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FOREWORD

This report presents the results of a study to
determine the support requirements for remote sen-
sor systems on unmanned planetary missions and to
establish sensor and experiment groupings for
selected missions. Computer programs were devel-
oped to relate measurement requirements to support
requirements. Support requirements were deter-
mined for sensors capable of performing required
measurements at various points along the trajectories
of specific selected missions.

This study represents Phase III of a three-phase
program conducted by North American Rockwell for
the National Aeronautics and Space Administration,
Office of Advanced Research and Technology,
Advanced Concepts and Missions Division, under
contract NAS2-5647, Phase I of the program, which
is covered in Report SD 70-24, established the
scientific and engineering objectives for planetary
exploration and identified the measurement require-
ments needed to fulfill these objectives. Phase II,
covered in Report SD 70-361, defined candidate sen-
sor types suitable for future planetary missions and
developed scaling laws depicting the relationships
between the sensors, the measurements, and the
sensor support requirements.,

A summary of the entire three-phase program is
presented separately in Report SD 71-487.
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1.0 INTRODUCTION

Effective use of remote sensing systems on unmanned spacecraft to
explore the planets of our solar system requires a knowledge of observation
and measurement requirements, capabilities of sensor systems, and sup-
port requirements for the sensor systems. The scientific and engineering
knowledge and measurement requirements for planetary exploration in the
1975-1985 time period were determined and evaluated previously (Refer-
ence 1). Candidate sensor types compatible with these requirements were
subsequently identified, and scaling laws were developed depicting design
and performance parameters versus support requirements. A Space
Experiment Requirements Analysis (SERA) computer program was then
developed for application of these scaling laws to determine the support
requirements for each sensor at specific points along selected mission
trajectories (Reference 2).

Specific study objectives covered in this report are to: (1) calculate
additional flyby and orbiter trajectory parameter data required for evalua-
tion of sensor support requirements; (2) use SERA program to apply sensor
scaling laws which relate measurement requirements to sensor design
characteristics and support requirements; (3) establish compatible imaging,
non-imaging, and integrated sensor families for selected flyby and orbiter
missions; and (4) establish support requirements for sensors included in
these families.

Missions included within the scope of this study are listed in
Table 1-1. This is not a mission study. Its purpose is to provide a range
of reasonable operational conditions to show their effect on sensor support
requirements. For each of these missions, the measurement requirements
needed to meet observation objectives were established by means of
computer techniques described in Reference 2, The determination of sensor
support requirements through application of scaling laws developed in this
reference is discussed in Section 3 of the present report, which includes
tabulations of assumptions, options, and input data for each sensor type
considered. Section 3 also contains a summary of the computer program
used to evaluate measurement and support requirements, as well as a discus-
sion of mission analysis methodology used to establish required trajectory
data and planetary surface area coverage requirements. Sensor capabilities
and support requirements at selected trajectory points are developed and
summarized. In Section 4, compatible imaging, non-imaging, and integrated
sensor families are developed for each of the missions indicated in Table 1-1,
and the support requirements are established and tabulated.

SD 70-375-1
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Table 1-1, Missions Considered in Study

1984 Earth - Mercury

1980 Earth - Venus

1982 Earth - Venus - Mercury

1976 Earth - Jupiter - Saturn

1978 Earth - Jupiter* - Uranus - Neptune

1978 Earth - Jupiter - Saturn - Pluto**

1984 Mercury Orbit No. 1

1984 Mercury Orbit No. 10

1977 Venus Orbit No, 9

1984 Mars Orbit No, 1

1984 Mars Orbit No. 8

1978 Jupiter Orbit No. 1

1978 Jupiter Orbit No. 9

1978 Jupiter Orbit No, 11
*Sensor requirements not considered at this
encounter,

**Pluto outside scope of study.

Observations of Pluto, natural satellites, and interplanetary space
are not included in the study, State-of-the-art considerations are limited
to sensors per se, without regard to the ability of spacecraft to meet the
sensor support requirements,

A separately bound volume, Appendix A, contains sensor support
requirements tables summarizing support requirements and measurement
capabilities for each of the pertinent sensor types on each of the previously
referenced missions. Another separate volume, Appendix B, is a computer
program user's manual for the scaling law subroutine portion of the SERA
program,

1-2
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- The logical flow of this final study phase is depicted in Figure 1-1,
which indicates the procedures used to develop and integrate the data
regarding sensor systems and support requirements for the specific mis -
sions considered during the study, The numbers shown in each box refer

to the sections of this report where the procedures are discussed and the
data presented.

