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PREFACE-

The work described in this report was performed by the Earth:and Space
Sciences, Systems, Telecommunications Science and Engineering, Control and
Fnergy Conversion, Applied Mechanics, and Information Systems Divisions of
the Jet Propulsion Laboratory for NASA Ames Research Center under NASA
OAST Program 790, "Space Systems Studies,” Stanley R. Sadin, sponsor.
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ABSTRACT

A misgion out of the planetary system, with launch about the year 2000,
could provide valuable scientific data as well as test some of the technology
for a later mission to another star. A mission to a star is not expected to
be practical around 2000 because the flight time with the technoleogy then
available is expected to exceed 10,000 yr.

Primary scientific objectives for the precursor mission concern
characteristics of the heliopause, the interstellar medium, stellar distances
(by parallax measurements), low energy cosmic rays, interplanetary gas distri-
bution, and mass of the solar system. Secondary objectives include investiga-
tion of Pluto. Candidate science instruments are suggested.

The mission should extend to 500-1000 AU from the sun. A heliocentric
hyperbolic escape velocity of 50-100 km/s or more is needed to attain this
distance within a reasonable mission duration. The trajectory should be
toward the incoming interstellar wind. For a year 2000 launch, a Plute encoun-
ter can be included. A second mission targeted parallel to the solar axis
would alsc be worthwhile.

The migsion duration is 20 years, with an extended mission to a total
of 50 years. A system using 1 or 2 stages of nuclear electric propulsion was
selected as a possible baseline. The most promising alternatives are ultralight
solar sails or laser sailing, with the lasers in Earth orbit, for example.

The NEP baseline design allows the option of carrying a Pluto orbiter as a
daughter spacecraft.

Within the limited depth of this study, individual spacecraft systems
for the mission are considered, technology requirements and problem areas
noted, and a number of recommendations made for technology study and advanced
development. The most critical techmology needs include attainment of 50-yr

spacecraft lifetime and development of a long~life NEP system.

iv
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RECOMMENDATIONS FOR TECHNOLOGY DEVELOPMENT

FOR EXTRAPLANETARY MISSION .

To permit an extraplanetary mission, such as that described in this
report, to commence about the year 2000, efforts are recommended on the
following topics. In general, a study should be initiated first, followed

by development effort as indicated by the study.

First pricrity

Starting work on the following topics is considered of first priority,
in view of their importance to the mission and the time required for the
advance development.

1) Design and fabrication techniques that will provide 50-year space-
craft lifetime.

2) Nuclear electric propulsion with operating times of 10 years or more at
full power and agble to operate at low power levels for attitude comntrol and
spacecraft power to a total of 350 years.

3) TUltralight solar sails, including their impact upon spacecraft and
mission design. -

4) Laser sailing systems, including their impact upon spacecraft and
mission desaign.

5) Detailing and application of spacecraft quality assurance and reli-

ability methods utilizing test times much shorter than the intended lifetime.

Second priority

Other topics that will require advance effort beyond that iikely without
special attention include:

6) Spacecraft bearings and moving parts with 50-yr lifetime.

. . -2
7) Weutral gas mass spectrometer for measuring concentrations of 10

-10 atom/cmB, with 50-yr lifetime.

-10
8) Techniques to predict long-time behavior of spacecraft materials from

short-time tests.
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Compatibility of scilence instruments with NEP.

Methods of calibrating science instruments for 50-yr lifetime.

Optical vs. microwave telecommunications with orbiting DSN.

Stellar parallax measurements in deep-space.

STAR MISSION
For a star mission, topics which warrant early study include:

13)
14)
15)

Antimatter propulsion.
Propulsion alternatives for a star mission.

Cryvogenic spacecraft.

vi



77-70

TABLE OF CONTENTS

PREFACE - - <

ABSTRACT —-

RECOMMENDATIONS FOR TECHNOLOGY DEVELOPMENT
For Extraplanetary Mission —_— —_—
First Priority
Second Priority o
For Star Mission - _

INTRODUCTION -

Background --- — .
Study Objective —_— —_
Study Scope =~ —_ —_ —_— _

STUDY APPROACH ——-—- —_— _
Task 1 - —_— ——— ——
Task 2 —— _—
Star Mission -- _—

SCIENTIFIC OBJEGTIVES AND REQUIREMENTS -
Scientific Objectives —_—— - e
Primary Objectives
Secondary Objectives -
Trajectory Requirements - —-
Scientific Measurements
Heliopause and Interstellar Medium — — ——
Stellar and Galactic Distance Scale —————— e
Cosmic Rays —rm———r——r——m—mmm e e e e e
Solar System as a Whole = —
Observations of Distant Objects -— - ———
Pluto —_—
Simulated Stellar Encounter ——-- -
Gravity Waves - - —_—— -
Measurements Not Planned -—————=—ememcmmomn e
Advantages of Using Two Spacecraft - - -
Candidate Science Payload - e i e e et e e

TRAJECTORIES -~ —— _—
Units and Coordinate Systems ——~--
Units — -
Coordinate Systems —_— ——
Directions of Interest L —
Extraplanetary -
Pluto _ i —-—
Sclar System Escape Trajectories ————- -
Launchable Mass -_—

vii

iv

R

<
o bt b B

Wi W

O W 000N Lhn



77-70

TRAJECTORIES (continued)

Direct Launch from Earth —_—

Jupiter Assist - —— -
Jupiter Gravity Assist e
Jupiter Powered Flyby - ——————
Launch Opportunities to Jupiter ---
Vemus-Earth Gravity Assist ——————

Powered Solar Flyby ——— -— -— -

Low-Thrust Trajectories
Solar Sailing —w——o - —_
Laser Sailing
Solar Electric Propulsion - ————
Laser Electriec Propulsion —--- -
Nuclear Electrie Propulsion -
Fusion - ——
Antimatter - —_——— —_—
Low Thrust Plus Gravity Assist
Solar Plus Muclear Electric - o

Choice of Propulsion -- -

MISSION CONCEPT -- —_

MASS DEFINITION AND PROPULSION ——-we—me—em

INFORMATION MANAGEMENT

Data Generation ———

Information Management System -

Operations - - —

Data Transmission Rate -

Telemetry —— -— —————

The Telecommunication Model - - -
Range Equation = — - -
Data Coding_ Considerations —--—— -
Tracking Loop Considerations - ————————

Baseline Design -
Parameters of the System —— —————————
Decibel Tzble and Discussion == -

Options - !

More Power -
Larger Antennas and Lower Noise Spectral Density -——————————-
Higher Frequencies -— - —_—

Higher Data Rates - T —— ————

Selection of Telemetry Option = - -

RELATION OF THE MISSION TO SEARCH FOR EXTRATERRESTRIAL

INTELLIGENCE - ———e -
TECHNOLOGY REQUIREMENTS AND PROBLEM AREAS
Lifetime < —————
Propulsion and Power = e i

viii

18
18
13
25
25
28
28
28
30
30
31
31
32
32
32
32
33
33

38

40

44
44
4t
45
46
46
47
47
47
47
49
49
50
50
50
53
53
55
55

58
59

39
59



77-70

TECHNOLOGY REQUIREMENTS AND PROBLEM AREAS (continued)
Propulsion/Science Interface -

Interaction of Thrust with Mass Measurements -——
Interaction of Thrust Subsystem with Particles and.
Fields Measurements

Interaction of Power Subsystem with Photon Measurements ——-—

Telecommunications

Microwave vs, Optical Telemetry Systems

Space Cryogeniecs —=—-
Lifetime of Telecommunications Components

Baseline Enhancement vs. Non~Coherent Commupnication

System _—

Information Systems -

Thermal Control ——
Components and Materials -

et e

Science Instruments —---

Neutral Gas Mass Spectrometer ———--—

Camera Field of View vs, Resolution

ACKNOWLEDGEMENT —

REFERENCES — -

APPENDICES -

Appendix A - Study Participants -—

Appendix B - Science Contributors -

Appendix C - Thoughts for a Star Mission Study

Propulsion -

Cryogenic Spacecraft

Locating Plapets Orbiting Another Star --

Appendix D - Solar System Ballistic Escape Trajectories

TABLES

1. Position of Pluteo, 1990-2030 -

2. Summary of Solar System Ballistic Escape Trajectories

Initial Comditdon: Circular Orbit at 1 AU ~————=e
3. Capabilities of Shuttle with Interim Upper Stage ~-—

4. Solar System Escape Using Direct Ballistic Launch
from Earth

e e e

. Solar System Escape Using Jupiter Gravity Assist ——

——— o e e

. Jupiter Powered Flyby -—- _
. Launched Mass for 300 kg Net Payload After Jupiter

5
6. Jupiter Gravity Assist Versus Launch Energy ——————-
7
8

Powered Flyby - —— -

9, Powered Solar Flyby _—

10, Performance of Ultralight Solar Sails

ix

60
61

61
61
62
62
63
63

64
64
64
67
67

<69

69
71
72
75
76

77

78

78
79
81

83

16

17
19

20
23
24
26

27
29
35



77-7Q

Page

TABLES (continued)
11. Mass and Performance Estimates for Baseline System =—wwm-e- - 43
12. Baseline Telemetry at 1000 AU ——m-~ - 52
13. Optical Telemetry at 1000 AU 54
14, Telemetry Options ————— SSES 56
15. Proposed Data Rates 57
16. Thermal Control Characteristiecs of Extraplanetary

Missions ——- 66
17. Technology Requirements for Components & Materials ————— 68
FIGURES
1. Some Points of Interest on the Celestial Map w———r———————- 7
2. Geometry of Jupiter Flyby 21
3. BSolar System Escape with Ultralight Solar Sails —————ww=——v 34
4, Performance of NEP for Solar Escape plus Pluto ————m————~ 41
5, Data Rate vs. Ratio of Signal Power to Noise Spectral

Power Density ——- —— 51




77-70

INTRODUCTION

BACKGROUND ‘

Even before the first earth satellites were launched in 1957, there
was popular interest in the possibility of spacecraft missions to other
stars and their planetary systems. As space exploration has progressed
to ihe outer planets of the solar system, it becomes appropriate to begin
to consider the scientific promise and engineering difficulties of mission
to the stars and, hopefully, their accompanying planets.

In a conference on "Missions Beyond the Solar System'", organized by
L. D. Friedman and held at JPL in August 1976, the idea of a precursor
mission out beyond the planets, but not nearly to another star, was
suggested as a means of bringing out and solving the engineering pro-
blems that would be faced in a mission to a star. At the same time, it
was recognized that such a precursor mission, even though aimed primarily
at engineering objectives, should algo have significant scientific objec~
tives.

Subsequently, in November 1976, this small study was iInitiated to
examine a préhursor mission and identify long lead-time technology develop-
ment which should be initiated tc permit such a mission., This study was
funded by the Study, Analysis, and Planning Office (Code RX) of the NASA

Office of Aeronautics and Space Technology.

STUDY OBJECTIVE
The objective of the study was to establish probable science goals,
mission concepis and technology requirements for a mission extending from

outer regions of the solar system to imnterstellar flight. An unmanned

mission was intended.

STUDY SCOPE
The study was intended to address science goals, mission concepts,
and technology requirements for the portion of the mission outward from

the outer portion of the planetary system.
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Because of the limited funding available for this study, it was
originally planmed that the portion of the mission between the earth
and the outer portion of the planetary system would not be specifically
addressed; likewise, propulsion concepts and technology would not be
included. Problems encountered at speeds approaching that of light were
excluded for the same reason. In the course of the study, it became
clear that these constraints were not critical, and they were relaxed,

as indicated later in this report.
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STUDY APPROACH

The study effort consisted of two tasks. Task 1 concerned science

goals and mission concepts, Task 2 technelogy requirements.

TASK 1

In Task 1, science goals for the mission were to be examined, and
the scientific measurements to be made. Possible relation of the mission
to the separate effort on Search for Extraterrestrial Intelligence was
also to be comsidered. Another possibility to be examined was that of
using the data, in reverse time sequence, to examine a star and its sur-
roundings (in this case, the solar system) as might be done fromlanq
approaching spacecraft.

Possible trajectories would be evaluated with respect to the inter-
action of the direction of the éutward asymptote ard the speed with the
science goals. A very limited examination might be made of trajectories
Wiéhin the solar system and accompanying propulsion concepts to assess
the feasibility of the outward velocities considered,

During the study, science goals and opjectiyes were derived by series
of conversations and small meetings with a large anber of scientists.
Mést of these were from JPL,‘a few elsewhere. Appendix B gives their
names. '

The trajectoiy information was obtained by examination of pertinent
work done in other studies and a small amount of computatien caéried out

specifically for this study.

TASK 2

In this task, technology requirements thét appear to differ signi-
ficantly from those of missions within the soiar system were to be identi-
fied. These would be compared with the projected stéte—of-thewart for
the year 2000 + 15. It was ofiginally plaéned that Feqﬁirements associated

with propulsion would be addressed only insofar as they interact with power

or other systems.
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This task was carried out by bringing together study team partici-
pants from each of the technical divisions of the Laboratory. (Partici-
pants are listed in Appendix As) Overall concepts were developed and
discussed at study team meetings. Each participant obtained inputs from
other members of his division on projected capabilities and development
needed for individual subsystems. These were iterated at team meetings.
In particular, several iterations were needed between propulsion and tra-

jectory calculations.

STAR MISSION

Many of the contributors to this study, both scientific and engineer~
ing, felt an actual star mission should be considered. Preliminary exam-
ination indicated, however, that the hyperbolic velocity attainable for
solar system escape during the time period of interest (year 2000 % 15)
was of the order of 102 km/s or 3 x 109 km/vear. Since the nearest star
15 at a distance of 4.3 light years or about 4 x 1013 km, the mission dur-
ation would exceed 10,000 years. This did not seem worth considering for
twe reasons.

First, attaining, and especially establishing, a spacecraft life-
time of 10,000 years by the year 2000 is not comsidered feasible. Secondly,
propulsion capability and hence hyperbolic velocity attainable is expected
to increase with time. Doubling the velocity should take not more than

another 25 years of work, and would reduce the mission duration to only

5000 years. Thus, a spacecraft launched later would be expected to arrive

earlier. Accordingly, launch to a star by 2000 £ 15 does not seem reasonable.

For this reason, a star mission is not congidered further in the body

of this report. A few thoughts which arose during this study and pertain
te a star mission are recorded in Appendix C. It is recommended that a
subsequent study address the possibility of a star mission starting in
2025, 2050, or later, and the long lead-time technology developments that

‘will be needed to permit this mission.
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SCIENTIFIC OBJECTIVES AND REQUIREMENTS

Preliminary examination of trajectary and propulsion possibilitaies
indicated that a mission extendiné to distances of some hundred or per-
haps a few thousand AU from the sun with a launch around the year 2000
was reasonable. The following science objectives and requirements are

considered appropriate for such a mission.

SCIENTIFIC OBJECTIVES

Primary Objectives

1 Determination of the characteristics of the heliopause, where the

solar wind presumably terminates against the incoming interstellar

medium.
2) Determination of the characteristics of the interstellar medium.
k)] Determination of the stellar and galactic distance scale, through

measurements of the disiance to nearby stars.

4) Determination of the characteristics of cosmic rays at energies
excluded by the heliocsphere.

5) Determination of characteristics of the solar system as a whole,

such as its interplanetary gas distribution and total mass.

Secondary Objectives

1) Determination of the characteristics of Pluto and its satellites
and rings, if any., If there had been a previous mission to Pluto,
this objective would be modified.

2) Determination of the characteristics of distant galactic and extra-
galactic objects.

3) Evaluation of problems of scientific observations of another solar

system from a spacecraft.

TRAJECTORY REQUIREMENTS
The primary science objectives necessitate passing through the helio-

pause, preferably in a relatively few years after launch to increase the
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reliability of data return. Most of the scientists interviewed preferred

a mission directed toward the incoming interstellar gas,where the helio-
pause is expected to be closest and most well defined. The "upwind"
direction with respect to neutral interstellar gas is approximately R.A.
250°, Decl - 16° (Weller and Meier, 1974; Ajello, 1977). (See Fig. 1.

The sun's motion with respect to interstellar charged particles and mag-
netic fields is not known.)} Presumably any direction within, say, 40°

of this would be satisfactory. A few scientists preferred a mission

parallel to the sun's axis (perpendicular to the ecliptic), believing

that interstellar magnetic field and perhaps particles may leak inward
further along this axis. Some planetary scientists would like the mis-

sion to include a flyby or orbiter of Pluto, depending on the extent to which
Pluto might have been explored by an earlier mission. Although a Pluto flyby
is incompatible with a direction perpendicular to the eecliptic, it happens
that in the period of interest {arrival around the year 2005) Pluto will

lie almost exactly in the "upwind" direction mentioned, so an 'upwind”
trajectory could include a Pluto encounter.

The great majority of scientists consulted preferred a trajectory
that would take the spacecraft out as fast as possible. This would mini-
mize time to reach the heliopause and the interstellar medium. Also, it
would, at any time, provide maximum earth-5/C separation as a base for
optical measurements of stellar parallax. A few sclentists would like
to have the S$/C go out and then return to the solar system to permit
evaluating and testing methods of obtaining scientific data with a
future 5/C encountering another solar system. Such a return would,
roughly, halve the duration of the outward portion of the flight for
any fixed mission duration. Also, since considerable propulsive energy
would be required to "stop and turn around”, this approach would con-
siderably reduce the outward hyperbolic velocity attainable. These two
effects would greatly reduce the maximum distance that could be reached
for a given mission duration.

As a "strawman mission", it is recommended that a no-return trajec-

tory with an asymptote near R.A. 250°, Decl -15° and a flyby of Pluto be
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considered, with a hyperbolic excess velocity of 40-90 km/s or more.
Higher velocities should be used if practical. Propulsion §hoﬁld be
desaigned to avolid interference with scientific measurements and should
be off when mass measurements are to be made.

A number of scientific observations (discussed below) would be
considerably improved if two spacecraft, operating simultaneously, were
used, with asymptotic trajectories at approximately right angles to
each other. Thus, use of a second spacecraft, with an asymptotic trajec-

tory approximately parallel to the solar axis, is worthwhile scientifically.

SCIENTIFIC MEASUREMENTS

Heliopause and Interstellar Medium

Determination is needed of the characteristies of the solar wind
just inside the heliopause, of the heliopause itself, of the accompanying
shock (if one exists), and of the region between the heliopause and the
shock. The leocation of the heliopause is not known; estimates now tend
to center at about 100 AU from the sun. (As an indication of the uncer-
tainty, estimates a few years ago ran aé low as 5 AU.)

Key measurements to be made include magnetic field, plasma proper-—
ties (density, velocity, temperature, composition, plasma waves) and
electric field. Similar measurements, -extending to low energy levels,
are needed in the interstellar medium, together with measurements of the
properties of the neutral gas (density, temperature, composition of atomic
and molecular species, velocity) and of the interstellar dust (particle
concentration, particle mass distribution, composition, velocity). The
radiation temperature should also be measured.

The magnetic, electric, and plasma measurements would require only
conventional instrumentation, but high sensitivity would be needed. Tlasma
blobs could be detected by radio scintillation of small sources at a wave-
length near 1 m. Radiation temperature could be measured with a radiom-
eter at wavelengths of 1 em to 1 m, using a detector cooled to a few
Kelvins. Both in-situ and remote measurements of gas and dust properties

are desirable. In-situ measurements of dust composition could be made
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by an updated version of an impact-ionization mass spectrometer. In-situ
measurements of ions could be made by a mass spectrometer and by a plasma
analyzer. In~situ measurements of mneutral gas composition would probably
require development of a mass spectrometer with greater sensitivity and
signal/noise ratio than present instruments. Remote measurements of gas
composition could be made by absorption spectroscopy, looking back toward
the sun, Of particular interest in the gas meagurements are the ratios
D/H, H/H2/H+, He/H, HeB/H34; the contents of C, ¥, 0, and if possible of
Li, Be, B; 'and the flow velocity. Dust within some size range could be

observed remotely by changes in the contanuum intensity.

Stellar and Galactic Distance Scale

Present scales of stellar and galactic distance are probably uncer-
tain by 20%. This in turn leads to uncertzinties of 40% in the absolute
luminosity (energy production), the quantity which serves as the funda-
mental input data for stellar model calculations. Uncertainties in galactic
distances make it difficult to provide good input data for cosmological
models.

The basic problem is that all longer-range scales depend ultimately
on the distances to Cepheid variables in nearby c¢lusters, such as the
Hyades and Pleiades. Distances to these clusters are determined by sta-
tistical analysis of relative motions of stars within the clusters, and
the accuracy of this analysis is not good. With a baseline of a few
hundred AU between S/C and earth, triangulation would provide the dis-
tance to nearby Cepheids with high accuracy. This will require a2 camera
with resolution of a fraction of an arc second, implying an objective
diameter of 30 cm to 1 m. Star position angles need not be measured
relative to the sun or earth line, but only with respect to distant
stars in the same image frame. To reduce the communications load, only
the pixel coordinates of a few selected objects need be transmitted to

earth.

Cosmic Rays

Measurements should be made of low energy cosmic rays, which the

solar magnetic field excludes from the heliosphere. Properties to be
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measured include flux, spectrum, composition, and direction. Measurements
should be made at energies below 10 MeV and perhaps down to 10 keV or

lower. Conventional instrumentation should be satisfactory.

Sclar System as a Whole

Determinations of the characteristics of the solar system as a
whole include measurements of neutral and ionized gas and of dust. Quan-
tities to be measured include spatial distribution and the other proper-
ties mentioned above.

Column densities of ionized material can be observed by low fre-
quency radio dispersion. Nature, distribution and velocity of neutral
gas components and some ions can be observed spectroscopically by fluores-
cence under solar radiation. To provide adequate sensitivity, a large
objective will be needed. Continuum observation should show the dust
distribution.

The total mass of the solar system should be measured. This could

be done through dual frequency radio doppler tracking.

Observations of Distant Objects

Observations of more distant objects should inelude radio astronomy
observations at frequencies below 1 kHz, below the plasma frequency of the
interplanetary medium. This will require a VLF receiver with a very long
dipole or monopole antenna.

Also, both radio and gamma-ray events should be observed and timed.
Comparison of event times on the 3/C and at earth will indicate the direc—
tion of the source.

In addition, the galactiec hydrogen distribution should be observed

by UV spectrophotometry, outside any local concentration due to the sun.

Pluto

If a Pluto flyby i1s contemplated, measurements should include optical
observations of the planet to determine its diameter, surface and atmos-
phere features, and an optical search for and observations of any satellites

Oor rings. Atmospheric density, temperature and composition should be measured,

10
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and nearby charged particles and magnetic fields. Surface temperature and
composition should also be observed. Suitable instruments include a TV
camera, infrared radiometer, ultraviolet/visible spectrometer, particles
and fields instruments, infrared spectrometer,

For atmospheric properties, UV observations during solar occultation
(especially for H and He) and radio observations of earth occultation should
be useful.

The mass of Plute should be measured: radio tracking should provide
this.

If a Pluto orbiter is included in the mission, measurements should
also include surface composition, variable features, rotation axis, shape,
and gravity field. Additional instruments should include a gamma-ray

spectrometer and an altimeter.

Simulated Stellar Encounter

If return to the solar system is contemplated, as a simulation of a
stellar encounter, observations should be made, during approach, of the
existence of possible stellar companions and planets, and later of satel-
lites, asteroids, and comets, and of their characteristics. Observations
of neutral gas, dust, plasma, and energetic emissions associated with the
star should be made, and any emissions from planets and satellites. Choice(s)
should be made of a trajectory through the approaching solar system (recog-_
nizing the time-delays inherent in a real stellar mission), the choice(s)
should be implemented, and flyby measurements made.

The approach measurements could probably be made using instruments
aboard for other purposes. For flyby, it would probably be adequate to
use data recorded on earlier missions rather than carry additiomnal instru-
ments.

An alternative considered was simulating a stellar encounter by
"looking backwards while leaving the solar system and later replaying
the data backwards". This was not looked on with faver by the scientists
contacted because the technique would not permit making the operational

decisions that would be key in encountering a "new' solar system: locating

11
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and flying by planets, for example. 'Looking backwards" at the solar system

is desired to give solar system data per se, as mentioned above. Stellar

encounter operations are discussed briefly in Appendix C.

Gravity Waves

A spacecraft at a distance of several hundred AU offers an opportunity
for a semnsitive technique for detecting gravity waves. All that is needed

is precision 2-way radio doppler measurements between S/C and earth.

Measurements Not Planned

Observations not contemplated include:

1) Detecting the Oort cloud of comets, if it exists. No method of
detecting a previously unknown comet far out from the sun is recog~
nized unless there is an accidental encounter. Finding a previously
seen comet when far out would be very difficult because the orbits
of long-period comets are irregular and their aphelia are hard to
determine accurately; moreover, a flyby, far from the sun, would
tell little about the comet and nothing about the Oort cloud. The
mass of the entire Oort cloud might be detectable from outside, but
the mission is not expected to extend the estimated 50,000 AU out.
If Lyttleton's comet model is correct, a comet accidentally encoun-
tered would be revealed by the dust detector.

2) VLBI using an earth-S/C baseline. This would require very high rates
of data transmission to earth, rates which do not appear reasonable.
Moreover, it is doubtful that sources of the size resolved with
this baseline are intense enough to be detected and that the re-
quired coherence would be maintained after passage through inhomo-
geneities in the intervening medium. Also, with only 2 widely
separated receivers and a time-varying baseline, there would be

serious ambiguity in the measured direction of each source.

Advantages of Using Two Spacecraft

Use of two spacecraft, with asymptotic trajectories at roughly right

angles to each other, would permit exploring two regions of the heliopause

12
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{(upwind and parallel to the solar axis) and provide significantly greater
understanding of its character, including the phenomena occurring near the
magnetic pole direction of the sun. Observations of transient distant
radio and gamma-ray events from two spacecraft plas the earth would permit
location of the source with respect to two axes, instead of the one axis

determinable with a single S/C plus earth.

CANDIDATE SCIENCE PAYLOAD

1) Vector magnetometer

2) Plasma spectrometer

3) Ultraviolet/visible spectrometers

4) Dust impact detector and analyzer

5) Low energy cosmic ray analyzer

6) bDual-frequency radio tracking (including low frequency with high

frequency uplink)

7 Radio astronomy/plasma wave receiver (including VLF; long antenmna)
8) Mass spectrometer
9 Microwave radiometer

10) Electric field meter

11) Camera (aperture 30 ecm to 1 m)
12) Gamma-ray transient detector
If Pluto flyby or orbiter is planned:
13) Infrared radiometer

14) Infrared spectrometer

If Pluto orbiter is planned:

15} Gamma~ray spectrometer

16) Altimeter

13
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TRAJECTORIES

UNITS AND COORDINATE SYSTEMS

Units
Some useful approximate relations in considering an extraplanetary

mission are:

8

1 AU = 1.5 x 10 km

1 light year = 9.5 x 1012 km = 6.3 x 104 AU

1 parsec = 3.1x 1013 m = 2.1 x 105 AU = 3.3 light years
7

1 year = 3.2 x 10s

1 km/s = 0.21 AU/yr = 3.3 x 10 0 ¢

where ¢ = velocity of light

Coordinate Systems

For objects out of the planetary system, the equatorial coordin-
ate system using right ascension (a) and declination (§) is often more
convenient than the ecliptic coordinates, celestial longitude (A)
and celestial latitude (B). Conversion relations are:

sin B = cos ¢ sin 8- sin £ cos 8 sin @

cos B sin A = sin € sin § +cos g€ cos § sin &

cos § cos o

H

cos B cos )

where e = obliquity of ecliptic = 23.5°

DIRECTIONS OF INTEREST

Extraplanetary

Most recent data for the direction of the incoming interstellar

neutral gas are:

Weller & Meier (1974):

Right ascension o = 252°

Declination § = -15°
Ajello (1977):

Right ascension a = 252°

Declination § = -17°

14
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Thus, these 2 data sources are in excellent agreement.

At o = 250° the ecliptic 1s about 20°S of the equator, so the wind
comes 1n at celestial latitude of about 4°. Presumably, it is only
a colncidence that this direction lies close to the ecliptic plane,

The direction of the incoming gas is sometimes referred to as the
"apex of the sun's way", since it is the direction toward which the sun
is moving with respect to the interstellar gas. The term "apex", how-
ever, convéntlonally refers to the direction the sun is moving relative
to nearby stars, rather than relative to interstellar gas. These two
directions differ by about 45° in declination and about 20° in right
ascension. The direction of the solar motion with respect to nearby
stars, and some other directions of possible interest, are shown in

Fig. 1.

Pluto

Table 1 gives the position of Pluto for the vears 1990 to 2030.
Note that, by coincidence, during 2000 to 2005 Pluto is within a few
degrees of the direction toward the incoming interstellar gas (see Fag. 1).
At the same time it 1s mear its perihelion distance, only 30-31 AU

from the sun.,

SOLAR SYSTEM ESCAPE TRAJECTORIES

As a step in studying trajectories for extraplanetary missions, a
series of listings giving distance and velocity vs. time for parabolic
and hyperbolic solar system escape trajectories has been generated. These
are given in Appendix D and a few pertinent values extracted in Table 2.
Note, for example, that with a hyperbolic heliocentric excess wvelocaty
v, = 50 km/s, a distance of 213 AU is reached in 20 years and a distance
of 529 AU in 50 years. With V_ = 100 km/s, these distances would be
doubled approximately.

LAUNCHABLE MASS

Solar system escape missions typically require high launch energies,

referred to as C3’ to achieve either direct escape or high flyby velocaity

15
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TABLE 1

Position of Pluto, 1990-2030

Position on 1 January

Distance Right Declination,

from ascension,

sun,
Year AU ° °
1990 29,58 227.03 -1.37
1995 29.72 238.51 -6.30
2000 30.12 249,98 -10.89
2005 30.78 261.39 -14.92
2010 31.64 272.61 -18.20
2015 32.67 283.53 . -~20.69
2020 33.81 294,02 ~22.37
2025 35.04 304.00 -23.32
2030 36.31 313.37 -23.63

16
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TABLE 2

Summary of Solar System Ballistic Escape Trajectories

Initial Condition:

Circular Orbit at 1 AU

v Distance (RAD), AU, Velocity (VEL), km/s
for Time (T) = for Time (T) =

km/s 10 yrs. 20 yrs. 50 yrs. 10 yrs. 20 yrs. 50 yrs.

0 25.1 40.4 75.3 8.4 6.6 4.9

1 25.2 40.6 76.0 8.4 6.7 4.9

5 27.0 45,1 30.4 9.5 8.0 6.7
10 3z2.1 57.0 126. 12.5 11.4 10.7
20 47.7 91.2 220. 20.9 20.3 20.2
30 66.5 130. 321. 30.4 30.2 30.1
40 86.5 171. 424, 40.3 40.1 40.1
50 107. 213. 529, 50.2 50.1 50.0
60 128. 254, 634, 60.1 60.1 60.0

(See Appendix D for detail)

17
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at a gravity assist planet. Table 3 gives projected C3 capabhilities
in (km/s)2 for the three versions of the Shuttle/Interim Upper Stage
assuming net payloads of 300, 400, and 500 kg. It can be seen that as
launched mass increases the maximum launch energy possible decreases.

Conceivably higher C.'s are possible through the use of in-orbit

3
assembly of larger TUS versions, or development of more powerful upper
stages such as the Tug. The range of 03 values found here will be used

in the study of possible escape trajectories given below.

DIRECT LAUNCH FROM EARTH

Direct launch from the Earth to a ballistic solar system escape
trajectory requires a minimum launch energy of 152.2 (km/s)z. Table 4
gives the maximum solar system V_ obtainable (in the ecliptic plane) and
maximum ecliptic latitude obtainable (for a parabolic escape trajectory)
for a range of possible C3.

