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FOREWORD 

This handbook has been produced by the Space Systems Division of the 
Martin Company under Contract NAS8-S03l with the George C. Marshall Space 
Flight Center of the National Aeronautics and Space Administration. The 
handbook expands and updates work previously done by the Martin Company 
and also incorporates , as indicated in the text, some of the work done 
by Space Technology Laboratories, Inc. and Norair Division of Northrop 
Corporation under previous contracts with the George C. Marshall Space 
Flight Center . The Orbital Flight Handbook is considered the first in 
a series of volumes by various contractors, sponsored by MSFC, treating 
the dynamics of space flight in a variety of aspects of interest to the 
mission designer and evaluator. The primary purpose of these books is to 
serve as a basic tool in preliminary mission planning. In condensed form, 
they provide background data and material collected through several years 
of intensive studies in each space mission area, such as earth orbital 
flight, lunar flight, and interplanetary flight. 

Volume I, the present volume, is concerned with earth orbital 
missions. The volume consists of three parts presented in three separate 
books. The parts are: 

Part 1 - Basic Techniques and Data 
Part 2 - Mission Sequencing Problems 
Part 3 - Requirements 

The Martin Company Program Manager for this project has been 
Jorgen Jensen; George Townsend has been Technical Director. George 
Townsend has also had the direct responsibility for the coordination 
and preparation of this volume . Donald Kraft is one of the principal 
contributors to this volume; information has also been supplied by 
Jyri Kork and Sidney Russak . Barclay E. Tucker and John Magnus have 
assisted in preparing the handbook for publication. 

The assistance given by the Future Projects Office at MSFC and by 
the MSFC Contract Management Panel, directed by Conrad D. Swanson, is 
gratefully acknowledged . 
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I. INTRODUCTION 

The material within the manual is arranged in 
three major areas and these areas are further 
divided into related discussions . The classifi­
cation of material is as follows: 

Basic Techniques and Data--Chapters II 
through V. 

Mission Sequencing Problems - -Chapters VI 
through IX. 

Requirements - -Chapters X through XIII. 

These areas encompass most of the material in 
the f ield of earth orbital mechanics. The intent 
in all of these discussions is to provide analytic 
relationships which define the problem, and to 
augment the se discussions with an error analysis 
and graphical or tabular data. In some of the 
material, however, the number of variabl es is 
so large that it is not practical to present graphi­
cal data; in others, the problem is so involved 
that it is not possible to obtain analytic solutions 
(such investigations were conducted numerically). 
In all cases , however, the prescribed purpose 
has been achieved without sacrificing the scope 
of the investigation. 

A brief resume of some of the more important 
features of these chapters is presented in the 
following paragraphs . 

II. PHYSICAL DATA 

The material in this chapter reviews some of 
the work published by R. M. L . and by W. M. Kaula 
for the purpose of presenting a set of constants 
necessary in the computation of trajectories. 
Appendix B extending this data is an internally 
consistent set of constants developed by Dr. H. 
G. L. Krause. 

The chapter then discusses other geophysical 
factors which can affect the selection of an orbit . 
Included in these discussions is material on the 
radiation environment, the meteoroid environ­
ment and the upper atmosphere and its variabil ity. 

The chapter concludes with a discussion of the 
measurement of time, distance, mass, etc. This 
portion of the chapter contains tables constructed 
for the purposes of making the transformation of 
units as simple and accurate as possibl e. 

III. ORBITAL MECHANICS 

The discussions of this chapter present the 
basic central motion trajectory equations to be 
used in the balance of the text . Relations de ­
fining the 3-D motion are developed and a large 
number of identities and equations are presented 
for elliptic motion . These equations (numbering 
in excess of 400) are followed by approximately 
75 series expansions of the time variant orbital 
parameters with arguments of the mean anomaly, 
the true anomaly, and the eccentric anomaly. The 
chapter concludes with a discussion of the n-body 
problems. 
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IV. PER TURBA TIONS 

Special and general perturbation techniques 
are discussed, and the results of several general 
perturbation theories are catalogued and compared. 
This presentation provides the reader with the in­
formation necessary to evaluate the theories for 
each individual application and with an awareness 
of the subtle differences in the approaches and 
results. 

V. SATELLITE LIFETIMES 

The material of this chapter presents in suc­
cession discussions pertaining to the aerodynamic 
force s in free molecular flow, to analytic approxi­
mations for use in determining the lifetime of 
satellites in circular orbits in a nonrotating atmos­
phere, and, finally, to decay rate s in a rotating 
oblate atmosphere . Where possible, analytic ex­
pressions have been obtained, but accuracy has 
not been sacrificed for form, and extensive use 
has been made of numerical computation facilities. 
Here again, however, attention to detail revealed 
several nondimensional decay parameters and made 
it possible to make these computations more e ffi­
ciently. 