1-3
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2.0 SUMMARY

This report presents results of calculations of remote sensor measure-
ment capabilities and support requirements for unmanned planetary flyby and
orbiter missions. Compatible imaging, non-imaging, and integrated sensor
families are also presented for each mission. The effort reported here
began with calculation of the trajectory segments on which each sensor must
operate to view the required planetary surface areas on each encounter. The
scaling law for the sensor type in question was used to evaluate its support
requirements. Reiteration of the area coverage computation might be neces-
sary. If the sensor design exceeded a state-of-the-art limit, the scaling law
might be reapplied with a different choice of detector element, etc. The
sensor worth was evaluated in terms of its capability to meet observation
requirements whose intrinsic worth was given. For each mission, compat-
ible families of imaging and non-imaging sensors were defined, and were
integrated in the case of outer-planet flybys and inner-planet and Jupiter
orbiters. =

Twelve planetary flyby missions launched in the 1976-1984 time period
were considered. Of these, the following six were selected for definition of
sensor support requirements and grouping analysis:

Earth-Mercury (1984)

Earth-Venus (1980)
Earth-Venus-Mercury (1982)
Earth-Jupiter-Saturn (1976)
Earth-Jupiter-Uranus-Neptune (1978)
Earth-Jupiter-Saturn-Pluto (1978)

Observations at Pluto are outside the scope of the study, but the °
requirement to fly by Pluto constrains the Saturn encounter in the last of
these missions. In addition, nine orbital missions to Mercury, Venus, Mars,
and Jupiter were used in definition of non-imaging sensors. Imaging sensor
support requirements and compatible families for these orbital missions
were established earlier.

Sensor scaling laws were incorporated as subroutines of a computer

program that evaluates sensor support requirements to satisfy given observa-
tion requirements from a specified trajectory. The subroutines, described

SD 70-375-1
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in Appendix B, represent the following sensor types by synthetic, parametric
design procedures fitted to sensor state-of-art data:

Visible /UV spectrometer

TV camera

Laser radar

Far IR radiometer (thermal mapper)
Filter radiometer

Polychromatic radiometer
Scanning spectrometer

Michelson interferometer
Mapping microwave radiometer
Measuring microwave radiometer
Microwave spectrometer
Synthetic aperture radar

Radio occultation system

Radio polarimeter

In addition, point design data were used to generate support requirements
for particle and field sensors. '

A three-step approach was used in determining sensor planetary sur-
face area coverage: (1) select a terminal planet flyby trajectory based on
stated science objectives, (2) generate appropriate trajectory data time
histories, and (3) compute surface area coverage, in percent of total planet
area, based on supplied sensor start and stop altitudes.

Condensed tables of the sensor measurement capabilities and support
requirements are presented in Appendix A,

Sensor families are developed for each of the above-listed flyby and
orbiter missions. A sensor family is defined as a set of remote sensors
that can perform required observations while on a given mission trajectory.
Families are developed at two levels: (1) optimal, in which each sensor
meets the maximum measurement requirements for the mission and -

(2) marginal, in which the sensor is designed to meet only the observation
requirements representing a marginal increase of information.

For selected missions, separate families are developed for imaging
and for non-imaging sensors, and also for integrated groupings consisting
of both imaging and non-imaging sensors. Sensor families are established
without reference to possible interference between sensors; but in cases of
probable inter-sensor interference, this is appropriately annotated.

The significance and utility of the study methods and results are sum-
marized, and recommendations are made for additional effort.

2-2
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3.0 SUPPORT REQUIREMENTS

The first major effort in this study phase was the evaluation of support
requirements and measurement capabilities of individual remote sensors on
specific missions. This section describes the methods and assumptions
adopted to perform this evaluation by means of the scaling laws developed
earlier (References 2 and 3). The mission analysis methods and results
are presented, Finally, the sensor capability, worth, and support require-
ments evaluation is illustrated by an example, and limitations on the com-
patibility of sensors with missions are discussed., Details of the scaling
law application results are given in Appendix A.

