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PARAMETRIC DESIGN OF INTERPLANETARY
AND ORBITAL TRAJECTORIES WITH EXAMPLES FOR
MARS 1973, 1975, AND 1977 OPPORTUNITIES

By John F. Newcomb and William F. Hampshire II
Langley Research Center

SUMMARY

A procedure is described for parametrically studying the general interplanetary
mission design problem. This procedure is applied to the analysis of the Mars 1973,
1975, and 1977 type I (heliocentric travel angle less than 180°) and type II (heliocentric
travel angle greater than 180°9) opportunities. First, the general heliocentric orbital
parameters and accompanying planetary approach conditions for launch and arrival oppor-
tunities were determined. The actual launch and arrival energies were examined, and a
launch window was established which maximized the payload in the planetary orbit. For
the opportunities examined, all the resulting planetary approach asymptotes lay in a small
region of planetary right ascension and declination. This fact, coupled with a philosophy
of a coplanar periapsis deboost at the planet, yields families of orbits for particular
launch opportunities. Representative subsets of these families were examined, and the
occultations of the Sun, Earth, and Canopus by the planet are displayed as well as the
illumination under orbital traces. Thus, a set of parametric charts for use in designing
Mars missions and in selecting experiments for the aforementioned opportunities is
presented.

INTRODUCTION

One important factor in designing interplanetary missions is the coordination of the
heliocentric trajectory geometry with the planetary orbit geometry. This coordination
is necessary to establish the capability of performing particular integrated missions
within the boundaries of constraints generated by experimentation and by spacecraft
design. In other studies such as references 1 and 2, for example, only the heliocentric
trajectory parameters and planetary approach conditions are considered. The intent of
this paper is to extend previous analyses by presenting the available planetary orbit
designs and other parameters which result from the approach conditions and which are
influenced by the heliocentric geometry.



The difficulty in studying any general planetary mission of this nature lies in the
fact that the problem is highly multidimensional. Therefore, if a meaningful parametric
study is to be undertaken, an attempt must be made to determine those parameters which
have a profound effect on mission design; thereby, those parameters which remain rela-
tively invariant from mission to mission and have less effect on particular mission
design options are eliminated. In the study presented herein, an attempt has been made
to minimize the number of parameters to be examined by making use of similarities in
the planetary approach trajectories and also by assuming a simple planetary orbit injec-
tion technique. The most important similarity in the approach conditions resulting from
a particular launch opportunity is the small variation in the direction of S (a unit vector
at the target planet, parallel to the asymptote of the incoming hyperbola but translated to
the center of the planet). For the orbit injection maneuver, an impulsive velocity is
applied at periapsis of the incoming hyperbolic orbit, thus a coplanar elliptic orbit with
the same periapsis is produced. The result of the relative constancy in position of the
approach asymptote and the adoption of the simple orbit injection maneuver is to produce
families of feasible orbits about the planet which show little variation as a function of

launch and arrival dates.

The many diverse experiments that may be performed with a planetary orbiting
vehicle result in additional constraints on the mission design problem. However, two
fundamental types of constraints appear to be involved in most of the experiments under
consideration. First, some type of imagery of the planetary surface may be desirable,
or it may be desirable to place a probe on the surface at some particular lighting condi-
tion. Therefore, the orbital placement with respect to the Sun illumination on the planet
is of interest. Second, another set of constraints is created by more general experiment
and spacecraft-generated requirements. These constraints are the occurrence and time
duration of occultation of the Sun, Earth, or some other celestial reference, such as the
star Canopus. Therefore, as a first approach to designing an interplanetary mission,
only these two types of constraints need be examined for each launch opportunity in order
to determine which integrated sets of experiments can be readily performed.

For the duration of the planetary arrival window corresponding to the launch oppor-
tunity, the celestial geometry of the Sun, Mars, Earth, and Canopus is relatively constant.
It has already been noted that the approach asymptote location is relatively invariant.
Therefore, only a few representative arrival conditions need be examined to almost com-
pletely describe the family of feasible orbits and the associated occultations and lighting
conditions available in a given launch opportunity. Thus, the feasibility of mission objec-
tives and associated experimentation for a given launch opportunity can be readily

assessed.



SYMBOLS

Cg vis viva integral or twice the launch energy per unit mass, (km/ sec)2
G angle between planet-Sun vector and local vertical on surface of planet, deg
] unit vector at center of planet in direction of asymptote of traveled leg

of hyperbola
A\ hyperbolic excess velocity, km/sec

Z angle between planet-Sun vector and planetary hyperbolic approach
asymptote, deg

B pseudoinclination, deg

) declination of §, deg

A right ascension of §, deg

Subscripts:

b guantity measured at Earth (If quantity is an angle, then Earth right-

ascension—declination system is used as basic coordinate system.)

()7' quantity measured at Mars (If quantity is an angle, then Mars right-
ascension——declination system is used as basic coordinate system.)

ABBREVIATIONS
DEC declination
RA right ascension
ANALYSIS
In the following analysis a procedure for the trajectory design of general plane-
tary missions is developed. Herein, the word ''general' implies that no particular

set of experiments and no particular spacecraft have been selected; thus there are no
mission-dependent constraints to shape the interplanetary and planetary orbit design.




Consequently, the problem must be studied parametrically so that when a definitive mis-
sion is proposed, the resulting constraints can be considered in the light of the parametric
analysis. Such a study is feasible in the interplanetary part of the trajectory design,
However, since design of the planetary orbit is a multidimensional problem, a completely
parametric analysis is prohibitive. Therefore, in the planetary part of the trajectory
design, representative values for some of the parameters were chosen, and those partic-

ular cases were investigated.

As a first step, the heliocentric trajectory and its associated earth departure and
planetary arrival conditions were generated by a simple computer program which fit a
heliocentric orbit between two vectors for a given transfer time. For details of the com-
puter algorism, see reference 3, page 213. The computer algorism utilized was similar
to that described in reference 4. Most of the earth departure and arrival parameters
which evolved are available from several sources in slightly different form. (For exam-
ple, see ref, 2.) Plots of the data are most useful when arrival date is held constant.

For example, in sketch (a) parameters such as Cg at earth (twice the launch energy
per unit mass) and V, (hyperbolic excess velocity) at the planet are plotted against
launch date for several constant arrival dates.

Lines of constant
arrival date

Lines of constant
arrival date

Launch date

Sketch (a)



Once the desired launch window duration is known, the actual launch and arrival
windows can be found by maximizing the payload in planetary orbit. That is, for each
interplanetary trajectory, a launch energy and a planetary arrival velocity can be calcu-
lated. Here it is assumed that the launch vehicle delivers the maximum payload onto the
interplanetary trajectory on each launch day. At the planet it is assumed that the ideal
velocity equation is a good approximation for determining the mass fraction in planetary
orbit. Thus the payload delivered to the planet multiplied by the mass fraction deter-
mines the in-orbit payload. This method implies that on each launch day the spacecraft
carries only enough fuel to inject it into planetary orbit. Also in this analysis, no fuel is
allotted for error corrections. (The purpose of this study is to obtain and to present gen-
eral launch and arrival windows and trends, not to generate a detailed payload study.)
The resulting payload weight can be plotted against launch date for various constant
arrival dates, as shown in sketch (b).

'(—- Launch W'1ndow->I
: boundaries :

Payload weight

Lines of constant
arrival date

Launch date
Sketch (b)

With these data and a chosen launch window duration, the maximum payloads and
the accompanying launch and arrival date boundaries can be found. If these boundaries
were transferred to other graphs, for example the approach asymptote location plot, the
actual bounds on the asymptote could be established.

