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Impulsive'lnterplanetary.Trans1~rs

.forPrescribedLaunch,Date1

k'
A meth~ f)! IIOlution, suitable alllO for hand computation, to determine all of the two- and three.

'dimensional'ballistic interplanetary transfer trajectolies which exist for a chosen launch date is
"o1Jtlined;Eooentrieities of the planetary orbits have been taken into account. A new optimality
condition cthat illOlaies those transfer orbits requiring a minimum of characteristic velocity is alllO
derived.-Numeri~ results of some Earth-to-Mars transfers for arbitrarily selected departure dates

\<a~'8umm,arized in a series of curves tbat displayeharae.teristic velocity expenditures and departure
yelocity~rien~tion for trips of various durations. When the initial location of the planets is not

- i)Wecified.~.(Priori, an'~ptimal mode of transfer exists for every transfer angle chosen. Specification
'~planetary con&gura~n at deParture acts as a constraint on the motion and causes optimal
itrItjeetories"tooOOuromy;.ror discrete values,of>;transfer angle:. Unlike tbe coplanar case, tbrec-

,dimensional transfers Wi.e'rise to t'Wo_~l!lt!>fmiliimal velocity, separated by a narrow inaccessible
belt of transfer angles- the vicinity 01 UJO°.::whieh'correspond toilepartures at right angles to the
;eelipUc',plalle;"'"c,"IL. ; 'l'-I>.!t"t::,. ",'t:
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DURING the planni.il.gstageof any interplanetaIj'transfer
mission,there exists, for purposesof preliminary design,

a very distinct need for quick and reliable information con-
cerning the merits of the'various transfer orbits that can be "

"selected to accomplish the given mission. Two of the main
. items of interest during this stage of the investigation are the

time of flight and the so-called characteristic :velocity .of
transfer.

Ip the early stages of interplanetary flight analysis,mission
cost and flight time estimates between coplanar, circular
planetary orbits were obtained by assumingcotangential or
Hohmann transfer ellipses. Their low characteristic velocities
were purchased at the expense of long transfer times. In
addition, the use of these orbits presupposes a propitious loca-
tion of the two planets at departure, a condition that is seldom
encountered in practice. .

Except for these special cases, transfer orbits will lie in
planes of arbitrary but determinable 'orientations in space,
depending on the departure date selected and the time available
for transit. The determination of these orbits requires compli-
cated coding routines for high speed digital computers, into
which the exact orbital positions of the planets could be fed.

The present paper presents a method that allows any type
of elliptic transfer trajectory, in two and three dimensions, to
be computed (by hand, if need be) with relative ease for a
given date of departure if the time available for the flight is
specified in advance. In addition, it is shown how the applica-
tion of the calculus of ordinary maxima and minima facilitates
the location of those trajectories which, fora given departure
date, require the least expenditure of characteristic velocity
of transfer. The geometric parameters introduced by Battin
(1)3in the two-dimensional portion of his work also will be re-
tained here.

Starting out with a two-dimensional problem, a subsidiary
intercept constraint condition on the transfer orbit is intro-
duced which enables transfers to be calculated directly only
for those planetary configurations at departure which are of
current interest. The optimality condition for the present
case, analogous to the one developed by Battin, is somewhat
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mination of interplanetary transfer orbits for specified date of
departure," by H. B. Schechter, Rand Corp. Paper P-2157
(December 1, 1960).
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fuore 'Complicated becatlse ()f the need to introduce Lagrange
'multipliers. The same basic approach was then extended to
elliptic planetary orbits by means of a linear correction in
eccentricity 1IJld applied to a three-dimensional planetary
model.'
. The numerical results of the present investigation were com-

pared With those of Ref. 2 and, to the order of accuracy of the
data presented 'there, were fo\Uldto be iO' good agreement
with them; , . .

~oplanar Transfers Between Circular Orbits

Before looking at the more general and realistic case of
transfers in three dimensions between elliptic orbits, it is ad-
vantageous to start out by first considering the simpler case
of transfer from the surface of Earth to the surface of Mars,
assuming that both planets describe circular coplanar orbits
about the sun. With some obvious minor modifications, the
same analysis would apply also to transfers to inner planets,
such -as from Earth to Venus, or to the return trip from Mars
to Earth.!' ..' . .

It will be assumed that t\~ mission is accomplished by the
application of two impulsive thrusts at both terminals of the
transfer curve. The first thrust enables the vehicle to escape
Earth's gravitational field and leaves it with a hyperbolic ex-
cess velocity of a magnitude and direction such as to place it
into a heliocentric elliptic intercept orbit. The second impulse
is employed to cancel the relative velocity of the vehicle with
respect to Mars, on its arrival there along the chosen heliocen-
tric collision course, and t{)overcome the gravitational attrac-
tion of that planet. This will permit the vehicle to perform a
soft landing on Mars. The assumed scheme of transfer does
not make any allowances for the various losses (gravitational,
atmospheric, navigational, etc.) that arise in an actual space
mission nor for possible gains from atmospheric braking on re-
entry. Nonetheless, the present method will be well suited to
assess the rough overall costs of such a transfer and to give an
idea of the correlation between launch date and total velocity
requirement. To hold the needed characteristic velocities
down to a reasonable level, transfers along elliptic orbits only
will be investigated. The modifications needed to include
faster transfers will affect primarily the expressions for time of
transfer and semilatus rectum.

The nondimen~ional forms used here are shown in Eqs.
[1 and 2] and follow from an application of Lambert's
theorem (3) as shown in Ref. 1:
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