3.1 METHODOLOGY

3.1.1 Scaling Law Applications

Remote sensor scaling laws (References 2 and 3) are procedures
for the synthetic parametric design of sensors capable of satisfying given
measurement requirements, The state-of-the-art (SOA) limitations on
sensor instrumentation and the encounter trajectory constrain sensor capa-
bilities and may prevent attainment of the desired quality or quantity of
observations, The observation requirements have been stated (Reference 1)
in terms of mission-independent planetary properties corresponding to two
levels of attainment:

Level I, Optimal, i.e,, the level which meets all requirements of a
‘type of observation related to full satisfaction of the observation
objectives,

Level II. Marginal, i, e., the level which barely advances present
knowledge of planetary environments.

The observation requirements must be restated in terms of parameters that
describe sensor capabilities (Reference 2). This restatement involves
trajectory data on which the ability of a sensor to perform a specified
observation or set of observations depends. Measurement requirements
derived from the observation requirements and the trajectory data are
inputs to the scaling law application procedure. Outputs are the capability
of the sensor (expressed by the same parameters as the measurement
requirements), the sensor support requirements, and the worth of the
sensor (which is a measure of its support of the observation objectives and
of the relative scientific importance of those objectives),

3-1
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When the scaling law application proceeds from the optimal (Level I)
observation requirements, one of the following situations exists in the case
of any given planetary encounter or orbit:

lo

2.

One sensor type is fully capable of the required measurements.

Two or more sensor types in combination are fully capable of the
required measurements. (This situation arises, for example,
when the required spectral band is wider than the response range
of a single type).

One or more sensor types can exceed the marginal (Level II)
measurement requirements, but are prevented by SOA limits
and/or the trajectory from meeting the optimal requirements,

One or more sensor types can just meet the marginal measurement
requirements.

No sensor type or combination can meet the marginal measurement
requirements.

The SOA is such that all sensors of the appropriate type satisfy
the optimal measurement requirements. (This situation arises
with regard to the small antenna diameters needed for some radio
occultation measurements. )

When the scaling law application proceeds from the marginal
(Level II) measurement requirements, the situations of interest
are 4 and 5 above, and

The SOA is such that all sensors of the appropriate type must
exceed the marginal measurement requirements, but need not
meet or exceed the optimal requirements,

If situation 4 or 6 exists, the support requirements and sensor
worth corresponding to the two levels are identical. If situation 5
exists, the support requirements'are irrelevant and the sensor
worth is zero,

In relating the sensor measurement capability, worth, and support
requirements to the trajectory, one of the following situations

arises:

a. The observation requires attainment of a given spatial
resolution throughout a specified fraction of the planetary

SD 70-375-1
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surface area, Often this area must satisfy limits on latitude
and solar illumination. The sensor must be operated, con-
tinuously for purposes of this discussion, throughout a
trajectory segment bounded by points P] and P2 as shown in
Figure 3-1, The sensor support requirements for the
encounter are defined by the points on this segment which
lead to the most stringent requirements, so that the sensor
meets all capability requirements at every point on the
segment, Usually a single point, often the first (highest)
point, defines the support requirements for the trajectory.
It is possible that some support requirements are set by one
point, other requirements by a second point, etc., so that
the net requirements are the outer envelope of the point-by-
point requirements, If requirements set by one point are
incompatible with requirements set by another point, then
two sensors of the given type must be employed during the
encounter, each during a different portion of the segment
(P1, P2). (This last situation did not arise in this study).
The determination of points P] and P is discussed in
Section 3.2. Their location usually depends on whether the
optimal or marginal observation requirements are considered.

The measurement requirements can be met by an observation
performed from one point P3 on the trajectory. The location
of this point usually depends on whether the optimal or
marginal observation requirements are considered. FEither
there is no surface area coverage requirement, or the
required area can be viewed at once, The sensor measure-
ment capability, worth, and support requirements are
evaluated at P3. A related case occurs when the observation
is performed at each of a finite set of discrete points selected
independently of measurement requirements, The sensor
support requirements are the envelope of the mutually com-
patible requirements at these points, as in situation (a). A
radio occultation experiment, performed at entrance and
exit, is an example.