In this study the spacecraft orbit injection maneuver at the planet is assumed to be
an impulsive coplanar transfer from the periapsis of the incoming hyperbolic trajectory
to the periapsis of the elliptic orbit. For the actual mission, departure from this ideal
orbit injection maneuver may be necessary in order to satisfy mission particular con-
straints. However, with departure from this approach, the deboost velocity requirements
mount rapidly. Because of these rapidly mounting velocity requirements, the resulting




orbital orientations cannot vary significantly from these '"nominals" without consumption
of much larger amounts of fuel. Therefore, this approach not only results in nominal
orbital placements from which only small excursions will be taken, but has the additional
advantage of imposing the same constraint on all missions; thereby one degree of free-
dom is effectively eliminated from the problem.

Next, various orbital inclinations are assumed to be obtained at the planet by rota-
tion of the hyperbolic trajectory about §, where the rotation is performed either at the
Earth injection maneuver or during the midcourse maneuver. Therefore, a family of
possible orbital inclinations can be obtained. The following spacecraft-oriented param-
eters can then be investigated: duration of Sun occultation, Earth occultation, and
Canopus occultation by the planet, as well as the orbital positionings with respect to the
sunlighting bands. These data were generated by utilizing a computer program described
in reference 5. With the investigation performed for several sizes of orbits, the para-
metric mission design problem is solved in that a launch opportunity is chosen and the
resulting orbital geometry is investigated. This analysis therefore serves as a first step
toward investigating a general interplanetary mission design.

The approach described above was derived through a need to study possible mis-
sions to Mars during the 1973, 1975, and 1977 launch opportunities. The results of that
study are presented in '""Results and Discussion''; however, prior to that presentation, the
areocentric coordinate and the parameter B must be introduced. In the areocentric
system, shown in figure 1, the Mars equator forms the reference plane. The point at
which the Sun appears to cross the planet equator in a south-to-north direction forms the
reference axis. Two angular coordinates are necessary to define an object in the coor-
dinate system: right ascension measured from the reference axis counterclockwise (+)
as seen from above, and declination measured from the planet equator in a northerly (+)
or southerly (-) direction. The pseudoinclination £ is used in place of the normally
defined inclination and may be best described by referring to figure 1. In the figure, B
is always measured counterclockwise from the orbital node which is nearest the approach
asymptote. This node can be the ascending or descending node. If B is between 0°
and 90°, then this is an ascending node and the orbit is posigrade. If B is between 90°
and 180°, then this is an ascending node and the orbit is retrograde.

RESULTS AND DISCUSSION

The approach presented in the analysis toward formulation of trajectories for inter-
planetary missions was applied to the proposed 1973, 1975, and 1977 Mars missions. This
section contains primarily a discussion of the methods and results of that study. It was
stated that launch and arrival windows could be determined on the basis of the require-
ment to maximize payload in planetary orbit; for the purpose of this example, a 30-day
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launch window duration was arbitrarily chosen. This selection implies the use of some
launch vehicle and a representative performance of that vehicle. In order to generalize
the analyses as much as possible, three different launch vehicles were assumed. These
vehicles were chosen to span the reasonable range of possible booster systems which may
be used in the 1973 to 1977 opportunities. The three vehicles chosen were the Titan IIIC,
the Titan IIIF-Centaur, and the Saturn V. Typical performance curves for these vehicles
are shown in figure 2; gross payload weight is defined as total weight injected on to the
interplanetary trajectory.

The interplanetary trajectory was determined by finding the unique heliocentric
ellipse passing through the launch planet at the launch date and the target planet at the
target date via Lambert's theorem. A mean-element ephemeris was used to generate
the planetary positions and velocities. The vector velocity of the launch planet at the
launch date is subtracted vectorially from the vector velocity of the heliocentric ellipse
to determine the sphere-of-influence velocity. This velocity is then assumed to be the
hyperbolic excess velocity at departure. Likewise, the arrival hyperbolic excess velocity
and direction of the approach asymptote are calculated at the target planet arrival. Shown
in figure 3 are the trajectory characteristics for the single conic transfers between Earth
and Mars for the 1973 type I opportunity. The following trajectory geometry classifica-
tion, described in reference 2, will be used: A type I trajectory indicates that the helio-
centric travel angle of the spacecraft is less than 180°, and a type II trajectory indicates
a travel angle greater than 180°. Shown in the figure are various parameters plotted
against the launch date for several lines of constant arrival date at 20-day intervals. The
date of arrival is indicated by the symbol at the extremity of each line. In figure 3(a)
twice the required launch energy per unit mass C3 and the hyperbolic excess velocity
at Mars arrival V are shown as functions of launch date for various arrival dates,
as first introduced iﬁ sketch (a). Here and in the rest of the analysis, generation of tra-
jectories was limited to those having 03 ey requirements of less than 36 (km/sec)2
(which represents a reasonable limit on the basis of present launch vehicle capabilities).
Figure 3(b) presents data on the angle between the hyperbolic approach asymptote at Mars
and the vector pointing from Mars to the Sun. This angle Z 1is commonly called the
ZAP angle and is important because it relates the possible orbital orientation with
respect to the sunlighting. Also shown in figure 3(b) is the geocentric declination of
the launch asymptote 5@. Figure 3(c) presents the areocentric right ascension and
declination of the approach asymptote as a function of launch date for various arrival
dates. The relative invariance in position of the vector should be noted for further
reference.

Shown in figure 4 is the payload in Mars orbit as a function of launch and arrival
dates for the three launch vehicles considered, the Titan IIIC, the Titan IIIF-Centaur,
and the Saturn V. A specific impulse of 290 seconds was assumed for the orbit injection
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engine, and the ideal velocity equation was used to determine the actual weight in Mars
orbit, It was also assumed that the injection maneuver placed the spacecraft in an orbit
with a 1000-km periapsis altitude and with a period equal to 1 Martian day (24 h 37 min).
Whereas these stipulations are pertinent to a total description of the analysis, the prime
use of figure 4 is to produce a launch window. It can be seen from a comparison of the
dotted vertical lines in each segment of the figure that the choice of a 30-day launch win-
dow, which maximizes the payload in Mars orbit, is almost independent of the particular
launch vehicle used. However, to keep the analysis as general as possible, a launch
opportunity was established which encompasses the three individual 30-day windows.
This overall launch opportunity, or launch window boundary, is shown by the solid vertical
lines in the figure. In an actual mission the payload weight is defined by the value at the
boundaries of the window, and once the spacecraft is sized for these boundaries, the
middle part of the window simply allows additional capability at launch and arrival. With
this boundary established, it was possible to select typical trajectories which, with their
encounter geometries, are representative of the total window. Thus, data need not be
generated for all of the points in the launch window. From figure 4 three heliocentric
trajectories representative of launches during the 1973 type I opportunity were chosen,
and the pertinent parameters are shown in table I. (Also shown are values for type II
trajectory parameters which will be discussed subsequently.) These trajectories repre-
sent launches at the beginning, middle, and end of the overall window.

Figure 5 represents the lighting conditions under the areocentric orbits resulting
from the encounter conditions of the three selected trajectories. In figure 5(a) is shown
the sunlighting conditions which would exist under the family of possible areocentric
orbits resulting from a launch at the beginning of the launch period. The coordinate sys-
tem used is again the Mars right-ascension—declination system. In the figure the dashed
lines represent lines of constant Sun illumination G of 309, 60°, and 90°. The subsolar
point is shown as (). The location of the approach asymptote is shown as a square sym-
bol [, Also shown in the figure is a cluster of orbit traces which can be generated by
rotation of the incoming hyperbola about the approach asymptote. The locus of periapsis
for a 1000-km hyperbolic periapsis altitude is also shown. The parameter §, as
described in the "Analysis' section, has been used to describe orbital inclination. Each
orbit trace shown in the figure represents two values of p, one for a posigrade orbit and
one for a retrograde orbit. This also accounts for the fact that the locus-of -periapsis
circle crosses each orbit trace twice, since the posigrade and retrograde orbits have
different periapsis locations. In every case the spacecraft will travel through the peri-
apsis position before it travels through the approach asymptote position. With this
description in mind, the figure can be viewed and conclusions drawn as to the orbit orien-
tation best suited to a photographic mission, given whatever constraints that may be
imposed. For example, suppose the area of the planet near a declination of -40° is the
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prime target for pictures. An orbital inclination might be chosen such that part of orbital
trace is nearly parallel to the -40° declination line. This mission would require an orbit
where B=40°, B=1400, B=220° or B=320° as can be seen in figure 5(a). How-
ever, it also can be seen that the B= 140° and B = 320° orbits are essentially par-
allel to the -40° declination line in the region where there is no sunlighting on the

planet for the day of arrival (in between terminators). On the other hand, the g = 40°
and B= 2200 orbits are parallel to the desired declination in a lighting band of G = 30°
to G =900, Of the latter two, the B =40° might be chosen because it is near periapsis
during the region of interest and hence closer to the photographic target. Like figure 5(a),
figures 5(b) and 5(c) present the conditions which exist for launches in the middle and end
of the launch opportunity. Therefore, the part of the launch opportunity that can best be
utilized to satisfy a given set of mission constraints can be determined with the use of
figure 5.