The relatively low V_ and inclination values obtainable with direct
launch make it an undesirable choice for launching of extra-solar

probes as compared with those techniques discussed below.

JUPITER ASSIST

Jupiter Gravity Assist

0f all the planets, Jupiter is by far the best to use for gravity
assisted solar system escape trajectories because of its intense gravity
field. The geometry of the Jupiter f£lyby is shown in Figure 2. Assume
that the planet is In a circulaxr orbit about the Sun with orbital
I T 13,06 km/s.

The spacecraft approaches thée planet with some relative velocity,

velocity V

vin’ directed at an angle B to V h? and departs along Vou after having

J t
been bent through an angle a. The total bend angle

2
- 1 + »
o 2 arcsin {1/(1 Vin rp/p)]

where rP is the closest approach radius to Jupiter and p= GMJ, the

gravitational mass of Jupiter. WNote that V vin and vou need not all

Jh? t

18
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TABLE 3

Capabilities of Shuttle with Interim Upper Stage

Launch energy C
(km/s)>

for indicated

33

__pavload (kg)

Launch Vehicle 300 400 500
Shuttle/2-stage IUS 95.5 91.9 88.2
Shuttle/3-stage IUS 137.9  131.0 124.4%
Shuttle/4-stage TUS 178.4 161.5 148.2

i9
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TABLE 4

Solar System Escape Using Direct Ballistaic Launch from Earth

Maximum Maximum
hyperbolic ecliptic latitude,
excess velocity, ) S for parabolic

Launch Vo, in ecliptic trajectory

energy, C3, plane

(km/s) 2 (km/s) (*)

152.2 0.00 0.00

155. 3.11 2.73

160. 5.15 4.53

165. 6.57 5.80

170. 7.73 6.84

175. 8.72 7.74

20
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—
~

J/ - Vescape

Fig. 2  Geometry of Jupiter Flyby
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be in the same plane, so the spacecraft can approach Jupiter in the
ecliptic plane and be ejected on a high inclination orbit. The helio-

centric velocity of the spacecraft after the flyby, VS is given by the

h’
h and Vout' If this velocity exceeds approximately

shown by the ddshéd circle in Figure 2, the spacecraft

vector sum of VJ
1,414 VJh;
achieves by hyperbolic orbit and will escape the solar system. The

hyperbolic excess velocity is given by st - 2u/r where y here is GMS,

h
the gravitation mass for the Sun, and r is the distance from the Sun,
5.2 astronomical units. The maximum solar system escape velocity will

be obtained when the angle between V.,  and Vou is zero. This will

necessarily result in a near-zero ing?ination Eor the outgoing orbit.
Around this vector will be a cone of possible outgoing escape trajec-
tories, As the angle from the central vector increases the hyperbolic
excess velocity relative to the Sun will decrease. The excess velocity
reaches zero (parabolic escape orbit) when the angle between VJh and

VSh is equal to arc cos [(3 -~ Vzin/VZJh)/Z V/HE]. This defines then the
naximum inclination escape orbit that can be obtained for a given Vin

at Jupiter. Table 35 gives the dependence of solar system hyperbolic

escape velocity on Vin and the angle between V and VS The maximum

angle possible for a given Vin is also shown. " ’

For example, for a vin at Jupiter of 10. km/s the maximum inclina-
tion obtainable 1s 31.41°, and the solar system escape speed will be
13.03 kr/s for an inclination of 10°, 10.45 km/s for an inclination of
20°. WNote that for Vin's greater than 20 km/s it is possible to eject
along retrograde orbits. This is an undesirable waste of energy however.
It is preferable to wait for Jupiter to move 180° around its orbit when
one could use a direct outgoing trajectory and achieve a higher escape
speed in the same direction.

To consider in more detail the opportunities possible with Jupiter
gravity assist, trajectories have been found assuming the Earth and
Jupiter in circular, co-planar orbits, for a range of possible launch
energy values., These results are summarized in Table 6. Note that the

orbits with C, = 180 (km/s)2 have negative semi-major axes indicating

3
that they are hyperbolic. With the spacecraft masses and launch vehicles

discussed above it is thus possible to get solar systém escape velocities

22
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TABLE 5

Solar System Escape Using Jupiter Gravity Assist

Approach velocity relative
to Jupiter,V, (km/s): 6.0 10.0 15.0 20.0 25.0 30

Angle between outhound
heliocentric velocity
of 8/C, Vg, and

O~ ln o NH B

coocCcoocOoOuwWMOoOWVLOo WMo
. = a 8 F & = & & s = @
Qoo oo oo O

.0
of Jupiter, Jgh Solar system hyperbolic excess velocity, V_, (km/s),
° for above approach velocity

4.70 13.81 21.12 27.42 33.28 38.90

4,01 13.61 21.00 27.32 33.19 38.82
KRRRE 13.03 20.63 27.02 32.93 38.58
Kk 12,00 20.01 26.53 32.50 38.19
wkdkk 10.45 19.13 25.85 31.91 37.65
Fkkik 8.12 17.99 24.97 31.16 36.97
Kok 3.93 16.57 23.91 30.25 36.15
Fkdkk wkkkk 12.73 21.25 28.01 34.13
kkkik feddkk 6.47 17.89 25.28 31.69
T Bhkkk fkkdh 13.75 22,13 28,992
Edkdekk etk fekkdk 8.32 18.65 25.94
Fdkedekk S deddedesk Sedehkk 14 .86 27.83
kkhkk PE T fkhkkk Fekdkk 10.65 19.70
Maximum angle between outbound heliocentrie velocity

of S8/cC, vSh’ a?d of Jupiter, VJh,(°), for above
approach velocity

9.58 31.41 53.53 76.60  103.57  143.56

Note:

#%kkx% indicates unobtainable combination of Vin and angle,
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TABLE 6

Jupiter Gravity Assist versus Launch Energy

Angle Maximum Maximum
between Maximum heliocentric inclination
Transfer Approach approach bend hyperbolic to ecliptic
orbit velocity velocity angle escape for_’PE’JTabOl:Lc
semi- relative and relative to wvelocity, trajectory,
Launch major to Jupiter Jupiter, o, Ve, for Maxs foT
Energy, axis, Jupiter, heliocentric for flyby flyby at flyby at
c3 9 a Vin velocity,B, at 1.1 R 1.1 R 1.1 Iol
(km/s) (AU) (im/s) ) ) ) )
80.0 3.23 6.55 148.96 153.85 6.59 13.66
90.0 3.82 9.08 127.34 144.10 12.22 27.17
100.0 4.63 10.98 119.53 137.02 15.38 35.81
110.0 5.82 12.54 115.10 131.35 17.72 42,69
120.0 7.74 13.88 112.13 126.59 19.61 48.58
130.0 11.38 15.07 109.95 122,48 21.21 53.82
140.0 20.98 16.14 108.27 118.86 22.61 58.61
150.0 117.43 17.12 106.91 115.61 23.87 63.05
160.0 =33.64 18.03 105.78 112,67 25.01 67.22
180.0 -9.63 19.67 103.99 107.52 27.02 74.99

200.0 -5.71 21.13 lo02.61 103.11 28.77 82.22

CL-LL
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on the order of 25 km/s in the ecliptic plane and inclinations up to
about 67° above the ecliptic plane using simple ballistic flybys of
Jupiter. Thus a large fraction of the celestial sphere is available

to solar system escape trajectories using this method.

Jupiter Powered Flyby

One means of improving the performance of the Jupiter flyby is to
perform a maneuver as the spacecraft passes through periapsis at Jupi-
ter., The application of this AV deep in the planet's gravitational
potential well results in a substantial increase in the outgoing Vout
and thus the solar system hyperbolic excess veloeity V_. This technique
is particularly useful in raising relatively low Vin values incoming

)

to high outgoing vout s. Table 7 gives the outgoing Vout values at
Jupiter obtainable as a function of vin and AV applied at periapsis.

A flyby at 1.1 RJ is assumed. The actual Vou might be fractionally smaller

because of gravity losses and pointing errorstbut the table gives a
good idea of the degrees of performance improvement possible.

Carrying the necessary propulsion to perform the AV maneuver would
require an increase in launched payload and thus a decrease in maximum
launch energy and Vin possible at Jupiter. Table 8 gives the requiresd
launched mass for a net payload of 300 kg after the Jupiter flyby, using
a space storable propulsion system with ISP of 370 seconds, and the
maximum C3 possible with a Shuttle/4-stage IUS launch vehicle, as a
function of AV capability at Jupiter. These numbers may be combined
with the two previoug tableg to find the approximate Vin at Jupiter and
the resulting Vout'

Launch Opportunities to Jupiter

Launch opportunities to Jupiter occur approximately every 13 months.
Precise calculations of such opportunities would be inappropriate at
this stage in a study of extra-solar probe possibilities. Because
Jupiter moves about 33° in ecliptic longitude in a 13 month period, and

because the cone of possible escape trajectories exceeds 30° in half-

width for vout above about 10 km/s, it should be possible to launch
to any ecliptic longitude over a 12 year periocd by properly choosing

the launch date and flyby date at Jupiter. With sufficient Vout the
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TABLE 7

Jupiter Powered Flyby

Approach
velocity

relative to
. ound velocity relative to i
Jupiter, V., , Outbound v ¥y tiv Jupiter, V___,

in (km/s), for indicated AV (km/s) applied

(lm/s) at periapsis of 1.1 Rj

.50 1.00 1.50 2.00 2.50

6.0 9.66 12.30 14.48 16.38 18.11
3.0 11.03 13.41 15.44 17.25 18.90
10.0 12,57 14.71 16.59 18.29 19.86
12.0 14,22 16.16 17.00 19.50 20.99
14.0 15.96 17.72 19.33 20.83 22.24
16.0 17.76 19.37 20.86 22.37 23.61
18.0 19.59 21.08 22.47 23.80 25.06
20.0 21.46 22.83 24.14 25.39 26.00
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TABLE 8

Launched Mass for 300 kg Net Payload

after Jupiter Powered Flvyby

AV at Required launched mass Maximum launch energy, Cs,
Jupiter for 8/C I, =2370s attainable with
P shuttle/4-stage 1US
(n/s) (kg) (m/s) 2
.0 300. 178.4
.5 428. 157.4
1.0 506. 147.4
1.5 602. 137.0
2.0 720. 127.2
2.5 869. 114.9
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high ecliptic latitudes would be available as described in an earlier

section. Flight times to Jupiter will typically be 2 years or less.

Venus-Earth Gravity Assist

One means of efhanéing payload to Jupiter is to launch by way of
a Venus-Earth Gravity Assist (VEGA) trajectory. These trajectories
launch at relatively low C3's, i5 - 30 (km/s)z, and incorporate gravity
assist and AV maneuvers at Venus and Earth to send large payloads to
the outer planets. The necessary maneuvers add about 2 years to the
total flight time before reaching Jupiter. The extra payload could
then be used as propulsion system mass to perform the powered flyby
at Jupiter. An alternate approach is that VEGA trajectories allow use
of a smaller launch vehicle to achieve the same mission as a direct

trajectory.

POWERED SOLAR FLYBY

The effect of an impulsive delta-V maneuver when the spacecraft is
close to the Sun has been calculated for an extra-solar spacecraft. The
calculations are done for a burn at the perihelion distance of 0.1 AU,
for orbits whose v, value before the burn is 0, 5, and 10 lm/s respective-
ly. Results are shown in Table 9. It can be seen that the delta-V
maneuver deep in the Sun's potential well can result in a significant
increase in V_ after the burn, having its greatest effect when the pre-
burn V_  is small.

The only practical means to get 0.1 from the Sun (other than with a
"super sail", discussed below) is a Jupiter flyby at a V_ relative to
Jupiter of 12 km/s or greater. The flyby is used to remove angular
momentum from the spacecraft orbit, and 'dump" it in towards the Sun.
The same flyby used to add energy to the orbit could achieve V_ of 17
km/s or more without any delta-V, and upwards of 21 km/s with 2.5 km/s
of delta-V at Jupiter. The choice between the two methods will require

considerably more study in the future.

LOW-THRUST TRAJECTORIES

A large number of propulsion techniques have been proposed that do

not depend upon utilization of chemical energy aboard the spacecraft.
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TABLE 9

Powered Solar Flyby

AV Heliocentric hyperbolic excess velocity, V., (km/s),
(km/s) after burn 0.1 AU from Sun andinitial V., as indicated (km/s)
o 5 10
.1 5.16 7,19 11.25
.3 8,94 10.25 13.42
.5 11.55 12,59 15.29
1.0 16,35 17,10 19.19
1.5 20.05 20.67 22.42
2.0 23.17 23.71 25.26
2,5 25.93 26,41 27.82
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Among the more recent reviews pertinent to this mission are those
by Forward (1976), Papailiou et al (1975), and James et al (1976). A
very useful bibliography is that of Mallove et al (1977).

Most of the techniques provide relative low thrust and involve long
periods of propulsion. The following paragfaphs consider methods that
seem the more promising for an extraplanetary mission launched around

2000.

Solaxr Sailing

Solar sails operate by using solar radiation pressure to add or
subtract angular momentum from the spacecraft {(Garwin, 1958). The
basic design considered in this study is a helio-gyro of twelve
6200-meter mylar strips, spin-stabilized.

According to Jerome Wright {private communication), the sail is
capable of achieving spacecraft solar system escape velocities of 15-20
km/s. This requires spiralling into a close orbit approximately 0.3 AU
from the sun and then accelerating rapidly outward. The spiral-in
maneuver requires approximately one year and the acceleration outward,
which involves approximately 1-1/2 - 2 revolutions about the sun,
takes about 1-1/2 - 2 years, at which time the sail/spacecraft is
crossing the orbit of Mars, 1.5 AU from the sun, on its way out.

The sail is capable of reaching any inclipation and therefore any
point of the celestial sphere. This is accomplished by performing a
Yeranking" maneuver when the sail is at 0.3 AU from the sun, before
the spiral outward begins. The cranking maneuver keeps the sail in a
circular orbit at 0.3 AU as the inclination is steadily raised. The
sail can reach 90° inclination in approximately one year's time.

Chauncey Uphoff {(private communication) has discussed the possi-
bility of a super sail capable of going as close as (.1 AU from the sun,
and capable of an acceleration outward equal to or greater than the
sun's gravitational attraction. Such a sail might permit escape Vm's
on the order of 100 km/s, possible up to 300 km/s. However, no such
design exists at present and the possgibility of developing such a sail

has not been studied,.

Lasexr Sailing

Rather et al (1976) have recently re-examined the proposal (For-
ward, 1962, Marx, 1966,Moeckle, 1972) of using high energy lasers, rather

than sunlight, to illuminate a sail. The lasers could be in orbit
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around the earth or moon and powered by solar collectors.

Rather et al found that the technique was not promising for star
missions but could be useful for outer planet missions. Based on their
assumptions*, a heliocentric escape velocity of 60 km/s could be reached
with a laser output power of about 30 kW, 100 km/s with about 1500 kW,f
and 200 km/s with 20 MW. Acceleration is about 0.35 g and thrusting

would continue until the S/C was some millions of kilometers from earth.

Solar Electric Propulsion

Solar electric propulsion uses ion engines, where mercury or
other atoms are jonized and then accelerated across a potential gap
to a very high exhaust velocity. The electricity for generating the
potential comes from a large solar cell array on the spacecraft.
Current designs call for a 100 kilowatt unit which is also proposed
for a future comet rendezvous mission. A possible improvement to the
current design is the use of mirror "concentrators" to focus additional
sunlight on the solar cells at large heliccentric distances.

According to Carl Sauer (private communication) the sclar powered
1on drive 1s capable of escape Vm's on the order of 10-15 km/s in the
ecliptic plane. Going out of the ecliptic is more of a problem because
the solar cell arrays cannot be operated efficiently inside about 0.6 AU
from the sun. Thus the solar electric drive cannot be operated
cloze ifdto the sun for a cranking manecuver ag can the solar sail.
Modest inclinations can still be reached through slower cranking or the

initial inclination imparted by the launch wvehicle.

Laser Electric Propulsion

An alternative to solar electric propulsion is laser electric:
lasers, perhaps in earth orbit, radiate power to the spacecraft, which is
collected and utilized in ion engines. The primary advantage is that
higher energy flux densities at the spacecraft are possible. This would
permit reducing the receiver area and so, hopefully, the spacecraft
weight. To take advantage of this possibility, receivers that can
operate at considerably higher temperatures than present solar cells will
be needed. A recent study by Forward (1975) suggests that a significant

performance gain, as compared to solar electric, may be feasible.

6 W/mz,

* Rather et al assumed an allowable flux incident on the sail of 10
laser wavelength 0.5 ym, and laser  beam size twice the diffraction

limit. For this calculation, 10 km® of sail area and 20,000 kg total
mass were assumed,

3
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Nuclear Electric Propulsion

Nuclear electric propulsion (WEP) may use ion engines like solar
electric, or, alternatively, magnetohydrodynamic drive. It obtains
electricity from a generator heated by a nuclear fission reactor.

Thus, NEP is not power=limited by increasing solar distance.

Previous studies indicate that an operational S/C is possible
by the year 2000 with power levels up to a megawatt (electric) or more
(James et al, 1976).

Preliminary estimates were made based on previous calculations for
a Neptune mission. Those indicated that heliocentric escape velocity

of 50-60 km/s can be obtained.

Fusion

With a fusion energy source, thermal energy could be converted to
provide ion or MHD drive and charged particles produced by the nuclear
reaction can also be accelerated to produce thrust.

A look at one fusion concept gave a V_ of about 70 km/s. The
spacecraft weight was 3 x 106 keg. Controlled fusion has still to be
attained.

Bussard (1960) has suggested that interstellar hydrogen could be
collected by a spacecraft and used to fuel a fusion reaction.

Antimatter

Morgan (1975, 1976), James et al, (1976), and Massier (1977a and b)
have recently examined the use of antimatter-matter annihilation to
obtain rocket thrust. A calculation based on Morgan's concepts suggests
that a V_ over 700 km/e could be obtained with a mass comparable to
NEP.

Low Thrust Plus Gravity Assist

A possible mix of techniques discussed would be to use a low-
thrust propulsion system to target a spacecraft for a Juplter gravity
assist to achieve a very high Vv, escape. If for example one accelera-
ted a spacecraft to a parabolic orbit as it crossed the orbit of
Jupiter, the V, at Jupiter would be about 17.2 kn/s. One could use
gravity assist then to give a solar system escape V_ of 24 km/s in the
ecliptic plane, or inclinations up to about 63° above the plane.

Powered swingby at Jupiter could further enhance both vV and inclination.

32



77-70

A second possibility is to use a solar sail to crank the space-
craft into a retrograde (180° inclination) orbit and éhen spiral out to
encounter Jupiter at a Vin of over 26 km/s. This would result in
escape V_ 's on the order of 30 km/s and inclinations up to 90°, thus
covering the entire celestial sphere. Again, powered swingby would
improve performance but less so, because of the high Vin already present.
This method is somewhat limited by the decreasing bend angle possible
at Jupiter as vin inereases. With still higher approach velocities
the possible performance increment from a Jupiter swingby continues

to decrease.

Solar Plus Nuclear Electrie

One might combine solar electric with nuclear electric, using solar
first and then, when the solar distance becomes greater and the solar
distance becomes greater and the solar power falls off, switching to NEP.
Possibly the same thrusters could be used for both. Since operating
lifetime of the nuclear reactor can limit the impulse attainable with NEP,
this combination might provide higher V. than either solar or nuclear

electric single-stage systems.

CHOICE OF PROPULSION

Of the various propulsion techniques outlined above, the only
ones that are likely to provide solar system escape velocities above
50 km/s utilize either sails or nuclear energy.

The sail technique could be used with two basic options: sclar
sailing, going in to perhaps 0.1 AU from the sun, and laser sailimg.
In either case, the requirements on the sail are formidable. Figure 3
shows solar sall performance attainable with various spacecraft light-
ness factors (ratios of solar radiation force on the S/C at normal in-
cidence to solar gravitational force on the S/C). The sail surface
mass/area ratios required to attain various V_ values are listed in
Table 10. For a year 2000 launch, it may be possible to attain a sail
surface mass/area of 0.3 g/mz, if the perihelion distance is constrained
to 0.25 AU or more (W. Carroll, private communication). This ratio
corresponds to an aluminum film about 100 nm thick, which would probably
have to be fabricated in orbit, With such a sail, a vV _ of about 120 km/s
might be obtained.
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Fig. 3  Solar System Escape with Ultralight Solar Sails.
Lightness factor A = (solar radiation force on S/C at normal
incidence) /(solar gravitational force on S/C).

From C. Uphoff (private communication).
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Initial
Perihelion

Distance

AU

0.25
0.25
0.25
0.1
0.1
0.1

Notes:

1
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TABLE 10

PERFORMANCE OF ULTRALIGHT S50LAR SATLS

Heliocentric Lightness Sail Sa1l

Excess Factor Load/ Surface

Velocity, A Efficiency Mass/Area
v, op /1 Op
km/s g/m2 g/m2

60 0.8 2.0 0.9

100 1.8 .85 0.4 )
200 5.5 0.3 0.12
100 0.6 2.7 1.2
200 2.2 0.7 0.3
300 5.0 0.3 0.14

(solar radiation force on 8/C at normal (incidence)/(solar
gravitational force on S/C)

(total S/C mass)/(sail area)

sail efficiency

includes sail film, coatings, and seams; excludes structural
and mechanical elements of sail and non-propulsive portions

of §/C. Assumed here: op = 0.5 Ops U = 0.9.
8

Initial orbit assumed: semi-major axis = 1 x 10 lkm. Sail angle
optimized for maximum rate of emergy gain.

35



77-70

If the perihelion distance is reduced to 0.1 AU the solar radia-
tion force increases but so does the temperature the sail must withstand.
With a reflectivity of 0.9 and an emissivity of 1.0 the sail temperature
would reach 470°C (740 K), so high temperature material would have to
be used. Further, according to Carroll (ibid), it may never be possible
to obtain an emissivity of 1.0 with a2 film mass less than 1 g/mz,
because of the emitted wavelength/thickness ratio. For such films an
emissivity of 0.5 is probably attainable; this would increase the tempera-
ture to over 600° C (870 K). Carbon films can be considered, but they
would need a smooth highly reflective surface. It 1s doubtful a sail
surface mass/area less than 1 g/m2 could be obtained for use at 600° C.
This sail should permit reaching V_ of 110 km/s: mno better than for the
0.25 AU design.

For laser sailing, higher reflectivity, perhaps 0.99, can be
attained because the monochromatic incident radiation permits effective
use of interference layers (Carroll, ibid). Incident energy flux
equivalent to 700 "suns" (at 1 AU) is proposed, however. The high
reflectivity coating reduces the absorbed energy to about the level of
that for a solar gail at 0.1 AU, with problems mentioned above. Vw‘s up
to 200 km/s might be achieved if the necessary very high power lasers
were available in orbit.

‘Considering nuclear energy systems, a single NEP stage using
fission could provide perhaps 60 to 100 km/s V_. NEP systems have
already been fthe subject of considerable study and some advanced develop-
ment. Confidence that the stated performance can be cobtained is there-
fore higher than for any of the competing modes. Using 2 NEP stages or
a solar electric followed by NEP, higher V_  could be obtained: one
preliminary caleulation for 2 NEP stages (regquiring 3 shuttle launches
or the year 2000 equivalent) gave v, =150 km/s.

The calculation for a fusion propulsion system indicates 30%
;pacecraft velocity improvement over fission, but at the expense of
orders of magnitude heavier vehicle. The cost would probably be pro-
hibitive. Moreover, controlled fusicn has not yet been attained, and
development of an operational fusion propulsgion system for a year 2000
launch is questionable.  As to collection of hydrogen enroute to refuel
a fusion reactor, this is further in the future and serious question
exists as to whether it will ever be feasible (Martin, 1972, 1973).

An antimatter propulsion system is even more speculative than a

fusion system and certainly would not be expected by 2000. On the other
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hand, the very rough calculations indicate an order of magnitude velocity
improvement over fission NEP without increasing vehicle mass. Also,
the propulsion burn time is reduced by an order of magnitude.

On the basis of these considerations, a fission NEP system was
selected as baseline for the remainder of the study. The very light-
weight solar sail approach and the high temperature laser sail approach
may also be practical for a year 2000 mission and deserve further
study, The antimatter concept is the most '"far out”, but promises orders
of magnitude better performance than NEP. Thus, in future studies
addressed to star missions, antimatter propulsion should certainly be

considered, and a study of antimatter propulsion per se is also warranted.
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MISSION CONCEPT

The concept which evolved as outlined above is for a mission out~
ward to 500-1000 AU, directed toward the incoming interstellar gas.
Critical science measurements would be made when passing through the
heliopause region and at as great a range as possible thereafter. The
location of the heliopause is unknown but is estimated as 530-100 AU.
Measurements at Pluto are also desired. Launch will be nominally in
the year 2000.

The maximum spacecraft lifetime considered reasomnable for a year
2000 launch is 50 years. (This is discussed further, below). To
attain 500-1000 AU in 50 years requires a heliocentric excess velocity
of 50-100 km/s. The propulsion technique selected as baseline is NEP
using a fission reactor. Either 1 or 2 NEP stages may be used. TIf 2 NEP
stages are chosen, the first takes the form of an NEP booster stage and the
Second is the spacecraft itself. The spacecraft, with or without an NEP
booster stage, is placed in low earth orbit by some descendant of the
Shuttle. NEP is then turned on and used for spiral earth escape. Use of
boosters with lower exhaust velocity to go to high earth orbit or earth
escape is not economical. The spiral out from low earth orbit to earth
escape uses only a small fraction of the total NEP burn time and NEP pro-
pellant.

After earth escape, thrusting continues in heliocentric orbit. A
long burn time is needed to attain the required velocity: 5 to 10 years are
desirable for single stage NEP (see below), and more than 10 years if two
NEP stages are used. The corresponding burnout distance, depending on the
design, may be as great as 200 AU or even more. Thus, propulsion may be on
past Pluto (31 AU from the sun in 2005) and past the heliopause, To measure
the mass of Pluto, a coasting trajectory is needed; thrust would have to be
shut off temporarily during the Pluto encounter, The reactor would continue
operating at a low level during the encounter to furnish spacecraft power.
Attitude control would preferably be by momentum wheels to avoid any distur-
bance to the mass measurements. Scientific measurements, including imagery,

would be made during the fast flyby of Pluto.
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After the Pluto encounter, thrusting would resume and continue until
nominal thrust termination ("burnout") of the spacecraft. Enough propel-
lant 1s retained at spacecraft burnout to provide attitude control (unload-
ing the momentum wheels) for the 50 year duration of the extended mission.

At burnout the reactor power level is reduced and the reactor provides
power for the spacecraft, including the ion thrusters used for attitude control.

A very useful add-on would be a Pluto Orbiter. This daughter spacecraft
would be separated early in the mission, at approximately the time selar
escape is achieved. 1Its flight time to Pluto would be about 12 years and its
hyperbolic approach velocity at Pluto about 8 km/s.

The orbiter would be a full-up daughter spacecraft, with enough chemical
propulsion for midcourse, approach, and orbital injection. It would have a
full complement of science instruments (including imaging) and RTG power
sources, and would communicate directly to Earth.

Because the mass of a dry NEP propulsion system is much greater than
that required for the other spacecraft systems, the added mass of a daughter
S/C has relatively little effect on the total inert mass and therefore relatively
little effect on propulsive performance. The mother NEP spacecraft would fly by
Pluto 3 or 4 years after launch, so the flyby data will be obtained at least
5 years before the orbiter reaches Pluto. Accordingly, the flyby data can be
used in selecting the most suitable orbit for the daughter spacecraft.

If a second spacecraft is to be flown out parallel to the solar axis,
it could be like the one going toward the incoming interstellar gas, but
obviously would not carry an orbiter. Since the desired heliocentric escape
direction is almost perpendicular to the ecliptic, somewhat more propulsive
energy will be required than for the $/C going upwind, if the same escape
velocity is to be obtained. A Jupiter swingby may be helpful. An NEP booster

stage would be especially advantageous for this mission.
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MASS DEFINITION AND PROPULSION

The NEP system considered is similar to those discussed by Pawlik and
Phillips (1977) and by Stearns (1977). As a first rule-of-thumb approximation
the dry NEP system should be approximately 30-35 percent of the spacecraft
mass. A balance is then required between the net spacecraft and propellant,
with mission energy and exhaust velocity being variable. For the very high
energy requirements of the extraplanetary mission, spacecraft propellant
expenditure of the order of 40-60 percent may be appropriate. A booster
stage, if required, may use a lower propellant fraction, perhaps 30 percent.

Power and propulsion syétem mass at 100-140 km/s exhaust velocity will
be approximately 17 kg/kWe. This is based on a 500 kWe system with 20% con-
version efficiency and ion thrusters. Per unit mass may decrease slightly
at higher power levels and higher exhaust velocity. Mercury propellant is
desired because of its high liquid density, ~ 13.6 g/cm3 or 13,600 kg/m3.
Mercury is also a very effective gamma shield. If an NEP booster is to be
used, it is assumed to utilize two 500 klWe units.

The initial mass in low earth orbit (Mb) is taken as 32,000 kg for
the spacecraft (including propulsion) and as 90,000 kg for the spacecraft
plus NEP booster. 32,000 kg is slightly heavier than the 1977 figure for
the capability of a single shuttle launch. The difference is considered
unimportant, because 1977 figures for launch capability will be only of
historical interest by 2000. 90,000'kg for the booster plus S/C would re-
quire the year 2000 equivalent of three 1977 Shuttle launches.

Figure 4 shows the estimated performance capabilities of the propulsion
system for a single NEP stage.

A net spacecraft mass of approximately 1200 kg is assumed and may be broken
out in many ways. Communication with Earth is a part of this and may trade off
with on-board automation, computation and data processing. Support structure for
launch of daughter spacecraft may be needed. Adaptive science capability is also
possible. The science instruments may be of the order of 200-300 kg (including
a large telescope) and utilize 200 kg of radiation shielding (discussed below)

and in excess of 100 W of power. Communications could require as much as 1 kW.
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One to two kWe of auxiliary power ig a first order assumption.

The Pluto Orbiter mass is taken as 500 kg plus 1000 kg of chemical
propellant. This allows a total AV of approximately 3500 m/s and should
permit a good capture orbit at Pluto.

The reactor burnup is taken to be the equivalent of 200,000 hours at
full power. This will require providing reactor control capability beyond
that in existing NEP concepts. This could consist of reactivity poison
rods or other elements to be removed as fission products build up, together
with automated power system management to allow major improvement in adaptive
control for power and propulsion functions. The full power operating time
is, however, constrained to 70,000 h (approximately 8 yr). The remaining
burnup is on reduced power operation for S8/C power and attitude control.

At 1/3 power, this could continue to the 50 yr mission duration.

Preliminary mass and performance estimates for the selected system are
given in Table 11. These are for a mission toward the incoming interstellar
wind. The Pluto orbiter, separated early in the mission, makes very little
difference in the overall performance. The NEP power level, propellant
loading, and booster specific impulse were not optimized in these estimates;
optimized performance would be somewhat better.

According to Table 11, the performance increment due to the NEP booster
is not great. Unless an optimized calculation shows a greater increment,
use of the booster is probably not worthwhile.

Foxr a mission parallel to the solar axis, a Jupiter flyby would permit
deflection to the desired 83° angle to the ecliptic with a small loss in V.