The measurement requirements are all independent of the
trajectory. An arbitrary point is selected for purposes of
computing the sensor measurement capability, worth, and
support requirements,

SD 70-375-1
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OBSERVATION GEOMETRICALLY
IMPOSSIBLE BEYOND Py

Py (£ =r') (OPTIMAL CAPABILITY)

P3 (OBSERVE FROM SINGLE POINT)

Py (L=r') (OPTIMAL CAPABILITY)

TRAJECTORY

Figure 3-1. Measurement Capabilities Along a
Trajectory Segment
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d. A specific sensor design can meet or exceed the observation
requirements, independently of the trajectory., The scaling
law for this sensor type degenerates to this point design.,
The sensor measurement capability, worth, and support
requirements are fixed,

Specific Applications

Table 3-1 summarizes application of scaling laws to specific remote
sensor types and observation objectives, The scaling laws for imaging
sensors are to be applied only at Saturn, Uranus, and Neptune. Support
requirements of imaging sensors at Mercury, Venus, Mars, and Jupiter
are discussed in Reference 3. Scaling laws for non-imaging sensors are
to be applied to all planets except Earth and Pluto. Whether a sensor is
imaging is indicated in Table 3-1; an imaging sensor produces a continuous
two- or three-dimensional distribution of some environmental parameter
(topographic height, temperature, albedo, etc.) over some part of the
planet,

Additional information appears as follows:

1. Sensor Support Requirements Tables, Appendix A

2, Scbaling Law Subroutines, Appendix B,

3. Output of Space Experiment Requirements Analysis computer
program, copies of which are held by the NASA Technical

Monitor and the NR Program Manager.

3.1.2 Measurement Requirements Computer Program

The processing of information relating to observation requirements,
measurement requirements, sensor measurement capabilities, and sensor
support requirements is accomplished in this study by means of a Space
Experiment Requirements Analysis computer program (SERA), Since the
entire SERA program requires the use of core storage exceeding that
available, SERA is structured as three modules called into execution by an
executive program with the use of overlay techniques, Briefly, the three
modules perform the following operations:

1. Module 1 (SERA-1) stores and prints the observation requirements,
stated in terms of intrinsic properties of the observed planet.

2. Module 2 (SERA-2) converts the observation requirements to
measurement requirements, stated in terms of intrinsic properties

SD 70-375-1
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Table 3-1. Applications of Remote Sensor Scaling Laws

Fiyby Missions Orbital Missians
Earth- Earth- | Earth- Earth- | Earth- | Earth- Mercury | Venus Mars Jupiter
Sensor Mercury | Venus | Venus- Jupiter | Jupiter* | Jupiter- 1984 1977 1984 1978
Mercury | Saturn | Uranus- | Saturn-
) Neptune | Pluto®* Orbit Orbit Orbit Orbit
1984 1980 1982 1976 1978 1978 t 10 1 9 1t 8 t9n
(2) (3) (6) {(n (9) (12)

No. Name Type M v vV M J S| UN J S M M vV Vv MM JJJ
1. Television camera ** e} - - - -]1- O0]0 O}~ O [} 0jO0 O0f{o o}looo
2. Camera system [o] (o] o o
3. | Microwave radiometer, mapping ** o - - - -|l- 0o0jo O|- o o o o
4, Microwave radiometer, measuring ™" [ ) [ ] e 0|0 o0 o0 o o eo|e oo oloeoe
5. | Synthetic aperture radar ** o) - - - -|- 0]O0 0}~ o0 o ]

