il gk rn Y

[ i

g

A
v

-4

Engineering Notes_

Predicting Launch Dates for Mars
Transfer via Venus

WarTer M. HoLLisTER*
Massachusetts Institute of Technology, Cambridge, 1 as..

TRANSFER from Earth to Mars via Venus can be treated

as two single interplanetary transfers; the first from
Fuarth to Venus and the second from Venus to Mars. For
any single interplanetary transfer, the specification of the two
torminal dates is sufficient to define uniquely the trajectory.
Tor a Mars transfer via Venus, the problem is to locate the
launch, flyby, and arrival dates so that the relative orienta-
tion of the planets will allow an economic transfer to Venus,
to be followed by an econémie transier to Mars.

The relative orientation of the three planets is indicated in
Fig. 1 by showing the location of fortheoming oppositions
of Mars and conjunctions of Venus. The dates of planetary
alignment are given through 1980 in Fig. 2. Minimur: #1200y
transfers between planets are characterized by t+ “lact that

alienment of the launch and arrival planet Jceurs about
- I

midway through the transter. This characteristic can be ch-
served in the plotted trajectory data of Ref. 1, or argued on
the basis of physical and geometrical principles.* In order
that a low energy transfer to Venus can be followed by a low,
energy transfer to Mars and a low energy transier back t
Earth, the Earth-Venus, Venus-Mars, and Mars-Earth
alizcnment dates must occur in that order, with a spacing of
about 140 days between them. This orientation is seen to
veeur about every six vears or prior to every third opposition
of Mars. When the orientation is right for ap Earth-Venus-
Mars transfer before the opposition. it is also right for an
Larth-Mars-Venus transfer after-the onposition  Examples
of these favorable orientations are shown in ¥Fiz. 2 around the
oppositions of 1963, 1971, and 197S. The oppositicn of 1971
is also favorable because it occurs near Mars’ perthelion,
closest to both the Earth and the sun. Mars transfer via
Venus may be performed during other opposit the path
of the space ship'is allowed to penecrate mnside th oroit ot
Venus. For these trips the Earth-Venus troosier is not one
of minimum energy, but the extra expendiwure iz justified
hecause of the potential over-all saving asseciated with the
Venus encounter. The total time of Hight for the witer type
wrip is also longer in durarion than the minlinum epersy
uwanster. Consequently, the possible launch dates are now

ments are in the proper order with a spacing of aboeut 200 davs
between them. It can be zeen that it is possible to go 0
ifars via Venus in this manner, prior to the oppr.itions of
1967, 1973, and 1980. It is also possible to return from Aars'
via Venus in this manner following the oppositions of 1969,
1975, an? 1982. Consequently, every opposition period
holds the po:sibility of a transfer via Venus.

The same iwformation about the orientation of the three
planets cun be represented geometrically. In Ifig. 3 the
motion of Venus and Mars is shown relative to the Farth-sun
line. Venus is continually getting ahead of Earth at a rate
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Fig. la  Oppositions of
Mars, 1965-1978.

Fiz. lb  Conjunctions ol
Venus. 1970=-1977.

slightiy areater then 3° per dov.
behtnd Earth at a rate slightly less than
lecuiion of the Mars Venus-sun alignment relative to the
Earth-sun line a3t 5 particular time is indicative of tho curreng
spacing of the other two planetary alienments, The situa-
tion that allows & winlimum enercy Earth-Venues transfer tc
be foilowed by a minmum eaergy Venus-Mars #ransic
swist whea the Mars-Venus-sun clignment is abous 70°
shead of the Furth-un line in Fig. 3. The situation thas
ailows a minimum energy Mars-Venus transter to be {ollowed
43 & mininrum epergy Venus-Earth transfer exists when the
Mars-Venus-snn alignment is about 70° behind the Earth-
sun liue.  addewlag (or logger trips, the alisnniens can fall in
a raace indicated by the arrows (Fig, 3}, The limits of the
runze are somewhat arbitrary,  Inzeneral, the trips associated
with times whea ‘he alignment s outside the range are too
long 4t one extreras or oo expensive of launch energy at the
other extreme.

Ap Earth-Venus-Mars trip that arrives al Mars 34 days
prior to the 1971 oppesition, and a Mars-Venus-Earth trip
tiaat departs from Mare 56 days after the 1971 oppoesition are
now deseribed as exan:ples of the two types of trip that niake a

Mars is continually falling
3° per doy, The
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