(The approach V. at Jupiter is estimated to be 23 km/s).
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TABLE 11

Mass and Performance Estimates for Baseline System

(ISP and propellant loading not yet optimized)

Allocation Mass kg
Spacecraft 1200
Pluto orbiter (optional) 1500
NEP (500 kWe) 8500
Propellant: Earth spiral 2100
Heliocentric 18100
Tankage 600
Total for l-stage (Mo’ earth orbit) 32000
Booster 58000
Total for 2-stage (Mo, earth orbit) 90000
Performance 1 Stage 2 Stages
Booster burnout: Distance - 8 AU
Hyperbolic velocity - 25 km/s
Time - 4 yr
Spacecraft burnout: Distance (total) 65 155 AU
Hyperbolic velocity 105 150 km/s
Time {total) 8 12 yr
Distance in: 20 yr 370 410 AU
50 yr 1030 1350 AU
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INFORMATION MANAGEMENT

DATA GENERATION

In cruise mode, the particles and fields instruments, if reading
continuously, will generate 1 to 2 kb/s of data. Engineering sensors
will provide less. Spectrometers may provide higher raw data rates
but only occasional spectrometric observations would be needed. Star
TV, if run at 10 frames/day (exposures would probably be several hours)
at lO8 b/frame would provide about 10 kb/s on the average. A typical
TV frame might include 10 star images whose intensity need be known
only roughly for identification., Fifteen position bits on each axis
and 5 intensity bits would make 350 b/frame or 0.04 b/s of useful data.
Moreover, most of the other scientific quantities mentioned would be
expected to change very slowly, so that their information rate will be
considerably lower than their raw data rate. Occasional transients
may be encountered, and in the region of the heliopause and shock rapid
changes are expected.

During Pluto flyby, data accumulates rapidly. Perhaps 10ll bits,
mostly TV, will be generated, These can be played back over a period
of weeks or months. If a Pluto orbiter is flown, it could generate

1010 b/day-or more: an average of over 100 kbh/s.

INFORMATION MANAGEMENT SYSTEM

Among the functions of the information.handling system will be
storage and processing of the above data. The system compresses the data,
removing the black sky that will constitute almost all of the raw bits
of the star pictures. It will remove the large fraction of bits that
need not be transmitted when a sensor gives a steady or almost-steady
reading. It will vary its processing and the output data stream to
accommodate transients during heliopause encounter and other unpredic-
table periods of high information content.

The spacecraft computers system will provide essential support
to the automatic control of the nuclear reactor. It will also support
control, monitoring, and maintenance of the ion thrusters, and of the
attitude control system, as well as antenna pointing and command process-

ing.
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According to James et al (1976),the following performance is pro-

jected for a S$/C information management system for a year 2000 launch:

Processing rate: 109 instruction/s
Data transfer rate: ~10° b/s

Data storage: “1014 b

Power consumption: 10 - 100 W

Mass: ~30 kg

This projection is based on current and foreseen state of the art
and ignores the possibility of major breakthroughs. Obviously, if
reliability requirements can be met, the onboard computer can provide
more capability than is required for the mission.

The processed data stream provided by the information management
system for transmission to earth is estimated to average 20~40 b/s during
cruise. Since continuous transmission is not expected (see-below), the
output rate during transmission will be higher.

At heliosphere encounter, the average rate of processed data is
estimated at 1-2 kb/s.

From a Pluto encounter, processed data might be several times lOlO
bits. If these are returned over a 6-month period, the average rate
over these months is about 2 kb/s. If the data are returned over a

4-day period, the average rate is about 100 kb/s.

OPERATIONS

For a mission lasting 20~50 years, with relatively little happen-—
ing most of the time, it is unreasonable to expect continuous DSN
coverage, For the long periods of c¢ruise, perhaps 8 h of coverage per
month, or 1% of the time would be reasonable.

When encounter with the heliopause is detected, it might be possible
to increase the coverage for a while; 8 h/day would be more than ample.
Since the time of heliosphere encounter is unpredictable, this possi-
bality would depend on the ability of the DSN to readjust its schedule
quickly in near-real time.

For Pluto flyby, presumably continuous coverage could be provided.
For Pluto orbiters, either 8 or 24 h/day of coverage could be provided

for some months.
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DATA TRANSMISSION RATE

On the basis outlined above, the cruise data, at 1% of the time,
would be transmitted at a rate of 2-4 kb/s.

If heliopause data is merely stored and transmitted the same 17 of
the time, the transmission rate rises to 100-200 kb/s. An alternative
would be to provide more DSN coverage once the heliosphere is found.

If 33% coverage can be obtained, the rate falls to 3-7 kb/s.

For Pluto flyby, transmitting continuously over a 6-month period,
the rate is 2 kb/s. At this relatively short range, a higher rate, say,
30-100 kb/s, would probably be more appropriate. This would return the
encounter data in 4 days. )

The Pluto orbiter requires a transmission rate of 30-50 kb/s at 24 h/day
or 90-150 kb/s at 8 h/day.

TELEMETRY

The new and unique feature of establishing a reliable telecommunica-
tions link for an extraplanetary mission involves dealing with the
enormous distance between the spacecraft (S/C) and the receiving stations
on or near Earth, Current planetary missions involve distances between
the §/C and receiving statioms of tens of astronomical units (AU) at
most. Since the extraplanetary mission could extend this distance
to 500 or 1000 AU, appropriate extrapolation of the current mission
telecommunication parameters must be made. Ideally, this extrapolation
should anticipate technological changes that will occur im the next
20-25 years and accordingly incorporate them into the telecommunica-
tions system design. In trying to achieve this ideal we have developed
a "baseline" design that represents reasonably low risk. Other options
which could be utilized around the ‘year 2000 but which may require
technological advancement (e.g. development of solid state X-band or
Ku-band transmitters) or may depend upon NASA's committing substantial
funds for telemetry link reconfiguration (e.g., construction of a space-
borne deep space receiver) are examined to determine how they might
affect 1ink capabilities.

In the followiné paragraphs, the basic model for the telecommunica-—
tions link is developed. Through the range equation, transmitted and
received powers are related to wavelength, antenna dimensions, and

separation between antennas. A currently used form of coding is
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assumed while some tracking loop considerations are examined. A baseline
design is outlined. The contributions and effects of variocus components
to link performance is given in the form of a "dB" table breakdown.

Other options of greater technological or funding risk are treated.
Finally, we compare capability of the various telemetry options with
requirements for various phases of the mission and identify the tele-

metry - operations combinations that provide the needed performance.

THE TELECOMMUNICATION MODEL

Range Equation

We need to know how much transmitted power is picked up by

the receiving antenna. The received power Pr is given approximately by

_ 2
P. = nPAJ/GOR) (1)
where .

n = product of all pertinent efficiencies, i.e., transmitter
power conversion efficiency, antenna efficiencies, etc.
P = power to transmitter ’
At,Ar = areas of transmitter, receiver antennas respectively
= wavelength of transmitted radiation

A
R = range tc spacecraft

This received signal is corrupted by noise whose effective power spectral
density will be denoted by NO.

Data Coding Considerations

We are assuming a Viterbi (1967) coding scheme with constraint
length K = 7 and rate v = 1/3, This system has demonstrated quite good
performance producing a bit errer rate (BER) of 10‘4 when the informa-—
tion b1t SNR is oy = 3.2 4B (Layland, 1970). Of course, if more suitable
schemes are developed in the next 20-25 years, they should certainly be

used.

Tracking Loop Considerations

Because of the low received power levels that can be expected

in this mission, some question arises as to whether the communication
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system should be coherent or non-coherent. The short term stability
of the received carrier frequency and the desired data rate RD roughly
determine which system is better. Frcm the data coding considerations

we see that

P /Ny 2 opRy & 2 Ry (2)

where PD is the power allocated to the data. Standard phase-~locked
loop analvsis (Lindsey, 1972) gives for the variance 02 of the phase
error in the loop

2

where P, is the power allocated to phase determination and B. is the

L L
closed loop bandwidth (one-sided)}. In practice, 02 ,.<__10_2 for accep-

table operation, so

P_/N. > 100 B (4)

The total received power Pr (eq. (1) ) is the sum of PL and PD' To
minimize Pr/NO subject to the constraint eqs. (2) and (4), we see that

a fraction

2Ry

1060 BL + 2 RD

(5)

of the received power must go into the data. Since.coherent systems are
3 dB better than non-coherent systems for binary signal detection

{(Wozencraft and Jacobs, 1965), coherent demodulation is more efficient

whenever

RD > 50 BL (6)
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Current deep space network (DSN) receivers have B. » 10 Hz, so for data

rates roughly greater than 500 bits/s  coherent aetection is desirable,
However, the received carrier frequencies suffer variations from
Doppler rate, atmospheric (ionospherie) changes, oscillator drifts, etc.
If received carrier instabilities for the extraplanetary mission are
sufficiently small so that a tracking loop bandwidth of 1 Hz is ade-
guate, then data rates greater than 50 bits/s call for coherent
demodulation.

These remarks are summarized by the relation between Pr/N and

0
data rate RD:

ZRD + 100 BL for RD > 50 BL (coherent system) (7

U

P_/N
0 ARD for RD < 50 BL {non-coherent system)

This relation is displayed in Figure 5 where Pr/N0 is plotted vs RD for
BL having values 1 Hz and 10 Hz., 1In practice for RD > 50 BL the
approach of Pr/NO to its asymptotic value of 2 Ry could be made slightly
faster by techniques employing suppressed carrier tracking loops which
utilize all the received power for both tracking and data demodulationm.
However, for this study these curves are sufficiently accurate to

ascertain Pr/NO levels necessary to achieve desired data rates.

BASELINE DESIGN ,

Parameters of the System

For a "baseline" design we have tried to put together a system
that has a good chance of being operational by the year 2000. Con-
sequently in certain areas we have not pushed current technology but
have relied on fairly well established systems. In other areas, we
have extrapolated from present trends, but hopefully not beyond develop-
ments that can be accomplished over 20-25 years. This baseline design
will be derived in sufficient detail so that the improvement afforded
by the "other options" discussed in the next section can be more
easily ascertained.

First, we assume that received carrier frequency stabilities
allow tracking with a loop bandwidth BL < 1 Hz. This circumstance

is quite likely if an oscillator quite stable in the short term is carried
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on the $/C, if the propulsion systems are not operating during trans-—
mission at 1000 AU (Doppler rate essentially zero), and if the recedlver
is orbiting Earth (no ionospheric disturbance)}. Second, we assume
data rates RD of at least 100 bits/s at 1000 AU or 400 b/s at 500 AU
are desired. From the discussion preceding eq. (6) and Figure 5 we
seé this implies a coherent demodulation system with Pr/NO to exceed
25 dB.

As a baseline we are assuming an X-band system (XA = 3.55 cm) with
40 watts transmitter power, We assume the receilving antenna is on Earth

(if this assumption makes B. = 1 Hz unattainable, then the value of Pr/N0

L
for the non-coherent system only increases by 1 dB) so the system noise
temperature reflects this accordingly.

Decibel Table and Discussion

In Table 12 we give the dB contributions from the various para-
meters of the range eq. (1), loop tracking, and data coding. By design
the parameters of this table give the narrowest performance margins.

If any of the "other options" of the next section can be realized, per-
formance margin and data rate should correspondingly increase.

The two antenna parameters that are assumed require some
explanation. A current mission (SEASAT-A) has an imaging radar antenna
that "unfurls" to a rectangular shape 10.75 m x 2 m, so a 15 m diameter
spaceborne antenna should pose no difficulty by the year 2000. A 100 m
diameter receiving antenna is assumed. Even though the largest DSN
antenna is currently 64 m, an antenna and an array both having effec-
tive area > (100 m)2 will be available in West Germany and in this country

in the next five years. Consequently, a receiver of this collecting

area could be provided for the year 2000.

QPTIONS
More Power
The 40 watts transmitter power of the baseline should be
currently realizable being only a factor of 2 above the Voyager value.
This might be increased to 0.5 -1 kW, increasing received signal power
by almost 10-15 dB, allowing (after some increase in performance margin)
a tenfold gain in data rate: 1 kb/s at 1000 AU, & kb/s at 500 AU. The
problem of coupling this added energy into the transmission efficiently may

cause some difficulty and should definitely be investigated.

50



P,/ Ny (dB Hz)

70

50

30

77-710

NON-COHERENT <«—

—— COHERENT

s COHERENT
B, = 10 Hz

— BL=1Hz
~———B = 10 Hz

10 B, = 1 Hz
NON-COHERENT ~=—
0 I ] | i i
0 10 20 30 40 50
DATA RATE Rp (dB bits/ sec)
Fig. 5. Data Rate vs. Ratic of Signal Power to

Noise Spectral Power Density

51




77-70

Table 12. BASELINE TELEMETRY AT 1000 AU

No. Parameter Nominal Value
1. Total Transmitter power (dBm) (40 watts) 46
2. Efficiency (dB) (electronics and antenna losses) -9
3. Transmitting antemna gain (dBR) (diameter = 15 m) 62
4, Space loss (dB) (l/éﬂR)z -334
A = 3.55 em, R = 1000 AU
5. Receiving antenna gain (dB) {(diameter = 100m) 79
6. Total received power (dBm) (Pr) -156
7. Receiver noise spectral demsity (dBm/Hz) (NO)
kT with T = 25 K -185

Tracking (if BL = 1 Hz is achievable)

8. Carrier power/total power 9dB) -5
(100 BL/(lOOBL + 2 RD))

9. Carrier power (dBm) (6.+ 8) -161
10. Threshold SNR in 2 BL (dB) 20
11. Loop noise bandwidth (dB) (BL) 0
12. Threshold carrier power {dBm) (7 + 10 + 11) -165
13. Performance margin (dB) (9 - 12) 4

Data Channel

14. Estimated loss (waveform distortion, bit syne,
etc.) (dB) -2
i5. Data power/total power (dB)* -2
(2R,/ (100B+ 2R}))
16. Data power {(dBm) (6 -+ 14 + 15)% ~160
17. Threshold data power (dBm) (7 + 17a + 17b) -162
a. Threshold P _T/N, (BER = 1074 3
b. Bit rate (dB BPS) 20
18. Performance margin (dB) (16 - 17)% 2

*If a non-coherent system must be used each of these values are reduced by

approximately 1 dB.
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Larger Antennas and Lower Noise Spectral Density

If programs calling for orbiting DSN station are funded, then
larger antemnas operating at lower noisgse spectral densitites should be-
come a reality. Because structural problems caused by gravity at the
Earth's surface are absent, antennas even as large as 300 m in diameter
have been considered. Furthermore, assuming problems associated with
cryogenic amplifiers in space can be overcome, current work indicates
X-band and Ku-band effective noise temperatures as low as 10 K and 14 K
respectively (R. C. Clauss, private communication). These advances
would inerease Pr/NO by approximately 12-13 dB making a link at data
rates of 2 kb/s at 1000 AU and 8 kb/s at 500 AU possible.

Higher Frequencies

Frequencies in the Ku~band could represgent a gain in directed
power of 5-10 dB over the X-band baseline, but probably would exhibit
noise temperatures l-2 dB worse (Clauss, ibid) for orbiting receivers.
Also, the efficiency of a Ku-band system would probably be somewhat less
than that of X~band. Without further study, it is not apparent that
dramatic gains could be realized with a Ku-band system.

Frequencies in the optical or infrared potentially offer tre-
mendous gains in directed power. However, the efficiency in coupling
the raw power into transmission is not very high, the noise spectral
density is much higher than that of X-band, and the sizes of practical
antennas are much smaller than these for microwave frequencies. To
present these factors more quantitatively, Table 13 gives parameter con-
tributions to Pr and NO. We have drawn heavily on Potter et al (1969) and
on M. S, Shumate and R. T. Menzies (private communication) to compile
this table. We assume an orbiting receiver to eliminate atmospheric
transmission losses. Also, we assume demodulation of the optical signal
can be accomplished as efficiently as the microwave signal (which is
not likely without some development). Even with these assumptions,
Pr/NO for the optical system is about 8 dB worse than that for X-band
with a ground receiver.

Pointing problems also become much more severe for the highly
directed optical, infrared systems. Laser radiation at wavelength 10 um

. -6 .
from a 1 m antenna must be pointed to 5 x 10 radians accuracy.

The corresponding pointing accuracy of the baseline system is 10-'3 radians.
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Table 13. OPTICAL TELEMETRY AT 1000 AU

No. Parameter Nominal Value
1. Total Transmitter power (dBm) (40 watts) 46
2. Efficiency (dB) (optical pumping, antenna losses, -16
and quantum detection)

Transmitting antenna gain (dB) (diameter = 1 m) 110
Space loss (dB) (A/#ﬁr)z
A =10 um, r = 1000 AU ~405
Receiving antenna gain (dB) (diameter = 3m) 119
Total Received power (dBm) (Pr) =146

7. Receiver noise spectral density (dBm/Hz) (NO) -167

~20

(2 x 10 watt/Hz)

54



77-70

Higher Data Rates

This mission may have to accommodate video images from Pluto.
The Earth-Pluto separation at the time of the mission will be about 31
AU. The baseline system at 31 AU could handle approximately 105 b/s.
For rates in excess of this, one of the "other option" enhancements would

pe necessary.

SELECTION OF TELEMETRY OPTION

Table 14 collects the performance capabilities of the various
telemetry options. Table 15 shows the proposed data rates in various
S/C systems for the different phases of the mission. In both tables
the last column lists the product, (data rate) x (range)z, as an Iindex
of the telemetry capability or requirements.

Looking first at the last column of Table 15 , it is apparent that
the limiting requirement is transmittal of heliopause data if DSN
coverage can be provided only 1% of the time. If DSN scheduling is
suffdciently flexible that 33% coverage can be cranked up within a
montth or so after the heliosphere is detected, then the limiting
requirement is transmittal of cruise data (at 1% DSN coverage). For
these two limiting cases, the product (data rate) x (range)2 ig, regpec-
tively, 2-40 x 108 and 5-10 x 108 (b/s) - AUZ. T

looking now at the last column of Table 14 , to cover the cruise
requirement some enhancement over the baseline option will be needed.
Either increasing transmitter power to 0.5~1 kW or going to orbiting DSN
stations will be adequate. No real difficulty is seen in providing the
increased transmitter power if the orbiting DSN is mnot available.

If, however, DSN coverage for tramsmittal of recorded data from
the unpredictable heliosphere encounter is constrained to 1% of the
time (8 h/month), then an orbital DSN station (300-m antenna) will be
needed for this phase of the mission, as well as either increased trans-

mitter power or use of K-band.
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OPTIONS

Baseline (40 W, 100-m receiving
antenna, X-band)

More power (0.5 - 1 kW)

Orbating DSN (300-m antenna)
X-band (10 K noise temperature)
K-band (14 K noise temperature)

Both more power and orbiting DSN
%-band

TABLE 14
TELEMETRY OPTIONS

(Data Rate)
Data Rate (b/s) x (Range)
Improvement
Over Baseline, At At At At 9
dB 1000 AU 500 AU 150 AU 31 AU (b/s) - AU
—_—— 1x 102 4 x 102 4 x lO3 1lx lO5 1zx 108
10-15 1x 103 4 x 103 4 x 104 1x lO6 1 x 109
13 2 x 103 8 x 103 9 x lO4 2 x 106 2 x 109
17 5= 103 2 x ]_04 2 x 105 5% 106 5 x 109
23-28 3x10% 1.2x10°1x10% 3% 10 3 x 10°°
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TABLE 15
PROPOSED DATA RATES

Tele- .
Commun i , Estimated Data Rate, b/s (Data
cation Processed Fraction rate
Mission Range Raw Data, Transmitted of Time X (Range)2
Phase AU Data Average Data Transmitting| b/s . AU2
{ 3 1 3 8
Cruise 500 f1.2-1.5 x 10 2-4 % 10 2-4 x 10 0.01 5-10 x 10
{
i - 1 5 8
! 4 3 1-2 x 10 0.01 2-40 x 10
Heliopause 50- i 1.2-1.5 x 10 1-2 x 10 3 7
150 f 3-7 x 10 0.33 0.8-15 x 10
5 4 1 x 105 0.33% 1x 108
‘Pluto Flyby ~31 1-2 x 10 3-5x 10 4 7
1 *
! ,(10ll total (3 x 1010 bits) 3x 10 1.00 3x10
; | bits)
' 4 7
5 4 9-15 x 10 0.33 9-15 x 10
Plute Orbiter ~31 1-2 x 10 3-5 x 10 ’ A 7
3-5 x 10 1.00 3-5 x 10
— - SO

*To return flyby data in 4 days.
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RELATION OF THE MISSION TO
SEARCH FOR EXTRATERRESTRIAL INTELLIGENCE

The relation of this mission to the search for extraterrestrial
intélligence appears to lie only in its role in development and test

of technology for subsequent interstellar missions.
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TECHNOLCGY REQUIREMENTS AND PROBLEM AREAS

LIFETIME

A problem area common to all S§/C systems for this mission is that of
lifetime. The design lifetime of many items of spacecraft equipment is now
approaching 7 years. To increase this lifetime to 50 years will be a very
difficult engineering task.

These consequences follow:

a) It is proposed that the design lifetime of the S/C for this mission
be limited to 20 years, with an extended mission contemplated to a total of
50 years.

b} Quality control and reliability methods, such as failure mode effects
and criticality analysis, must be detailed and applied to the elements that
may eventually be used in the spacecraft, so as to predict what the failure
profile Wili be for system operating times that are much longer than the test
time and extend out to 50 years. One approach is to prepare for design and
fabrication from highly controlled materials whose failure modes aré
completely understood.

¢) To the extent that environmental or functional stresses are conceived
to cause material migration or failure during a 50-year period, modeling and
accelerated testing of such modes will be needed to verify the 50-year scale.
Even the accelerated tests may require periods of many vears,

d) A major engineering effort will be needed to develop devices, circuits,
components, and fabrication techniques which, with appropriate design, testing,

and gquality assurance methods, will assure the lifetime needed.

PROPULSION AND POWER

The greatest need for subsystem development is clearly in propulsion.
Further advance development of NEP is required. Designs are needed to permit
higher uranium loadings and higher burnup. This in turn will require better
control systems to handle the increased reactivity, including perhaps throw-away
control rods. Redundancy must be increased to assure long life and moving
parts will need especial attention. Development should also be aimed at reducing
system size and mass, improving efficiency, and providing better and simpler

thermal control and heat dissipation. Simpler and lighter power conditioning
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is needed, as are jon thrusters with longer lifetime or self-repair capability.
Among the alternatives to fission NEP, ultralight solar sails and laser
sailing look most promising. A study should be undertaken of the feasibility
of developing ultralight solar sails (sails sufficiently light so that the
solar radiation pressure on the sail and spacecraft system would be greater
than the solar gravitational pull} and of the implications such development
would have for spacecraft design and mission planning. Similarly, a study
should be made of the possibility cof developing a high power orbiting laser
system together with high temperature spacecraft sails, and of the outer planet
and extraplanetary missions that could be carried out with such laser sails.
Looking toward applications further in the future, an antimatter propul-
sion system appears an exceptionally promising candidate for interstellar
missions and would be extremely useful for missions within the solar system,
This should not be dismissed as merely "blue sky": matter-antimatter reactions
are routinely carried out in particle physics laboratories. The engineering
difficulties of ohtaining an antimatter propulsion system will be great; con-
taining the antimatter and producing it in quantity will obviously be problems.
A study of possible approaches would be worthwhile. (Chapline (1976) has suggested
that antimatter could be produced in quantity by the interaction of beams of
heavy ions with deuterium/tritium in a fusion reactor). Besides this, a more
general study of propulsion possibilities for interstellar flight (see Appendix

C) should also be considered.

PROPULSION/SCIENCE INTERFACE
Three kinds of interactions between the propulsion/attitude control
system and science measurements deserve attention. They are:
1) TInteraction of thrust and attitude control with mass measurements,
2) Interaction of electrical and magnetic fields, primarily from the
thrust subsystem, with particles and fields measurements.
3) Interactions of nuclear radiation, primarily from the power subsystem,

with photon measurements.
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Interaction of thrust with mass measurements

It is desired to measure the mass of Plute and of the solar system as
a whole through radio tracking observations of the spacecraft accelerations.
In practice, this requires that thrust be off.during the acceleration obser-
vations. k

The requirement can be met by temporarily shutting off propulsive
thrusting during the Pluto encounter and, if desired, at intervals later on.
Since imbalance in attitude control thrusting can also affect the trajectory,
attitude control during these periods should preferably be by momentum wheels.

The wheels can afterwards be unloaded by attitude-control ion thrusters.

Interaction of thrust subsystem with particles and fields measurements

A variety of electrical and magnetic interference with particles and fields
measurements can be generated by the thrust subsystem. The power subsystem can
also generate some electrical and magnetic interference. Furthermore, materials
evolved from the thrusters can possibly deposit upon critical surfaces.

Thruster interferences have been examined by Sellen (1973), by Parker et al.
(1973), and by others. It appears that thruster interferences should be reduc-
ible to acceptable levels by proper design, but some advanced development will
be needed. Power system interferences are probably simpler to handle. Essen-

tially all the thruster effects disappear when the engines are turned off.

Interaction of power subsystem with photon measurements

Neutrons and gamma rays produced by the reactor can interfere with
photon measurements. A reactor that has operated for some time will be highly
radioactive even after it is shut down. Also, exposure to neutrons from the
reactor will induce radioactivity in other parts of the spacecraft. In the
suggested science payload the instruments most sensitive to reactor radiation
are the gamma-ray instruments, and, to a lesser degree, the ultraviolet
spectrometer,

A very preliminary analysis of reactor interferences has been done.
Direct neutron and gamma radiation from the reactor was considered and also

neutron-gamma interactions. The latter were found to be of little significance if
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the direct radiation is properly handled. Long-lived radioactivity is no problem
except possibly for structure or equipment that uses nickel. Expected
flux levels per gram of nickel are approximately 0.007 y/cmz—s.

The nuclear reactor design includes neutron and gamma shadow shielding
to fully protect electronic equipment from radiation damage. Requirements
are defined in terms of total integrated dose. Neutron dose is to be limited
to 1012 nvt and gamma dose to 106 rad. A primary mission time of 20 vears is
assumed, yielding a LiH neutron shield thickness of 0.9 m and a mercury gamma
shield thickness of 2.75 cm (or 2 em of tungsten). Mass of this shielding is
included in the 8500 kg estimate for the propulsion system.

For the science instruments, it is the flux that is important, not total
dose. The reactor shadow shield limits the flux level to 1.6 x lO3 neutrons
or gammas/cmz. This is‘apparently satisfactory for all science sensors except
the gamma-ray detectors. They require that flux levels be reduced to 10 neutrons/
cm2~s and 0.1 gamma/cmz—s. Such reduction is most economically accomplished by local
shielding. The gamma ray transient detector should have a shielded area of
possibly 1,200 cm2 (48 cm x 25 cm). Tts shielding will include a tungsten
thickness of 8.7 cm and a lithium-hydride thickness of 33 cm. The weight of
this shielding is approximately 235 kg and is included in the spacecraft mass
estimate. It may also be noted that the gamma ray transient detector is prob-
ably the lowest-priority science instrument. An alternative to shielding it
would be to omit this instrument from the payload. (The gamma ray spectrometer
is proposed as an orbiter instrument and need not operate until the orbiter is
separated from the NEP mother spacecraft). A detailed Monte Carlo analysis
and shield development program will be needed to assure a satisfactory solution

of spacecraft interfaces,
TELECOMMUNICATIONS

Microwave vs. Optical Telemetry Systems

Eight years ago JPL made a study of weather-dependent data links in
which performance at six wavelengths ranging from S-band to the visible was

analyzed (Potter et al., 1969). A similar study for an orbiting DSN (weather-
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independent) should determine which wavelengths are the most advantageous.

The work of this report indicates X-band or K-band are prime candidates, but

a more thorough effort is required that investigates such areas as feasibility
of constructing large spaceborne optical antennas, efficiency of power conver-—

sion, feasibility of implementing requisite pointing contrel, and overall costs.

Space Cryogenics

We have assumed cryogenic amplifiers for orbiting DSN stations in order
to reach 4-5 K amplifier noise contributions. Work is being done that indicates
such performance levels are attainable (R. C. Clauss, private communication;
D. A, Bathker, private communication) and certainly should be continued. At
the least, future studies for this mission should maintain awareness of this

work and probably should sponsor some of it.

Lifetime of Telecommunications Components

The telecommunications component most obviously vulnerable to extended
use is the microwave transmitter. Current traveling-wave-tube (TWI) assemblies
have demonstrated 11-12 year operating lifetimes (H. K. Detweiler, private
communication; also, James et al., 1876) and perhaps their performance over
20-50 year intervals could be simulated. However, the simple expedient
measure of carrying 4-5 replaceable TWT's on the missions might pose a
problem since shelf-lifetimes (primarily limited by outgasing) are not known
as well as the operating lifetimes. A more attractive solution is use of
solid-state transmitters. Projections indicate that by 1985 to 1990 power
transistors for X-band and Ku-band will deliver 5-10 watts/device and a few
watts/device respectively with lifetimes of 50-100 years (J. T. Boreham,
private communication). Furthermore, with array feed techniques, 30-100
elements gould be combined in a near-field Gassegrainian reflector for
signal transmission {(Boreham, ibid). This means a Ku-band system could
probably operate at a power level of 50-200 watts and an X-band system
could likely utilize 0.2 -~ 1 kW.

Other solid state device components with suitable modular replacement

strategies should endure a 50 year mission.
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Baseline Enhancement vs. Non-Coherent Communication System

The coherent detection system proposed requires stable phase reference
tracking with a closed loop bandwidth of approximately 1 Hz. Of immediate
concern is whether tracking with this loop bandwidth will be stable. Moreover,
if the tracking is not stable, what work is necessary to implement a non-—coherent
detection system?

The most obvious factors affecting phase stability are the accelerations
of the 8/C, the local oscillator on the S/C, and the medium between transmitter
and receiver. If the propulsion system is not operating during transmission,
the first factor should be negligible. However, the feasibility of putting on
board a very stable (short term) local eoscillator with a 20-50 year lifetime
needs to be studied, Alsc, the effect of the Earth's atmosphere and the
Planetary or extraplanetary media on received carrier stability must be
determined,

If stability cannot be maintained, then trade-off studies must be
performed between providing enhancements to increase Pr/NO and employing

non-coherent communication systems.
INFORMATION SYSTEMS

Continued development of the on-board information system capability
will be necessary to support control of the reactor, thrusters, and other
portions of the propulsion system, to handle the high rates of data acqui-
sition of a fast Pluto fiyby, to perform on-board data filtering and compres-
sion, ete. Continued rapid development of information system capability to
very high levels is assumed, as mentioned above, and this is not considered

to be a problem.
THERMAL CONTROL

The new thermal control technology requirement for a migsion beyond the
solar system launched about 2000 A.D. involve significant advancements in ther-

mal isolation techniques, in heat transfer capability and in lifetime extension.

Extraplanetary space is a natural eryogenic region (~3 K). Advantage may be taken
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of it for passive cooling of detectors in scientific instruments and also
for the operation of cryogenic computers. If cryogenic computer systems
and instruments can be developed, the gains in reliability, lifetime, and
performance can be considered. However, a higher degree of isolation will
be required to keep certain components (electronics, fluids) warm in extra-
planetary space and to protect the cryogenic experiments after launch near
Earth. This latter is especially true if any early near-solar swingby is
used to assist escape in the mission. A navigational interest in a 0.1 AU
solar swingby would mean a solar input of 100 suns which is beyond any
anticipated nearterm capability.

More efficient heat transfer capability from warm sources (e.g., RTG's)
to electronies, such as advanced heat pipes or active fluid loops, will be
Necessary along with long life (20-50 years). The early mission phase also
will require high heat rejection capability, especially for the cryogenic
experiments and/or a near solar swingby.

NEF imposes new technology requirements such as long-term active heat
rejection (heat pipes, noncontaminated rgdiators), and thermal isolatiom.
NEP also might be used as a heat source for the S/C electronics.