6. Noncoherent radar system [o] (o] o o
1. Flux-gate magnetometer [} [} ® o[ o|e o o o [ X J
8. Helium magnetometer [ ] ® ®o|® o|e o]0 o e o [ X X
9. Scintillation spectrometer ® [ ] ® o o e o
10. | Charged-particle spectrometer °
1. Electrostatic or Faraday cup analyzer ® [ ] [ ] [ ] [ J
12, Geiger-Mueller counter array ® [ ] [ ] [ ] ®
13. Praportional counter array ® ° ® ® [ ]
14, Radio polarimeter ** [ ] - - - =~} =~~~ =-]- =
185, Filter radiometer ** ® ) [ ] [ ) ®. ®. ®0 ®0 ®. e ® o |0 o0 o000
186. Far IR radiometer ** o] - - -~ -}- o|lo o]- o o ojo olo ]
17. Polychromator radiometer [ - - - -}- -1- -}{- - :
18. Scanning spectrometer ** o - - - - =-l- -]~ - o olo o]o
19. | Michelson interferometer ** [ ] - - S ®. GD. (D. ®. (D. e 00
20 Visible/UV photometer ** o - + + -+ ++ e+
0. Visible/UV spectrometer ** ® 3 3 ¥ tj0 oe|o oo o o000
22. | Laser redar*”® ° . ° o ol0o o|0 o+ o e eoje o|0o o
23. Bi-frequency radio occultation receiver [ ] x [ ] ® x|e ele® e|e x [ ] e oo
24, Visible polarimeter ** [e] - - - -1 - -l- =-]1~- -
25. Proportional counter telescope [ ]
26. Solid-state telescope [} [ ] [ ] e o
27. Li6l spectrometer [ ] [ ] [ ] e e
28, Curved plate plasma spectrometer ® [ 2 ® o o
LEGEND
O Imaging sensor Q@ Optimal capability
® Nonimaging sensor @ Marginat capability
— Not within scope of study, or requirement for sensor does not exist % Observation requirements deal with airglow emission spectra;
* Planetary coverage at this encounter outside scope of study airglow emission properties not readily available
** Pluto outside scope of study x No sensor designed; Earth Itation does not occur
t See Item 26, solid-state telescope + Sensor design within state-of-art limitations not possible
3-6
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of generic sensor types, at selected points on a specified planetary
encounter trajectory or orbit,

3, Module 3 (SERA-3) uses sensor scaling laws to design a sensor
of a given type to satisfy a set of measurement requirements,
subject to state-of-the-art limitations, and then calculates the
sensor support requirements,

Modﬁle 1 ﬁré.s described in Reference 1, Appendix D, A user's manual
for the executive program and all three modules was prepared as the
Appendix of Reference 2.

Module 3 calls a subroutine which embodies the set of scaling laws
for the'_ sensor type specified in input data to Module 3, as determined by
the nature of the observation requirements, Subroutine names are listed
in Table 3-2, The LIDAR and SPVIS subroutines were included in the
Appendix of Reference 2. Listings, definitions of variables and input/
output formats, array and load module maps, sample data and results, and
user's instructions for the other subroutines are presented in Appendix B
of this report, Appendix B also describes changes made in the main pro-
gram and:subroutines since issuance of Reference 2,

Table 3-2, Sensor Scaling Law Subroutines

Subroutine Name Sensor Type
SPVIS Visible /UV spectrometer
_IMV]S TV camera
LIDAR. Laser radar
~ RADIR Far IR radiometer (the_rmal mapper)
- SPIRD Filter radiometer

Polychromatic radiometer
Scanning spectrometer
Michelson interferometer

"RDMIC Mapping microwave radiometer
T Measuring microwave radiometer

‘ Microwave spectrometer

SNADR Synthetic aperture radar

OCULT Radio occultation system
' Radio polarimeter

3-7
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3.2 MISSION ANALYSIS

A basic objective of the subject contract effort was development of
suitable scaling laws relating mission support requirements to the measure-
ment capabilities of the sensors along with the methodologies for application
of these laws to representative cases. To provide meaningful observational
data for these representative cases, a selected set of mission profiles and
the accompanying planetary encounter trajectory data were generated.

A NASA-developed trajectory computer program was provided at the
outset of the study to generate the necessary trajectory data. This program
was subsequently included as a basic module in the final version, which
included an automated graphical output of data along with a time-sequenced
pictorial display of the encounter planet as seen from the flyby spacecraft.

NASA SP-35 formed the basic reference for heliocentric trajectory
parameters related to specified mission sets, except for the mini-tours for
which special trajectory data was supplied by NASA.

3.2.1 Flyby Missions

The total set of unmanned missions included in this study are flybys
of Mercury and Venus (including a Venus swingby mission to Mercury),
flybys of Saturn using a Jupiter swingby mode, multiplanet flybys (mini-
tours) of Jupiter-Saturn-Pluto and Jupiter-Uranus-Neptune. At least two
mission opportunities for each specified planetary set were evaluated.