Now that the lighting conditions have been displayed for the three conditions chosen,
the accompanying occultation characteristics remain to be displayed, and these are shown
in figure 6. In figure 6(a), for example, the occultation times of the Sun, Earth, and
Canopus are shown as functions of the pseudoinclination B for the conditions resulting
from the earliest launch, as shown in table I. The hatched areas in the figure represent
areas of unattainable orbit inclination due to the coplanar orbit injection maneuver. The
boundaries of the areas are numerically equal to the declination of the approach asymp-
tote at Mars. In figure 6(a) and in similar figures, several orbit sizes have been
assumed. This assumption was essential because occultations are not only a function of
orbit orientation but of orbit size itself. Therefore in the lower part of figure 6(a), two
different orbits were investigated. Both orbits have periapsis altitudes of 1000 km, but
one has a period equal to 1 Martian day and the other has a period equal to 1/2 Martian
day. In the upper part of the figure, the same two orbital periods are again investigated,
but the periapsis altitudes of both are 3000 km. From figure 6(a) the effect of orbit orien-
tations and sizes and their desirability can be determined from the point of view of occul-
tation characteristics. From figures 6(a), 6(b), and 6(c), the changes in these occultation
conditions as the launch opportunity progresses can be determined, and this knowledge,
with the lighting geometry displayed in figure 5, can be used to make a first-order judg-
ment of the feasibility of a particular integrated mission during the 1973 type I launch
opportunity.

An investigation into the Mars 1973 type I opportunity yielded the data presented
in figures 7 to 10. They are presented in the same form and the same order as figures 3
to 6, respectively, and therefore need not be described in detail. A comparison of the
two types of trajectories available in 1973 shows that the type I trajectories have slightly
more payload capability. (See figs. 4 and 8.) The type I trajectories in general also have
the advantage of requiring significantly shorter trip times. However, one advantage found

9




with type IT trajectories in 1973 is that the launch window can be widened without a sig-
nificant sacrifice in payload weight capacity; this is not true of the 1973 type I trajec-

tories, where the payload weight capability falls off rapidly in any attempt to widen the

launch window.

The 1975 type I and type II opportunities have also been investigated, and the results
are presented in figures 11 to 18. In contrast to the 1973 trajectories, more payload
capability is available from 1975 type I trajectories than from type I. (See figs. 12
and 16.) In general, the 1975 type II payload capacity is also greater than that associated
with either type of 1973 trajectory; whereas the 1975 type I payload capacity is, in gen-
eral, less than that available with either type of 1973 trajectory. Another disadvantage
that might rule out 1975 type I missions is shown in the upper half of figure 11(b). The
declination of the launch asymptote for those trajectories is almost always higher than
the normal +34° limit imposed on launches from the Eastern Test Range. Therefore,
unless the vehicle is launched from another location, either the constraint must be
relaxed or some dog-leg maneuver would be required. (A dog-leg maneuver of the mag-
nitude required here would be very costly from a fuel standpoint, and thus would signif-
icantly reduce the payload capability shown in fig. 12.) For each 1975 launch window,
three trajectories were chosen as representative for both type I and type II, and the
important parameters relating to those trajectories are shown in table IL

The 1977 launch opportunity has also been investigated, and the results are shown
in figures 19 to 22 for the type I trajectories and figures 23 to 26 for the type II trajec-
tories. Like the 1975 trajectories, the 1977 type II trajectories afford larger payload
weight capability than the type I trajectories. (See figs. 20 and 24.) Moreover, the 1977
trajectories allow slightly larger payload capability than their respective 1975 types.
The problem that existed with the 1975 type I trajectories also is exhibited in the 1977
type I trajectory analysis; the declination of the launch asymptote for almost all of the
trajectories in this group is above the +34° limit imposed on launches from the Eastern
Test Range (fig. 19(b)), thus the payload weights capability shown in figure 20 is reduced.
Table III exhibits the parameters representative of launches during the beginning, middle,
and end of each 1977 launch window.

The variation of S may be of particular importance for mission planning, since
the declination of the hyperbolic approach asymptote at Mars determines the minimum
inclination of the areocentric orbit for a coplanar deboost maneuver. It is therefore
interesting to note the declination of the asymptotes for the various launch opportunities.
Figure 27 displays, on the right-ascension—declination grid, the loci of the approach
asymptotes for the three launch opportunities and launch window boundaries investigated.
In the figure the solid lines indicate the boundaries of the asymptote locations for type I
trajectories, and dashed lines indicate the boundaries for the type II trajectories. In

10



1973 reasonably low inclination orbits (0° to 20°) can be easily achieved with the type I
trajectories, whereas higher inclination (20° to 50° minimum inclination) orbits would
normally be deduced from the use of type II trajectories. In 1975 the minimum inclina-
tion orbits achievable from both type I and type II trajectories would be approximately
the same; whereas 1977 type II trajectories would, in general, yield lower inclination
orbits than the type I trajectories. The variation in planet lighting and occultation is a
major factor in determining the desirable orbit sizes and orientations. These data may
also be used to determine the preferable arrival dates. However, particular conclusions
cannot be made without a familiarity with the detailed mission objectives. Thus, the
reader may use these data for additional analysis in the light of any proposed mission
objectives which he may wish to consider.

CONCLUDING REMARKS

A method has been presented for visualizing the overall trajectory design problem
for missions to the planets; this method has been applied to the 1973, 1975, and 1977 Mars
launch opportunities. A launch window boundary has been selected for each year and type
of heliocentric trajectory. Three typical trajectories and their associated Mars encoun-
ter conditions were then chosen for each launch window boundary for both the type I
(heliocentric travel angle less than 180°) and the type II (heliocentric travel angle greater
than 180°) trajectories. For each of these typical trajectories the family of possible
areocentric orbits, which could be formed by a rotation of the hyperbola about the
approach asymptote, was then investigated. Two prime conditions indicative of orbit
accommodation were investigated: the orbit-sunlight geometry and the occultations of
the Sun, Earth, and Canopus.

The 1977 type II opportunity was shown to be the most favorable for putting the
maximum payload in orbit. The 1975 type II trajectories exhibit nearly equal capability.
However, because of lower payload weights and range safety constraints, the type I tra-
jectories available for launching in 1975 and 1977 are probably not feasible. Either type
of trajectory launched in 1973 can yield reasonable payload weights in orbit but has less
capability than the 1975 and 1977 type II trajectories. For each of these opportunities,
definition of mission objectives is required to ascertain acceptable lighting conditions
and occultations. However, the required orbital design data have been presented so that
these variables can be considered as soon as mission objectives are defined.