Beyond this, the possibility of an all-cryogenic spacecraft has been
suggested by Whitney and Mason (see Appendix C). This may be more appro-
priate to missioms after 2000 but warrants study. Again, there would be a
transition necessary from Earth environment (onme g plus launch, near solar)
to extraplanetary enviromment (zero g, cryogenic). The extremely low power
(~ 1 W)requirement for superconducting electronics and the possibility of
further miniaturation of the S/C (or packing in more electronics with low
heat dissipation requirements) is very attractive. Also looking ahead, the
antimatter propulsion system mentioned above would require cryogenic storage
of both solid hydrogen and solid antihydrogen using superconducting (cryo)
magnets and electrostatic suspension.

Table 16 gsummarizes the unusual thermal contrel features of an extra-

planetary wmission.
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TABLE 16

THERMAL CONTROL CHARACTERISTICS OF EXTRAPLANETARY MISSIONS

Baseline Mission

1. Natural enviromment will be cryogenic
a) Good for cryogenic experiments - can use passive thermal control.
b) Need for transiticn from near Earth environment to extraplanetary

spaces, *
i. Can equipment take slow cooling?

ii. Well insolated near sun.*}
iii. Cryogenic control needed near Earth?#f

2. 'NEP

a) Active thermal control - heat pipes - lifetime problems.*
b) Heat source has advantages & disadvantages for S/C design.

Not Part of Baseline Mission

3. Radicisotope thermal electric generator (RTG) power source provides hot
environment to cold 8/C )

a) Requires high isolation.*
b) Could be used as source of heat for warm S/C.

i. Fluid loop - active devices will wear - lifetime problem.*
. 1i. Heat pipes.
c¢) Must provide means of cooling RTG's. .

4. Close Solar Swingby ~ 0.1 AU%®

a) 100 "suns" is very high thermal input - must isolate better.*
b) Contrasts with later extraplanetary environment: almost no sun.
c¢) Solar Sail requirements 0.3 AU (11 suns), Super Sail 0.1 AU.#*

]

* Significant technology advancement required.
+ Not part of baseline mission.
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COMPONENTS AND MATERIALS

By far the most important problem in this area is prediction of long-term
materials properties from short-term tests. This task encompasses most of the
other problems neoted. Sufficient time does not exist to generate the required
material properties in real time. However, if in the time remaining we can
establish the secaling parameters, the required data could be generated in a
few years. Hence development of suitable techniques should be initiated.

Another critical problem is obtaining bearings and other moving parts with
50 years lifetime. ZEffort on this should be started.

Less critical but also desirable are electronic devices that are inherently
radiation-resistant and have high life expectancy. DOE has an effort under-
way on this looking both at semiconductor devices, utilizing amorphous semi-
conductors and other approaches that do not depend on minority carriers, and
a4t pon-semiconductor devices, such as integrated thermioniec circuits.

Other special requirements are listed in Table 17.

SCIENCE INSTRUMENTS

Both the problem of radiation compatibility of science instruments with NEP
propulsion and the preblem of attaining 50-year lifetime have been noted above.
Many of the proposed instruments have sensors whose lifetime for even current
missions is of concern and whose performance for this mission is at best uncer-
tain. Instruments in this category, such as the spectrometers and radiometers,
should have additional detector work performed tc insure reasoﬁhﬁle—parformance.

Calibration of scientific instruments will be very difficult for a 20-50 year
mission. Even relatively short term missions like Viking and Voydger pose
serious problems in the area of instrument stabality and calibration verifica-
tion. Assuming that "reliable" 50-year instruments could be built, some means
of verifying the variocus instrument transfer functions are needed. Calibration
ig probably the most seriocus problem for making quantitztive measurements on &
50-year mission.

The major problems in the development of individual science instruments
are listed below. These are problems beyond those likely to be encountered
and resolved in the normal course of development between now and, say, 1995
or 2000.
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TABLE 17

TECHNOLOGY REQUIREMENTS FOR COMPONENTS & MATERIALS

1. Diffusion Phenomena
1.1 Fuses
1.2 Heaters
1.3 Thrusters
1.4 Plume Shields
1.5 RIG's
1.6 Shunt Radiator
2, Sublimation and Erosion Phenomena
2.1 Fuses -
2.2 Heater
2.3 Thrusters
2.4 Plume Shields
2.5 RTG's
2.6 Polymers
2.7 Temperature Control Coatings
2.8 Shunt Radiator
3. Radiation Effects
3.1 Electronic components
3.2 Polymers
3.3 Temperature Control Coatings
3.4 NEP and RTG Degradation
4. Materials Compatibility
4.1 Thrusters
4,2 Heat Pipes
4.3 Polymeric Diaphragms & Bladders
4.4 Propulsion Feed System
5. Wear and Lubricatdion
5.5 Bearings
6. Hermetic Sealing and Leak Testing
6.1 Permeation Rates
6.2 Pressure Vessels
7. Long-Term Material Property Prediction from Short-Term Tests

7.1 Diffusion

7.2 Sublimation

7.3 Wear and Lubrication
7.4 Radiation Effects
7.5 Compatibility

7.6 Thermal Effects

8. Size Scale-Up
8.1 Antennae
8.2 Shunt Radiator
8.3 Pressure Vessels

9. Thermal Effects on Material Properties
9.1 Strength
9.2 Creep and Stress Rupture
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Neutral Gas Mass Spectrometer

Designing a mass spectrometer to measure the concentration of light gas
species in the interstellar medium poses difficult questions of semsitivity.
Current estimates of H concentration in the interstellar medium near the
solar system are 10_'1—~10-_2 atom/cm3 and of He contraction about 10_2 atom/cm3
(Bertaux and Blamont, 1971; Thomas and Krassna, 1974; Weller and Meier 1974,
Freeman et al., 1977; R. Carlson, private communication; Fahr et al., 1977;
Ajello, 1977; Thomas, 1978}. On the basis of current estimates of cosmic
relative abundances the corrésponding concentration of C, N, O is 10-.5 to
10_4 atom/cm3 and of Li, Be, B about 10“10 atom/cmg.

These concentrations are a long way beyond mass spectrometer present
capabilities, and it is not clear that adequate capabilities can be attained

3 . .
L atom/cm” will require a con-

by 2000. Even measuring H and He at 10“2 to H
siderable development effort. Included in the effort should be:

a) Collection: Means of collecting incoming gas over a substantial
frontal area and possibly of storing it to increase the input rate
and so the S/N ratio during each period of analysis.

b) Source: Development of ionization sources of high efficiency
and satisfying the other requirements.

¢} Lifetime: Attaining a 50-year lifetime will be a major problem,
especially for the source.

d) §8/N: Attaining a satisfactory S/N ratio will be a difficult
problem in design of the whole instrument.

Thus, if a mass spectrometer suitable for the mission is to be provided,

considerable advanced development work will be needed.

Camera Field of View wvs. Resolution

Stellar parallax measurements present a problem in camera design because
of the Timited number of pixels/frame in conventional and planned spacecraft
cameras. For example, one would like to utilize the diffraction-limited reso-
lution of the:ijective. For a 1-m objective, this is OV12. To find the
center of the circle of confusion accurately, one would like about 6 measure-
ments across it, or, for a 1-m objective, a pizel size of about 0V02 or 0.1 prad.

(Note that this also implies fine-pointing stability similar to that for earth-
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orbiting telescopes). But according to James et al, (1976) the number of
elements per frame expected in solid state cameras by the year 2000 is 106

for a single chip and 107 for a mosaic. With 107 elements, or 3000 x 3000,

the field of view for the case mentioned would be 3000 x 0Y02 = 1 minute of
arc. At least five or six stars need to be in the field for a parallax
measurement. Thus, a density of 5 stars per square minute or 18,000 stars

per square degree is needed. To obtain this probably requires detecting

stars to about magnitude 26 near the galactic poles and to magnitude 23

near galactic latitude 45°. This would be very difficult with a 1-m telescope.

A number of approaches could be considered, among them:

a) Limit parallax observations to those portions of the sky having
high local stellar densities.

b) TUse film.

¢) Find and develop some other technique for providing for more
pixels per frame than CCD's and vidicons.

d) Sense the total irradiation over the field and develop a masking
technique to detect relative star positions. An example would be
the method proposed for the Space Telescope Astrometric Multiplexing
Area Scanner (Wissinger and McCarthy, 1976).

e) Use individual highly accurate single-star sensors, like the Fine
Guiding Sensors to be used i1n Space Telescope astrometry (Wissinger,
1876).

Other possibilities doubtless exist. A study will be needed to determine
which approaches are most promising and development effort may be needed to
bring them to the stage needed for project initiation.

The problems of imaging Pluto, it may be noted, are rather different than
those of star imagery. For a fast flyby, the very low light intemsity at Pluto
plus the high angular rate make a smear a problem. Different optical trains
may be needed for stellar parallax, for which resolution must be emphasized,
and for Pluto flyby, for which image brightness will be critical. 3Besides this,

image motion compensation may be necessary at Pluto; it may be possible to provide

this electronically with CCD's. It is expected that these needs can be met by

the normal process of development between now and 1995.
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APPENDIX C

THOUGHTS FOR A STAR MISSION STUDY

The primary problem in a mission to another star is still propulsion:
obtaining enough velocity to bring the mission duration down encugh to be
of much interest., The heliocentric escape velocity of about 100 km/s
believed feasible for a year 2000 launch, as described in this study, is

too low by two orders of magnitude.

PROPULSION
A most interesting approach, discussed recently in Papailou iq James
et al. {1976} and by Morgan (1975, 1976) is an antimatter propulsion system.
The antimatter is solid (frozen antihydrogen), suspended electrostatically
or electromagnetically. Antimatter is today produced in small quantities
in particle physics laboratories. Chapline (1976) has suggested that much
larger quantities could be produced in fusion reactors utilizing heavy-ion
beams. For spacecraft propulsion, antimatter-matter reactions have the great
advantage over fission and fusion that no critical mass, temperature, or reac-
tion containmment time is required; the propellants react spontaneously. (They
are "hypergolic'"). To store the antimatrer (antihydrogen) it would be frozen
and suspended electrostatically or electromagnetically. Attainable velocities
are estimated at least an order of magnitude greater than for fission NEP.
Spencer and Jaffe (1962) showed that multistage fission oxr fusion systems
can theoretically attain a good fraection of the speed of light. To do this,
the products of the nuclear reaction should be used as the propellants and
the burnup fraction must be high. The latter requirement may imply that
fuel reprocessing must be done aboard the vehicle.
The mass of fusion propulsion systems, according to James et al. (1976)
is expected to be much greater than that of fission systems. As this study
shows, the spacecraft velocity attainable with fusion, for moderate payloads,

is likely to be only a little greater than for fission.
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CRYOGENIC SPACECRAFT

P. V. Mason (private communication, 1973) has discussed the advantages
for extraplanetary or interstellar flight of a cryogenic spacecraft. The

following is extracted from his memorandum:

"If one is to justify the cost of providing a cryogenic enviromment, one
must perform a number of functions. The logical extensicon of this is to

do all functions cryogendically. Recently William Whitney suggested that an
ideal mission for such aspacecraft would be an ultraplanetary or interstellar
voyager. Since the background of space is at about 3 Kelvin, the spacecraft
would appreoach this temperature at grezat distances from the Sun using only
passive radiation (this assumes that heat sources aboard are kept at a very
low level)., Therefore, I suggest that we make the most optimistic assumptions
about low temperature phenomena in the year 2000, and try to come up with a
spaceecraft which will be far out in design, as well as in mission. Make

the following assumptions:

1. The mission objective will be to make measurements in ultraplanetary
space for a period of 10 years.

2, The spacecraft can be kept at a temperature not greater than 20 Kelvin
merely by passive radiation.

3. Superconductors with critical temperatures above 20 Kelvin will be
available. All known superconducting phenomena will be exhibited

by these superconductors {e.g., persistent current, Josephson effect,
quantization of flux, etc.).

4., A1l functions aboard the spacecraft are to be performed at 20 Kelvin or
below.

I have been able to think of the following functions:
I. SENSING

A. Magnetic Field

Magnetic fields in interstellar space are estimated to be about
10-b Gauss. The Josephson~Junction magnetometer will be ideal for
measuring the absolute value and fluctuations in this field.

B. High Energy Particles

Superconducting thin films have been used as alpha-particle detectors.
We assume that by 2000 A.D. superconducting devices will be able to
measure a wide variety of energetic particles. Superconducting magnets
will be used to analyze particle energies.

C. Microwave and Infrared Radiation

It is probable that by 2000 A.D. Josephson Junction detectors will
be superior to any other device in the microwave and infrared regions.
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If. SPACECRA?T ANGULAR POSITION DETECTION

We will navigate by the visible radiation from the fixed stars, especially
our Sun. We assume that a useful opticzl sensor will be feasible using
superconductive phenomena. Alternatively, a Josephson Jumnction array of
narrow beam width, tuned to an Earth-based microwave beacon could provide
pointing information.

IIT. DATA PROCESSTING AND OTHER ELECTRONICS

Josephson Junction computers are already being built. It takes very

little imagination to assume that all electronic and data processing,
sensor excitation and amplification and housekeeping functions abeard
our spacecraft will be done this way.

IV. DATA TRANSMISSION

Here we have to take a big leap. Josephson Junction devices can now
radiate about one-billionth of a watt each. Since we need at least

one watt to transmit data back to Farth, we must assume that we can form
an array of 10+9 elements which will radiate coherently. We will also
assume that these will be arranged to give a very narrow beam width.
Perhaps it could even be the same array used for pointing informationmn,
operating in a time-shared mode.

V. SPACECRAFT POINTING

We can carry no consumables to point the spacecraft——or can we? If we
can't, the only source of torque available is the interstellar magnetic
field. We will point the spacecraft by superconducting coils interacting
with the field. This means that all other field sources will have to be
shielded with superconducting shields.

It may be that the disturbance torques in interstellar space are so small
that a very modest ration of consumables would provide sufficient torque
for a reasonable lifetime, say 100 years.

Can anyone suggest a way of emitting equal numbers of positive and negative
charged particles at high speed, given that we are to consume little power,
-and are to operate under 20 Kelvin? These could be used for both attitude
control and propulsion.

VI. POWER
We must have a watt to radiate back to Earth. All other functions can
be assumed to consume the same amount. Where are we to get our power?

First try--we assume that we can store our energy in the magnetic field of
a superconducting coil. Fields of one mega—Gauss will certainly be feasible
by this time. Assuming a volume of one cubic meter, we can store 4 x 109 joules.
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This will be enough for a lifetime of 60 years.

If this is unsatisfactory, the only alternate I can think of is a
Radio Isotope Thermal Generator. Unfortunately, this violates our
ground rule of no operation above 20 Kelvin and gives us thermal power
of 20 watts to radiate. TIf this is not to warm the rest of the space-
craft unduly, it will have to be placed at a distance of (TBD) meters
away. (Mo doubt we will allow it to unreel itself on a tape rule
extension after achieving our interstellar trajectory.) We will also
use panels of TBD square meters to radiate the power at a temperature
of TBD."

LOCATING PLANETS ORBITING ANOTHER STAR

Probably the most important scientific objective for a mission to
another star here would be the discovery of planets orbiting it. What
might we expect of a spacecraft under such circumstances?

1) As scon as the vehicle is close encugh to permit optical detection
techniques to function, a search must begin for planets. Remember,

at this point we don't even know the orientation of the ecliptic planet

for the system in question. The vehicle must search the region around

the primary for objects that

a) exhibit large motion terms with respect to the background stars and

b) have spectral properties that are characteristic of reflecting

bodies rather than self luminous ones. When one considers that
several thousand bright points (mostly background stars) will be
visable in the field of view and that at most only about a dozen of
these can be reasonably expected to be planets, the magnitude of
the problem becomes apparent.

Some means of keeping track of all these candidate planets or some
technique for comprehensive spectral analysis is in order. Probably a
combination of these methods will prove to be the most effective.

Consider the following scenaric. When the vehicle as about 50 AU from
the star, a region of space about 10 or 15 AU in radius is observed. Here
the radius referred to is centered at the target star. This corresponds
to a total field of interest that is about 10 to 15 degrees in solid angle.

Each point of light (star, maybe planet) must be investigated by spectro-
graphic analysis and the positions of each candidate object recorded for future

use. As the vehicle plunges deeper into the system, parallax produced by its
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ownt motion and motion of the planets in their orbits will change their
apparent position relative to the background stars. By an iterative
process, this technique should locate several of the planets in the system.

Once their positions are known then the onboard computer qust compute the
orbital parameters for the objects that have been located. This will result
in, among other things, the identification of the ecliptic plane. This plane
can now be searched for addit%onal planets.

Now that we know where all of the planets in the system may be found, a
gross assumption, we can settle down to a search for bodies that might harbor
life.

If we know the total thermal output of the star, and for Barnard we do, we
can compute the range of distances where black body equilibrium temperature
ranges between 0°C and 100°C. This is where the search for life begins.

If one or more of our planets falls betweén these boundaries of fire and
ice, we might expect the vehicle to compute a trajectory that would permit
either a flyby or even an orbital encounter with the planet. Beyond obser-
vation of the planet from this orbit,anything that can be discussed from this
point on moves rapidly out of the range of science and into science fiction and

as such is outside the scope of this report.
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APPENDIX D

SOLAR SYSTEM BALLISTIC ESCAPE TRAJECTORIES

The listings which follow give distance (RAD) in astronomical
units and velocity (VEL) in km/s for ballistic escape trajectories
with perihelia (Q) of 0.1, 0.3, 0.5, 1.0, 2,0, and 5.2 AU, and hyper-
bolic excess velocities (V) of 0., 1., 5., 10., 20., 30., 40., 50.,
and 60. km/s. TFor each V_ output is given at 0.2 year intervals for
time (T) less than 10 years after perihelion, and cne year intervals
for time between 10 and 60 years after perihelion.

For higher V_ and long times, the distance (RAD) can be scaled as

proportional to V_ and the velocity VEL V .
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4,7688
4,73R5
4,7090
4,ARND
416520
4,6246
4,5977
4,5715
4,5459

n =
RAD

25.6Nn24
27,3135
28,97%%
In,5RAR1
%2 ,1h1A8
33,6988
3%.2014
I6.HTES
3IR,1166
A9, 5334
un,0256
42,004A
Ut Ay05
44, 9h08
uA.2781
47 ,5/84
485,AL15
Bn.Noay
51.3%400
R, GRHA
53,7796
Rl 9790
5h+1A56
57,%349
5R,512%
59,6535
6N TORT
61,9275
63,0431
64,1529
65,PR322
Y 11T
AT 4269
AR LBANA
69,5A6%
TN.623A
T1.6736
T2.7157
73.750%
Th,77A1
75,7087
Th.R126
T7.A199
TRLR207
79,815%
ANL.AN37
R1,7862
82,7624
A1, 737
Ry, AAG]
AR5 . 6590

«5 AU
VEL

A.3247
R. 0597
T«APSL
76161
T2
TeP561
T+ Q085
649556
HeRP2A
66092
heRHALT
fU4760
63761
f.2R13
f+101R
AslNT
heN272
R+a511
S«87R7
S«8n97
S THRA
S«6RNA
Re620N8
ReRA2A
Se6NT1
BelyRE7
S.4023%
R+352R8
Re3051
5ePRO70)
S«2144
5.1710
51297
5+NROZ
BeNSN2
S5.0122
49754
4 +93%96)
4.9M49
42710
4.p3A1%
4.AN61
. TTHO
475485
GT14R
4.6R50
4.6R77
4.6T01
4.6032
45769
445512

4= 1,0 AU
RAR VEL
25,1720 BHNP2
26,A4%1p R, 130%
2R 4007 7,840
10,1129 T«RTHRD
11 ,AAS% TNt
$3,727n9 T.30AY
U, T7228 Telury
%6,19%0 T.0018
37.67364 6 RRAN
19,0525 Ge 7004
un. nuy 66274
41 ,AR127 fe5141
43,1598 Aelit16
48 J4RRG heB1RS
45,724y 6.7045
47 .nAL2 fis13R4
4R,35™n A NKT3
40,6135 5.0an1
S0 R54T S5.90A7
52,0811 5eAZAT
53,7936 R+ TRAQ
S4,4927 SeTNAY
5%, ATan 5.6450
56,A530 5+5RAY
58,015 K+45%N2
59,1661 G471
60,3061 Selo41
f1.4%56 Ra 2740
62 5550 R 3287
6% . AELE 52701
Al ,THLA ReP3U1
65, A55h 5.1905
6£6,9%A1 S.14RY
pA.,N1118 S.1n76
69,0771 5.06R1
70,1345 5.N207
T1.1841 449925
72,2261 Y 495R7%
73,2607 4,212
Tu.PARD 4 +RATY
75,30RT 4,AR3A
76.3274 4.8218%
77,3795 u.rann
78,3%0% It 7RO
79,3247 4,709
AN 3130 4,7nn2z
A1,29%54 46717
A2.27T109 [ 3911
RS, 2427 4+6167
AY4,.70R0 445902
85,1678 U4.564%

DATE n%3077

0= ?oﬂ Alt
RAD VEL,
24,7530 A.5530
25,0551 R 2RTS
27.ANgpA R4 6A
20,21y9 7.7ony
N, 7R8 7.%021
323194 Teliin}
X3,R1p5 T.2u41
x5, 2770 T.NA
16,7172 H.09810
IR, 10 H.AD14
19,5100 G TNNS
un,”RR= f+587H
42,2%n1 fa4R18
41,5540 TR T-T L
uy R6ENT A.20A0
LA IHAR fePNNK
47,4167 Ahs2169
4R hTUA f.N%7H
49,9y H.9A21
51 ,.1%9% R.pQN2
57243508 SeAB17T
5354/ R. 78R
S8, 7330 5.60%5
RE.ANAY Seh2%G
RT.N67TY SeH789
BA2173 R« 5205%
59,3%56% RelbRTN
60,.4R49 Sel161
61,6024 5+ M6K7
62,7101 SeW100
67,0115 52730
64,001A S.P2A5
65,9832 Se1A55
6T.0542 LY AL
68,17na Reinxh
60,1776 LTI
T0,PPR5 R.N2648
71,7679 4,905
72,3010 4,983
73.328A° 4,919
T4 ,38aR 4.A2%51
75,3620 4,A521
76.36RA 4. Asnn
77.%680 4%« TRAR
78.36?“ 4,75%A8%
79,35n6 4.7o86
80,3358 4 . HOOK
B1.3N86 B.6713
AR.27an 46437
83,”4%n 4.61R7
Al 2N3% he5003%

PARF 2

0= R.2 M

PAD L]
22 ,,n6NN A OARAD
R, A0%Y ®, AR5
2%, 2A8RA Py XTAR
2GRl P,1709
PR,%6TL T, 9004
29,600 T+ TORY
31,272 TR9R1
%o, T6NY 7,159%
Ay, 177n T+NRT7
i5,.56MN TNA3H
36 . I2RN -1 3
TR2T1 f.ANAR
1q,R90R Y]]
4p.antr f.RRAL
Lo, 191 Fotiniy?
43 LARRA fRBON
4y ,72% [ FLLLTY
45 06U Aa?10
L7, 191% fe1317
LYW LYY L% L ]
4g,R0U7 ELnn0H
L Pl S.01n%
51,087y B.Ru%1
53,1304 K,7788
B4 .2R%Y R, T17
f5.450R R, A7
56 «E55A Fehntl
B7.ATRE 8, 5nAl
58,7877 g,403%7
"9,AR0% B L4420
60,0822 F,®N%9
AP NEART e AR
63,1418 R.Ep00
Ay, 20RA L1 g
65,2677 8,210
ff . 11 RO R, 1724
73627 Setr3]
(Y- - 1] s anoxy
69 4PRD B NB5D
Tn.us0y R.ntAY
71 8659 4,91%4
75,4747 u,o47R
7x,4770 u,014n
P YAL u.AR1N
T8 uH™2 4 o,AnAY
The U473 t,A176
T? 4258 U, 7eTH
T8, 1980 4,772
79,3609 Uy TRR2
AN 32A4 bt 4,/00R
Ay ,PA2H fh721

0L-LL



98

PRW*%*

V=INFINITY =

T = YRS

«00
20
FL Y]
160
«80
1.00
120
1.40
1.60
1.80
2.0n
PN
2490
2+60
280
3400
320
340
3460
3.80
4.00
44290
L4.40
G660
4.80
500
Se20
Selip
S.60
S«80
600
620
6l
6460
6+80
T+00
T+20
XL
T.60
T«80
R«00
8.20
LY
R+60
8.80
9.00
9.20
9.40
9.60
9.80
10.00

=
RAD

<1000
1,8283
29562
3.9034
4,7492
55,5269
6,2542
6,9421
7,.5981
R,2273%
A,R337
a,h202
9,293
10,5429
11.0425
11,6095
12,1249
12,6297
13,1249
13,6109
t4,nNa86
14,5584
15,0209
15.4765%
15,9255
16,3684
16,8055
17.2370
17,6633
18,0846
18,5011
1R, 9131
19,3206
19,7240
20,1230
20,5189
20.9107
21,2989
21,6937
22,0651
22,4434
22,A185
23,1906
23,5594
23,9262
24,2898
24,6508
25,0092
25,3651
25,7186
26,0697

1.0 KM/S

«1 AU
VEL

133,2050
211677
24.51Rg
21,3435
19,3547
17.9450
16.8728
16,0181
15.313A8
14,7192
1,207
13,7607
13.3647
13,0111
17.697%
12.4028
171380
11,8946
11.6697
1144610
11.2666
11.0847
11.9142
10.7537
1n.6023
10.45092
103236
10,1947
10,0722

9,.9553
9.843A8
Q,7371
9,649
@,5370
Q,4429
9.3525
@,26R5
9.1816
Q,100A8
9.0227
R,0u73
A,8744
A.B038
A,7355
R,6692
A,6050
A,5426
A, 4820
8.423%
A.36548
8.3101

0 =
RAD

« 30NN
1.67u8
2.784%
3.7245
4,56R5
53417
6.N672
6.753%9
T.u080
B,0372
A.642n
G.2PR0
q9,7975%

10.3506
10.AR9A
1l.816%
11.93t6
12.43A2
12,9311
13.4169
13.8944
14,3640
14,8263
15.2817
15.73n6
16,1730
16.6107%
17.0417
174670
17.8891
18,3088
1RB.717u
19,1200
19.5287
19,9275
20.72209
20. 7146
21.1092R
21.4R7%
21.R68AR
22.247N
22.6221
22,9941
23.3633
23.7296
24,0932
2uU,.4541
24.8125%
25.1684
25.52148
25.A728

«3 MY

VEL

TELO1N
22 ,560%
ARL.PHTY
2t.,A49p
19,7367
1R,257%
17,1269
1A.,P3A9
17.5n7y
14 ., Aals
14,3676
1%.901%
1X,40u)
13,1307
17.80734
12,5065
12,235%
11.98h2
11,7562
11.547%0
11.3uby
11,.,15Ra
1n,9a85n
1n.A214
1n,6672
10,5218
1h,.3838
1n.2%24
10,1278
10,0070
9.R89%7
Q,7a873
a.hRFAH
q,5a4p
Q. 487
29,3970
Q,3nAT
a,20%7
Q,141R
qlﬂﬁ’?
f.9gh2
8.9174
A.Aayng
R. 7717
A,To46
A.6395
R,576H
R.5151
R 4555
R, 3976
Re34312

=
rAn

5NAN
15737
7?6035
1. RARE
u,unps
L By -]
S.8041
AR.57AN
T«230A
7.8574
n ue1T
Q. Nups
Q,6101
1n,1AR
1n.7nu7
t1.24n07
11.7US?
12,7497
12.747%6
1%.22an
132, 70A1
18 ,175%
14,6373
15.n02%
i5,5una
15,9834
1A.82M1
16.,A51%
17.277>
17.6982
1R, 1144
18,5751
1R, 973314
19,3365
19,735A
?n,1200
20 .529%
2n.9105
?1.2050
P1.A763
22..N547%
272.429%
P7.AN1?
23.170?
21,5364
2T.R0Q09
24,2608
24.6101
24,9T4R
25,%282
25,6791

5 At

VFLL

59.,577A
2, 5024
P5+Q262
PR.I20D
?h.tnNNL
1R«KURD
17.3789
JA4RTA
15 .R9[l
15.0A01
thsh10n
1h«0thnn?
13eA216
1%, 2485
129130
12«ANAR
12.7%1 %
12.0767
11.R41R
116201
114215
11.2%23%
11.n551
1N.RRAR
1N.7%16
10:5A%%
1Nefltz2Q
{307
1n.1R30
1n.0R2%
Q.auT?
Q.ART>
G. 7310
Qe63LN
GeRRY2
Q.4ut?
O.3%17
Q42R5%
Qe1RI2H
. 102%
G.1p40
A9%501
R«B777
A.8077
AR.729n
A.6739
A.6100
8.5480
R 4nTy
Rel292
R3722

N = t.,n At}

RAD VFL
1,.0000 0D, 1338
1.561n 23 T2ARN
2.4828 PR.OTYD
3, 0RO DN,OUSA
4 ,NPROR an ATEN
4§, AP%g 19,.20lt9
55205 17,0454
6,19A% 19511
AL.A3RD 16+1%RA
TU5ARD 1R U8RT
R, N532 1 ,A7RT
nL,ATON 11,3714
a,10uy 1%,027%,
g,742% 13,5322

1N, PTAA 13,1778
10,7993 12, RRAL
11,31 0n 19.5alY
11.R1204 12.20R4
12,304n 12,0400
1P, 7R72  11.8017
13,2602 11.609,
13,7705 11.811A
14.1R89R 11.22h4
14.6032 11.0R7R
15,0908 1n.ARSD
15,5718 10,7388
15,9669 1n.RARY
16.3%A9 1n.uRN2
1A R217 1Ne31RA
17.2416 1ne.197k
17.656A i ur ]
1R, NATS a,lsnn
1R.47%a Q,R509
1A,ATRD 9, 74R5
19,2745 qQ.AUAT
1a,.6649n Q,R&N2
20,0594 QU877
2n,8472 a,3RpA7
2N A2 QPR3N
sr.P117 a.2nN%
21,8801 a.tpNns
21,9635 Q.,My%3
22,330 8.96R8A
22,703y A+ RORE
23.UGQ1 A.8267
23,4371 R, 7580
23,7824 R.HO%D
24,1503 A.6094
24,5056 8.5675
24 ,85R% A.5073
25,2001 AA40AA

NATE A3INTY

N -

nan

2.000an
2.1Pp%
2.hl82
3,227
X, Rugn
4,07n%
5,.,0N2an
5, 7070
f,30n5
ﬁuRTQﬁ
Titltun
7.0
R,53RA
a,nbun
a,RRos
1n,NA297
1n,587R
11.0771
11.5%p2
12.N3tA
{p,uQ7?
12,9540
13.4004
13. A8/
14,790
14, 7%01
15.1619
15,5847
t6.00a7
16,200
16.R300
17.23aA
17,0429
18.04nn
1R, U437
1A, R2pQ
19,2147
1a,.%0%an
19.9Rn4
20, 35an
20,700
21.104A
21,4738
21.88qn
20,735
22,5644
22,9201
23,7786
23,6321
23.983>
24.332n

2.0 AU

VFy

PO ANLS
2R,5NRD
s5,01A1
oL hapnNn
21 40n7
19,0505
1“06“0;
17.ARANR
1h.R1NA
16.NN3
1R.47nn
11,9281
1“.“@]1
14,0261
1J.h/nut
12, 20n4
12,9277
176054
12.430N
12,1047
11,0549
11.THl4k
11.58R1
11.%Ra9
11,1848
11.010R
1N.ARR7
1n.7159
1NKTRT?
1N, 449%
10.%182
1n. 1040
1he.NT7R3
G.ARTH
a.,ARt!
a,7sa91
0.,6R12
a,B/70
o, 47a%
a,3nan
o.,Ana7
O,223%
9.14458
G, NRAL
A.Q049
R.92%H
AL 8545
ReTATY
R«T7223
B.6%00
R.50%76

