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Introduction

October 4, 1957 and the Aftermath

Like so many other Americans, the first half of October 1957 found me

hours watching

I tne cold but clear early m

[ had been

ing for the Russian Sputnik to pass over

pportunities

10 JUust One

ths later duri

simulation «
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The proof followed, and the section ended with a neat analytical expression

tion of th

probl

for time of flight as an explici

i1s a of the orbit.

semimajor a: the geometry and

then a could be determined—not directly but by it

[t was the footnote that

s a. An inten
We were now able to gene
b. (My § i

a wl e slope for the m trajectory

for a Newton-Raphsc

choice of indeg

was resolved

ht is a monotonic function. This small, but neces

to Ref. 9,

ractically elimir

reported in an apper

ms that so frequ

g he use of t prograim.

With some trepidation, I presented this method!* of trajectory deter-
n New York on Jam 28, 1959 at t ' f

Institute of the Aeronautical Sciences. \] S(

ation »annual meeting ol the

mechanies did little to inspire self-confidence in the novelty of the tech
nique. But, as I later le ( i

. Rollin Gillespie and Stan Ross were in the

audience, and

home to th

nt back

ried a prepr

Breakwell at the Lockheed Missiles and Space Division.

bee

pling with the trajectory problem and (accordi

h” they also needed.

The method bec:
programs of the Jet Pr
terplanetary probes, a
missiles. Indeed, in the

an enormous set of vol

tabulated d

aily launch

IT1a 1rs 1nto the tuat

passing distanc

INICI1 5

to Venus, which could 1

aq
d g

1 i'il_:lf'(" ories,

" A +3
ne viart

thereby, receive

senang 1t mn the

consume 0.3949

(zaetano
istry and :

paper ™ d

duration.
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The method became the basis of the major orbit-determination

ams of the Jet Propulsion Laboratory for its series of unmanned i

v and Air Force for ta ballis

.’E'_"}}];'.ll{'fri h
' Inde

an enormous set of volumes—similar to the Airline Guide—in which were

probes, and of the Nav

1111538

7 sixties, JPL used this technique to generate

tabulated daily launch conditions for Venus and Mars missions extending

many years into the future.

To support the Mars

flight times were of the order of t

1962-1963. These missions, for

and which had launch in the ye
which the space vehicle makes two circuits about the sun while the earth

dOw

makes three, seemed to provide the greatest flexibility in launch

and passir

a quarter.

One dav. when

rajecto

the Mar

planets seemed fée
quency of proper pl

tica

T fana 1 +
metnodas, 1 ound

did prevail on June 9, On that date, a vehicle in a

launched from Cape Canaveral on a 110° launch azimuth course could be

injected into just such a trajectory af

1e geographical location of 5° W

and 18° S and injection ity

ft /sec. The first planet encountered would be Venus after 0.4308 ye

hicle would pass 4426 miles above the surface of the planet and would,

vl

thereby, receive from the Venusian gravity field alone a velocity impulse

sending it in the direction of Mars. The second leg of the journey would

=]

consume 0.3949 year and the spacecr
1538 miles : ]
(0.4348 yea

truly remarkable orbit is illustrated in Fig. 6. (At the time, the launch date

it '\'-.'(H\.:l] then contact Mars, };;iw";‘:'-

h would last

K 1O ea

['he trip from Mars |

he vehicle would return on September 13, 1973. This

seemed incredibly far off—twelve whole years! But the day finally came

 seem, passed without fanfare or even a comment.

and, sad though
Although

flyby mission ever de

» multiple
, That :
Gaetano Arturo Crocco who was Director of Research of the Air Min-

listinction goes to General

signed, it was not the first ever

istry and a Professor of Aeronautics at the University of Rome, Italy. His

paper !® described an earth to Mars to Venus to earth mission of one year

duration. The orbits were all coplanar; the velocity requirements were




18 Astrodynamics

| 1
1
- L
ce )
I t1011 Ol
I [ 1 | [ I
| 11 e 1 | 1 IT1E
1¢ 1 u 1
T
1 1UL




Battin, R. H.,
tion Laboratory Autom

Technical




Introduction 31
Battin, R. H., O'Keefe, R. J., and Petrick, M. B., “The MIT Instrumenta

tion Laboratory Automatic Coding 650 Program,” IBM Applied Science Division
Techni
5 Battin, R. H
MIT Instrumentation

L C’ ;‘v”f 21

tter, No. 10, Oct. 1955, pp. 63-79

“Programming Manual for BALITAC 650 Routine,” Report

mbri

re, Mass., Aug. 1956.

aboratory, £

| wr

in, R. H., “Theoretical Principle for a Cl
MIT Ir

J. H., Jr. and Bat

for Ballistic

es,” Report R-125
June 1956.

Inertial Guidance Computer

Jambridge, Mass.

imum Fuel Trajectories {

R. H.*

randum E-520, MIT Instrumentat

Type Guidance

g2

Laboratory, Cambridge, Mass.,

Battin, R. H

eliminary L.on

.
Laning,

ons on the Instrumentation of

MIT I

rerable Interplanetary Space Probe,”

mentation Laboratory, Cambridge, Mass., July 1¢

Whittaker, E. T., A Treati
Rigid Bodies, Cambridge University Press, Cambridge, England, 1937.

4 Battin, R. H
sance Trajectories,” Journal of the Aerospace Sciences, Vol. 26, September 1959,

pp. 545-567.

e on the Analytical Dynamics of Particles and

. “The Determination of Round-Trip Planetary Reconnais-

15

Croceco, G. A., “One Year Exploration Trip Earth-Mars-Venus-Earth,”

nth Inlernational tronautical Cong Rome, 1956,

Laning - Round

ssions 1