VI. MANEUVERS 

The general problem of orbital maneuvering 
is approached from several directions. First, 
the case of independent adjustment of each of the 
six constants of integration is presented both for 
the case of circular motion and elliptic motion. 
Then the general problem of transferring between 
two specified terminals in space is developed. 
These discussions, like those of the other chapters, 
are fully documented . 

The chapter concludes with a discussion of the 
effects of finite burning time, of the requirements 
for the propulsion system to accomplish the pre­
viously described maneuvers, a discussion of the 
error sensitivities, and a discussion of the sta­
tistical distribution of errors in the resultant 
orbital elements. 

VII. RENDEZVOUS 

Rendezvous is broken into two basic phases 
for the purpose of the discussion in this handbook. 
The first of these phases contains the launch and 
ascent timing problems, the problems of maneu­
vers and of the relative merits of direct ascent 
versus the use of intermittent orbits or rendezvous 
compatible orbits. The second phase is the dis­
cuss ion of the terminal maneuvers. Included in 
this final section are the equations of relative 
motion, a discussion of possible types of guidanc e 
laws, and information necessary to evaluate the 
energy and timing of the terminal maneuver whether 
it be of a short or long term nature. 



VIII. ORBITAL DEPARTURE 

The problem of recovering a satellite from 
orbit at a specific point on earth at a specific time 
is essentially the reverse of the rendezvous prob­
lem, and the approach taken here is the same. 
First, an intermediate orbit is established which 
satisfies the timing constraints, then the maneuver 
is completed by de orbiting without requiring a 
lateral maneuver. For cases where this approach 
should prove impractical, data for a maneuverable 
re-entry is also presented. 

The presentation progresses from the timing 
problem to the analyses of the intervals between 
acceptable departures, the finite burning simu­
lation of the deorbit maneuver, and the error 
sensitivities for de orbiting . 

IX. SATELLITE RE-ENTRY 

Once the satellite leaves orbit it must penetrate 
the more dense regions of the atmosphere prior 
to being landed. This chapter treats analytically 
and parametrically (i. e., as function of the re ­
entry velocity vector ) the various factors which 
are characteristic of this trajectory: Included 
are the time histories of altitude, velocity and 
flight path angle; also included are the range 
attained in descent, the maximum deceleration, 
the maximum dynamic pressure , and equilibrium 
radiative skin temperatures, as well as a dis­
cussion of aerodynamic maneuverability . Thus, 
this chapter makes it possible to analyze the tra­
jectory all the way from launch to impact in a 
reasonably accurate ma=er before progressing 
to a detailed numerical study of a particular vehi­
cle flying a particular trajectory. 

X. WAITING ORBIT CRITERIA 

The balance of the book treats problems as­
sociated with the flight mechanics aspects of 
specific missions. However, these are some 
problems which are not of this nature but which 
can influence the selection of orbits . (The radi­
ation environment etc., of Chapter II is an example 
of this type material.) Accordingly, Chapter X 
presents some information pertaining to the solar 
radiation heat level, and to the storage of cryo­
genic fluids. This information is treated only 
qualitatively because it is outside the general 
field of orbital mechanics and is itself the subject 
for an extensive study. The material is included 
however, because of the requirement for fuel in 
many of the discussions of maneuver outlined in 
the re st of the text. 
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XI. ORBIT COMPUTATION 

The discussions of this chapter tie many of the 
previous chapters together since all trajectories 
to be of value must be known. The discussions 
progress from the basic definitions of the basic 
coordinate systems and transformations between 
them, to the determination of initial values of the 
six constants of integration, to the theory of ob­
servational errors, and finally to the subject of 
orbit improvement. In this process, data is pre­
sented for most of the current tracking facilities 
and for many basic techniques applicable to the 
various problem areas (e. g ., orbit improvement 
via least squares, weighted least squares, mini­
mum variance, etc.). The chapter concludes with 
a presentation of data useful in the preliminary 
analysis of orbits. 

XII. GUIDANCE AND CONTROL REQUIREMENTS 

The discuss ions of this chapter re late the 
errors in the six constants of integration to errors 
in a set of six defining parameters. This 6 x 6 
matrix of error partials has been inverted to ro­
tate the parameter errors to errors in the ele­
ments. The result is that it is possible to pro­
gress from a set of parameter errors at some 
time directly to the errors in the same parameters 
at any other time. This formulation has proved 
itself useful not only in the study of error propa­
gation but in the analysis of differential corrections 
and the long time rendezvous maneuver . 

Also included in the chapter is information 
related to problems of guidance system design, 
the attitude disturbing torques and the attitude 
control system. 