PARE 3
N = K,2 Al
DAD UF!
5.2000 1R,8007
Se220% 1f,uu7]
R,X1%n 1R, DOAR
6,560 1A,netD
R, AULX 17, =an
R,RTU7 17, nTy
f.1URT 17.0275
63RO 1A 62T
he7HUQ 152277
7,027 15,77
T ultsn LT
T ANDR 15.1nR0O
A,1R28 16,"r02
a,RR10 14,40y
a,0UAY LR R
0,318 1®,00%7
0,70 1R, 50548
In,11%0 1%.299%A
1n,8N%2 1T, N3
1n,20R”R 12,708
11,27 §24RYTR
11.A7AHN 12 .RA7Y
12.0h%0 1721677
12,45%0 11.07840
12.%7R 11.Tang
15,2214 11.A27Y4
14,402 11.8r0%
1%,0A2A 1'.%nAn
14 ,%ARNY 11,1403
14,7340 11.n1A%
15,.1nan 1N, an%y
15,0807 10,7527
15,408 1nA2ThH
1A.21RA 1N ,8n7T5
16,5817 10,202
16,0400 10.2A016
17,2050 10,1719
17.ARTR 1Nh.n"21
tA.n100. 6, NN
1a,%74% a, RTTY
LR TOA7 a,TaAna
19,0771 O,A056
1a,u2%8 a,Ana2
19,7720 0O,E558%
2. 1165 OL.hun%
20 u592 G RAAD
2p.A0NN a,%n0n
21.139n 0,759
21.076% Q.1any
?1.7117 a.,0704
P2.145% Q. NNA6

0L~LL



PRWx»
V=TNFINITY =

Q=

T - YRS RAD
10.00 26,0697
11400 27.791R
O Q1200 29,4630
& 13.00 31,0890
G2 1400 32,6744
8E 15400 3!;._?}232

16400 35,73
w E: 17.00 37.2222
y:) 18400 38,6780
c ;2 1900 40,1076
&y 20.00 41,5128
= 21.00 42,8951
d 2200 44 2561
= a3.0n 45,5970
24400 46,9190
2500 48,2231
26400 49,5103
27.00 50,7815
28.00 52,0374
29.00 53,2768
30.00 54,5063
® 31.00 55,7206
32.00 E6,9222
33400 58,1117
3400 59,2895
35,00 60,4561
36400 61.6120
37.00 62,7575
38.00 63.8930
39,00 65,0188
40« 00 66,1353
41.00 67,2429
4200 68,3417
43.00 69.4321
44400 70,5144
45400 71,5887
46400 72,6553
4700 73,7145
4800 TH,TE6Y
59,00 75,8113
5000 76,8493
5100 77,8807
52.00 78,9056
53400 79,9241
54+ 00 R0,9365
55.00 81,9429
56400 82,9434
57.00 83,9382
5800 a4 ,9274
59.00 85,9111
60400 86,6895

1.0 KM/S

o1 AU
VEL

A, 3101
8,0524
78243
T.6204
74365
T+2694
Teil66
6,9761
648463
h+T7259
fe6136
6.50R7
6.4102
63176
642302
hell76
6.0693
54 OO
f.9247
5.8%567
5.7924
5.7308
5.6718
F.6153
H5+5611
5.+5089
5. 4587
S.4103
5.3637
5.3187
5.2752
52731
5.1925
5.1530
f.1148
5.0778
S.0418
S.0069
4,970
440400
t,9079
4,877
4.Bu4p2
4,8166
4.7R76
4,7594
4.7319
4.7051
4.6788
4.6522
&.6281

G =
RAD

25.,R72R
27.5947
29.265R
30.A917
32,4769
34,025%
35,5402
37.0244
38,4802
39,9097
41.31u48
42,6970
44, n5AN
45,398R
46,7208
48,0248
49,3120
50583
51.R390
53.N804
54.3078
55,5221
567237
57491731
59.0909
60.2575
61.413%
62 «5588
B3.6947%
6l A201
65.9366
e7.0u441
Bf.1429
63.2333
703158
71.389A7
724565
T3.5156
Th 5675
TS.6124
T6H.6504
77.681R
78,7066
79.7252
B0+7376
B81.7439
B2.7444
83,7392
B4.72R4
85.7121
B6.6%05

«3 AU
VEL

A %412
A,0aN6
7802
T6443
T.4586
Ta2011
77,1360
6. 9944
6.A636
6.7422
fe6291
A.5P30
LR
fe3310
628731
F). l‘iqq
h.1R11
h.ONHBZ
R 93152
S.B67T4
R.8076
S.7407
546815
5.6246
55701
5.5177
Se4672
R.41R6
5.3718
B -l
5.2R79
52406
5,1997
S.1602
B.1218
5. 0846
R.0uA%8
SeN174
4,9794
4,9462
4.,9140
4,RR%6
4,RR21
L,B822%
4,7a33
4, 7650
4,727y
4,710
Y.6RU1
4,65R3
4,63%2

0=
RAD

PRAETY
2T NNTY
POLOTLL
3N,6970
32,7819
35,8701
I8, 3uh8
36.82AA8
37, PA4Y
19,71%3
41.11R7
42,5009
4%, RR17
4R, 2024
Uh 5743
LT,ARDRT
49,1153
S0 YRAY
S51.642P
RO LARAR
54,1109
R5,32h1
RH.5266
BT, 7160
58.R937
60n,NAN2
61,2160
A2, 3A14
67,4969
64 ,6P2hH
A5, T3
66 ALBE
67,9454
69, 0n357
7n,1179
71,1022
72.PRA8
74,3179
T4,369R8
T5.4148
TR4526
T7.4A230
7A,.50AA
72,5273
AN ,53a45
R1,5ua0
A2, 54”4
a%,5412
84,5304
25,5141
AR 4924

«5 AU
VEL

A3722
R.10AA
TBY4D
7+668%
T«4RD7
T«M107
7.165%
T«012R
60807
6« TRAL
HeHUHS
6+H2A1
f43RX
60 B040
f+2R59
fe1T720
6.0930
AeNIT?
H.0up2
S+R7AN
S5«R8129
S«7R06
S«.6010
S5+6330
5+5791%
55264
Ra kST
Sel4 269
R«3700
SeRIYh
Se2an8
R.2481
S«207N
Ge1673
S.1287
Bs0014
S+n551
540199
#+9R57
4 ,o52h
4.9201
L.8R86
I «BRTO
4.R2A0
4.7989
&eT705
4.Tu28
L. TH7?
L eHRO%
L6678
4.6%83

Q=
RAD

2% ,72N9y
26,97A7
PA,R07R
30,7220
31,005
13,7579
34 ,B6AA
36,3497
37.R046
%9,2%%2
B0 .6375
42,0191
43,3703
iy, TYOS
46,0409
47 3y
nR.A31t
ya,.omnna
"1.1572
52,39A1
/3. APRD
54 ,R8%91
6. 04N%
57,2294
SR, U069
59,5732
607287
f1.,A7T%9
&3,000
64,1347
65.75%10
[P L
AT.0560
RRL,SLTN
69,670
70,7032
71,7606
72,8786
73,A903%
T4, 9750
75,9620
76,9941
78,0184
79,0%72
RQ,NHOY4
A1,0554
R? ., 0560
&%, NSNA
RY . N3A7
AR, N23%
AG.N01R

1.0 AU
YFL

R.H4AR
R,ATRE
T.9%009
T, 727
T.5756
7.3618
7.203%
T.0577
£4+9277
£+ TQRR
Ge+HRPC
fOTUE
687731
FeXTTT
62878
f.2009
61200
A DUAY
S49735
5,904
5,830%
Re TTST
R, 7tl09
B.6RTY
G.6N16
ReS8R2
5, 9AT
Ga 75
5,009
Re 3870
5. 3095
5, PEAG
542281
5.8
G 18A0
s, 10R%
S.0716
5 N%R1
R.O015
Yy QBRTO
4.9%R%
4, an%s
[T b 5~
4,Rudu
h.817%0
4. TALT
U4.7563
4, TP
u.7TNou
4,6763
4 .HBNG

OATE 033077

0 =
nan

24, %390
2R, NURN
27,7042
29,3746
30,9072
LEPE L LY
33,9556
A5.4351
36 ARGH
IR 312
19,7130
41,0430
42 ,45n0
4%, 780y
y8,10a8
4hr..U1n2
47, A9%1
4R ,964
"N,”21A1
81,4576
SP.hRTY
53,8940
655,.N%0
6, 2840
GR.62R7
59,7802
2 .058R
6%, 1A%%
64, PN
AR, 4NgR
66,5013
A7.592A
6R.HTYHY
69,7474
Th RtRu
71 .,R717
72,9270
7. 2HTN
75.004%
76, 038N
77,0501
78,0770
79.0ARan
AN, N5
Al .0y
A2 JNRRA
R3.,N77%
Al ,NGna
RR,N3A%

2.0 AY
VFL

AJ%aT6
RoW1H2
R.OKRGA
78425
76429
Ts4A21
T.2974
71808
T.0n72
R ATRT
& Tl
FeBURS
6.5014
AL U035
AJB5NA
A 2R3U
RelRNG
f.1n71
AN2TH
L L1
R.ARARR
S.8241
B TRP?
5.7n50
S «BUAT
s.R8a1Y
5e5RA9
5. 4a8h
S, 4207
8,307
5e367%
5. %025
S.PA11
S5.72N1
Re.1AN7%
qt’“‘“
R.1n4l
5.NRAP
R.0%%0
i AR
4 ,9/R4
i, Q%R0
4.9n15
4 ,ATNA
i, AunRA
#heR117
§eTRED
U, 754
u,72A%
4,7n18
44,6759

PAGF 5

n = K,2 2y

=133 VFL
22,1485 LY LT Y
2%, TAOY &, 8000
LR AT Y LA
26.2610 f, 1725
28,4970 T.05%7
XR.NN1D 7.7s80
31,4767 TL501
13,0266 T.dnAK
Ty, %407 T DRAD
g ,TENY T 11584
17,1202 faOnl7
IRLMRTY 6, 9420
30,02A2 foTuot
B1,14HhH FeHU>3
4o 440K A.5019
43 . r3a4n & 0TS
he NIRRT feIETR
Yr 0628 Fe?TXY
47,5040 Felan?
4p,7%tA Ae1tAT
}g , auAs fenuty
51,.,14R7 LSttty
55 ,13R49 E.anTq
A%.817A ReAnify
Rl JHARD R, T7A%2
B8 AL2N fe724R8
5R «QRAA B s AARRA
BR.128% ReAI4T
54,9597 B L,5h?T
ap,27TNY Re&y27
A 4780 S.uauy
AD ET0Y E+U17R
A3 LTHR R, A757
AL, TRUS R0t
AR ARND Re2R7N
AR PQRD L8 |
£7.0088 R+ 7NAK
Ao, ,n1on Fat1RAY
T NBAR Fe130R
'-'1 +A0AN ELnakh
T2.1%00 R.nRO4
73,1571 LY, T-11-]
Ty 1N t,n019
75,1909 4,0805
Ta.19RR 4,0579
77,2007 4,8072
T8,19R0 heRpK72
T9,1R7R I RTTQ
AN,1727 b,AnoYy
B1,15%5 BeT016
Rp, 1274 4,7c8%

0L-LL



PRW=*

i

?

iz

V=INFINITY =

T - YRS

1«00
el
W40
+60
|an
1.00
1+20
1.40
1.60
1.80
2+00
2420
2+:40
2+60
2+80
3+00
320
3a40
360
3.80
4.00
L.20
.40
b+60
4.80
S5e¢00
5.20
5«40
S5+60
5480
6.00
6.20
G440
660
6.80
7400
720
T.40
7.60
7.80
8.00
8.20
8440
B.60
8.80
9,00
920
Geln
9,60
9.80
10.00

N =
RAD

.1000
1,R3a4
2.9814
3,.9465
4,A124
5.,6119
6,.3624
T.,0750
7.7567
B.4127
9,0u68
9,6621

10,2607
10,8447
11,4158
11,9742
12.5221
13,0602
13,5891
14,1096
1u.6222
15.1276
15,6261
16,1183
16,6044
17,0849
17.560¢
18,0302
18,4954
18,9562
19,4125
19,R647
an,.3130
20,7574
21,1983
21,6356
22,0696
22,5004
22,9261
23,3528
23,7747
24,1934
24,6102
25,0240
25,4353
25,8442
26,2507
26,6550
27.0571
27,4570
27,8549

50 KM/S

1 AY
VEL

11%,29%0
31,4660
24,9019
21. 7847
19,8418
1. 4706
17.4317
16,6066
19,9292
15,3591
14,8701
144400
14.06R3
13.7334
124323
13,1509
12.9108
1?2 .6R28
17.4726
17,2780
12.097)
11.92R4
11.7705%
11.622%
11.4828
11,3512
112267
11.1088
10,9968
10,8903
10,7PAR
116919
10.5993
10.5107
10,4258
1034544
11.2661
10.1909
19.1185
10.0u87

a9,9814
9.9144
99,8537
a9,793%0
Q,7343
9.6774
9,6223
9,5689
9.,5171
9.4668
9.u179

6=
RAD

« 3000
1.685%
2.810%
A+ THAN
4.4305
Beli27%
6.176%
6.887%
T.5602
B.22734
R+ASRY
C.4T16R

100697
10.6532
11.2236
11,7820
12.3297
12.A675
13.3961
13.9164
10.4288
1#.934n0
15.4374
15.0244
164100
16.,R908
17.365A
17.8357
18,3009
1R.761%
19.2178
19.6699
20.11R81
20,5624
21.0n032
2l 4400
21.87u4
22.3051
22.7327
23.1574
23,5792
23.9982
240345
24.8283
25.2396
25.6484
26.0549
26.4591
26.8612
27.2610
27.6588

«3 AY
VFI.,

770601
32,8300
25.619%
P2.26T1
2n.2n3%2
1AZT5N
17.6711
16.8108
16,1070
15,5163
1r.o1nR
14,5714
10,1804
15,8400
13.530N8
12,2510
12 ,99AP
12.76P7
172.5u77
12 .34R9
17,1641
11,9019
11.R3NaQ
11.6798
11.5377
11.4036
11.2770
11,1570
11.0431
1n,9248R
1n,8%16
in,73%2
10,6397
10,5497
10,471
10,3804
10,3010
10,2247
10,1513
10,0805
q,a9465
Q,8/829
q,.,A8215
Q,7620
o, 7ol
9,64A7
o,5al6
a,5422
9,.,4013
9.441A

=
RAD

«500N
1.6R5%
2.6707
l.61729
h,4R7R
LP-Ats 1
AL NNYT
E.T132
T«3917
R,0u52
RsATTR
G,PONA
a_ ARYaQ

10,4708
11.nunt
i1.5a70
12,1449
172.682]
13.210%
1%.7%01
14,2422
1u,ra7n
15.2450
15. 7367
1A,2024
1R.70725
171772
17.AUAD
1A,1119
1R, 5723
19,n2R%
19,u4an%
{a.9282
20,%774
20,R130
?1.25n01
21.A039
PP 1145
PP.5020
22 .9R65
?3+3RA2
23,071
PUL2733
24,6370
25.0uA1
PR 4569
25.863%
26.2R74
2h,6R0%
27.0A91
2T.4669

o5

Al
VFL

RO.7TRG
T3 eRPRA
Phe 2852
227104
2heSUKT
12,025%
17.9n10
17«0NAR
162798
15.RA96
15142
18 .08
14,2081
13 .9ub6k
1%.6276
1%.3419n
150802
12.84814
126217
12.41R7
122207
170544
11 .R008
11.73%H%
11.591AR
110658
11+32AK
11.2045%
11.0RAR
1N.97R7
1n.8740
107740
10.67RA
10.5A/73
104099
1n.4160
1N+ %4356
11« 25R2
10e1R3IA
1n.1121
100080
Q. 9763
9.9119
a9, 8497
9.7A0%
00,7312
Qe6TYR
D.6001
9.5670
a.515%
G455

6 = 1,01 Al

RAD VFL
1.0000 ur. 4176
1,572 x%,0470
2.8730 2T.P070
3. 2305 a2%,5a80
h,151% 214202
h,9164 19,RL3T
S.AlY 1R, 1t2%
6.337R 17.4A2R
7.0N54 16.FR1?
T.65087 1A.N2P4
g,275%8 19.472%
A, RARN 14,9012
a,u7s1 14 45/R0
10,0534 14,1048
1N.61™ 13,AR9
11.173%% 1R.55RQ
1171176 15,222
12,7571 1R.0%12
17,7770 12,8005
13,2958 12.5876
13.A058 12.,%an2
14,3NAS 12.2066
14.,RONRA 12,0751
15,290 11.A745
15,7792 11.72%6
tha?570 11.5818
1. 7314 11.44748
17.1929 113205
$7.6h%A 11.700%
1R 12 11.NRAN
1R, 57R? 10,9773
19.0292  1n.A77A
19,476% 1n.7740
10,0107 1N.AROY
20,3594 10+5A00
20,795 105032
?1.?2PR9 1n.4201
21.658A 104300
P2 ,NRRE 1N47/%3
22,5045 1n.1R93
25,9306 1N, 118y
2X,%4R9 1M, N80%
23,7606 Q,98%0
20,1777 0,9189
24,5884 Q,,REAR0
24,9967 a,7oR0
PR.,u4N26 9,74Rg
25,8063 9.RRPE
26,2078 9,62AR1
Ph.BOTY 60,5751

27.004%

9.%5238

NATFE px3N7T7y

n =
fRAD

2.M0an
2,10957
2.h750
X 2Rpn
x,0704
4, SAx
5,27a0
5.A645
AhJURRH
T.na27
7.685A
a,2hal
8,8%aR
Q,3ar7
a,%Me0
10,4887
$1,017A
t1.5400
12.N5AN
12,5642
13.06%4
13.56nA
14,nua”
14,5731
15,0112
15.481
15,0553
16,0158
1H.R7u0
17,.%7an
17,7RpA
1A 2P7R
1R AT12
19,1111
19,5874
19,900
2h.t1n00
o0 AR370
21,7620
21 .H83%
22.1M0
22,5170
27,9312
23,3850
2%.75n7
24,1580
24,5600
24,9637
25,360
2%.7601
76,1587

2«0 AN
VF)

IN,2nt5
PR,AADT
262208
21,717
2t Ao
2nWNNAH
18,NPRY
1A, noR>
17.2704
16.527R
tR.Qoul
15.47R4
1R.N2U7
tu,A21A
ti.26N09
13.Q78>
13,6205
1R RACR
131217
12,8005
12.6805
12,4825
12,2008
tP.1279
11+9R/AY
11.71UA/
1146715
11.53A1
1t.8nAN
11.206%
11,1707
11.0a06k
1ﬂ'ﬂ!:ﬂﬁ
th,Ag5nL
1N 7505
1N .RATH
1n,57096
1n.4a5n
1n.k12A
1n.11q7
1N«?2A0H
In,1n7Q
1h.1¢80
10.0RNL
Q,0a82
Q,0500
Q.RRIN
Q.AnfR
a,Tuus
a,6n00
G.6%51

n =
BAn

52000
5237
P
R.A9n7
RN
R, 0AR1D
G.2H14
[ ]
6 OURR
7.701%
7.711n
p,t10%
R,BPRN
R,OULD
g.th70
a,79uy
Tm,?2>2%
1n.ARER
11.NALA
11,R18a
11,0087
12.%7TRA
t2.0080
13,0320
1%, A6N2
1y .NnESD
14 ,50RL
14,0300
15,1u0n
15,7/77
1. 1A%A
1A4,%97n0
17,010
17.421R
17,0729
1R.2%H1
ipn,Alttn
19,nub1
fa, uis5%
ja,.ni4un
20,2478
20.R3A5
21.0%2R
21 .,475%
21.8164
2D, 20%RA
20 ,RO%E
2p,0708
23,3644
23, T4TH
24,120%

B2 A}
Vet

10,1/
19,nT0H
1A, 0180
10 Aealy
19,1290
17,080%
17, BRNYG
17,1519
1A,TuRQ
1 F . R8NK
{e,M N0
18, ANNDS
15,2677
{bh,auRg
18 F027
1, 1eny
18, A0N0
1?2009
1 T+ANTA
12,201 R
1R.1705
12,18y
12.7aAa7
12.R123%
174050
12.20RR
12,148
11,00%3
11,8870
,1.7ﬂ71
11 ANTY
11,4006
11,.%7%2
11.7A%A
111605
1t .NRAR
1h,"e27
LR LT
1N, 7R16
1h.ANAY
1P ALY
1N, Fxy1
{h.as7Ty
10, (%D
10"
1N,2451
1he.1749
{h,tnag
1N.NKAA
a,anh4
B,0547

0L-Lt
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AII'TVND d00d do

PRWE® NATE 03%%077 PAGE 6

V=INFINITY = 5.0 KM/S

SLEDY Tygopgp

@ = 1 AU 0= .3 AU G = 5 AU 6= 1,0 AU Q= 2.0 AU A= 5,2 A
T = YRS RAD VEL RAD VEL RAD VEL fAD VFL RAD VEL [-1.1)) vEL
10.00 27,8549 99,4179 27.65RR q,44tR 27.4669 Q. 4R5E 27,0048 Q.58 26,1557 Q.6351 Py, 100% Q,9343%
11.00 29.51“9 99,1929 P2G+61R7 9-21‘43 29,4263 Q,2%5% ?6'.06?1 QQPR.’T ?R.lﬁq" a,3077 PHENTRD a,AKRG
12.00 31,73%06 B,9953 31,5343 G9,0147 31,316 9,038  30,A75R 9.0R810  30.01p0 90,1715 27,0609 0.0161
1300 33,6074 f.8201 33,4109 R.8377 33,2179 A.B8551 32,7508 A, RORD 31,RAs% ®,09a05 29,69%) a,Mne2
14.00 35,4493 A,6632 35.2527 £,679% 3R,N8a9% A.6052 B, 5911 R, 7345 33,7178 A, RtNT Bl JHARY a,n92
15,00 37,2600 A.5216 37.0673% A.53h5 36,.8/9A 8,5512 36,4004 A,RR7Y 35,5207 A.65TP 1%.257R A.ARYS
1600 39,0423 A,.3931 38,8455 R, 4068 3R, A519 LI Y510 %8,181% R U519 37,7000 B.S1R6 5, NNTE n,H009
17.00 4o,7989 B.27187 40.56020 R.28°5 un,4n81 AR«3011 39,9370 ReINP3 19,0510 R. %025 B6. TP RLRADY
18.00 42,5318 AL16R0 42.334R a,1799 42,1408 A.1916 41 ,6FRY ReP207 40,7R07 R+27R9 BR80T R,xR1
19.0n 44,2430 R,0686 448 ,NYRQ A,0797 4% ,R81A RJO90R 0y, 3791 As11RN 42 4RA1 A.1706 4n,tt51 P11
20.08 45,9341 7.9766 45.7370 79870 us,.5up7 7,997y 45,0694y A,N029 uy 1750 R.07004 41,781 a,2%7
21.00 47,6066 7.8011 47.4004 7.9009 47,2149 7.0106 46,7411 TORLT 45,47y 7.0R1% LS PYRAL A,1109
22.00 49,2616 77,8113 49,.n64Y T.8206 48,8A99 78208 48,%9%5 78525 47,897y T.ROR5 U5, 0HA% A %Y
23,00 50,9005 7.7368 50,7032 7.7455 SN.5NR6 77840 50,0737 77787 49,1315 T AYTY 45 BRAS T, 0175
24.00 62,5242 7.6668 52.3269 7.6751 g52.1%21 TvH6R33 51,0567 7.70%7 6N, 7547 TeTu3%2 4p,»0%4 7.,0875
25.00 54,1337 7.6010  S53.936% 7.60R0  H3,7414 Te6167 53,2657 T RIAL %2 ,%61R T.6736 4o, RAR7Y 7. 7R%Yy
26.00 55,7297 7.539n 55.5322 7,54R5 55,3373 TeR54N0 sy RG] T+5774 53,9557 T.6071 51 4HRRG T.T119
27.00 57,3130 7.0805 E7.118% T.upTh 56,92n8 T.tion7 660440 7.519% 55,5170 T.5u6% 53.n367 T, AueR
2800 58,8844 T.4250 58.A86R 7.,4319 S5A,401R T4 TRA 58,0149 74854 57.106/0 74879 54 ,R9%7 T.E02A
29.00 60,4444 T.3725 60.746A 7.3790 f0,0517 T+385% RO,5704 T4n1s s8,H647 74326 B6.t812 T RoR
30400 61,9936 732276 61479610 T.3288 61,600R 7 o350 61,1733 7. RENTY [ -3 -1 73802 S7.67RT T URTS
3100 63,5326 7,2751 633350 T.2811 6%,1397 TePRTN f2.6619 T.3017 61,7498 T«J307% 59, 20AR Teutun
32.00 65,0618 T.2298 648642 7.23%6 6L ,ARBT Te2u13 64,1007 7.2554 63,277 72820 AN TP5L TeRA%D
33.00 66,5818 T.1866 663841 T.l022 66,1987 T+1076 65,7103 T.P112 64,7959 Te?P276 £2,27%50 T T80
34400 68,0928 T.1450 678951 T.1607 67.6097 Tels60 67,2210 71690 6643054 Telayy 63,737n T+2R0G
3%.00 59,5954 77,1079 69,7977 7.1110 69,2022 Te1161 68,7233 T+12R6 6T.R0aR Tl 65,2307 T 42049
3600 71,0898 7,068 70.R921 T.07%0 7n,6965 Te07TQ 70,174 Tenann 69,3001 T.1135 fR.TIRR Te1n29
37400 72.5768 7.031R T2.3787 7.0%66 T2.31831 TS 71.70933 T NRAN 70.7RES 7.0787 hA, 1052 T 1026
38.00 74,0556 6.9970 73.8578 7.0n16 T3.6609 TenNG? 73,1827 Te0174 b - I-18 T8 T.N104 f0,h6R6 T, 1041
39.00 75,5276 6,%636 753298 f,98R0 75.1%41 6.9724 Th 654 6e9R7R T3S 7. 0045 71.131% TLNATY
4n.00 16,9927 6,9314 7647949 f.9357 76,5992 6.97910 Th1100 . O8N5 75,1986 6.9710 72,5401 T NRES
41.00 TR, U512 6.9004 TR«P533 £.9046 TR.NASTE 6+ONRT 77577y 6.91P0 TEL6560 feQURT Ty nu1h £ 4007
42.00 79,9032 6,8706 79,7053 f.8746  T0,5n0% 6o RTRA 79,0703 fe RARY TAL1072 6.0n77 TR HAGK R NRLS
43.00 81,3491 6.8418 81.1512 £.8457 AN,9554 A« RUY96 AN, 4749 HeR591 795521 H+B7Y7 T6. PR3 F L, OT2R
44.900 82,7390 6.R8140 R2.5911 6.817R A2,3982 A«AZ15 A/t ,.0l44 A.ATNA AN L,Q912 f . AHAD TR.OGNT £.0N0Y
45.00 84,2232 6.7872 84.0252 f+7919 83.8294 + RA.,7045 A3, 3AL 6. 8N7E 82,4248 GAD1N T9,7aRY L Ar2G
4600 85,6518 6.7613 B5.453A 6.76U8 85,2879 H«7A83 a4 7TTH 6. 77T 8%,R52%0 6e7041 At.211A f.AYLS
47.00 a7,0750 6.7362 86.8771 6,739 Ag.6811 6.TUNY a6, P00Y 6. TRIS 85.2Tun 6.TaAN AD,A20R AaR17Y
48400 88,4931 6.7119 88,2951 6.7153 RR,Na92 67186 RT.6179 G2 T2RR B6 /22 6+7429 Ay, n42R f.TONR
49,00 89,9061 6.6884 89,7081 A.60l16 f9,5121 669149 A9.030A3 A 7070 AB.104% 6+71R5 Agu45N0 6 TRUD
5000 91,3143 f . 6656 91.1163 fH6RR G0, 920 66710 aNH4TAR febTOT 89,5119 6 e6G0D Af 4 ASH™ GeTunn
51.00 92,7177 646435 92.5197 6.6466 92,3736 6e65496 q1,A820 646572 90,9147 66720 AR, 25%2 K TIAN
52.00 94,1166 6.,6221 93.918% A.6251 a1,7728% 6+62R0 a3, rhny 646354 g2,.,3129 feHU0R RO ALTE f.ARN26
53.00 95,5110 6,6012 95,4129 A.E6042 f5,1168 6+6NTY ay ,675) 646147 a3, 77 fefHhoAS 09 . NR77 fehTHN
54.00 96,9010 H.5810 96. 7030 6.58%9 96,5069 6+SRAT 96,0249 f o507 95,092 feHNTY 92 ,u27%7 AR AYAY
5500 98,2869 6.5614 9R8.0NAAC &6,5642 97,8927 6:5A69 97,4107 f:5738 96, 4R815 65271 a3, A0Rg RohADRR
56.00 99,6687 6,423 99,4707 6,5450 Q49,2745 65477 QR,792% fHaHBLT 97 ,REDT 6+ RATH a5, 1875 LLLY!
57.00 101.0466 6.5P737 100.A3485% 6.5264 10N.652% 648298  100,1700 P LTt aa,?inn 6 SLRP ag,  BRTR £.5RA0N

SR.0n 102,4205 6.5056 102.2224 6.5082 102.n262 AR+S108  101,5430 5171 100,34 645205 ar. 279 FeSRAL
59.00 103,7908 6.4880 103.5927 H.loNs 103,704 f.40%1  1n2,9140 Aa40%2 101,980 6.511% Qg, 204K LT
60.00 05,1573 6.,4709 104.,9592 6,4733 104,730 f.6758  1n04,2R804 f.4A18 107, %402 f.4037 100,R577 f.8nAq

0L-LL



06

PRW**

V=INFINITY = 10.0 KM/S
Q= «1 Al

T -~ YRS RAD VEL
«0n L1000 13%9,5761
20 1.RH9A =2 +3RAD
0 3.0591 26.07R7
+60 44,0789 23.1797
«8n 5.,0056 71.3170
1.00 R.A708 20.0554
1.2n 6,6912 19.1092
1.40 T.4771 1R, 3655
1.60 B, 2354 17.76n0n7
1.80 R,9709 17.2563
2.:00 9,.6A871 16.8273
2420 10.386A 1A 45R6
240 11,0721 1A, 1321
2+50 11,7447 15.8u52
280 12,4060 15.5800
300 13,0573 15.3585
3.20 13.60994 159.1497
3.9 14,3332 14,9505
360 14,9595 14,7R53
3+80 15,9787 14.6250
4a00 16,1915 14,4768
4420 16.7984 14,3395
4e4p 17.3998 14,2116
4.60 17,9960 14.0923
D.8n 18,5873 1%.9805
S« 00 19,1742 13.8756
5420 19,7568 13.7770
5.40 20,3354 13.6839
5460 2n.92102 1%.5960
5.80 21.4814 13.51728
6.00 22.N492 1%.433R8
6420 22,6138 13.35%09
6.40 23,1754 1%.2875
6.60 23,7340 13.2195
680 24 ,2R99 13.1547
7+00 24,431 13,0927
Te20 25,3937 13,0374
T4 25.9420 17.9766
7460 26,4879 12,9222
7.80 27,0316 12.8700
8.0n 27,5731 12.8198
B.20 28,1125 12.7716
Bal4p 2R,6500 12.7251
8460 29,1856 12.6R04
Be8n 29,7193 12,6373
9.00 n,2513 12,5957
9.20 3c, 7815 125555
9.40 31,3101 12,5167
9.60 31,8371 12.4792
9.80 32,3625 12.44528
10.00 32,8864 12.4077