Langley Research Center,

National Aeronautics and Space Administration,
Hampton, Va., June 11, 1970.
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TABLE I.- TRAJECTORY AND MARS ENCOUNTER PARAMETERS FOR THE 1973 LAUNCH OPPORTUNITY

1973 type I trajectories

1973 type II trajectories

Launch date July 17, 1973 | Aug. 4, 1973 | Aug. 24, 1973 |July 11, 1973 | Aug. 4, 1973 | Aug. 28, 1973
Arrival date Feb. 8, 1974 |Feb. 28, 1974 | Mar. 20, 1974 | May 19, 1974 |July 18, 1974 | Oct. 6, 1974
Trip time, days 206 208 208 312 348 404
Communication | 180x 106 | 210 x 10% 239 x 108 317x 105 | 371x108 | 392x 108
distance at
arrival, km
C3 P> (km/see)2 16.050 15.118 21.740 22.513 18.098 16.060
6@, deg 36.39 31.73 22.30 -10.35 -7.97 8.80
Gd, deg -8.90 -8.11 -2.45 50.23 45,94 29.94
}\d, deg 124.35 123.95 118.91 108.25 124.04 147.00
Vo, d, km/sec 3.040 2.650 2.421 2.750 3.067 3.639
DEC of Sun at 0.06 3.99 7.73 17.15 22.85 22.69
Mars, deg
RA of Sun at 0.14 9.03 17.75 43.89 71.24 109.98
Mars, deg

€1
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TABLE II.- TRAJECTORY AND MARS ENCOUNTER PARAMETERS FOR THE 1975 LAUNCH OPPORTUNITY

1975 type 1 trajectories 1975 type II trajectories j
Launch date Sept. 5, 1975 | Sept. 23, 1975 | Oct. 13, 1975 | Aug. 20, 1975 | Sept. 7, 1975 | Sept. 25, 1975
Arrival date Apr. 2, 1976 | May 12, 1976 | June 21, 1976 | July 11, 1976 | Aug. 20, 1976 | Sept. 29, 1976
Trip time, days 210 232 252 326 348 310
Communication | 213 x 108 268 x 108 315 x 108 334 x 108 362 x 108 376 x 106
distance at
arrival, km
Cs D> (km/sec)2 20.301 20.785 31.738 18.212 14,145 13.888
5 deg 53.19 48.76 37.25 1.22 5.77 15.09
éd‘, deg -24.09 -25.60 -13.03 32.61 28.90 19.91
xd, deg 188.23 183.76 170.14 183.32 180.14 180.04
Ve, d, km/sec 4.026 2.833 2.335 2.430 2.588 2.982
DEC of Sun at 16.74 21.17 23.60 23.97 22.88 19.27
Mars, deg
RA of Sun at 42.58 60.57 79.31 88.94 108.52 128.24
Mars, deg
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TABLE III.- TRAJECTORY AND MARS ENCOUNTER PARAMETERS FOR THE 1977 LAUNCH OPPORTUNITY

I 1977 type I trajectories ’ 1977 type II trajectories
' Launch date Oct. 12, 1977 Oct. 30, 1977 Nov. 17, 1977 Sept. 20, 1977 - Oct. 6, 1977 * Oct. 22, 1977 :
[Arrival date " June 6, 1978 l July 16, 1978 Sept. 14, 1978 Aug. 25, 1978 !rAug. 25, 1978 Sept. 14, 1978
f -
| Trip time, days | 237 | 259 | 301 339 323 327
' Communication ; 251 x 108 . 295 105 339 x 106 327X 106 3217 x 106 339 x 106 |
distance at | ' i
~arrival, km
. C3 [P (km/Sec)2 19.165 20.119 26.486 13.405 10.973 12,288
bgy, deg ~ 60.33 47.24 | 25.92 16.28 14.29 22.06
6], deg - -36.75 ; -28.60 L -0.53 5.56 AT 3.30
)\d deg 232.80 } 224.79 : 209.14 216.89 | 221.72 215,18
’ ; 1} [ | i
Vo3, km/sec ~ 3.876 . 2.667 | 2.828 | 2.450 2.457 2.553
'DEC of Sun at | 23.96 ‘! 22.35 ‘ 15.31 18.24 : 18.25 | 15,31
Mars, deg
RA of Sun at 92.84 112.47 142.04 132.19 132.19 142.04
Mars, deg
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Axis of rotation

S = unit vector

from center of planet
parallel to approach
asymptote of incoming
hyperbola

Vector perpendicular to line of
nodes directed easterly in the
equatorial plane

Line of nodes
Vector perpendicular closest to‘g
to line of nodes in
orbital plane and
in direction of

spacecraft motion

NOTE: B is measured counter=—
clockwise in plane
perpendicular to line
of nodes

Figure 1.- Orbital-plane geometry.
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(a) Excess energy at Earth and hyperbolic excess velocity at Mars as functions of launch date for several arrival dates.

Figure 3.- Trajectory characteristics from Earth to Mars for the 1973 type | opportunity.
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(a) July 17, 1973, launch and February 8, 1974, arrival.

Figure 5.- Relative orbit and sunlighting geometry for typical 1973 type | trajectories.
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Figure 5.- Continued.
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Figure 5.- Concluded.
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Figure 7.- Trajectory characteristics from Earth to Mars for 1973 type || opportunity.
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Figure 10.- Occultation characteristics for Mars orbits resulting from typical 1973 type 11 trajectories.
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Dec



6%

dep,y deg

120 —-

100

Arrival dates

iesas O 8-20-76

at Mars
O 4=22-76
O 5-12-76
O 6-1-76
A 6-21-76
14 7-11-76
a4 7=31=76
Qo 9-9-7
O 9-29-76
O 10-19~76
v 11-8-76
7 11=28-76
[ 12-18-76
<1 1-7-77
a 12777
a 2-16-77

40 =

July ’ Aug Sept Oct ! Nov
Launch date 1975

(b) sun-S angle and declination of launch asymptote as functions of launch date for several arrival dates.

Figure 15.- Continued.

18

Dec



0g

bofdeg

)\C)/: deg

0O0AYN<dDoODDABPOCOO

230
L

I

s HBIH O R

i
i

210

Arrival dates
at Mars

La22.76
5=12=76
6~1~76
6-21-76
7=11-76
7-31-76
8-20~76
9=9=76
9=29-76
10-19-76
11-8-76
11-28-76
12-18-76
1-7-77
1-27-77
2=16~77

190

170 -

31 10 20 30 9 19 29 9 19

Aug Sept Oct
Launch date 1975

18

Nov

{c) Mars right ascension and declination of 3 as functions of launch date for several arrival dates.

Figure 15.- Concluded.

28

Dec

18



Arrival dates

at Mars
O 4-22-76

391 Y3yBjen peeidng

191 “3yBrem peothey

wn o
- P

susimeu f3yBiem pwordey

L x 10l+

L] o~ -

sueimou f1uBrem protduy

@© 0 K4
. .

suejueu SyuBiem peotdey

\0
sovwwwow LS Ern
[ O S O O O N N N -
T LT T T T T
Nt A Ao oD
P I A ] S A - 1
Tt Vb T ol oA A1 1 _m. T | I T _ A T T T T T 1
v ACER S S oA A A A - o _ _ : t ! t i : }
. . [
T @
RO 0 ! 4
i3
7
\
\¢
I/ 3
sT‘ =
¥
i
L -
9
1 [
kY
’_
L]
v
3
/-
k!
3 E) — OV———
kY X
5.
kY
) @
5 -
X
- = =
- == =
— 3
= == <
o —
5 == =
0 "UITD ==
- == =
e = =
A JINESEEN e
© ==
] - =
w T
- —
S 2
J— £l
- s
b
-

Launch date 1975

Figure 16.- Payload in Mars orbit as functions of launch date for three launch vehicles for the 1975 type i1 opportunity.

51



[4¢

Declination, deg

(® Subsolar point
% _S-) location

T

Ll e Locus  of periapsis [
R el RS ISSSICUNEA §3ge yupung ) SN mRAus Shied shges Peot
T .t\] '“..:.l:: BRI SASSY S -

W
o

@]

[}
w
o

Right ascension, deg

{a) August 20, 1975, launch and July 11, 1976, arrival.