XIII. MISSION REQUIREMENTS 

The purpose of this chapter is to present many 
problems which directly affect the selection of 
orbits for various missions and experiments. The 
data include satellite coverage (both area and 
point ), satellite illumination and solar eclipses, 
solar elevation above the horizon, surface orienta­
tion relative to the sun, sensor limitations (e. g. , 
photographic resolution considerations, radar 
limitations), and ground tracks. Thus, giveh a 
particular mission, one can translate the accompa­
nying requirements to limitations on the orbital 
elements and, in turn, pick a compromise set 
which best satisfies these requirements (when the 
radiation environment, meteoroid hazard and radi ­
ation heat loads have been factored into the selec ­
tion). 
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INTRODUCTION 

In the study of trajectories about the earth, 
factors defining the trajectory must be accurately 
known. Since these factors fall into two areas: 

Astronautical constants 

Geophysical constants 

each of these general areas will be investigated. 
In addition, information which is not of a flight 
mechanics nature but which can effect the selection 
of orbits will also be presented. This type of in­
formation includes: 

Radiat ion hazard data (all types) 

Micrometeoroid data 

Shielding data. 

Finally, information necessary to convert this 
data from one set of units to another will be pre­
sented. This discussion goes beyond unit con­
version, however, to include a review of time 
standards and measurement. This review is ap­
plicable to the material presented in all of the 
chapters whic h follow. 

A . ASTRONAUTICAL CONSTANTS 

Three noteworthy articles dealing with the 
constants which define the trajectory of a mis­
sile or space vehicle have been published within 
the past two years. These articles are: 

"Analysis and Standardization of Astro­
Dynamic Constants" by M. W. Makemson, 
R. M. L. Baker, Jr., and G. B. Westrom, 
Journal of the Astronautical Sciences, Vol. 
8, No.1, spring 1961, pages 1 through 13. 

"A Geoid and World Geodetic System 
Based on a Combination of Gravimetric, 
Astrogeodetic and Satellite Data" by W. 
M . Kaula, Journal of Geophysical Research, 
Vol. 66, No.6, June 1961, pages 1799 
through 1811. 

"On a Consistent System of Astrodynamic 
Constants" by H. G. L. Krause, NASA 
Report MTP-P&VE-F-62-12, Marshall 
space Flight Center, 12 December 1962. 

The first paper reviews measurements of 
heliocentric, planetocentric and selenocentric 
constants; the second treats the determination 
of the geocentric constants by statistical methods 
using the gravimetric, astrogeodetic and satellite 
data. The work reported in these papers is 
excellent and will not be reproduced since it is 
readily available. Rather the published data 
will be summarized and the best values selected 
for use in trajectory analysis. It is felt that 
this step is necessary because (1) there are 
small inconsistencies in the data, and (2) there 
is no mention in the first article of a method of 
analysis or an approximate confidence interval. 
"Confidence interval" will be used here to in­
dicate that the sample interval brackets the true 
mean some prescribed percentage of the time. 
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The discussion of these constants will be 
followed by a presentation of desirable data 
which is obtained from the constants and tables 
of conversions relating these quantities to the 
corresponding quantities in other sets of units. 
This latter set of tables is particularly important 
since there is much confusion as to the meaning 
of generally used units and the accuracy of the 
conversion factors. 

Dr. Krause ' s paper, which is presented as 
Appendix B to this volume by consent of the 
author, presents a slightly different set of con­
stants. This results from the fact that the 
approach taken was to produce an internally con­
sistent set of constants based on the author's 
adopted values of the independent quantities 
rather than to accept the slight inconsistencies 
resulting from the development of "best values" 
for each of the quantities. It is noted, however, 
that in nearly every instance Dr. Krause's 
values differ from those quoted in this section 
by a quantity less than the uncertainties quoted 
in this chapter. Thus, the two approaches seem 
to complement each other. 

1. Analysis of Constants 

Although Baker's exact analytical procedure 
is not known, his results indicate a process 
similar to the following: 

(1) Collect all available data pertinent to 
a particular quantity. 

(2) Obtain the mean and standard deviation 
of this sample 
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(3) Throw out all points deviating from 
the mean by more than one standard 
deviation. 

(4) Recompute the mean and standard 
deviation. 

Assuming that the various pieces of data are 
of roughly the same accuracy (this assumption 
is necessary since the uncertainties quoted for 
the number are inconsistent) and that there is no 
uniform bias to the determinations, this procedure 
will result in a reasonable estimate for the 
quantity and its uncertainty, provided that the 
sample size is sufficiently large. However, 
there is no guarantee that the estimate will be 
reasonable for small samples. A general feel 
for the maximum number of random, unbiased 
determinations required for a specified accuracy 
of the resultant analysis can be obtained from 
Tchebycheff' s inequality. 






































































































































































































































































































































































































































































































































































































































