0 =
RAD

« 3000
1.718%
2..800%
3.9032
4.R262
S5.68R0
6+5076A
Ter922
B.0u9%
R.7842
Q,4997

10.19589
10.A83%7
11.55509
12.P2160
12.R67A
13.5n0R
1h.1432
14.7692
185.3882
16.n009
16,6076
17.2naR
17.8048
18,3960
18.2R27
19.5652
20.1437
20718k
21.2895
21.A572
22.421R
22.0832
23.541R
240976
24.6507
25.2017%
25,7494
26.,295%
26.8389
27.+3804
27.91948
28,457
28,9927
29,5261
30.058%
3N.5885
31.1170
31.6439
3241693
32.6932

«3 AU

VFL

77,5812
2X,AR17
PR.T1RE
235492
21.6048
PN, 2048
17,.3nkn
1R.52R6
17.9n0N2
17.3777
1A,934%
1A.58109
16,2179
15,9728
15,6598
15,4075
15.2n%964
15.0150
14.A369
14,6731
14,5219
14,3R17
14,2514
14,1298
1t.0160
13.9092
1%.8n°8
12,7142
13.6240
17,5403
134001
13,3840
13,3116
13.242A
1%.1768
1%.114n0
13.0539
172.,90h3
12.9417
12,8883
12,8375
17,7896
17,7416
17,6063
12.6577
12,6106
12.5700
17,5307
12.4928
12,4561
12.420%

n =
pAR

Hnnn
1.h214
o TS
X TRPR
4,AR7R
R.ROR%
A U0R
T 1226
T+R77A
ReHTINA
G, 505N
1,230
10,7061
11.37R2
17,028y
172.6887
13,1200
13,.,9A20
14,5ap5
15,207
15,819%
16.4757
17.n265
17.6227%
18,2132
1R, 7n0g
1o,%n10
19,.9r01
PN.5I86
21.1055
21,6730
-]
27.79a7
?3.3571
?%.9127
24 .,4/57
25.n161
2%.5642
?h.1n99
26 .6530
27,1947
2T7. 7340
PR.2713
PBLRNAT
29,3403
2O.AT2Y
AN.4n22
3n,9%07
31,4575
3,928
32.5067

«5 Al

VFL

ANtJ4nNPa
TY JKRART
27,5700
23.0%p0
Pl.0117%
2N«520A
19.4A01
1R.6243
1A.N330
f7.u047%
17007
t6.AL3O
143007
15.90ARN
15.72R4
1R.BAKL
152077
15.AARRR
14.80609
14.719A
14+RA5A
1L U222
14 .290n0n
144166
14.NRAR
13,9010
1%.Ax99
1357437
136570
13571
11.04057
$13.U40R8
13.3%50
1326519
1%.]0A4
13.1217
1%.073R
1%.015%
12.0597
12.0n61
12.8547
12«8052
12.7577
17.7T110
12.6677
126252
12.5a41
175440
17.506%
1?2+4690
12.4331

n =
AN

1.0000
1.612R
2 .,50HR0
3.u92n
4,567
K.1007%
5,907
6.76%6
T.510A
n, 238y
A,Q40q
a,RI8%
tn,3tux
1n,2R16
11.R3RD
17.PRR%
12.023%7
15,8540
14,1778
14,7%n
18.h000y
16,0090
16.6NA7%
17.2025
17.7921
1A 3773
18.95R%
ja,515y
2n,10R0
20.67A0
21.245%
21.An9n
22 .7H08
20,0271
23.4°270
oy N3
24 ,5R41
25,1115
25,6766
?6,21095%
P6.7603
p7.7001
27.RA%%0
2R, 370R
SA,00%G
20, 047153
29,0680
RIYET]
31,0105
31,5404
32.0678

140 Al

VFL

2027
Y LALDD
asn, 1R
24,6505
a0, 8007
21.Mn%a
18,2045
19,0128
1A %(T7
17 TRN7
17,7274
1A/ ARAR
1A.40%0
tG172N
15.2aR7
15 .ATUN
15.48n4]1
1R.10Ry
1q.ﬁnuq
14.R3N1
14./A9N
14.5199
14,3815
14.28527
t4.1%°%
14,0195
132176
1%,R1%R
1%. 7108
13.A%N9
13,54R7
1R 4RRA
1%, 3ana
13,4127
1304498
1%.1a02
1%.1210
1%.NA1Y
13.in%a
12,487
12.80%8
12,9450
12,.70ht
12,7400
12.70%7
12,6400
12.6179
12.5772
12.5%79
172.04899
12.0631

-

NATE p33077

n = 2.0 Al
nan VFL
2.00nn %lL1RA
?2,278K 2Q,05481
P.7697 37,517
R, ulipn 24 ,Tany
4,170 22,0533
4 .R%an 21,4074
SeRP3T PR, Man
6.3371 19.30%9
7.n%0% 1R TAN
2. 7797 1R.157Y
A.4Nan 17.625N0
a,n7ra 17.1n06
o,74a0 16,700t
10,38p0 1A.4565
11,N2an 1heIR1R
11.hHpx 15.87RA
12,.7Ran 1R«h%0H
12,900n 15.4n02
13,52pn 152084
12,1%0n 15.N1R7
14,7322 14 AUKT
15,%3nA 14 .67TAH
15,0238 14 ,.5uni
16,5112 1h.4n7%
17.095a 14,275%
17.h7RA 14 ,15R8
1R ,P52N0 14, 0%y
1R AP86 11,9374
jo,%0xan 13.ARTA
19,9500 1. Tu3R
on,52oR 1%.H548
?‘onﬂ?ﬂ 1%.57n4
o1,hl00 13.40n00
27,190 1%.4142
P2.Theal 12.3u17
2%,%0ga 1206
23,40 1320664
2u,3ATa 13.1075
24,9308 13.0R%L
?QIu?11 13.N053
26,0007 12,908
7h,.50an 12.91K85%
27.NA12 12.8AR57%
27,6142 12.8161,
PALI8ENL  12,.7KAT
oA, 678N 12,7230
2q,2030 12.A479N
29,72qy 126765
AN25 12 .%054
INTTTIR 12.%558
31,2904 12:.5178

PABE 7
N T 5,2 M)
nAn yer
5 .20 Dl .NNNA
5. 24A1 an 1Ay
S.%R104 20, TH02
] RO af,H1AQ
5 RRSE ELIY T
A+231A 19,612
51 1. 1A%
7.,N587% 18,7u7R
T.5184 1R, XD
7,00R/1 17,3873
A TG 17.5747
o, NNty 17.9%49)
Q,R2AA 1R, 0806k
tn.nkhan 1A6270
1n.sAtn 1R 575
11.19692 1A.1nAD
11 ARRA 18 ,RY7Y
12,207 1R AR
12.750% 14086
1%,20%7 1F L, 2706K
13,.0%70 1R, ¥nTq
14 ,=ANN 1, mAR0
14,0212 184750
15 8687 14 A2
16, N0RE 1l 500G
16.Fu4h0 14, AnEY
17.NRAN 1h .97
17.A2Un {h.1450
1A, 16N0 1h.nan%
1R AORY 1*+ORNG
19,5307 1. 9RRAR
19,7A%27 {RyT7TRA
a2n,.,20% 1*sRONY
2n,8p%0 1R ANRE
21,7550 1%.5%0R
21, RA2Q 1T HRAG
22,4005 1R N0RA[
2o ,0%0A 12,7177
?3,u5R09 1*.2526
23,0R1A 11003
24,507 1%, 120
25,0200 1%.n730
25,84%% 1%.n17T
AR NATK 12,0886
7687 12.01%4
27 .N044 12.Ar0t
sy A00% 12R165
2R, 127 127706
2R.63%8 12,7943
29,1475 12.607%
2a,R5R% 12.h821

0L-41



PRW#* %

16

V=INFINITY =

T = YRS

10.00
11.00
12.00
13.00
14.00
15.00
16.00
1700
18.00
19.00
20.00
21.00
2200
23.00
24.00
25.00
26.00
27.0n
28.00
29.00
30.00
3100
32.00
3300
3400
35.00
36400
37.00
38«00
39.00
40.090
4t.00
42.00
43.00
44.00
45.00
46.00
47.00
48,00
43,00
50.00
51.00
S52.00
5300
54,00
55.00
56.00
57.00
58.00
59.00
60400

10.0 KM/S
G = 1 AU
RAD VEL
32,R864 12.4077
35, 4852 1P 2474
3p,0%27 17,1089
40,5930 11,9878
43, 10048 t1.8810
45,6047 11.7858
4s,0810 11.7008
50,5403 11.6235
52,9842 11,5536
55.4140 11.4899
57.0311 11,4315
60,2363 11.3778
62,6307 11,3782
65,0151 11.,28P3
67,3901 11,2395
69,7565 11,1998
72,1148 11,1626
T4 0658 11,1277
76,8091 11.09%0
79,1461 11.0642
81,4767 t1.0352
83,8014 11.0078
86,1205 10.9819
aa, u3u3 10,9573
90,7430 10,9340
93,0470 10.9118
85,3464 10,8908
97.6415 10.8707
99,9324 10,8515
102,2194 10,8332
104.5027 10,8156
106,7823  10.7989
{0a,0584 10,7878
111,3313 10.7674
113,6009 10,7526
115,8676 1N.7384
118,1312 107217
120,3921 10.7116
122,6502 10,6989
124,9057 10,6867
127,1587 10,6749
129,4093 10.663%
131,657% 10.6525
133,9034 10,6419
136,1471 10,6316
138,3887 10,6217
140,6282 10.6121
142,8658 10.6028
145,1014 10.59%8
147,3351 10,5850

149, ,5670

105765

g =
RAD

X2.+6932
35,P01A
37,4590
40,3993
42,9157
45.4108
47 A87N
50.3463
52,7901
55.2198
57.6368
60,0420
62 4364
6l R207
67,1987
69.5621
71.920%
7B.2710
T6.614A
7R.9518
Al.PB21
B83.606R
85.925A
B8,72396
9N.5483%
92,R523%
95,1516
g7.u467
99,7376
1n2.0246
104,307AR
106.5874
108,8636
111.1364
113.4060
115.6726
117.9363
120.1971
122.455%
124,.7108
126,9637
129,.2143%
131.4628
133.,7084
135,9521
138,193%7
140.40337
142.6707
1u4,906%
1471400
149,3720

3 AU
VEL

12,4208
17,2804
17.31178
11,9966
11.A8R3
11.7928
11,7069
11.6293
11.5%90
11.4048
11,4361
11.382n
11,3721
11,2850
11,2490
11,2030
11,1656
11.1%N5%
11.0a77
11.0667
11.0376
11,0101
1n,.9840
11,9593
10.9359
1N.9137
10,8a25
10.87P%
10,8R71
10,8347
1nN,B178
1n. 8003
10,7842
1n. 7687
10,7538
10.73%
1N, 7259
10,7177
in, 7000
1n,B6R77
1N,6759
10,6645
1n0,65735
10,6478
11,6375
10,6276
1h.6179
11.60%6
L L]
10,5854
10,5772

6=
RAD

126067
A5, 1nna
17,6719
4n,2119
42,7279
45,2029
47,6089
5041580
52,6017
E5.0%1%
7. 4482
59,RR3%
62,2475
Al AR
67,0067
69,3720
T1.7311
Th.0n17
TR 4287
TR, TAR21
Bt .N926
A3 .417%
A%, 7363
AR RN
91 . 3987
92 .6A2A
94,9619
97,2569
Q99 ,547R
101 ,R%4R
104,1179
1n6,3975
10R.6T%6
11n.9u68
11*, 2160
1185,4024
117 7u63
120,007
172.2652
124,.52n6
126,7736
129,0281
131,2723
133,51A2
1359.7m9
138.0034
jun.2u29
1U2.4804
164 ,7160
146 ,9497
149,1R14

5 AU

VFL

12,434
17269%
17,1780
12.0051
11.08064
11.7097
11.7131
11.625n0
11542
114006
11.400%
11.%R61
11.,3%Kk0
11.7R9%
11.7463
112061
11.1AAK
111333
11.1003
11.N692
11.0%99
11.012™
10+9R6¢
1N.9613%
10.9%78
1N+9158
1N.804p
10.R740
108544
1083562
1nN.018%
108017
107858
10.7700
10.75851
1n.74nA
1N.7T27N
10«713R
10.7010N
1N.6ART
106769
1N 6R5Y
1N.6R44
1NAL3T
1064
10+6234
106137
106040
1n.508%
1N:5R65
1n.578n

Q@ =1.0
RAD

12,0678
oy &AL
37.2700
39,76R7
42,283
q4',777A
47,2530
49,7113
R2.1543%
B4, RART
56,0089¢
59.,404p
A1,79R0
64,1818
66,5567
RA,Q%P22
71,2R01
T2.6%03
75,9734
TR, 3101
AN.AH4NY
/2, QALUR
AR, 2R3Z6
R7,.5971
Ag9.anNs”e
92,2092
a4 ,5084
a6, RO
99,0879
101.3807
1n3,6627
1ps,0u3%2
1nA, 219
110,491
112.761%
115.0277
117.291%
119,R820
121.A0099
124,.0R52
126,31R2
128,RA86
13n,R164
133,062
135,3060
137,547
139,7869
1472.0248Y
1yy,2599
146,49735
14R,778y

L1
VFL

12,467
12,0087
12,1%14
12,0284
11,9147
11.81A2
11.72R1
11 6U4R7
11.5767
11.511)
11,4811
11.3059
113451
11.°9Rn0
11,2542
11.717%5%
11,1755
11,1399
11. 11605
t1.0751
110455
1t.Mm78
1I0n.%911
1N 96h1
tN.9423
10.919A
1N.R9RY
1N.R7?79
100584
1n.A%0q
1n.R220
1nROSN
1N .78R7
1N.77%n
1N+ 754N
1Ne 7476
1N.7297
10. 7164
1n.70%8
1N 6912
16792
1N ART?
1N +6RAR
1n.6458
106355
1046254
1N6157
1n.606%
1N.507
10 .5ART
10.277%

DATE %3077

Q=
RAD

X1,29964
A%, AANK
ah, HinR
18,9877
41,491
03,9344
46,4563
48,9116
51,3500
5%,7T7TAR
R6,1927
fA,R08%
6N, QRTD
63, hau
GR, T4
HR,TD/RA
70,4632
T2 A1
Th.1548%
77.,4A9a0
79 ,Rtan
R2, 1420
al U460
AB,TTr0
R9,.NANR
91,3835
93 .6R10
o5, 97/N
an,?h6
10n,.5522
102, B34A
1In5,11%%8
107 .3ARD
1na, AhtN
111.93n0
14,1950
116,485%an
11R,71a9”
12n,974R
23,2017
125, 4Ry 2
127, 7342
120,910
132,227
134,47n6
1%R. 7117
1%A,95nR
141,140
143, 4232
145,6565
147 ,ARAN

2.0 AU
VF|

12.%174
12, 9%?
121040
12.0Rr29
11.9uR2
11 80K
11.7R585%
116737
1159064
115322
11.47nA
11e89un
11.%419
11.71%A
11+2AA9
1142272
11.1r04
11.152N
11.1179
11+0RR9
11.0857
110272
11.0007%
109744
10.9597
10.9277
1N.9N59
1n.8a51
10 .AR5%
1N.AYAL
1n.A2RL
1nN.A111
1h.TOUR
107787
10 .7ATY
1N.7uRR
1Ne7RYyA
1tn.7212
10.7nR2
1n.6057
1N6RTH
1N0.6719
1nnﬁ6ﬂ7
10.680R8
1n.H3O%
1n.A»01
1N.A10%
106007
106005
1h.5916
1nh«5R29

DAGE ]
N = 5,2 AU
RAD VF1
26 ,A%AY 19,4491
15,1978 IEFLULS
W, T1hA 192027
37.211R 12,4824
1g,H9NA 12.n202
45,1528  (1.0902
gy 5900 11,229
Ly, n3xy 11.7156
49,45% 11 .h5R6
81,802 11 .50009
54,760t 11 R105
5h.,AETA 11,4805
Ro, n2A1 11.0nu%
A1, TORT 11 .50y
A%, THTY 11.:%nA1
AR 1100 11,9677
6R,L8TE  11,.9217%
70,797 11e10%L
77,1308 1141073
78,457 111176
i P 2 11.nn020
An,No%n 11.0525
/s ,4NA0 11.n201
Ay, 7T1%p tn.aa7rs
AT,nt4A 10,079%
Rg, %120 1h,onay
91,6081 1h.0"56
a5, AQHY 1he.Qnyn
9q,1702 ILILELTY
Q[ UARNT 1057
10n,73A7 th,Puno
1%, ntax 1N RI7N
1N%,2AE7 4N ,ANGR
1n7,.852%q 1N, Ty
1ng A1RD 1N 7776
112.0R0A 1NeTA2Y
114 ,%40% 10,7470
114,597 10, T13Q
1182517 1h.72n5
121,10% 1N N75
L 123,75 1N KOR0
126, A0 LG
127 ,R4582 IN.6TIH
13%0,nAR {0 B600
13p,%7Ra FRALAN
134, ,5RTA 1N ,RIAR
1 Xh,ANLY theR2AT
13,0302 1NeR1RG
tiy 2720 tNeANDY
103, 80Ty th.hnnp
145,724 N BN

0L-1LL



4]

PRW**
VoINFINITY = 20.0 KM/S
@ = .1 AU

¥ - YRS RAD VEL
«0n 1000 134.69u3
+20 1.9905 35,9357
Lt 3,3546 3"1“778
+60 §,57%9 PRL0ART
«B0 5.7225 ?6.6“57
1.00 6.8217 P5.0922
1.20 7.8878% 24,9039
140 8,92R3 24,4688
1.60 Q,9497 24,0403
1.80 10,9954 23.7055
2.0n 11.9481 2%.4200
Pe20 12,9299 23.1780
2eHp 13,9023 229700
2460 14,86A7 2?.7Rq}
2+80 15,8240 PP.6302
3.00 16,7751 22,4893
3.20 17.7207 22 .3631
3.40 18,6612 2242503
360 19,5973 22,1400
3.80 20,5293 22.0551
4.00 21,4576 21,9701
420 22,3825 21 .R9p2
4.4p 23,3043 »21.8205%
4,60 2h,2231 21,7542
4480 25,1393 21.6928
5«00 26,0531 21,6357
520 26,9645 21 .5824
Sel4 27.8737 21.5326
5.60 28,7810 21.4860
5:8n 29.6863 21,4422
6400 3n,5899 21,4010
620 31,4918 21.3621
640 32.3921 21,3254
66 33,2909 21,2907
680 34,1883 ?1.2579
7.00 35,0844 21.2267
T.20 35,9791 21,1970
7-“0 M 36.8727 ?1.1698
T+60 37,7651 Pl.it19
T.80 AB,.6564 rl.1163
B.00 39,5467 21,0914
R.20 40,4359 2l.0684
BaX0 41,3242 21.0460
8.60 42,2116 21.02u46
B+80 43,0981 21.00640
q9,0n 43,9837 20.9843
G20 44 ,R6RS 2N.9653
A4 45,7526 20,9471
G460 46,6359 20,9295
9.80 47,5185 20,9126
10.00 48,4003 20,8964

0 =
RAD

+ 3000
1.8471
3.1045
4,unau
BeR52%
66495
TeTL3T
B.75%4
9.7739

10,7782
11.7710
12.752%
13.724%
14.68R83
15.645%
16,5962
17.5415
18.481A
19.4177
20.3449%
21.2776
22.2000
23.1240
28.0427
24.958R
25.8725
26.7838
27.6920
28.r001
29.5054
30.u0R0
31.32107
32.2109
33.10097
3h.0070
34.9030
35.7977
36,6912
37.5836
38.4T4R
32.3651
40,2543
41.1425%
42.0°798
42,0163
43.8019
44 6867
45,5707
H644540
87,3365
48,2184

«3 AU

VEL

70,4510
36,8857
30,9096
20,3263
26 ,A24D
25,8230
25,1000
20,5498
Ph,1149
2%, 7614
PR U6TT
23,2192
2%.0061
22,8209
27 .65y
22.5146
?2,.3063
Po2,271%
27.1609
POLNTEY
21,9860
21.9nh09
21,8341
21,7850
21.7045
21.6466
21.5027
21,5423
21,4050
21.u507
21.4090
21,3697
21.3327
21,2976
21 .2p08
?1.2379
21,2029
21,1744
21,1473
21.1214
?1.0967
21.07%1
21,0508
21,0289
21,0081
20,98R2
20,95M
2n.950A8
20,933
20,9161
248997

n=
LAn

L5000
1. 7508
R N2
44,2739
S.h100
f,5024
T 5R36
R,ENNG
Q9,h196

1nN.p2%1
t1.6141
12,5040
1%,5A56
14,5289
15,4857
16,4356
17.3r08
1A, 3203
10,7854
Pl.teT™
21,1151
P2.NR0R
27 .9A09
23,A704
ou,795p
P5.TNR7
P6.6108
P7.5788
P2R.UIRT
29,3un9
3o, Puy>
31.1854
B2 NUA0
X2.0446
13 _RalA
R, TRTT
A8 6703
RALRP57
37,4180
A, AN0D
39,1993
un,nARYy
4n.,9766
41.R63R
42,7502
43.675AR
ui 5205
45,4004
L6.2876
47,1701
4A,0510

«5 Al

VFL

6Pe8372
TT+5P6H
%1 2R572
PR.S5RNG
oA .0ANT
25.9%04
PRL.1000
246229
241752
PR.A1 2
2T.R110
PR« 25ARRA
2R.0280
22 . 8490
2.0
22.5%74
20,4072
22.70n
2P.104%
2P aNRAR2
22.0006
21.8200
21 .R866
21,7784
21.+7T153%
21,6567
21.6N21
21,5511
21,5038
Pt 4RAH
214168
21+3768
21.3%9%
21.3030
21.2704
21.27%8%
21.2n8%
21.1798
211522
211761
”1.101?
21.077H
21.0547
21.0%2a
210120
2N.9919
2N, 9727
PN 95842
2N O%6L
20,9192
20,9027

N = 1.0 aU

RAD VFL

t. 0000 LAk APRG

1,761 X7,5140
2.,9177 A1, TR0A
4.047? ?Hcoﬂﬂ‘
5,1507 27 .2TUnN
6.2%00 2R \RTT7
T.57TTu 5%, %733

R.3039 DL, TP
Q,31u% 25, AN0N
tn. 3112 23,91R8n
11.7967 ARLANPY
12,270% FATRATY
1%.2%500 s%,10R48
14,1900 20,0117
15,1538 PP.7R0Y
1R, 1N 22 ,5RTR
17.n4320 PO UKD
17.9R1n 22,3210
18,0185 20,2216
19,45y 22,1225
20,7718 20.NA2D
21.69u4q 21,9405
22.615n0 21.A7RR
23,570y 21.,An%4
20.,447%  21,73RA
25,3897 51 .67RA
26,2700 21.6027
27.17R1 £1.57NY
2R, NARLY 215218
28 ,0R87 ?3.4757
20,8914 21.47%76
an,7a95 21 024
31,6020 21,3838
12, 800N 213176
I3 HAR7 21 .2
34 ,%ADY 21.251n
TELPTHD 21,2000
%6, 160D 21.1909
17,0610 21.16%0
27,9514 2141%R
IR RUTS 21.1111
39,7303 51.0RAD
40.63RY 21.0A37
441,.50%p at.NL1H
4p, 3910 25,0003
41, 2Th3 at.00N0
44,1607 20 R0Y
BS,AkLL 20.9616
35,0273 20 ,947%
uhk,a005 o)« Q262
47.691n 209094

DATF 033077

0 = 2.n AN

rAn VFy
2.00nn  35,ATAH
?,.,Mpa LU/ ELLTY
3,188 A1.1277
g,N5qn oA, OuRS
5,318 P74r1A
6.02%9 PHIENR
70192 2%, 586
7.99A1 2l 9RA6
A,978% 24,4071
0,0878 o4 .Anm
10,9107 2,700
11.R7pR 2% 4007
12.R278 23,9094
13.7710 p2.nnpk
14,7134 2O LAYRY
15,0510 PoLAETL
16,5Ran0 29.5161
17.5164 22,3008
1R NI 22,9755
19,3672 PO LTEY
2n,2RA1 P2 NTAT
21,202 a1 .00004
22.,121R 21.91%6
23.035n 21 A9
23,980 oy, TYT
24 ,85uR Pl1.7118
P5.7617 21,6530
26 . H56R Ple.5004
27,571 21.5009
28,4718 2te5N15
20,3710 24 4T
AL TR By 0187
31,1678 21.%7549
20,630 29,.%3A6
30,950 FA LR
FZLAGn P1,2700
34, 7HYR 21423873
165, AT8A P1,2nA°
ThSPE] 21,1706
37.418n 21,1823
AR, AN 21,1267,
39,194 2t.101%
nn,n77re 210777
46,962R 21, 085N
41,7876 21.013%
42,7316  2l.0104
4=,.615n0 an. 9054
ui 4978 20,0732
u5,%7ay 2. 0847
06,2607 2N+ 9369
47,112 2N1.9198

PARF 2]
02 ReD MY
nan Ve
g,200N0 27 ,228N
6,087 27,0104
5 8757 oh,,7T0ONR
6.NN0O> PAELRETT
6563 L. LY 11
7,008y aR,f103
T.0100 2,901y
AJATSL o8 4SARD
G . 16A% 20, 2TAA
1n. 24822 2T, nnAY
11.,11AN PR AER]
t1,0R™N PR 1A
15,8200 2R, IR
1%,ARUY 23,0140%
14,8511 22,087
e, 0201 DD G ROTG
16.,2NRD 5%, B840
17.1AL4 27,lx22
LR.NARA p2,%an7
1R, 0470 oM, an
1a,a%1 a%,12%g
2n,7tun 25 ,ARTR
21,8000 21 ,00TR
20 ,8A%Y ot,pant
2%, RN 21 A1 RA
24,9516 21,7853
26,155y 21 .AN3AN
260101 21,4277
26.0N7% 21,5059
PT.7R%4 P1,.527%
PR ,ARRD 21,0016
20 5808 24 JARPAR
TN AL 24, UnAN
I1LRRT DV RAOG
Ip 1007 DY, AR
3, N7TED 21 ,5nAQ
R, 0850 o 2RA2
iy A%8A DY ,2UA%D
s ,71%0 21,?ns7
15 59%A 21,1775
F7.470R 21,1807
i, AL P1.1280
Tq,22ka o,1nng
4n, 1028 21.n771
4p, 070> AR LT
44  REEY FARLI L L
40 7300 Pl.nt2h
43 ,A0RY ah a2
4y AL 2N NTRN
Lx 256N an,ORED
46,220 20,0175

0/-LL



€6

PRW==*

V-INFINITY =

T - YRS

10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00
18.00
19.00
20.00
21.00
22.00
23.00
24.0n
2%.00
26,00
27.00
28.00
29.00
30.00
31.00
3200
3300
34,00
35.0n
36.00
37«00
38.0n
39.00
4000
41.00
42.00
43.00
44400
45400
46.00
47,00
48.00
459,00
50,00
51.00
52.00
53.00
S54.00
5%.00
56.00
57.00
58.00n
5%.0n
60.00

20.0 KM/S
Q@ = +1 AU
RAD VEL

48.4003 20.8964
52,8001 Ph.B231
57.1857 P0,7612
61,5593 20.7080
6% ,9224 2h.6619
70,2765 20,6215
T4 .6226 20.5858
78.9616 20,5541
83,292 20,5256
87.6212 an,5000
91,9431 20.4768
96,2603 20.4556
100,5732 20.4363
104,8823 20,4185
109,1877 PO.4N22
113,4899 PN,3AR7Y
117.7489 20,3731
122.,0R52 P0.3560%
126,3788 20,3480
130,6699 20 33A6
134,9587 20,3260
130,2u484h 20.31861
143,5300 2N.3067
147,8127 20,2973
152,0936 ?0e2895
156,3728 2n.2R17
160,6503 20,2742
164 ,9264 P02672
169,2010 PN 2608
1734742 20,2541
177. 7461 20,2480
182,0168 20,2422
186,2863 20.2367
190,5546 20.2314
134,219 20,2264
199,0881 20,2216
203,3533 20,2169
207,617 20,2125
211.8809 20.2083
216,1434 20.2042
220.4050 2h.20n2
22u,6658 #N.19A5
2728,9258 20,1928
233,1851 20,1807
237,4436 20,1859
241.7015 20.1827
245,9587 PN, 1795
250,21%2 20,1765
254 ,4711 20,1736
258,7264 20,1707

262,9811

20,1680

e =
RAD

48,2184
52+6180
57.0035
61,3770
65,7400
T0e 0940
T4 4400
78,7790
B3.1116
BT.4386
91,7604
96,0775
100,.%904
io4.6994
109.004R
113,3070
117.6060
121,9022
1264195A8
130.48AR9
134,7757
139.0623
143.3469
147.6296
151.9105
156.1R97
160.,4673
164.,7433
169,6179
173,2911
177.5630
181.R337
186.10%11
190,3714
194,63487
1a8,an49
203.170t
207.4347%
211.6977
215,960}
220,221R8
224.4826
228,7426
233.0010
237.26048
241.518%
2u45.7754
250,0319
254,2878
258.5431
2627978

«3 AU
VEL

21,8997
20.8p59
20,7636
20,7101
20,6637
20,6231
2n,5372
20,5853
20,5268
2n,501n
20.4777
2N U568
20,4371
PN 4193
2n,4n”9
2n,3a77
20,3737
2n.3406
20.3485
2n,3371
N, 3264
20.3168
PMe 3071
2n,20R72
2N,2899
2N.2820
2N, 274%
20,2675
20.2607
Pn.2543
PN 24AY
2N.247%
20,2369
21.2317
2N 2266
sn,221R
sn.21T
2N,2127
2n,2n84
20.2n43
20.2004
20,1966
Pn.1030
20.1a9%9
?h.1R61
2n.1a828
20,1797
2n. 17606
20,1737
2n,1708
2n.16R1

Q=
RAN

4n,n519
B2,4513
56.R366
61,2098
65,572R
69,9266
74,2725
TR.61173%
A?,043%0
A7.27Tn7
91 .592%
as5,909%
100.2224
1ny ,5313%
10R,.A367
11%,1387
117.4379
121,739
126,.,0278
13n,318%
134,A073
13A,80%0
tu=,1785
147,411
18y, 7420
156,0211
16n,P987
16U 57UT
16R,R402
173,1°24
177,943
1a1,ARYT
1RG5, 0344
1a9n,.,2027
104 4609
19p,7361
203,nn1%
207.265%
?11,57R9
215,791%
f20.N520
Poy 3137
P28,5737
272 ,RRIN
2X7T.N918
241 ,349%
U5 ,.6065
24A,R30
?54,1189
PER,,ITL2
262 ,67RR

«5 AU

VEL

20.9027
20.8285
2. 7654
07120
PR« 65U
2N+ 6246
2N«5AARA
2025585
20.%2T7H
205020
204786
204877
POLURTR
204100
204035
2Me ZRATY
PN« 747
2N %611
2N« JYRQ
2012 3378
20 A2A9
20+ T1HR
213074
PN« PORA
Afe200P
PN« 2APX
2N« 274HR
2N 26TT
2NePAI0
P025446
PN PUAR
PNPU27
PMe 2372
Pl 2%10
2N 22AR
PN 22P1N
2Ne217
20.2120
N 2NRAK
20, 2NH%7
Pl 2006
Phe106A8
Phe1031
20 . 1RG4
2Nt ARY
Phe1820
PNe179A8
2he 1767
P01 7R
20,1700
?he.16A2