Figure 17.- Relative orbit and sunlighting geometry for typical 1975 type 11 trajectories.



(WY
o

(@]

(® Subsolar point
a T location

.= —B=80°,260°

Declination, deg

£9

Right ascension , deg

(b} September 7, 1975, launch and August 20, 1976, arrival.

Figure 17.- Continued.



24

(© Subsolar point
_ 2 .
S location
[ s pa mmbey g EL T . R R 32 LA_LHA-itLt:_,_tL-H“ TTTT
"1=T Locus of periapsis 7 B=8ge 26g§aﬁ:iv
T L T 0=

B

(V8]
o

Declination, deg

40 80 120 160 200 280 320 360

Right ascension, deg

(c) September 25, 1975, launch and September 29, 1976, arrival.

Figure 17.- Concluded.



Gq

Unattainabie
inclination
. Orbital period = 1 Martian day
_____ Orbital period =

itude = 3000 km

sanlvasunniil

QOccultation time, min

Occultation time, min

(a) August 20, 1975, taunch and July 11, 1976, arrival.

Figure 18- Occuitation characteristics for Mars orbits resulting from typicat 1975 type 1 trajectories.



Unattainable

S

— — ____ Orbital period

lination
Orbital period

inc

1 Martian day

1/2 Maxrtian day

2"

22-o0]

IS EEANNuENE ENAAR SN RREAE A RRRRARERS )
S SN RENEE NN SRARERE S RGANANE AR RR RN WK )

N W ] a1
N HUN N 3
LILLLL LELdei{ | 34+ 44 =T O e L 0
Y A LTI T H H HHTHTTTH | o | o Hheeee i
' FrFeH A Lo T b + L1}
= i -+
ERERaaayies
~ P o
o - whasum .ﬂ jaw pE
S o o
Q P B
o

360

320

280

240

200

160

By deg

Figure 18.- Continued.

= .
HE X~
i 9
s5es S
e o HE 1 4
H- o A w ] ® »
tHE © = ] 1 5
(E 3 o 3 2.
e 2 i o + <)
wnamli i & o b
T B G » ® 1
b O o O SH
T N o Y £
v pY [ 5 @ I
B o c ol [+ [Aagast
HE m 5 H %. et an
FHF “ 2] © s
. i JEEL . ™~
= H == “ 17
ssey [
ey o ot
1
FH A {7
E 4
A ri
IS b
AT B i I
M S E ! Aﬁw I
[ v 0 - { =] A
y i iikiiacapes : | j e e
S s G N |
el L : SN il 1T 1 e
g unats H ! e ! T
=5 HH aan ! T o
% ._.n.uv 4 o, e +
. (R saze [o] 8 TR -
o @ 5 s
w ! E ) S5 O
S Hy FEH i

b

N,

120

Q o

S ? 3 F

«© =y

120

utw $awWI3 UOTRRITNIDQ utw fsWT} UOTIEITNIDQ

120
(b) September 7, 1975, launch and August 20, 1976, arrival.

80

40




Unattainable
lination
Orbital period

inc

5

— — — Orbital period

1 Martian day

1/2 Martian day

Sunj

£
=

janaas ant
T
AT smauy

T
AT s

T

R

2

i AR e

A Tl

o Ed

2

¥ :

@ O

[ii ] !
SN ;
i 2
FEi &
T S =} =
bt 5 @ L
Bt o [&]

[T Py T
=

I -

iapsis a

w/i

e e 5
HH a I L] unxnm‘
T I et eettise:

N

in. umns
O

T
™

mamn:

IETE

TN

5

i T
{ i
' e
| bhaa

M R

j§ageat

s

H S o

: 5 e gaieast

T H &

i H @

- 1 @h.”

= . 1

'y il hads

i il =

w F _* , s

T

treiHEE

n.ﬂ LT .Hxxxy

T
s
I
I

he S
Ny
g

120

[=e)
utw ‘swty

uoT3e31TNO20

TR
LRI

T
2T

T
I

)
4
Tt

{mRM G R ERE NN D §
NN ANEBE G ENaE NN S TS § )

T e T

SN NS NGNS AN ENEAE AR RARNARAS U]

/NS BERN PR REA B ERG PR ENEEREDN 4
IR ERENS AR NGNS EREN RGN
IEE AUANDENNNY SN RGN REESY RN
GENN NRNNORSNNS BUI

T
1
T T e e T T e

Earth =

I R S
NAERSARERRE’

> Canopus

tude

i

T

Su

\

-Periapsis alt

120

i Paghaz
; il
i AT | [T
/| .[.H..n
i o Si58
18]
i1 f
il
JrL &
RIER =Y
Nt
VT P
e Gy
H P
H H
= SUEpgnsn
H 4 HH
i
i
=ndl =4
H 3
HE O
i
1 _ i
Al /

[od Q
<« 4

utw fswry UOT3BLITNODQ

240 280 320 360

160 200

120

8o

By deg

(c} September 25, 1975, launch and September 29, 1976, arrival,

Figure 18.- Concluded.

57



Arrival dates

at Mars
O 3-18-78

Dec

Nov

Oct
Launch date

TR RS ERA TR TR RS

__________________
Earenses IIRTEREE BEnRn et pRaRass!

10

8

6

g i
2

8

"

0

el N\
o o

3
3
3

NAomm\EV_v

1977

(a) Excess energy at Earth and hyperbolic excess velocity at Mars as functions of launch date for several arrival dates.

Figure 19.- Trajectory characteristics from Earth to Mars for 1977 type | opportunity.

58



Arrival dates

at Mars
O 3-18-78

0 O O 0 W W O
O~ O~ B B O O- O- O - 3}
1 P 11 1 11 1 1 [}
o~ o O /ﬂ Mm O W™ N Lt [=] A
| S A | — } o ]
4 1 1 v I 1 © ! ] o
a4 W O b~ o O o
1]
>
0D 000OANYT £
— <
I
Q
=
5]
(%3
—_
> 2
2 2
k=]
=
o
c
3
iz
S
N £
& S
- B
Q ] =]
] =
14 wvi
te] ©
DL
5 ks
(=9
£ £ E
o 3 >
@] 3 @
=
Q
c
>
i)
k]
c
=l
=
3]
£
re)
gl 3
-
== ] c
Bt g e ©
f==f e ©
== + =)
e P e e e T Q. c
== @ <
e v ton
e — 1
e e c
et tapmmstp iy b pinimisuied 3
IEIEEEE =T R &
oo s m
o o o
& 2 g &

Figure 19.- Continued.

59



60/7 deg

chf1deg

20

220

200

180

60

SRR R THHATH I

| Arrival dates

at Mars

3-18-78

4-7-78

I

4-27-78

5-17-78

6=6-78

6-26-78

7-16-78

8-5-78

8-25-78

BNPODO O aoQq

9-14-78

FUUNE 1SN SEEEY IENT R [RHES St 44 AP

T I i
10 20 30 10 20 3T 9 19 29

Dec

Sept l Oct Nov

Launch date 1977

(c) Mars right ascension and declination of S as functions of launch date for several arrival dates.

Figure 19.- Concluded.



Arrival dates

at Mars
U . 3~18-78
O 4-7-78
QU 4-27-78
< 5-17-78
O 6-6-78
0O 6-26-78

|| Indicates overall launch window boundary

Indicates 30-day launch window boundary

'R
'

Saturn V i

Titan ITIC

Q w

~

suojmeu S3yBjem puerfuy

391 “3yBrem peorhey
) o

suolmeu ‘3ySpem perordey

491 “3yByem puoidey
Q 4

suojmeu ¢3yBjem peeidey

.2

Launch date 1977

Figure 20.- Payload in Mars orbit as functions of launch date for three launch vehicles for the 1977 type | opportunity.