As a consequence of the inherent planetary alignments, the time
period under consideration for swingby missions to the outer planets was
restricted to the latter half of the 1970 decade.

3.2,1.1 Mission Selection

A basic criterion used in'this study for the selection of the mission
sets was a minimal Earth departure energy commensurate with a '"close'
encounter with the individual encounter planets. A minimum value (1/4 planet
radii) for the altitude of closest approach to Jupiter was selected to alleviate
the guidance and navigation requirements, and the Saturn flybys were
restricted to an external passage of the rings.

3-8
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To set the character of the individual mission sets in proper perspec-
tive in terms of the planetary features and the selection rationale, the
following discussion is presented for each of the mission sets:

Mercury Direct. A Mercury mission should provide a significant
contribution to the knowledge of both the planet and its solar environment.
Planetary mass determination, surface features, and magnetic field char-
acteristics are but a few of several areas on which very little information
is available.

At least three launch opportunities for direct flyby missions to
Mercury occur during each year; these opportunities in turn occur near the
date of an inferior conjunction* of Mercury. Since the orbit of Mercury
has a significant inclination and a large eccentricity, only one launch oppor-
tunity yields minimal Earth departure velocity; hence, only one opportunity
per calendar year is of interest,

Two mission opportunities were selected for this study corresponding
to the third inferior conjunction for each of two years, 1982 and 1984,
corresponding to the following respective launch dates: October 17.5, 1982
and September 16.5, 1984, The altitude of closest approach to Mercury
was fixed at one planet radius; the flyby inclinations were set at 30 and
150 degrees, which is near the minimum established by the vector declination
of the encounter asymptotic velocity.

Venus Direct, The orbit of Venus is characterized by a moderate
inclination and a lesser eccentricity than any of the other planets. In addition
to areas of interest previously mentioned regarding Mercury missions,
perhaps the most significant additional area pertaining to a Venus mission is
the presence of a significant atmosphere.

The two opportunities selected for the Venus mission correspond to
the inferior conjunctions of 1980 and 1983; the specific launch dates were
April 0.5, 1980 and May 25.5, 1983. Again the altitude of closest approach
was set at one planet radius and the inclination of the hyperbolic orbit at
-30 and +30 degrees, roughly the minimum permissible.

Venus Swingby to Mercury. One qualification for all swingby missions
under consideration for this study is that no powered encounters are per-
mitted; thus, in general, a somewhat restrictive set of launch windows are
available for the potential missions. The opportunity for the 1980 mission

*Inferior conjunction is defined as that position wherein the heliocentric alignment is Sun~ planet- Earth,
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centers about the beginning of the year 1980 and extends about one month
into 1979 and 1980. The 1982 mission has a somewhat larger launch window
range centering about the early part of 1982, The selected missions for

this study were December 25, 1979 and January 30.5, 1982,

The swingby about Venus for both missions is characterized by light
side approaches with periapse near the terminator; the resulting altitude of
closest approach for both cases is quite low, in the range of 1200 to 2000 km,
which may be of concern in the guidance and control subsystems area.

Jupiter Swingby to Saturn. As stated earlier, the outer-planet missions
are restricted to the 1975/1980 time period. Jupiter generally acts as a
fulcrum for missions to the outer planets because of its great size. In
addition to its use to add energy to the spacecraft, Jupiter itself is of con-
siderable scientific interest. Combined with the unique character of the
planet Saturn and its rings, this type of mission appears potentially to
provide a wealth of scientific data.

In general, the more desirable missions occur early in the time
period, due mainly to the large increase in Jupiter passage distances as
time increases,

Specific mission periods chosen for this study were July 30,5, 1976
and September 3,5, 1977,

Jupiter Swingby to Uranus Swingby to Neptune. Only two launch years
were considered in the study; these were the 1978 and 1979 opportunities. In
general, 1978 opportunities are well behaved, i.e., the resulting swingby
distances are moderate for the lower departure energies. The 1979 oppor-
tunities are characterized, in general, by a significant increase in the Jupiter
swingby distance. For this study, the mission opportunities evaluated were
October 8.5, 1978 and November 12,5, 1979,