Q = 1,0 AU
RAD VEL
67,6910 20,9094
52.0R9% 2n.B342
56,4736 50.77106
60,8460 20.7162
65.2082 20 .6/9N0
69,5614 20,6078
73,9068 an.5914
7R, PUSY 2,559
A% &TTp 20.5301
a6,09037 an.5nl1
91,22751 sn.4ANS
05,5418 N, U830
Q9. A5y sn.430Y
1no4,163n o0 H01H
InA, u46AD asn.lnkn
112.770n 2N 3RO5
117.0RA8R LT P Al
121,3640 on . 3HPP
1725.65R1 on, W99
120,0400 ON 3G
134,2%76 2ne3277
L L | 20.3177
1yp ANRS 20, ANAp
147,.0910 PNePAD3
151.%717 nN.PoNG
155,650R 2N PREN
159,928 SMNePTRS
164 ,2041 2042683
168,847RE PNLPHLA
172, 7517 2n,2551
177,0273%  2N.2u90
181,290 2n.24%
185, 56%4 2N 2776
19,8316 5N, 2323
194 ,nSA7 2042972
198, 36l LY S-L1-1 0
2n2,6%00 PN.P177
2n6 . A9UD 2Ne2133
P11.1%74 oN. 209N
215,4198 2N.P049
219,6R1Y4 20.70NN9
223,9421 on.197¢
228,202n0 20.103Y
PAP 461 20,1899
215,7197 20, 18RS
24,9778 PNe1R™2
245,27346 P« 1N
249,491 =2N.1770
753, TU69 20 1740
25R,.,0022 ohet712
PRP,PR6A 2N, 16RL

DATE o%3077

Q = 2.0 AV
rAD VEL

47,1412 20,9198

51,5352 20,8429

56,0189 2n.77A1

60.788% 20,7227

64 ,.644R  PR.6TUB

68,9957 50,6329

13,3301 20,5059

77,6754 2n.5631

82,0061 PSSR

A6, 3311 PN.5NT7Y

an,hS51p 2N, 4915

o, 9667 204617

99.2Ta> 2AL4819
tn3.5R5Q 20,4237
‘1n7.R%9n1 20,4070
117,1911 Pn.3015
116.LRa1 203777
120,784 2n. %639
125.,n77n SN.I515
129,7%67% 2n380n
138,6568%  on,%2a%
127 ,.,Q442 2n,%1an
142,225 2n,.30as
146.5071 an.3nn%
15n,7R74 2N.2020
185,06AN 2n.2R40
150,34%n PN 2TRS
163.,618%  2n.pROY
167,R994 PNL2PEPS
172.168% 20,2840
176.,4%aR 20 ,>HOR
18n0,707n o0.2u40
1Ay ,97q1 Pt PRAL
1R9,244n 20 PRRN
103,.51qp0 L - L ]
197,777 20,2930
202,049/ PR.PIRT
206, 3058 FLPELRL:
210,568  PN.PN9H
214,837 20,2054
210,092 PR.20tl
223,352  2N.1076
207.610% 20,1039
PR1.RTI sh.1ont
236,1297 20,1870
240,.387% 20,1237
Py, 64> Pn.1205
2UR,90058 21774
253,1540 PN 1TUS
PETLH1I1T PR.ETIR
261.6657  PN.1AAR

PAGF 10
0= 5,2 A0
-1.1p] VFL

g, 228 on.onTs
Rh.59M) SN ARAYX
54 ,950% on,Ta g
59,2987  sn,Ta4G
63,AUND FOLL Ay
67,078 a0 A0
To . ®N0C 50,4003
76,6292 SN, KTNT
AN, AT N JSunG
AR, 26%a 2NL,S1 %6
RAq R7RY phanad
93,825 2h G URTA
g, 1AA7  PNLUURRA
102, 4RTT  20,"12A8D
11g,7R8? oM b1 2
11,0810 20, XORY
115,272 2N ,=anA
110,6RY oh,RRTS
123%,0952°> on,IeRT
178,23R% oy RLRN
1%2,609%  20,%E0
1354 ,.,R0UR  20,%116
144 ,nAu0 2N, M1 2
145,%676 PALIN2A
49,400 20,2003
1S5, 0145 ELRT-L1)
1'58,1907  2n,27a5
160 8676 PRLOTND
165,732 20 PRUT
174 ,n05A 2N D877
175,274R L1 )
{70,5420 2N, 2455
1A, ANGD FL-E T
188,n7Ra BN LOTUG
199 3400 227207
19¢ . A0ORN an o544
20n,RRA> 2N ,21060
20, 17305 on,2151
ahag, o110 20,2107
P13, AR2R 2N NnRK
217,0175 20,2028
P2, 1TR Ph,10R7
PG HTIM oh,ta4q
230 ,AATH FUPR L
2%y ,044R 2N, 1079
239,201% . 1RUB
aus, us"Tn ELIS AL
o477, 7192 an,17A%
251 .,0hAR 2N 17RY
?2%6.?220N0 PN 173y
P60, 47U 20, 1/06

02-£L



%6

PRW**

V=INFINITY =

T - YRS

«00
«20
40
+60
«80
1.00
1.20
1e4n
1.60
1.8n
2«00
2.20
2:40
2460
2+80
3+00
3s20
ol
3.60
380
4.00
420
4.40
4.60
4.80
540N
5.20
540
SeB0
S5+80
6.00
620
Geli0
660
6.80
Te0D
Te20
T.40
T.60
7«80
8.00
A.20
8.40
A.60
8.80
a,00
9.20
.40
9:60
9.80
10.00

20.0 KM/S
= W1 Ay
RAD VEL
1000 136,5378
2.1796 4l.40n7
3.8036 36,9657
Se3147 15.1760
6,7699 34,0893
A,1909 IN.41RA
2,5RRA 12,9309
10,9694 32,5884
12,3372 32.3081
13,6947 12 .08A7
15,0439 31.9052
16.3862 31.7534
17,7226 11 .6246
19,0541 1) .513A
20,7813 34170
21.7047 31.3328
23,0247 31.2579
24,3418 31,1912
25,6563 31,1313
26,9684 31.0772
28,2783 31.097R1
29,5863 30.9834
in,A924 IN.9424
32,1970 an.onug
33,5000 an.a7ni
34,8016 aAN.8340
16,1019 30,8082
17.4010 0. 7807
38,6990 30,756
39,9959 IN.7TING
41,2919 13.7078
42,5869 A0 HAK5
43,R811 1N .6665
s, 1744 10,6076
46,4670 2N . 6298
47,7589 3N,.6129
49,0500 IN.59/9
50,3405 20.5818
51,6304 30.567u
52,9197 AN 5537
54,2084 AN5U06
55,4966 3n,52A2
56,7843 30,5163
58,0715 30,5050
59,3583 AN.4041
60,6446 304837
61,9304 30,4737
63,2159 AIN4642
64,5009 30,4550
65,7856 3044462
67.0699 30,4377

Q=
RAD

« 300N
2.0477
3.6566
5.1620
hahAll2
B.03%%
9. 0797

1N.RQ0n
12.176%
13.5334
14.RA29
16.2240
17.5601
1R.8017%
20,2140
21,5414
228612
28.1782
25.4925%
26.R044
28.1142
29,4221
Ine7281
320326
3343355
U670
35.0373
37.236%
38.534p
39.8311
4l.127n
42.0422n
43.7161
45,0094
46.3019
47,5937
4A.ARYA
50.1753%
514652
S52. 7544
St.nuxt
553351 %
56.6190
57.0051
59,1928
60,0704
6l.7640
63.0504
64+ 3354
65.6200
66,2043

+ 3 Ay

VFL

82,5481
42,0293
37.218p
35,263
I ,1797
TR 4707
12,9872
x2,6217
32.3%75
32,1108
31.9252
31.7704
31,6392
31,5265
31 U2RA
31.34°7
%1.26HP8
3,109
31.1384
31.08%
T1.0380
30 . 90R8
AN, 0074
an,enoy
IN.BTUT
In,8410
Tn,Ajta
3n,7a39
30,7578
3N, 7334
in.7106
IN.6R92
3N.H67D
3N6R00
3N.6370
IN,6150
AN ,59R9
In,5a%7
AN5692
31,5554
3IN.5423
AN ,.5298
30.517R
30.5064L
An.4055
XN 4a50
AN LLTS0
30. 4654
3n.u562
30,447%
30.4388

Q=
rAD

5000
1.,9734
ARE21
S« 0URT
heUQPR
7.0070
2.,3n17

1N,ATOT
1P2,Nys%
15,4010
14.74R8
1A.NR0D
174254
1A,7560
2n,Nans
214082
P2.,7o47
2440417
25,3854
26.RATN
27.9766
29,.2a42
M. 5901
21.R04%
33,1971
24,4085
AR TORK
370075
AR, 305
3q,6920
4n,9r7R
Up,2r27
43,5767
4y ,ARpOQ
UR,1APY
4T u541
hR,7u51
AN, NIEH
51.378%
62,6145
S%,n31
f5.1013
SA.47R9
S7. 7660
ta,nR2h
60,%38R
61.6246
62,9100
64,1950
65,4796
66,7639

+5 AU

VFL

666072
42.415F
37.4n90
AR+ 3T77Q
Ay, 2531
RETL L1
2R N2RN
AP h51T
T2 3R20
X2.11700
1 .0021
®1.7R48
11 .HAF1R
15277
®1U43EAN
T1.3%11
R .274D
X1.2n5a
xY L1040
1 .N1RAY
1 NN
AN . Q03X
ANORLIA
ENaGTIR
AN.ATTCQ
ANAUST
AN, A1 HN
AN TRHEA
A TROR
AN« 7360
TNT1I0
NHO1H
IN.6711
AN« H6H520
RN« HZI0
AN+616A
AN«ANNA
AN+ SAGBY
TNKTNT
N+ K5/
INL5437
TNL.5311
AN+5%191
AN H0TH
N 4066
RUFLLI:
I0.4THL
N LHAR6L
IN.uR72
304483
x0.4297

0 =
BAD

1,000n0

1.9%65
3, 43400
yatan
h,P0A8
7.607%
q,n7a7
tn.uua3
11.8085
13,150
14,5030
18,2407
17,173
1A,5014
19.A2%a
21,1469
22, 1AYT
a7, TTO0
25,0927
26 UNED
27,7117
2Q.01RL
N.32%0
11,760
2P.97R0
x4 ,2706
%5, 6001
ThHAPTY
2R/, 1246
30 U200
un,71A2
42.n107
43,3043
B4, 85971
45, 8RA2
47,1808
4R, 4Ty
49,7613
51,0508
52,3307
RE.APRY
S4.,916n
SHPNTR
57,4902
58,7766
60,0626
61,.30R2
62.63%
63,9182
65.2026
66,4867

1.0 aU

VF1,

E1+7132
up,345n
17 AR
15,5479
1Y T1TRA
=%,6210
13,0070
%2, TNTT?
32.U07TH
2. 1/RR
=4, QTN
11 .R17n
2 .ATEY
21 +.58TA
%t JURAD
1372
1. 2R75
1 +PTRA
T1 4 185ARD
%1 ,ANQQ
={.Nitan
x| .NNP2R
TN, ARG
*N,02N9
XN ARRN
AMLASTAR
N A1
0 ,7005
20, THRQ
N, 7410
AN, 7177
Rite HARA
2N.ATRT
N LAERG
N.H%37H
TN LHANT
TN 6ALD
N, RARG
5738
N BROA
N S4AL
ENRXAT
*NLR21AH
NL.510N
N, 400N
An.4RRYy
INLJUTRE
XN URAS
204K
AN,450%
NLL%1S

DATE pAR3NYY

O = 2.0 AU
nAD VEY
a,nNpn o, 27yh
2,521% un.Nu&A
3,670 7L HATD
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A.P317 L4107
75701 T . 6905
B.%1nn 1R,1500Q
10,7400 x0,7662
11,5854 32,4827
12,9179 2p,9n79
ta,PUl7  42,ANAL
15,5720 A1 .Anon
16,R%> 11 .70
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&sn.ARGO XN 577A
51.9774 N (8aTE
54,7652 10,5501
54,5501 15273
55,8306 1N.5260
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Gé

PR =%
V=INFINITY = 30.0 KM/S
@ = +1 AY
T = YRS RAD VEL
10.00 67,0699 30,4377
11.0n0 73,4865 in, 3997
12.00 79,8957 30.3679
13.00 A6 ,298AR 30.3407
14.00 92,6965 L3173
15.00 9%,0897 30,2970
16.00 105,4788 30,2791
17.00 111 .8644 X0,2A32
18.00 118,246R 30,2490
19.00 124 6264 30.2363
20.00 131,0035 30,2249
21.00 137.3783 30.2145
22.00 t43,7510 N.20R0
23.00 15n,1218 20,1963
24400 156,490R 30,1884
25.00 162 ,A582 IMN.1A10
26400 169,2241 N 1742
27400 175,5887 10,1679
2R.00 181,9519 AN 1621
29.00 188,3140 3041566
30.00 194,6750 30,1515
31.00 201,0349 AN, 1467
33.00 ?13,7518 3N, 13A0
34.00 220,1090 30,1340
35.00 226 ,4654 0. 1303
36.00 232,R209 N, 1267
37.00 239,1758 30,1234
3R.00 245 ,5300 30.1202
39,00 251,08835 INL1172
40.00 258,2364 N 1143
41.00 P64 ,5886 30.1116
42,00 270,9404 an,1089
43.00 2?7.2916 30,1065
44.00 pa3 6422 G101
45,00 289,9924 IN.1018
#6+00 296,3422 30,099
47.00 302,6916 10,0975
YB.00 309,040% A}, 0985
H9.00 315,73487 10.0936
50400 X21,7367 N.09148
S51.00 3as, 0844 20,0900
52.00 34,4317 %0, 0AA3
53.00 340n,7786 A« 0BAE
54,00 w7,1252 N.0881
55.00 A53, 4714 3040835
56400 359,817y 30,0821
57.00 366,1630 30,0807
58.00 37125084 . 0793
53,00 37h,B534 30,0780
60.00 385,1982 30.0767

0=
RAD

66,9043
73,3208
79,7300
86,1329
92.5306
98,9237
105.3128
111.6984
11,0808
12844604
13N,8374
137.2122
143 .5848
149,958/
156.3246A
1626920
19,0579
175.4224
181.7857
188.1477
ta4,80R7
200,684
207.2275
213,5A%8
219.,0u27
226,.299N
232.6546
239,000
245.3630
251.7171
28B.0700
264.4223
270,7740
277.125p
283.475R
289,8260
P96,.,1757
302.5250
308.873R
215.222%
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PRW*¥

V=INFINITY =

T - YRS

«0n
«20
40
«60
«80
1.00
1.20
1.4n
1.60
1.80
2+00
2420
2.4n
2.60
2.80
3.00
3.20
Jelt)
3.60
3.80
4400
4.20
Boblyy
4.60
4.80
5.00
S+20
St
Se60
5.80
6400
6420
640
660
6480
7.00
720
T840
T+60
T80
B«00
Re20
Bebp
B.60
8.80
G.00
9«20
Q.40
9.60
9.80
10.00

40.0 KM/S
0= 1 Ay
RAD VEL
L1000 139,0775
2,4236 4R, 2917
4,3647 44,7940
6.7188 4%,4201
86,0316 42.6721
9,A2n01 42,1981
11,5922 41.8695
13,3527 41.6278
15,1045 4t,4u23
16,8493 4].2953
18,5886 41,1758
20,3234 81.0768
22 . NRUY 40,9933
23,7822 40.9219
25,5072 40.8602
27,2298 unt 8064
28.Q502 un, 7589
30 ,h6AA 40,7167
32,38%8 40,6790
34,1012 4n.6452
35,8157 anhetes
37,5281 U587
39,23°8 40,5613
40,9506 1 .5380
42,6603 4N.5t6%5
44,3692 un.49A8
46,0774 4D47A5
47,7847 u0.4615
4o, 4914 0 4456
51.1975  40.4309
52,9029 50,4171
54 ,ANT7A nh.anyy
56,3121 40,3919
58,0160 40 .3R05
59,7194 40,3697
61,4223 4n, 3595
63,1240 an,3sos
64,8270 un.3407
66,5283 un,.3320
68,2302 003237
69,9312 40,3159
T1.6320 40,3084
73,3324 40,3013
75,0326 40,2045
76,7324 4042880
Ta,4320 60,2818
80,1314 40,2758
61,8305 4n.2701
83,5293 40,26u6
85,2279 40,2594
86,9264 40,2543

0=
RAD

3000
2430580
4,.2320
6.n821
7.0925
9,679%

11.4504
13.72101
14,0612
16,7056
18.44145
20.1790
21.9097
23.6%72
25.3620
27.n845
28.R04A
30.52%7
322800
33,0854
35.6693%
37.3821
39,0937
4. A0u0
42.5141
Lt .2230
45.9310
47.638%
49,3450
51.0510
527564
54,4612
5641655
57.R60%
§59.5727
61.275
62,9781
6l .6R02
66.7819
68.nA7%
69.7844
T1.4851
73.185%
T4.8856
76.5858
78.2850
T79.98440
8l.6834
83,3823
85.0809
86,7793

5 Al

VFL

A6, ARLY
48,6799
Ly, 9150
43,46%9
42,7177
42,2292
41,8921
1,645t
B1.4%59
41,3003
41,1849
41,004
40,999y
u4n,9p75
40,8651
4n,8106
40,7627
gn,72n)
in,6A871
4n.6u79
un,h17n
un,s5a8R09
Bn,56%3
4n,.5499
4n,5183
un,4a8y
un.4/00
4n,462a
un. 4470
4n. 4321
un,u1R2
an. 4052
4n,3a°a
un,3aly
4n 3706
4n. 3503
4n, 350Nk
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40.3327
un,3z44
4N.3166
4n.3091
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81,2951
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4n.2/2%
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4n,270m
4n,2651
40.2598
4n.2548

n =
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57,7549
B9 48A2
61.1611
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69,696
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AG,66u42

«5 AU

VFL
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45,0121
83,507
42.7%816
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41.3147
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4n.722R
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STV TYNIDINO

PRY**

V=INFINITY = 40.0 KM/S

T - YRS

10+00
11.00
12.00
13.00
14.0n
15.00
16.00
17.00
18.00
19.00
20.00
21.00
2200
23.00
2400
25.00
2600
27.00
28.00
29.0n
30.00
1,00
32.00
33.00
34.00
35.00
36400
37400
38.00
39.00
40400
41.00
42.00
435,00
44.00
45.00
46.00
47400
48.00
49.00
50.00
51.00
S52.00
53.00
S&.00
55.00
56+00
57.00
58.0n0
S59.00
60.00

Q=
RAD

86,9264
95,4155
103%,9003
112,3814
120,8593
129,3346
137.8075
146,2784
1564, 7474
163,2147
171,6806
180,1451
1688,6084
1970706
205,531R
213,9920
222,514
230.9100
239,36758
247,R250
?56,2815
264,7374
273,192R
281,6476
290,1019
298,5558
307,0092
5154622
323,9148
132,3670
340,A189
349,2704
557,7216
¥66,1725
3Tu,6231
83,0734
391,5234
%99,9732
4084228
416.8721
425,3212
453,7700
442,2187
450.6671
459,1154
467,5635
476,0114
484 4591
492,9066
501,3540
509,8012

+1

aAu
VEL

40.2543
4n.2318
40.2129
40,1969
40,1831
§0,.1711
40,1606
40,1513
40,1431
40,1357
40,1290
4n,1229
anga1174
yn.1124
40,1078
HN,1035
40,0996
40,0959
10,0925
40,0894
40.0864
40,0837
40,0811
4N.07A7
un.0764
40,0742
40.0722
40.07n2
40,0684
40,0667
40.065%0
4N,p0634
400620
40,0605
49.0%592
41,0579
4N, 0566
40,0554
4n,0543
40,0532
40,0521
40,0511
40,0501
an.ou92
40,0483
40,047y
40.0866
40.0458
4N,04%0
4n.ouy2
40,0u35

Q=
RAD

BG&. 7793
95,2684
1n3. 753
112,234
120.7121
129,1873
137,6602
146,1310
154,6000
163,067
171,533
179.9976
18R.4609
196,0231
205, 3843
213, 8445
222,3039
230,7624
239,220%
247.6774
256.1339
264 .5894
273.0457
281.5000
289.9%43
298,4087
306,A6146
315.35146
323.7671
332.2194
340.6T712
349,1227
357.5734
366.N24A4
3740754
382,9257
391,375R
399.8256
40R.2751
416,7244
425,173%
433,622%
442,0710
450,5194
458,9677
467,41%5R
475,R636
4AL.3114
492,75R49
S01,206%
S509.6535

«3 AU
VEL

40,2548
40,2321
4n.2132
40,107t
4n,18%3
4n, 1713
4n,16NB
40,1515
an, 1432
40,135A
4n.129
40.1270
40,1175
40,1125
4n,1n7n
4n, 1036
40,099
40,0060
40,0076
u0,08%4
40 .0R65
40,0837
un,0pl}
4n,. 0787
4n,07R4
4n,.0743
4n,0727
4n,07T0N3
40,0684
40,0667
80,0650
40,0675
40.0670
40,0608
un,0s92
40,0570
4n, 0566
4n,0554
UV LTS
4n, 0532
4n,0521
4n,.0511
40,0501
4n,.0492
40,0483
gn.0u7Ty
4n . 0466
un,.n45a
un,.o0us0
4gn,.0442
4n,0835

g =
RAD

Bh 662
95,1531
103,6377
112.11R86
120 ,5965
12a9,0717
137.544%
146,013
184 4842
1p2.9514
171.4173
179,A017
1AR, 3480
194,An74
M5, 2687
P13, 72R5
PPPLIATR
PINAUARY
230,1042
207.5613
PS6.N17A
2h4,4737
277.9249n
PR1,3R30
PRO,A341
209,7929
A6, 7454
%15,108%
2236500
®1p,1n31
2N B850
u9,0n65
AT HUR?T
365,0006
274 ,7501
*82.8094
391,7505
309,7093
H08.1%8A
L16,.6081
425,n872
4793,5060
bay o547
48n.4031
hWen A1y
467.7994
4I5,747%
4ry, 1080
4op 60425
A01.NR9G
Sn6,5171

«5 AU
VEL

B0 2551
4G.2%24
4n.2134
40.197%
401035
4n.171%
4n.1609
40n.1516
UNet33
4n.1359
4n.1262
BN.12%¢t
4N.1176
4n.112%
4n.tn7Q
4n.1n36
e Noa7
g0 «NQ60
L0026
Y4n«NA9S
4N« 0RARS
40.0A3A
4n.0a812
4n«n787
an. 0760
4n.07ux
4n«n722
4n.07n3%
UN.0RrB%
Un.0R67
4n.nhA5t
L0+ NA3R
4N« 0620
4n.0anNG
40.N89D
40 «n570
LY YA Y
4N «.n854
YN SO 3R
4p.n832
B0.N521
IN.0%11
4nN.N502
un.nL9>
4n.onuns
UfeDLTY
40 «NLA6
4n.085A8
40 «3450
Gn«nNuys
4Nn.0u3%5

Q=
RAD

A6, 4551
ol , 94 1%
103,427
111,.an82
t20,.3R6Y
128,8606
137.3%32
145,A037
154 ,2720
12,7205
171, 2052
179.6608
18,1326
1as.5947
05,0557
21%,9158
P21.9750
2AINL 4335
2%R.R912
47, 4A%
PR68,R8047
Pl PHOR
272. 7158
2Rt.1708
?R9.R24R
298,0N7TRs
Ing.5%19
314 ,904R8
323,477y
331 .08R06
RUT L5
I4A,. 7928
357.2440
JRB.694A
3741454
3an,59587
391,057
3g9g, 405
4n7,.94%49
416.3942
boy Al 3D
4%3,2921
4y1,7407
4sn,. RO
h5R,6773
LT, 085
475,5%%2
43,9009
hap 4284
5nND+A75A
509.3230

1.0 AV -
VEL

4002557
4§0n,.2%29
un.21%0
un.1977
4n.1338
un.1717
un.1612
4n.1518
ufe143%5
4n.1360
une129%
un. 1932
4n.1177
un.1127
4n.i0Rn
une.1037
4n.Na08
4n.NaRt
4n,0027
4n«N89%
un.nAMKe
U NRIR
4n.NA12
4n.N7RAR
un.nN7THS
un.nTUy
un.n7>%
5NLNTNT
Un.NHAS
4n.N6RA
nn.NR%51
un.NRIs
4neNARPH
ynN60N6
40 NRAD
4n,ns570
un.ns67
4N «N558
UneNHus
tn.ns32
Un.N&S22
un.Ns12
4neNsSnNg
une N2
nn.ﬂ““B
G .Ny7Ts
UnNihG
sn.nusA
Hn'nuqﬂ
4Nenyus
HnNL3s

Batt 033077

=2, Al
RAD v,
86,7018 4N« 256%
ot 6RRY 4N, 2A3%N
10%,.17n6 N 244
111,640R 4h.10R)
120,1247 Gn.t1ay?
12R, 600N 4n.1721
137, N71A 4N.1A615
145,541 yn.1521
154,n00n unstun?
162,875R 4N, 1%R%
170,94n9 4041295
17a. 4087 an.toxy
187,P67% Hfte 1179
19A,%2R9 4n.112R
204, TRAA 4n.ina2
717, P40 4n.1n%0
P21, 700> 40.0000
230, 1664 Ln.NOR?
23A,623A gn,.nasa
P57,.MAnkR gN.nnQ?
255,53R7 UN.NART
263,092% H0.AR%q
272,447 gn.nny’
2a80,°019 4N .N7RI
oga, %5an0 Un.nTHA
#a7,AlaR 4n.nTigl
06,7627 400704
494,715% 4nenTnG
x23,1670 40 .NRAR
%31,61a0 4Un+NRRAR
u0,N71R uN.NR52
A, 5200 anNa%h
55,9739 un,nrot
3I55,82746  UNLNANA
*7%,R751 4an.nsal
xp2, %280 40 ,NBAN
290, 7751 tin.naa?
99,2241 Bn.N58s
up7.67up LT Y
416,123u hn,053%
424,572%  40.n53?
u3x, N211 4n.ns1?
ki, 0h04 4n.nsn2
449,92179 un,nna%
n5a,3661 Ln.nnAl
466,814n 4N ,NLTS
475,261R an.nua6
yp3,7Nan un,nusy
ugp,1559 Un.nusn
Bnn.6042 4nenuy’
509,051% 4n.nass

PAGF "
N = 5,2 AMS
oAD VFy

A% a0 %> AN 35T

oy ST7TRa  un.ouny
102,047 an.?1%¢t
111,764 40,1007
119,7R47 gn.1au'7
128,251 4n . t7%6
136. 7167 4n.1/19
145,18n9 4N, 1825
153,.647%Q 4n.rub1
162,108 4h, 17486
170.5670 40,1208
1ra,n?T? 4A,12%7
187 . 4RRR GNa1101
195, ayRa 4n. 11N
20y 0% Gn.tnRY
12,8600 bn,1nut
274 ,T€n gn,1nny
290,77 4Nh. N0kl
2730, PR yn norhn
PUEK AR 4nannnn
PERL1%7A yn.nnAA
?63.“01% ffvanaly
272 .nl8n afhenniy
PRn,uany gn.nrap
SAR . O8NA un.nTR7
297,407y an.nrus
305 ,/RRY N7y
11y, 2067 §h,nING
22,7580 4h.nRA7
331 .2000 4n . nARRI
LR LIS LT
I4a 1100 LN T
ARG, BARNS 4N NRI2
65,0101 4n nANT
A7y 4507 4n,neoy
ELTIN.T 1} ah,nsAN
1Qqp ,WR0D QN NRARA
IR ANTD 4N GARRE
4n7 2559  ghenrHl
B15,7N0L 4N ,nex3
424 ,152A LN L
4%2  AMNa 4fi ARt 2
Lly  ABRD BN AENT
Lo, 8964 4fn.nnas
gh7.,044% HyhanyRL
4hn, 2017 4ne.nnrs
67y ,A%On 40 Ana7?
LEE P11 4nenys9
4oy, 73Ny gn.nus1
Sfin. 1AON LAY T ]
a08,6HPA7 fynenNui6

0L-LL
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PRWA®

V-INFINITY = S0.0 KM/S
0= «1 Al

T -« YRS RAD VEL
o0 L1000 142,.2764
220 2,709% 5h.1678
«40 5,N041 ElLU42RY
«60 7.2315 R2.+3961
«8n 9, u287% 51.8477
1.00 11,6073 51,8059
1.20 13,7746 sl1.2710
1.40 15,9336 51,1014
1.60 1A, 0860 60,9715
1.80 an,23ul ANA623
2.00 22,3786 S50.TREH
2.20 24,5197 s0.7184
280 26,6581 FN.6612
2460 28,7943 EN.6124
2+80 30,9287  s0.5704
3400 33.0614% SN,5338
3.20 35.1926 %1.5016
Xelinn 37.3226 aN,4731
3460 39,4514 50.4477
3.80 41,5793 AN, 4249
40N 43,7062 s0.4nN43
4420 45,8323 5 .3856
4.40 47,9577 503686
4450 50,0824 8043530
4,80 52,2064 €N, 33RT
S5«00 54,3209 50e 3255
B+20 56,4528 50.31%3
S0 58,5753 ENe3NPN
5.60 60,6973 &N,2915
5.80 62,188 5l.2816
600 64,9400 sh,2725
fhe20 67,0608 aMe 2639
680 69,1812 50.2558
6460 T1.3013 5. 24R2
6-80 73.“211 RN,.2411
T+00 75.5406 50.2343
Te20 77.6599 50.2279
Tl0 79,7788 50.2219
7460 a1,897% eN.21h2
7+80 ay,n16n €0.2107
8.00 86,1343 5N.2056
B.20 88,2523 50,2006
8B40 90,3702 5041959
B.60 92,4879 50.1915
B.80 94,6053 aN.,1A72
9.00 96,7226 50.183%
9«20 98,8397 s0.1792
9.40 100,9567 50.1754
960 103,0735 50.1718
9.8 105,1992 50.1684
10.00 107,3067 50,1651

6 =
RAD

« 3000
2.60u4R
L4.ARTC
Tel1171
a.%n6N0
11.u83%6
13.&50n
15.R0ANH

17.0607
20.108%
272527
24,393n
26.5317
28.A67%
30.8015
22.9340
3% NASE
37.3950
39.323R
41,8518
435784
45,7044
47.8297
49,954%
S5”7.N78%
54,2018
56.3247
SR.u471
605690
62.H°905%
64,8117
6£6.9321
69.052AR
Tl.1729
73.2927
75. 4122
77.5310
T9.650%
al.769n
83.8875
86.0057
8R8.123A0
90.P416
9243592
9L 4767
965940
98,7111
100.82480
102.9448
105.061%
107.1780

«3 AY

VEL

91 ,72A80
RAUnTT
51,5169
82,4357
S1.8716
51.%219
51.28%%
5t.11010
50,9749
SN.ATHT
fn,7all
5N, 7221
5n,6643
5n.6151
56,5777
&n,5159
&N ,503%
Rn,.4747
SN, 4y92
5N 4262
54058
50,3867
~50, 3696
5N, 3539
5. 3395
AN, 3267
RN.3140
50,3027
S ,2921
80,2822
50,2730
RN, 2644
AN .25H3
5M.24R87
5n.241%
&N .2347
5N.,2283
SN,2023
RN.2165
5n,2311
5N .2159
s0.2009
50,1962
sn.1017
50,1874
5M.1p33
5041794
SN, 1757
SN.1721
50.1686
50.1653

=
pan

<LRONN
2.585A
JLATTA
707133
9.2541
11.%00%
13.5A81
15.7213
17,8727
P, N196
22.1R20
24,3033
Phlite11
PR, BTARR
AN 7507
%2 RULIN
i, 973Q
27.10%4
3Q,2%20
41,%59R
43,0865
45,6124
47,7476
49,AR21
51.90A0
Su,1n94
SR2PD
GA, 3645
AN UT76N
H2.597R
64,7180
hh,R29H
68,9600
T1.0R00
TR, 1097
75.7101
77.4%83
T7A,5572
Rl .A7TR9
88X, 70473
R%,Q12%
AR, 0305
an,1uny
02,2659
94, 3A3L
96,5006
GA.H1TT
100,746
1n2,.,A510
104 .9680
107.0845