61




g9

Declination, deg

90 g adiys AESSH RUSEE SN A

w
(@]

© Subsolar point
[ S location

SN iR E v R e e
[*] e
a0 A

=

@)

R R
ot .
‘\_‘._,

of periapsis =t -7

80 120 160 200 320 360

Right ascension, deg

{a) October 12, 1977, launch and June 6, 1978, arrival.

Figure 21.- Relative orbit and sunlighting geometry for typical 1977 type | frajectories.



S location

_9

® Subsolar point

O

360

ey
T
~
N
hY
'/
i

320

B T +
L ———r—

IS ST

e

g
5
.:IQO",' ‘ B
oD T
o i
1
\ i
|
[+

280

il T

1+ Locus of periapsis.! |.

"
S
¥/
F
l
T
%ol_“
x

A

Bbsp fuoTreUTITO9(g

Right ascension, deg

(b) October 30, 1977, launch and July 16, 1978, arrival.

Continued.

Figure 21.-

63



79

Declination, deg

© Subsolar point
1y location

: Locus of periapsis

= T E A

- $=160°,34%0°:]"

hu ,‘f;ﬂi“tjl 4

Right ascension, deg

{c) November 17, 1977, launch and September 14, 1978, arrival.

Figure 21.- Concluded.




i day

ian

—pt—

360

1 Martian day
l_(

1/2 Mart

2
2!

Jj—

Unattainable
inclination
Orbital period

N

—— — — Orbital period

320

Sun

280

240

?
E:
+
"

1

200

i A il E S,
e 3 Hg i ey S
FHE H 2 Ht ©
PR % W. E1dp Runune, I O o
Hh © I HHHH = © w
e HES HEs O fiis o
mnuanaiy]| R & T TE P e e M
FE HEEHH . Hi= FHH
T S T HH o o
o O [11] A sam
T AT 112 c e S N
HHE P % HeH 2 - =]
FEEEE o HEF ¢ S = 3
HHE D Rest HE +~ R gee) )
SRS aan 3 L FTH bt — ritr H
Sk snd] 2 Zag3RIRER il «©
mal unu o N, T L A m
mm MMM %) 3 AR HH o A
SaaauagE] inass A5 e
HHE HIET H o |
THEE o e :
o X se=
rh .m I 5 daas i Nm = !
il H AT .Mnn o |l H
A, a2 NHM Q- 7 #

T

.
s

nAmEE:
T

S
e

s
LT T T

B, deg

IIHST

=)

1

mmai
11113

160

1

THH

[

t
"

1111

r7a
y 4
I

I

I

¥
AT TR

"
NN R BN EE AN S

ISEuRRNEY ARESE

THTITIILT

—Earth

X,
N

Ly

A,

oy

120

I

1
T

laubuaad

1

H
HSun =
INENEEY)
Canopus ===
T
!
:Sun

T

T

s
T

(a} October 12, 1977, launch and June 6, 1978, arrival.

' I rs

A

|IN FEEUE SWENE SERES SRE YN I9 INRAGE!

(N EUNGS BEENE SEREE BN N A

i18 A

e e

I

80

—rCanopus

h
1
(
(i
t
s
t

T
|
|
Joioe mapioy pavowiod
i
¥
f
[
T
1

:
f
i
|
|
!
Sun [
Z)
f
.
7
;

40

i 0 RmEEE HE - 1
T . u BRRSY H L4 T
T : 1 ges H L | LA
B sy HH omw | 1Lt H HH
| LT FHHH i N HHH
TS = " sasad

HT

Figure 22.- Occultation characteristics for Mars orbits resulting from typical 1977 type | trajectories.

;

t
L

]
i

s
RS NBh v EEEAl

” !
(o o o
D F

Q (o]
@ =y

120 |

utw ‘swr} UOTIEITNODQ utw fewil UOTIERITNOOQ




Unattainable
lination

inc

5

66

ian day

1 Mart

Orbital period

day

lian

1/2 Mart

oy

IiSna snnn:

IS AR ARERS AAY!

HI T
T

i

3000 km

(S N
)

T

RE NN AR

ERENAREE IRNE1

'{1

T
T

|

HH
HE et

i

1T

o

[+]

o

“

g

o,

— 3

“W 1

e S | s HHH

..m. Eese a1 o5

o = Q= . HE

o E T ! + Ll

EEE |
HW\ o 77 _ p%a 1
HH *FH . |
o o~ O

_ mwm © | ||
u%u o B : A
E .o B §13 L4711
o EITERCTITN o 28 1 :
e s s i
o - | e taA N R
e o gt ; o
HHH H Hr W e T e
Hod A 5 LA | LR
aREER, R T et 111
FA 1 oI H
EEELERS * rwWL
Y i

7/ |
SEEESR /
Sammara
HEEAH _
sumzEeEmNs. It
1

sxEaaEevs]
RaazaEsEl
T

}
t

KRR ARNERER]

zazEEEREEEEN!

S S 2 sgandas

pony Y

T
T
¢

T
T

T
T

ini

A mAN

TT
T
1

T
T
)

imumedsy
t
poNs

)
s
'¥

b4

t
|
il

120 ey

utw ‘oWt

u0T183TNO2Q

” 1
t
I
i

i
I

4

TSR IEEERE TR TR TUNNST TUL ST RUNNT SRR SRWENE FURURRREL SRRRE: W1

R A e e
R I R R R e e

1000 km

Egunu i

t

iEsbspsufsttstgtininadnanpiitinis ants

r Periapsis altitude

T

I

s

b
,
=

8

R

T R

1

=
-Canopus
¢

t
ot

1

1

X
|
.
y
i
L S—

11

'
gunknun;
HHER

s
IR

T

PISELTE

IRTRERRAI
HHHH

N

.
T
I
I

IARSTRNUNRSNETI
P R

ol

[S43Essatssnsannnsi

1%

Canopus

i
iy

SunTf=
p gt unmen

TT

!

T

T I T AT

1T

T
impnn ol

i

ja2

N
TN

-
s
I

3%
N

80

120

uTw

¢owTy UOTRERITNO2Q

360

320

280

240

200

160

120

B, deg

(b} October 30, 1977, launch and July 16, 1978, arrival.

Figure 22.- Continued.



Unattainable
inclination

E

ian day

1 Mart

Orbital period

day

=4
s s
o
oo
P R TR TR TR B
am Mﬁm&wﬁnuu qm¥w1n4.|n
= Tl LR AR T 1
o LS i i
it i : 2ssas]
_I:.mr :1-: _ T knuii }.mk!mmmmm
" 1 ; s
1 £ i L S12axs
.M L E % __ ShED
Tt e : H
o u F Hi +
B 2 i H
W H w Hﬂ< T
] 1 11
— Aﬂuu ™ ! | _, ! T ima
@ wm w A i
o W g | I i
H 3 o || EH
S = 2 Lt
i o1l T
1 ~ c
B 3 |
_ b ) n,u t s
o 8
HE 4. -
| 1 e |
HHHHH e N H
B Eisss:
Trr (a0 H .
21tH
ITRIEaR:
EE8!
LT
H
888
22
t :
5358
Seiages
]
5
IRR R s
R
5
e
o
m 1
my
TR
B3
ST
1 HHHA
iy
.mlu mmmm
frisass
il
He

120:

o [l
@ =

utw fswWT3 UOCTIELITNIOQ0

0

[~
2
w
N L33 PN T O 3
mHum [ et tissesess -
“A.J
1T e [ R i
il
o E .o
T~
gl itiis
S
i S i
n__ | AT

a=s
F
HHH

LT

tt

aaE
tit

It

po)
ja%

1

= Canopus

==
A}

3

\
Ly
pa

e
s

trrritrth

T

ek

Periapsis altitude

I 3

i} BIA 1
i Bma

i

pus,

T trhft

0

O
rifTtT

fiasig
T Hi

1
Ht

i

B
jaseaseset

il
i

i

t
PR RanE Uy
Pt PR

t
T

8 g

utu ‘ewty uotyelThO 20

120 :

360

320

280

240

200

16

120

80

40

deg

By

{c) November 17, 1977, launch and September 14, 1978, arrival.

