spacecraft'sspeed
higher or lower if the wall is moving to- and direction within the orbital plane,
ward or away from the ball as they they can also put the craft in a new ormeet. The mathematicalrelation is de- bital plane quite different from that of
scribed by a fundamental principle of the planet'sorbit around the sun.
Newtonian physics: conservation of
How can gravity assisthelp transpon
momentum. The change in the ball's people to Mars? The answer is that rt
momentum is balanced by an inverse would be used to make critical adjustchangein the wall's momentum.
ments to the trajectories of "cycler"
ln a graviry assist,the spacecrah "colspacecraft.Thesewould usethe graviry
of Earth and Mars as the primary shaper of their trajectories as they cruised
back and forth repeatedly,like buseson
a scheduledroute, shuttling crews and
suppliesberweenthe two planets.Typically the cycler would not have to be
deceleratedinto orbit around Mars, and
it would never have to blast off the planet3 surfacefor the return to Eanh, The
basicconcept goesback more than three
decadesbut continues to produce novel
mission strategies,onesthat we b€lieve
merit more attention than they generalIy receivein discussionsof human mrssionsto Mars.
The gravity-assistcycler approach is
anractive becauseit would minimize the
needfor propulsivemaneuvers.Because
of the massivelife-support equipment
that would be required to sustain humans on an interplanetary voyage, huge
quantities of rocket fuel would be required for each such maneuver[see
"How to Go ro Mars," on page251.

assistfrom th€ Venusian gravitational
field; Pioneer 11 to Satum, which flew
by Jupiter; and Voyager 1, catapulted
by Jupiter's prodigious gravitational
field and now hunling through interstelIar spaceat 52,000 kilometersper hour.
Even though there are no sizablecelestial bodies betweenEarth and Mars, a
mission between the two planets can
still be executed so as to benefit significantly from theft gravity.
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the taxis to go to and from the planets,
Thoseadvantagesnorwithstanding.it
is difficult to compare the costs of the
cyclersftategywith thoseof more traditional approachesto Mars exploration.
Clearly, a great deal of infrastructure
would have to be built and orbited to
carry out the cycler mission. Once up
and orbiting, however,that infrastructure could be usedto senddozens,if not
hundreds,of peopleto Mars. Calculating
how many passengerswould be necessary to break even,though, is extremely
difficult becauseof uncertaintiesabout
how many habitats would be required,
how much it would cost to build, Iaunch,
supply and maintain them, and how
much it would costto carry out missions
with one-shotrockets.
Improved Cyclers
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tory would coincide with the position
of Mars at the next planned encounter.
Aldrin's insightwas that this shift could
be accomplishedmainly by gravity assistasthe habitat swung by Eanh.
Becauseof its elongated orbit, the
habitat would encounterEanh ind, especially,Mars at relatively high velocrties.Those high speedswould be problematic if it were the massivehabirar
that would hayeto be slowed down for
reentry. But it would never need to slow
down, becausepassengerswould use
42
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I ldrin hascontinuedrefininghis ideas
fL about cycling habiratsand Mars
exploration. In his latestconceptionthe
habitats would follow trajectoriesthat
would encounter the planets at lower
velocities.allowing more time and flexibility for trips betweenthe habitat and
the planets,Insteadof a simple,alternating Earth-Mars-Earth-Mars encounter
sequence,this latest schemewould exploit creativecelestialmechanicsto add
"dwell time" ar both Mars and Eartf
In this plan the singleEarth swingby
would becomea multiple Mars-EarthEarth-Earth-Earth-Mars sequenceof encounterslseeilluslration at le[t],During
the Eanh ponion of the trajectory the
habitat would remain in an Earthlike
orbit around the sun, but ev€ry sx
months it would fly by Earth, using the
planet'sgravitationalfield to help adjust
the orbit for the next encounter. Also,
the Mars swingby would have a hesitation period during which the habitat
would be waiting for Earth to come into
position for the return leg,The trajectory repeatsitself once every 52 months,
during which time Earth and Mars
come into conjunction with each other
twice (two synodicperiods).
To accomplishthe biannualEarth flyby maneuvers,controllers would use
Earth's gravity to shift the spacecraft's
orbital plane around the sun into one
inclined more than 10 degreesto that of
Earth'sbut with the sameorbital period
as Eanh (one year).This cyclerstrategy
usesthreesuchback-to-backmaneuvers
(or one six-month encounter followed
by or preceded by a 12-month reencounter), followed by a gravity assrst

onto the Mars-bound leg. NASA now
plans to usethe Earth-Earth six-month
reencounter trajectory for the Mars
Sample Return mission scheduledfor
2005 and for the CONTOUR Discovery sciencemission.
At Mars, introducing a dwell time
present\many challenges.
The planer's
mass cannot induce even a 10-degree
bend in a spacecraft'strajectory under
approach velocities typical of cycling orbits. So it is likely that controllerswould
have to use a Martian gravity assist,
plus perhapsa small propulsivemaneuver, to turn the spacecrafttoward the
inner solar system.The vehicle would
then encounterVenus and exploit that
planet'sEanhJike gravity to aim itself
back for another Mars encounter.
Demis V Bymesof rheJetPropulsion
Laboratory in Pasadena,Calif., recently
analyzed similar trajectory options.
Byrnes,who is deputy manager of the
Navigationand MissionDesignSection
at JPL, verified the feasibility of a cycling systembasedon three habitatsfollowing a trajectory that covered three
synodicperiods(about 78 months)with
five Earth flybys, eacha year apart, between Mars encounters.Such a system
would offer an opportunity to travel
from Earrh to Mars, or viceversa.every
26 months,
Analysessuch as Byrnes'sunderscore
the fact that spacescientistshave just
scratchedthe surfacein their studiesof
the suitabiliryofcycling in human interplanetarytravel. As they continuerefiling their ideasthrough a seriesof successivelybetter mission designs,these
specialistsare making it more likely that
humankind will someday rely on this
remarkably flexible and robust concept
to reachthe Red Planet-not once, but
E
over and over again.
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