«5 Al

VF,

TTeT722
5h.5173
ER LT
R2«4/2N
&1 .Ap70
51 ..52310
[1.2010
Rl1.1161
50, 09a%1
ROLATAR
Sh.Toup
RN T7PUR
SN +HRE66
EN.H17)
Sn./7428
SNeR®7%
E0«BA4R
SN«47%9
Sn.45n2
SN. 427
Snelnplt
SN« X875
RN«370%
BN« 3546
R e 3N
SN«376A
SN+ 3148
RN« N%Y
BN . 2028
SN« 2APHA
gn.o7%0
SN« PRHT
SN 25606
511« 20910
SN.201R8
Bl 235N
BN« 22AH
RNe2228
SN+ 21HR
SNe211%
SN« 2001
SNe2011
AN. 1064
KN.1010
RN« 1RTA
R01R3%
50.1796
EN+175R
S50te1722
S0+1687
SN+« 1654

n = 1.0 AU
wan WL,

1.0000 AR+ 3T7TAR

PL.RARA RAUURT

4,7577 ®3.5006

6.,240R w4081

a.1147 4,910
11,2796  w1.5490
12,4173 PRI
15,5008 81,1254
17,7371 wn.000§
19.AAIN  =n.ARN0K
P ,N210 &n, 7001
o4, 16N BN T2
26,20/ En.ARTND
28,4707  sn.62N2
n,567y En.57?72
32.6947 50453947
3 LAPLT  E0,5NA9
36,9538 RnU77A
39,nR14 En.4RtY
4t,20Ay LU L
43,3345 Ene4N7A
45,4599  e€n,3pAR
47,5844 BN, X715
49, 7NR6 €0 e IERT7
51.R22¢ LUPRUSE |
5349551 Bne 3278
56407TH  EDe.MBL
"R,1908 R« 3NRQ
6N.3°11 ®N,.20%%
62 U2 EN.PR33
AU, 567 BN.270
6h AT Bn.2R5
ARLANZT  BO,2RTP
T0.92%5 524085
»% 0439 Th.2003
75,1623 L Pl
TT.PP13 BN.20M
79,4000 sN.22710
AL ,F1AK  En,2172
R3.6%FR f0.2117
RR,.7549 BN +2NA5
A7.8727  &n.Pnls
a9,0004 She106A
Q2,1079 Engt1023
qY 2272 s, 1n79
0h 3423 LTS LEL
QA ,n593 SNe179G
100.5761 &®N.1761
102.,6928 &B.1775
1ng.8093  ®0.1690

10649257

501657

DATE n™3077

R = 2.0 AH

PAN VE1,

2,0nnn 5a, {nan

3,701 £5.5004

4,931 sR.470

T.0018 B2, 4730

89,1140 51.99n1.
11,7422 S1.5501
13,X7Tu% fi.%004
15,50A% S51.171%
17,6410 fNl. 054
16,7740 RNl Ana®
21,9071 BN AN
a4,N3n0 850,727
?h.16AL SN ATER
PR, 2A7A 8N ,6271
An,u25n Rp.570n
%0,55%1  Sp,8601
iy ,A7an Sn.Span
16,088 En.470R
TALO3 N SN 4s%7
1 ,05884 Sn.4in%
4,179k Sn.4nop
45, 3N=9 Snenang
T BPAN BN, 1727
40,5408 Sfte A5AA
81 .A7Tn& BN,Bu0?
63,7921 BN %2R
AR,O14% LU N
RR, N3y En.¥nuA
6n,154A 5n.p0n1
6o ,2Tyn Sn.ant
4,797  Bn,274AR
RR.51U2 BN .PAAN
AR A3RG Sn.PR7A
70,7524 Bn.28n01
72,A710 50,2420
74 ,9Ra0 B0 P2AN
7. 100% BN 290K
79,2280 SN.2034
AT,y EN.2176
Al, 8600 EfN.2121
As. 57096 Rf.2nR9
A7T.6969 Sn,2019
Ag,Alg1 Sn.1072
01,9311  Rn.l1626
oy, 0tan SN.1RR7%
96. 1647 RN«tagy2
9n . 281% Sn.1a02
100,3577  Ro.i1768
102.514n0 SN.17PR
1N4.6302 %0.150%
106, 746"  50.1659

BAGE 15
n = K2 M)

-1.1;] vey
5.,200n 5R, 4000
R+HIAD LAPL L)
6.7A2N BRI RE1{
A,34N7 R2+Nn%A

Tn,.12n2 By ,Pa1y
12,020 £t .qe10
13,0800 51,0594
14.,NN2D 51 ,AnK7
1A, ni>x Rh,rreq
n.1011 sh,AI8N
25,1720 Bf,TNT9
24 ,0550% SN THRD
26,25 LU |
DA UTRNA BN A9N]
3N, 785 8N ,8777
L1 W A1/ SN, 5unk
A, 73T RN RNAR
he LN L1 Y Lk ]
In, o0 BN uas
49, nR7N Shlian3
4%, 1/AN RN hnoy
Y5 a7Rp BN, RONY
47,2864 B ¢ 7N
4o, 1078 €0, 257D
LTINS 1] L P ] e )
G%.7210 BN Rn0g
AR, ARG sN.T1ARA
57,0041 £, TN5Y
AN NSON Sh,200h
6D, 1721 LUPE-T.IT S
Al PARY 50,5755
AR, QR4 RN e DERS
AR, S15 BN, o5RT
TRAPRT?  RALOENG
T2 ,730% 5N ,30%Y
Ty . RSN 50 ,25105
76, ORAT LA PS-E 1]
Ta,nAN5 50,5010
a1 ,t04> Bh,2180
A3, %NAN 6N, 2195
A n2in |N.2n73
A7.%357 ef.2n2%
Ag,A40% BN 1078
aq ,76%% g5, 103N
93,877y Bh,1nRH
a5 .900n LU LY
AR, 104K RN 1ANS
100.019% 5N, 1IRT
112,392% LU Y|
10y . 04%n KMo 1/06
1N6.559 LIS LY

0L-LL
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aq

IVOD J00d
dIVE TYNID

ALY

81

PRW»* DATF 033077 PAGHE 16

V=INFINITY = 50.0 KM/S

Q= <1 AU @ = 3 AU 6= L5 AU Q@ 1.0 Al R = 2.0 Al N = K.2 AU
T - YRS RAD VEL RAD VEL RAD VEL PAD VFL RAD VEL RAD VL

10«00 107.3067 50,1651 $107.,178n0 EN.16%3 107.NARG5  BN1A%G 106.9757 SN, 16%7 106, TUET SN.1689 106,559 BN I8R2
11.00 117.8874 s0,1503  117,.7586 0. 1504 1176650 En.1%06 17,5058 Sp,160a 117,%240 En,i810  $17,1274 LU LI ]
12.00 128,4652 50,1379 128,3364 Bn,1381  17R,2427 K0.13A7 128.NA%t %ns13R%  127,90n0 0. 1%A8 27,8004 SN, 1TAR
13.00 139 ,0406 a1, 1274 138,9117 50,1276 13R,A170 50.1276 18,6582 S0,177a 13A,47ya En,12/0  138,9611 LU L LY
14,00 149,6140 50,1184 149,4A851 50,11R6 149,391% 60.1186 149,0312 En.11RR  140,.0470 EN.1tA9 14R AR2ZAT  SN.1101
15.00 166,1856 50.1106 160.Nn566 5N,1407 159,9A/28 SNe110R 159,R025 GN.1109 150.,617% SN.1110 156,307 REN.1112
16.00 170,7556 6N.1038 170.6267 5N, 1039 17Tn.5%2R 50.10n30 170,.%723 aneindn  170,1BRA §N.1n41 165,0858¢q 50,1003
17«00 1n1,3243 S0.,09768 181,1954 sn.0a7/  latl,.1n014 50.007% 1a0,0407 . N0l  tan.75us Bn.NoR1  J1Ap. Ri0H LT
18.00 191,8918 50.0924 191,7628 sn, 0024 1a91,6AR9 50. 0025 1091,.,50A”Nn0 &, N0”g 101,3212 RN,NGP7T 19%,nAR2% 65N, na%R
19.00 2p2,u583 50,0876 202,3293 SN,0RTR PNP P3RS BN.0RTT  2n2,074% BN.NRT7 2n1,AR7n RN.ARTA  PAY ALUA SN ,NR7TO
20400 213,0237 SN,0832 212.,8947 sn,0833 P12,AN07 SN.0A3T 212,639 S0eNRIY 217,853 EN.NAa3ly  21p,206N LT AL
21.00 223,5803 50,0793 22%.4593% fN,0793 223.365% Rn.0794 223,204n &n.NT704 22%,01R0 Efl.NTOR P22 TRT? BN, NP6
22.00 2341521 BN,0757 234,021 50,0758 2%%,9290 RN 075 23,7677 EN.N7R8 273,572 SN.N7Ra 233,38 Rh, NTAN
23.00 244 ,7152 R0,0725% 244,586 AN.07°5% Puy, 4021 BN.072%  244,373In7 RN+NTP6 P84,141R BNN7T2A PUR ARRT BN NT2T
24,00 2585,2717 80,0695 255.14R6 0. NRAT 285 ARHR SNeNROR PRL L ASTND BN.NARDA 254, 7030 BNNAGHA  PSh,0LURRK 5h,NRAT
25.00 265,R395 §0.,0667 265,7104 50N .0667 ?55.6161 BN«NAARAR PAR 4547 F.NBRA 268,757 BNeNARA  PHRE5, NNAY Ef ¢ NRARTQ
2600 276,4008 SN,0642 2T76.2717 §NL.,06%2 P76,177H S0«0NRL2 PTH.N1KD ENNHEH?  P2T75.RPA7 SN.NE4S PTR,S672 sNanaUY
2700 286,9615 50,0618 28/6,A324 50,0618 P2RA,.TIA2 SR.0RTIA  2BASTHA EneNh19  PRAIRAA SN«NA1T  PRA,1PR0 RN NL2N
28.00 267,5218 50.0596 297,3927 50.,05%9% 297,295  GN.0596 297,167 GN.0697 29R,%UARA  KN.ORAT POR.AARNT BN NenR
29.00 3I0R,0R816 5N, 0576 307.952% 5N,0576 *07,.R%R% SNNSTE  NTLARI6S5 BNN8TE N7 501 SNLASTT  3AN7,24°%n BN NRYT
30.00 318,6410 &N.0557 318,5119 5N.N557 318,4177 SN«0657 J1A/,2558 GN+NRRT 318/, NOKY RN.N55R 317,A0N> 5 ¢ NERA
31.00 X29,2000 R1.0539 329,0709 80.,0°%9  3P8,97R7 EN.N5%0 T28,R148 EN.NE%G TR 6240 REN.ARYN 22 %877 ghNeUn
3200 339,7587 50,0522 339.6296 51.0522 *39,57%5% SN«0522  I%0,3TRY RNeN%23 339,180 BENef1S2T  33p,a18n 50 ,Ne27
33«00 asp, 3170 &N,0%N6 350.1879 5N.,08N6  350,N936 S0.0507 349.,931s SNNSN7T 39, Tins BN.N5N7T  34a,4719 sn,nnT
3400 360,8750 60,0491 36N, 74R8 BN,0492 %AENL6816 BEN«Nu9? 360.,4894 BN NUS2 6N, 2984 50,0892 360 ,Nn2R7 L Y T
35.00 71,4327 50,0477 371.3035 50,0478 171,2093% SN.047R 371,0U47p SNeNUTAR  HTH,PRGH WN.NETR BT ,BRGD P RA ]
36400 41,9901 50.0464 381,R609 s5n.0uRt  TRY1,T66T SN«0u6% SR1.H045 BN.N4A5  ZR1 4131 En.04ha5 XAL,1410 L TITA
37.00 302,.5472 RO,0452 392.4181 50,0452 Jos,327A Sn.0u5> 392,161A Bn.NE52  391,97an Sne.Nu5? TAy /078 BN N5
38.00 403,1041 50,0040 402.9749 50,0440 4n2 AAnk EN.0u4n 4n2,TIRS BN.NLU0  BOP.SPRT RN.Nuul 4Nz, o853y SN ntb]
39,00 413,6607 50,0429 413,5316 50,0429 H13,4373 Sn.nu2g9 H13,275n RNNUPG 1%, NRRD Bn.Nu2a  412,R001 BN ,nni0
40.00 Qaoy,2171 0,041 424,.0880 50,0418 427%,99%7 B0e0f1n Up3,8314 BN.N41A  42%,.Fl08 ENaNEIT  U2T, RH46 Shenn19
41.00 u3y 7733 GH. 0408 434.6441 SN,0408 43u,540R Sheninp 434 ,SATH BneN4Ng 434 ,195855 §N.04nR 433 ,0100 LU L
42.00 44y5,3203 5N.0398 445.2001 50,0398 445,10%7A 51«N3OR 444 ,9435 RN.0100  4yu,7514 RN.N3a9 444 4750 5N, N329

Lt

43.00 455,8851 f0.0389 455,7559 B0, 02R0  URS, AAL1K RN.N78e 455,490 Sfl«N3RG  4eS5, 207N RN,.NxaN 45 ,n320N 5, NXON
44.00 H466,4406 60,0380 4665,3116 R0,0380 URA.PITE Rl«N38N  UpH,.0548 BEN.NTRY 4/5,AHPH 5N,.N%A1 4”5, RARLO SR ,NTAL
45.00 476,9961 sM.0372 476.8669 8N.0372 4TAR,TT72S B0.0%77 U76,.6102 R0NRT2 LTRULTY EN.N172 L7R,1%9% Kn,nRT?
46.00 ™ 4/7,.5513 S0.0364 487.4221 R0,03%A4 UAn7, 3274 BO.0%648  4AT 1654 50,064 4AR,9T20 GRLATEE SRR, ACLY a0, ATAL
47.00 4a8,1063 50,0356 497.9772 50,0356 497,8R2R Bn. N385 U9?,.77NG SN.N354 a7 ,527A fN.N3KAH 4BT7,24R% sn N7
48,00 508,.6613 50,0349 50A8,%321 5N N348 BOp 4377 Gn.nxgo  SnR,2753 R N34a SnB,NAPA EN.Nzuq SN7,AN2R RN, N249
49.00 $19,2160 50,0342 519.,0868 5n,.034? B1B8,9975 SN.0%4?  S1ARATAO SNe.N342 S18,637% RN.Nx4? K1p,357n LR T Y
50.00 529,7706 50,0335 529.6414 60,0335 529,5471 S0.0%35 S5p09,1846  Sn.N3E 520,191 S5N,.n33S 52R,011n RA.ARAS
51.00 540,3251 50,0328 540,1959 50,0378 R4n,.1015 R.0%28 5%9,0974p Bn.N%28 &39,Tugo N.N%29  §1%g,46u49 EN.NR3G
K200 550 ,8794 80,0322 550.7502 5N,.03%22 %5n0,655R8 BN.NX%X22 550,4933 sn.N%22 850,304 BN.NZ22  S5n.N1AT SA,NR22
53+00 561,4326 50,0316 561,3044 5n.0316 H61.72100 G001 SAL.04TS BNeNT16  RRN.ASYS Sn.N3tA  Rhp 5724 RO NARTE
54400 571,9877 50,0310 571.8585 5n.0310 571,.7641 EN.0310 S571.6016 Sn.0%In 571,4088 SNefTtN ST, 176N Rh.nxtd

55.00 BB2.5416 SN 0304 S82.4124 sn.0305 BA2,31A1 Bn.0%n5  5a2,1555 BN.NTNS  RR1,9624 fn.N3INS S8 ATOYL BN, NENE
56.00 593,0955 £0,0299 592,9663 Bn.0p99 R9P,AR719 BN.0200 Rop,Thay RN.N20g K2 ,R1a2 SN.fp09 &43,9%2R shen>099
57.00 603,.6452 50,0294 603,5200 5M.0298 ABNZ U256 RN.O204 6H0%,2630 SALN294  &O3,0608 RBa,0004 601, TARY g0 . N204
58.00 614,.2028 50,0289 614.0736 5n.02R9 /13,9797 B0.02R0 H13,R166  GNN2RG A13,A234 SN.NPA9 AR1%,230T En, noAG
59.00 624 ,7563 50,0284 624.6271 5n.0288 624,527  BN.0PR4 624 ,370% SN.NPRY  Hpa,1TpR SEN.N2A4 H23,A074 LN T
60.00 635,3098 50.0279 635.1805 50,0279 635,0R61 Sn.0p79 A%G,9235  RA,N079  A34,7in2 SN.N279 Ry, abRy GheNaAN

0i-LL



00T

PRW**

V=INFINITY = 60.0 KM/S

T - YRS

«0N
«20
elin
160
«80
1«00
1.20
1+8n0
1.60
1.80
2.00
220
2«40
2460
2+80
3e00
Je2n
340
3.60
3.80
4400
4420
bl
4060
0.80
500
S.20
S5.40
560
5«80
600
6.20
6+
Ge6B0
680
T«00
7020
Teli)
7-60
T.h0
8.00
8.20
8B40
B.60
B.80
9,00
920
9l40
9.60
9.80
10.00

n =
RAN

.1000
3,0269
5,975
8,.3159

10,9109
13,4926
16,0656
18,6325
21,1940
23,7538
26,3099
28,8637
31,0157
33,9660
36,5150
39,0628
41,6096
4, 1554
46,7005
45,2448
51,7885
54,3316
56,8742
59,4162
61.9579
64,4991
67.0399
69,5804
72,1206
T4 ,6605
77.2001
79,7394
82,2784
84 ,A173
87,3559
89,8943
92,4325
94,9706
97,5084

100,0461

102,5837

105,1210

107.6583

110,1954

12,7324

115,2692

117,8060

120,3426

122,8791

125,4155

127,9518

«1 AU
VEL

1y6.09n0a
64,7008
AR5U1S
61.7524
Al.34012
61.0R6N
60.917%4
60,7880
6N ,6936
AN.6193
A0 5594
f0.5101
AN . 4688
604317
&N 8036
60,3773
AN, 3547
60,3339
60,3158
Ah, 2005
A0.2R48
6N.2715
60.2594
60.24R3
AN.23R2
60.2788
RN.2201
k0.2121
Al.2047
601977
6h,1912
60.1851
60.1704
60,1741
60.1690
60.1643
Al .1597
60.1555
60,1514
60.1478
601440
60,1405
GN. 1272
60.1340
60,1310
60.12R1
60.1254
60,1227
&f.1202
60,1178
60.1154

Q=
RAD

« 3000
29384
8.5961
8.72110

10.04"
13-3“40
15.e572
18.5236
21,0855
23.64481
2641990
2847536
31.305%
33.8555
36.4044
38,9521
41,4987
44,0445
46.589%
49,1338
Sl.677T4
S4.2204
5647629
59.30540
61.886FR
64,3877
66.9280
69.46910
T2.0007
T4 U0
T77.08R%
T9.627R
82.1669
A, 7057
a7.24y4%
89,7827
G2.3209
ol ,ASAT
97 « 39KR
99,9344
102.4720
105.000%
107.5466
110.0837
112.6206
115.157%
117.6942
120.2308
122.7673
12543037
127.8400

«J Al
VEL

a7,.54n7
a4 AULT
R2.5R67%
61,7744
61+ 35732
61,0947
ANS105
6N.7930
6N 6072
6N.6221
hN.5A17
&N.512n
6N 4708
6N, 4151
an.4pln
6N. 3784
6n.35852
6Ma.33417
6N,.3165
6n.300p
6N« 2854
AN 2721
60.2%%0
6N«2489R
6N, 22A6
AN 2297
anh.2205
6N.2175
6N.2050
60.19R0
6N.1915
6N. 1A%
AN+ 1797
601703
&6N.1692
6N.1645
6N41599
6N. 1557
6N.1516
&n.14748
6Nttt
6N 1406
60,1373
6N 1342
6N.1311
6N. 1203
611255
6N.1228
60.1203
60,1179
6N.1155

n =
PAD

2. A058

5 .51%01

R.1uT77
10,777
1%.316%
15,8872
1A, 4527
Pl.Nn130
23,5719
?h.1273
2R,6R0%
T .20
iy, 7a40
3A.3%05
IR ATAN
b1 upys
4z, a7n2
A, 5160
ka,n501
f1.6027
S, 1056
ShA.AARN
S59.2%N0N
11,7715
64,3126
A, 8533
79,3047
71,9338
T, 4736
F7.01314
T79,5R24
AP . NALY
R JARN2
A7.1RAT
RO, TNTI
02,2452
9u, 7830
Q7,370
ag,A8A7
102.3962
1ny, 9338
107.4707
1in.0n7R
112.5447
11%5.0014
117.6183
120.1549
120,6913
125,2277
127.7640

«5 AU
VEL,

Aft. "R
plt.Onyx
AP.6120
A1+ TRAN
61.3A18
f1+1002
6N+ 97 3R
60 7A/RN
fN.H00R
A e&24N
Al KRR
(1% L
HN47T1A
LIPE TS
AN 4N5A
ANe3TGY
AN 3850
AN.335%
HNe3170
&0 «3NNH
ANPARSA
6N+ 2725
6N« 2ANY
6N« 2099
A1+ 2XR0O
ABNeP205
AMe220A
GN+2327
AN 2N5D
6Ne1OR2
ANs1C117
ANe 10RA
6N« 1707
6N+1748
AN«1a00
ANe1RALA
AN 1A01
Al 155R
ANe1817
ANs14TO
6GNelay>
fNL.10NnY
AN«13TY
6Ne 1%l
fN«1317
6N+12R3
6N 1256
6n.1220
6N. 1704
ANe19A0
f0e1156

G = 1.0 at)

BAD VFL
1.n0nn 71,.3n9%
2,9%n a4 . RlLAR
S.4976 A2 ,RT1T
q,n7on A1 <RNTN

10 .RSSDH 143720
17,225 A1+1072
157908  ANLI202
18,3517 AN LRRNT
20,9000 &n.TREN
DRLUARBYE  ANLJADARA
sH.N1RY AN S656
2ALRTOR 6N 515%
21,1206  ANLBTED
33,60y AN L,URTS
1h,2171 AN ENRO
TR, TART RNLAND
41,3005  An, V860
43,R50 A0 . TTRY
46 ,39R7 AMTe317R
4R,alpy AN 3INTN
51.4A58, AN« 2AAR
B NP70  ANLPTAN
56,7600 AN PANA
59,1115 i+ 206
61,6507  AN.239%
AU,1935 AN ,2700
66,7380 ANP212
£9,2701 AN 21N
T1.8140  AN.2N55
Th L AR ANl 10RS
76,8924 ANe 197N
79,4310 R~ 1859
B1.29707 ANe1ANY
R4 Snax AN 1TU7
87.0477  AN.1A%6
RO,5R80  AN.16U0
ap,12un AN 1603
a94.6618  AnJISAN
a7.1995  An,tsto
99,7370 AN.10A1
1La2.27u8 AN. 1804
104,R116 &N 1409
107,347 60,1176,
109,RAA57  gn.1%4Y
112,477%  6aR.1314
114,9593 an.l12%5
117.,49%q an,. 1257
120.0320 A0.127M1
122,568 AN, 1205
125,1051  sn.11°1

127.6413

6Ne1157

DATE 03%N77

0 = 2.0 Al

pAD VEL
2.00nn AR O0AN
3,301 FU.PR1A
R.hH%an 62.85879
p, 1451 61.7906
1N67TN5  &1.3700
13.70oR f1.1n0N0
157578 PP LTE
1A, 3NN AN AN2AH
20.““67 AN.TNR1
?1.1Q11 6“.6ﬁﬂ7
25,9308 ANHA7R
28, A5 AR «B1RE
21,0308 AN UTUA
1%.%7;9 AN UTRA
26,1102 AnL4nAN
AR, hH2d Al TR0
41,”7n8n AN 3R7A
uz, 7uqy PR Y]
46,7%%% AN, %1 AA
H48,A%22  ANL3noN
51,3738 AN PATY
53.%1gn BN.271hH
BR.USER  BNPR1T
RA L8573 AN 2ENY
61,5353 AN 2308
At NTEN ANe2303
66.513“ &NL,2215
~a,1517 O AR
71,827  An.2nR9
Th. 210 Ahe.10AR9
76.76°° AN 1027%
70,30RT An.1RRL
a1, Ripn ANe1ANY
an, 3Ry 6N. 1750
86,9722 AN+ 1400
ag, k500  An,1650
91,9971 AN I ANS
o, 537 6N.1562
a7.fT1a  #n.1821
ag , A0an AN.14R%
102, 1460 Afelu4H
10, 6R2R (IS IEA
1017.2195 6A.1%77
109,7561 BN 1%U6
112,796 601115
114,829n  &N.12R6
117,.7365% 6Gne.155R
119,901%  6Nh.1232
122 U376  6R.1206
124,9736 6h.1182
127,5006 6R.115A

nARE 17
n T 5,8 AY
RAR Vel

R.P2N0Nn /2700

RPN A2 403G

T REEY 61,700

Q,1%%Y 61 «SART
11,5578 £1.24R0
13,0075 A o NG
1/A.N1A AN .OINND
1R, 74un aN, TR
21.212n AN RN
91060‘1 ﬁncﬁ°ﬂ7
Ph.1921 AN.EaTQ
o0 AOAA AN BTN
1y, 2NAG AP uTIO
1z IR L0 TR0
AH,2uNn AN JNnAR
IR TR AN, XaND
1 ,2800 AN, 3T
4x,a1nn GNLIRES
4501*70 AN,T18D
“ﬁ.ﬂﬁqﬂ AN, %nAR
51 .T9%0 [ 1812 0]
R3,0P%  QN.OTR
SRR [N,0417
RA,NALe AN.3ENT
AY,51A4  [N.2T0Q
hY ,NYAD A0 .20
A JRANMY ANGDD17
ro,112n AN«P17%A
T1.RUEE  RNLNAN
7y,17Ry an, tnan
T6.T11R Al 1000
79,2u47 6he1nAS
ay,77M 6N.1nNS
Ay, 18 AN 1T7RE
Ag,. 851 6Nt 7ON
AgQ,17a7 AN 1/R?
91,0178 AN 1ANG
Ay ,UAD AN 1BRTY
Q. ORNNA fH0. 1207
Qg . R1%a &M, tuny
1Np 0878 G107
104,517 AMe1nl2
107,11K7 AN, 1270
10q,/494 R 1 17
112,187 (LS AL i
114,717 aNJ12RY7
117,2514 6 1040
t19,78Rg &N, 1013
120,010 &N 120A
124 ,A5%S 6N 11R3
127,%87%  ANLHRD

0L-1L



PRW=s

10T

MeD ¥ JWOI—Tdr—VEYN

V=INFINITY = 60.0 KM/S

Y - YRS

10400
11.00
12400
13.00
14.00
15.00
16.00
17.00
1R.00
19.00
20.00
21.00
2200
23.00
24.0n0
25.00
26.00
27.0n
28.00
29.00
30.00
31.00
32.00
33.00
34,00
35.00
36.00
I7.00
3B+.00
29,00
40.00
41.00
42.00
43.00
44.00
45.00
4600
47.00
48,00
49,040
5000
51.00
52.00
53.00
S4.00
55.00
56.00
57+00
58.00
59,00
60400

Q=
RAD

127,9518
10,6320
153,31n2
165,9866
178,6617
191,3355
204,0082
216,6800
229,3510
242,0212
254,6907
267,359%6
280,0280
292,6958
305,3632
318,0302
330.69648
343,%630
356,0289
J68,.6344
381,3597
3on, 0247
406,6895
419,3540
432,018%
4uy,6824
487,3462
470,0099
482,6735
495,3368
508.0000
520,6630
533,3259
545,9886
553,6513
571,313A8
583,9761
596,6384
609,%005
6£21,9625
634 ,6245
647,2863
659,9481
672,6097
685,2713
697,9327
710,.5941
723,2555
735,9167
748,5779
761,2390

«1 AU
VEL

AD.1154
6£0,10%0
60,0964
/00,0890
6N.0827
&0.,0772
60,0724
60.06R2
60,0644
60,0611
60.0580
60,0553
h0.0528
60,0505
60.0u84
600469
60.0u487
BN e DUI0
A« 0415
60.04n01
50+038R
60.0375
60.0363
A0 0352
6N 0342
600332
£0.0323
Ale0314
60.0706
60,0798
60.0291
eN.0284
60.0277
60.0271
60.0265
60.02659
AN, 0253
60,0248
60,0243
60.0238
60,0233
60.0228
6N.0224
6,0220
60.0216
60.0212
60.0208
60.0204
60,0201
60,0197
aN. 0194

[ I
RAD

127.,84n0
140,.5%201
153.14983
165.8747
173.5497
191.223%
2038967
216.568N
229.27%489
241.9001
254 .5786
267.2475
279.9159
292.5837
3Inb5.2511
317.9181
330546
343.250R
A55,.9187
l68.5827%
381+247h
393,0128
4065773
419,241p
431,2061
yt 85T
457,2341
LE62.897R
482.561%
4952246
507.8878
520 .550R
533.2137
545,876%
5658.5391
571.2016
583,8639
596.5262
609,18A8%
&621.850%
634 ,.,512%
64741741
659,8358
6724,4975
6A5,159n0
697,8205
Ti0.4819
T23.1432
735,8045
T48 4656
T61.1267

«3 AU
VEL

60,1155
6n.105%
i, 006
60,0891
&N,087R
&N, 0773
6N ,0725
6N.06R2
6N, 0645
&N.0611
6N. 0581
6N, 0553
6N, 0528
60,0505
6N.0uRY
6BN.OU65
60,0847
&0, 0431
60415
6N 0601
60.03RR
6N.0375%
6N . 0764
6N, 0353
60,0742
60,0332
6N,.N212%
6N.0415
6N.0306
6N,.0298
60.0291
6N« 02RY
60.0277
60,0271
60,0065
6N, 0259
6N.0253
60,0248
&N, 0243
60,0238
6N.02%3
6N 0278
&N, 0274
6n.0r20
6n.o02t6
6n.nate
60,0208
6N, 0204
60,0201
6N.0198
60,019

N =
RAD

127, 7640
140,441
153,1021
165,.7085
178,4735
101,1472
2N3.,R199
16,4917
2P0,1R26
PUt AR2T
PE4 5022
67,1711
279,8394
292 ,8507?
3INS, 1746
X1 TB416
%N ,5nAY
YL, 1T78S
ARE,BuQ?
26A,5057
ART L1710
393%,R3A60
40h.5nn07
u19,1p52
43,8295
by 4036
457,.1575
46a,8211
UR? ,4AL6
495,1480
507.8112
Ron.47u2
R33,1371
f45,.7998
S8R UA2Y
571.1249
SA3,7RTS
596 ,449%
609,1116
631 ,7737
ARy L U=58
647,N974
659,7591
6T2.420A
6AS  NR2Y
697,74 3R
Tin, 4052
To3 . n6A5
738, 727R
748,389
761.0500

«5 AU
VEL

fie1156
6.0
&0« NORR
60,0091
6N+0APA
HENOTTY
6N 0725
6N+ NGRS
AN« NHYK
fiN.NG61Y
AN eNs/1
(0. N883
6N«NR2R
6« NENS
AD«O484
AN+ DYRT
AN« Ol
ANe L3t
fANeNU1R
6NNl NY
ANNAAR
ANNXTH
6N« 0764
6MNTRE
GNeNRY2
60073
GheNT2%
00315
6N« 0DR0A
A0«0209
6D« 0291
AN N2RY
6N 0277
&NhenN2T1
GR.02658
AN 0259
6 NP53
6N« NP24A
6NeNPYT
6N« NP%p
6N.023%
60.0228
600224
6R0P20
6Re0216
60.0212
6NeNP0NB
GNeN20L
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