Figure 22.- Concluded.

67



89

Arrival dates
at Mars

5-17-78
6-6-78
6-26-~78
7-16-78
8-5~78
8-25-78
9=14-78
10-4-78
10-24~78
11-13-78
12~3~78
12-23-78
1-12-79
2-1=79

Voo,O( km/sec

QAN<dD<eODRAD>OOOQ

2

03@, (km/sec)

Launch date 1977

(a) Excess enérgy at Earth and hyperbolic excess velacity at Mars as functions of launch date for several arrival dates.

Figure 23.- Trajectory characteristics from Earth to Mars for 1977 type 11 opportunity.



69

Arrival dates
at Mars

5-17-78
6-6=78

6-26-78

7-16-78

8-5-78

8-25-78

9-14~78

10-4=78

102478

bg 5 deg

11-13=78
12-3-78
12-23-78
1~12-79
U 2-1-79

QAD<CODDN OO0 O

120

100

80

Z()jl deg

60

L"O :‘.E

20
3 10 20 30 9 19 29 9 19

Aug | Sept Oct Nov Dec

Launch date 1977

(b Sun-g angle and declination of launch asymptote as functions of launch date for several arrival dates.

Figure 23.- Continued.

28 7 17 27

Jan



04

Arrival dates

at Mars
111 Uhl T T TT 141 qnluu 1t |4 111 |hu T HH|HU O 5-17-78
S B R 3 O Ia O 6_6_78
7 1
i I AREN O 6-26-78
O 7-16-78
20 A 8=5-78
- A 8-25-78
o = R a 9-14-78
‘:Q 0 - 0 10-4-78
QO 10-24-78
¢ 11-13-78
=20 O 12-3-78
- : v 12-23-78
- _ i 7 1-12-79
B e Fe e S s = : D 2-1-79
-100 , T
~120
an
¢ - i,
o £ ==
TR e e S W N ot . e M e ;
‘\O = bt
~< ! 4
-160 -
-180 o s -} . N ‘»‘;"_ o= b AV_ ST - e _ =
31 10 20 .30 9 19 29 9 19 29 8 18 18 17 27
‘ .
Aug f Sept Oct Nov Dec Jan

Launch date 1977

(c) Mars right ascension and declination of S as functions of launch date for several arrival dates.

Figure 23.- Concluded.




1L

Payload weight, newtons

Payload weight, newtons

Payload weight, newtons

Arrival dates

at Mars
- < 5=17-78
i || Indicates overall launch window boundary O 6-6-78
20x 10 - Miiif '1 Indicates 30-day launch window boundary 0 6~26-78
. & i i f N - i O 7-16-78
- - 5 pililt A 8578
5L Ziiims : i 4 8-25-78
- il il 4 9-14-78
: 0 10-4-78
M i i O 10-24-78
0 2 O 11-13-78
& 0 12-3-78
v 12-23-78
p 7 1-12-79
10 O 2-1-79
h lox IlilllIllllllllllllllﬂﬂ]lﬂlllllﬂ!g!!l
! ot HiH il
ox T Titan 111F=Centaur
« N i~
b 8 e
3y ;_ — // I
3 6 ]
o
-
2 2
‘T ox
a

o+
teax P
— Titan 11iC ]
2k R
1.0 —
K
N
2,0 I N
8 3 \‘__ ‘%-.\
- -] i SN
* 1.6 ; , 0 35
< Vi ] T =N
6§ — ra 1= i ‘,q%‘\
v s
i 77 ’\‘. T \“?\‘sm
ES | /4 Vi \ 2] 3 RN
N ! AN L 17 | - AN Sy
"t A ) ¥ ] IBRVAN
. / / \\ /‘l 4]
A VA 1
R \ (9] 1
)4 L7 R | }
=] i ; | o :
Il L | | ‘ i i
4 o O ot 2 Ll | NN
P I T ; i
19 29 9 19 29 8 18 28 8 18 28 17 27
Aug Sept | Oct Nov | Dec Jan

Figure 24.- Payload in Mars orbit as functions of launch date for three launch vehicles for 1977 type |1 opportunity.

Launch date 1977



GL

Declination, deg

!
w
(]

(® Subsolar point
o 2 location

AN BENY T

T T
T g

TTIT

Jt

iy
1

T - - 7T
h RS e 1
=1 ot Smunst

6 e PSSy I ey
Fu = T

eriapsis

el ExnaEaAwaN Eanat
- —— “J

e e

;£§<L?1%0°:3

BN Raivin kgl

Right ascension, deg

{a) September 20, 1977, launch and August 25, 1978, arrival.

Figure 25.- Relative orbit and sunlighting geometry for typical 1977 type I trajectories.



S location

=>

(© Subsolar point

O

Bep fuoTieut(o2Q

N
INIRTEY AN R Nl
L (TR T
HHIDEY S X =
\__ HE 8 Hill ; | i
i oo i ]
i Hed |l __ i N1 gk
T ! g5
HIHE .nm_;_ . 1
_T”_M,U_ su.mf xnm.u X i 0
A 4 L L
T S R e
QN 0w i o qy ,__ ]
..O,# uu M-O |u3 HO__ 5
Lo e O +3 fiie YHES -
Y w.m 2 Yo ey { o
Rzl i 2n .\}{)* F AR ERPNIR ! H B
T [ _.l,uu,@l\ m i s & H o
LT R L TS
il iy iV dis ey Ayt
H I \ﬁ }/MMV_\ m H0-. I H
_ N i sy :
f ] e .pm\ W me_u..
\? m_ ] mu [}V
e m*
auit il !
ilpriad ]
LT 1o
e 1 S
e HRS
] o
O
...... i~
o
Y
—
{ o
1o
iF
o
e A
1
T
HH
ik
H HH o
o o
7 g

deg

Right ascension,

arrival.

launch and August 25, 1978,

»

1977

b) October 6,

{

Figure 25.- Continued.

73



¥L

Declination, deg

© Subsolar point
—) .
[ S location

T TTIYIT T ITTTT T T T T[T 1 BE B 7
SR A R : H

_1H 3

120 160 200 240

Right ascension, deg

(c) October 22, 1977, launch and September 14, 1978, arrival.

Figure 25.- Concluded.



1 Martian day
1/2 Martian day

Unattainable
inclination
Orbital period

S

—— — Orbital period

120 160 200 2k0o 280 320 360
By deg

(a) September 20, 1977, launch and August 25, 1978, arrival.

80
Figure 26.- Occultation characteristics for Mars orbits resulting from typical 1977 type |l trajectories.

L0

1 TREEH TN A aEaas
* | Bhfpdoseeses aaaaRTeR
a DD D ey Lo s F
TR NREiiE i UL
el L
= “ N HH
2 :
oppe HiH it
e F s i
H ¥ HHH H £
" o e b
HH (@] HAH mH...._ o r.w
oS H £258 L
HE i HES TR IR ESt
e o o H TR AT
r1 ' LT T pessd M i !
oo ERRND”2 ot H _ _ HH
=3 i allifces = o M Y7t fissta: ==
el T . EE HEER
= i ] Hpe ! 334 o D.ﬁ ™
o | ] i ik I % P Feizcge) i
I | BHHE it T T iy T o | T
i o *_ TN LS g © isiseee L 101 et e2:
Y el [ T o TN jies oy, 1 HHT
A | e 2 I 3 22 ! N
s Ty e --.m a. | W W/ Hi
£ n ! %u Py e iRikiEizy 235 1
oo : T @© T o RS e e |
i o ‘ HEO HHE o iy \M o TH 5 N
s o~ _ n M T nw J.,H._mﬂ .ﬁn Dp.w . ‘nymg nwuu H mn Pettis:
il kT el 4 SH
AN RS Al Y o
A1 U Al A o b, A A1
” | i m ﬁ w LU
| A T it i i
‘hy HHH o tH ; A
Hi o 1 _ _ HH
I N M1t Lith HE L
el 28 AR a3
_ son M ﬁ ! H ”wm% & B
TN I W | ﬁrh _ y SSaEasEs
5 il
_ | 11 TR Hi s INHHE
it e L TN
H3' D+ ;.rA i1 H o ]!
‘M. Hﬂum 2 T I e
i HHHE 3 =
T © w. mans
HEO o Il L B
N Y e AR £ S [ Sz e T
il I § pjEanacs
\\\\\\\ k t {H
LATTIATI AT LT LT LA i A DT LT L L i
(o)
2 2 ° g g

uTw ¢swWE]l UOTIe]TNOdQ utw 8wty UOTLEITNO2D



ion

Unattainable
inclinat

S

—— —— Orbital period

76

ian day

1 Mart

Orbital period

1/2 Martian day

7
e

1

n
1
i

:
7
S
7
{
;
f
I
‘
=

T

")
\

—
—

)

