A DESCRIFTION OF THIS REIEANCH EFrOar AND XIS RUMERTSAL, COVPUTAT: {»‘,b

It has been diecovered that nianatarv peruurb wbions can play an
impcrta%t role in designing interplanetany free~£all trajectories for space
vehicles, Tor example; misgions to Fercury normally reguire very high_laﬁnch
velocities, If insteéd of going dirvectly to Mercury we have the %ehicie‘

pass Vemus such thau its grav1uau10na1 influence causes the vehicle to in-
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tercept Mercury, the required launch energy can be reduce “over 2DJp."”“ﬁﬁ sea o

These | W@

opportunities can be move than doubled by also utilizing the 1anv"h OO~

‘Launch opportunities for missions to Mars cccur once ever

tunities for flights to Venus and having Venus send the wehicle {to Hars.

Eoréoyer,'xﬁ has been discovered vy pre#ious calculatiéﬁs that a maxmed
HMars landing mission can 5& zccomplished in 19?0 or 1972 by emplayingfthe'
Saturn -~ 5 launch vehicle which is being dﬁveloved far the Iunar missien.
A1 of these facts were discovered by‘prévious calculations at the U.C.L,A,
Cermputing Facility.

The aims of the new calculgtionu are b nuﬁpvlcallv mralyéf/;hﬂ
posg?bility of employing planatary'?erturbations to r@énce required lounch
energies and flight times for the following three types Qf missions:

1) solar probes
2) oub of ecliptic probes
3} ‘probes to Saturn, Uranus, Hevbune and Pluto
the perturbating planets will be elther Vems or Jupiter. The nemerical

enalysis will cover all &arth-Vemus and Barth-Jupiter lounch opportunities

from 1967 to 1977. Each launch period will be broken up inko fen lannch dates
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with four day :E.m;erval-s-. For each launch date several F;{rth_1fer1us or
| Barth-Jupiter transfer brajectories will .be calculated having fiight
times centered about the optimum (least energy) flight tinme for that
particular launch date. For each £1ight time variows distances of
closest aporoach will be piven., Fof each specified distance of closes;‘b
approach the approach trajectories yielding extreme values for the pOst-
encounter trajectories

1)} eccentricity

2} semi-major axis

3} inclination

I} perihelion distance

5) aphelion distance

&) . véloci‘i:y (;‘%ust after encounter iela‘tive to sun)

?-)' ‘maximum distance above eclip’c.ié: plarie

8) meximum distance below eclrﬁptic plane

9) angular mcmeﬁt\m
wiltl be caleolated.

i Tf: and, '{f; represents the wehicle's velocity vecbors as it enters
and leaves the gré.vitaiﬁibnal snfluence of the planet then h‘?:;.”“?: = 2_?:.(?;'-‘?:) .
where ;’:, denotes the planet’s velozity vector when the vehicle makes its
closest spproach. Specifying the transfer trajectory determines’ v; .
Thus this necessaxy equation permits fonly E\:}?Gf the three components of
{f; = (2, KL ?) to be independent.f{(g: specifying the distence oi‘ closest
approach, only one comj_lnonen‘a can be independent y= -?.{ %), e. z g{;z) . '
In this case the functlons -Ef({.% J %— , T;Z(% , ;»{-(’r; ’ % , ;—%ﬁ ; ’é’(-?w’{;é ,_\,

can all be determined. By multiplying these functions together we obtain

. . . . . _‘L
a new funchion (K ) . Tne zeros of (%) then yields values for




which will give extreme values yielding the desired resulbs. The o
vectors Y, © and {L then debermines the proper approach trajectory.

 The elements of the post-encounter trajectofies are also calculabed.
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