)

)

-

‘% H R i

=1 RERAsE 3 HH

* e o

sl O NuEEEE AR

+ HH 2 H

— FoH o T

C HpTt &) CHHEHHH R
Loy

s i atillily

M. i EHHHH Thn

© i RS nmnaEEEEE

s s S

4 B W le H

o EERA ) EH

A HHHHH T ARRRRE

LT T Ll

1= Earth

=
T
—

T
S —

=
e

T

T,

F

an

H

IRETEES Ron
t

TTTT

== Canopus 3

i
T
b e gEas !
F O 5 i
- i Il
i e
i N
mn,m t] AJ T {17
E 1 T
g T !
mmm ,nuwuu
T T 4\vﬁuﬁWm
ai f HATE \wﬂm‘_ i r e

UTW ¢3WI3} UOTLELTNISQ

Ht

NESaavARNASSNEANEANEREE

A ERERmaRE ]

T
inmaE;

i Periapsis a

1

inupi

=
O
it
i
{
.
:
{
!

it
T
T
.
T
Ay

T
T
=
7
a”

ke
e
1S

Ry

ST SRR
T L
= i e T ]
I i aRaAEs N TITE

mmwmﬂ k] M x“: el ﬁ
mwmmm E b m Juuiuuumfnnn{Lnuf ]
mmmm, X Ty R H LT e | e
HE o HEEHHL
T Q
HEEE e
B H H @
el st el Gl
mm O fHniHy gt
i 5 B SO
EHH D B o Sl
isiE o Hrrh Y
e O O
m NN EREEE N =4
i 3 e
it
i

LIV

;

)
1
1

2

aRi
uu

Sun

Earth

et
T

1
i | 1
fasaasd |
T _ T
Iy Frt
Ferly { ]
u,nuuuuw .

I3

o —— 1

]

1un amAws

utw ‘sWT} UOTIEITNODOD

0 280 320 360

2

00

160

Bydeg

(b} October 6, 1977, launch and August 25, 1978, arrival.

Figure 26.- Continued.



360

1 Martian day
1/2 Martian day

inclination
Orbital period

Unattainable
i

N

—— — — Orbital period

T T R T T T T T e A e e o T

NN NS AARSERANAS MNEANSARE NERAN SN NS SN RNNN SR RARE]

IGEE A NARECNERENSARE IRARGNANAE AARSARIANS I NuRENANS RuunuE]

A RS SNSNEBNESNNEREA NN ANNNN AR RANNAN AENRA NN an R

AR S SRR R N RS SRS AR RN RRRRR RO E snaraannanangys)

320

i ; » TS LT
sase o
TR il as i esqsasss
7 T sian i1
m L b
€ P HH &
2 N v Hl % HHHE x
o 3 2 D o HHES
o 3 Q HHH T &
2 3 5 HHE O B @
3 O HHHH R

280

tude

2ko

Canopus

JuSSNSuEEES INONEEERENED RS

iapsi

AEuSEANSEE ANSREEEESN ARA A R

Periapsis altitude =

Per
zuas:

F i

200

=
%

By deg

n
+
H
T £

Sun

Figure 26.- Concluded.

160

Eafth

120

(c) October 22, 1977, launch and September 14, 1978, arrival.

80

40

1
®» » L
3 e HHH <
H O, H O, L+
R m g m I u
rw »!Ww FaUd - El
i i
L T A e Feee R
2 i
i LS
|
Ssects M ¥ %

120

8
N
120 ¢
8
"

utw ¢owT3} UOTIEITNIDQ utw fSWT3 UOT}RITNIDQ



78

360

T T ) T
AREEEEEENEEEEY o
i o i
i W.l o
HH ~ FHH 2 A o nO/_
mmun ot
| o (28}
Hmm .w o
mmmm &~ H
mmnn &~ O
Emm o o Q.
- ! o
I 38 i
anmm . Q
I T ~
AN “ L *-
T R
H } \
ERaE, o | .
b £
ol s
g . E
i ; ] Z 8
i o /| L £
PO B Q. ! I a T
o ON i i 5
4~ O ! g
B o i R “ il =)
! } I o s
i 3 S
Sxg I % g s
1 i Hil & - 5
$ T o 0
I E 1T .Nu m
=%
Tt c £
AREERIRRE RN w W
s rnnuu o s
— o g
o e il m m
o —
i - i
1 P 3
Piild )
T
(@) .
! & =
B N N
E Y
H =
TN 1] =
A i
v o T
H i |
H ._W.. § o
azm — = HH B
i o
3
[ o
Hif o O
oS Q.
H Oy O. : H111
e fp— o H i
HH &+
o w | i
: ! |
ik : | ]
__ meaiddid] b _ _ ; | o
(@} o o o o
i

bep ‘uotreurToeqg

NASA-Langley, 1970 —— 30

L-6564




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D. C. 20546

OFFICIAL BUSINESS

01U 001 55

FIRST CLASS MAIL

POSTAGE AND FEES PAID
NAL AERONAUTICS AND
CE ADMINISTRATION

AIR FORCE WEAPONS LABORATORY /WLOL/

KIRTLAND AFB,

ATT E.

LOU BOWMAN,

51 3035 70225 00903
NEW MEXICO 87117
CHIEF,TECH. LIBRARY

If Undeliverable ( Section 158

POSTMASTER:  pog) Manual) Do Not Return

“The aeronantical and space activities of 1the United States shall be

conducted so as to comtribute . .

. 10 the expansion of human krowl-

edge of phenonena in the atmosphere and space. The Administration
shall provide for the widest practicable and appropriate disseniination
of information concerning its activities and the results thereof.”

— NATIONAL AERONAUTICS AND SPACE ACT OF 1958

NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS

TECHNICAL REPORTS: Scientific and
technical information considered important,
complete, and a lasting contribution to existing
knowledge.

TECHNICAL NOTES: Information less broad
in scope but nevertheless of importance as a
contribution to existing knowledge.

TECHNICAL MEMORANDUMS:
Information receiving limited distribution
because of preliminary data, security classifica-
tion, or other reasons.

CONTRACTOR REPORTS: Scientific and
technical information generated under a NASA
contract or grant and considered an important
contribution to existing knowledge.

TECHNICAL TRANSLATIONS: Information
published in a foreign language considered
to mérit NASA distribution in English.

SPECIAL PUBLICATIONS: Information
derived from or of value to NASA activities.
Publications include conference proceedings,
monographs, data compilations, handbooks,
sourcebooks, and special bibliographies.

TECHNOLOGY UTILIZATION
PUBLICATIONS: Information on technology
used by NASA that may be of particular
1nterest in commercial and other non-aerospace
applications. Publications include Tech Briefs,
Technology Utilization Reports and Notes,
and Technology Surveys.

Details on the availability of these publications may be obtained from:

SCIENTIFIC AND TECHNICAL INFORMATION DIVISION

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Woashington, D.C. 20546