Jupiter Swingby to Saturn Swingby to Pluto, The character of this
mission is somewhat similar to the single swingby case previously discussed.
In general, for a specific launch date, the swingby distances about Jupiter
and Saturn increase with increasing target (i, e., Pluto) arrival dates,
Correspondingly, the departure energy decreases as the target arrival date
is extended. As a compromise which relates a minimum departure velocity
commensurate with a reasonable range of swingby distances about Jupiter
and Saturn, the following missions were selected: September 3.5, 1977
and October 8,5, 1978,

A summary of the mission sets evaluated in the course of the study
is contained in Table 3-3.
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One mission was chosen as an example for illustrative purposes in this
report: the 1976 Earth-Jupiter-Saturn mission; the Saturn encounter data
and a discussion of this particular case are presented in Sections 3.2.1.2
and 3.2.1.3.

3.2.1.2 Analysis Methodology

This specific mission was chosen as a representative mission; the
resulting encounters with the two most massive planets of our solar system
are expected to provide excellent opportunities for detailed planetary meas-
urements. 1976 turns out to be an ideal year for this type of mission in that
the best combination of minimal departure energy and close planetary
encounters occur as a consequence of the favorable alignment of the planets
during this time period.

For each flyby trajectory, a specific set of planetocentric parameters
was generated as shown in Section 3.2.1.3., These were chosen on the basis
of their expected utility in the evaluation of the complete sensor set. The
first and most obvious is the altitude, followed by the spacecraft velocity
magnitude and the rate of change of the radius. The latitude and longitude
of the sequence of subsatellite points were likewise determined. The Earth
(Sun)/spacecraft/planet included angles were considered as important
parameters, as well as their rates of change. Ground speed of the sub-
satellite point was calculated, as well as the nadir angle rate. This latter
parameter is defined as the required inertial slewing rate for a given sensor
to track the instantaneous subsatellite point. Each of these parameters,
along with time, was sequentially calculated using true anomaly as the inde-
pendent parameter. These dependent parameters and their dimensions
follow and are shown in Figure 3-2.

Altitude (planet radii)
Latitude (deg)
Longitude (deg)
Radius rate (km/sec)
Velocity . (km/sec)
Nadir angle rate (deg/hr)
Ground speed (km/sec)
Disk half angle (deg)
Clock angle (deg)
Cone angle (deg)
Earth angle (deg)
Phase angle (deg)
Time (hr)
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Table 3-3. Mission Data Summary

(1) Earth-Mercury 1982

Depart 45260,.0*% (October 17.5, 1982)
Arrive 45378,0 (February 12,5, 1983)

Trip Time 118 days

(2) Earth-Mercury 1984

Depart 45960.0 (September 16.5, 1984)
Arrive 46080.0 (January 14,5, 1985)

Trip Time 120 days

(3) Earth-Venus 1980

Depart 44330.0 (April 0.5, 1980)
Arrive 44440, 0 (July 19.5, 1980)

Trip Time 110, 0 days

(4) Farth-Venus 1983 .

Depart 45480, 0 (May 25.5, 1983)
Arrive 45640,0 (November 1.5, 1983)

Trip Time 160. 0 days

(5) 1979 Earth-Venus-Mercury

Depart 44210.0 (December 2.5, 1979)
Swgby 44466.5 (August 15, 1980)
Arrive 44592, 0 (December 18,5, 1980)

Trip Time 256,5/125,5 = 382 days

(6) 1982 Earth-Venus-Mercury

Leave 45000.0 (January 30.5, 1982)
Swgby 45167.7 (July 17.2, 1982)
Arrive 45304,0 (December 0.5, 1982)

Trip Time 167, 7/136.3 = 304 days

*Julian Date - 2400000,

3-13
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Table 3-3. Mission Data Summary (Cont)

(7) 1976 Earth-Jupiter-Saturn

Leave 42990.0 (July 30.5, 1976)
Swgby 43725,5 (August 5.0, 1978)
Arrive 44700.0 (April 5,5, 1981)

Trip Time 735.5/974.5 = 1710.0 days

(8) 1977 Earth-Jupiter-Saturn

Leave 43390,0 (September 3,5, 1977)
Swgby 44133,1 (September 16,6, 1979)
Arrive 45000.0 (January 30.5, 1982)

Trip Time 743, 1/866.9 = 1610,0 days

(9) Farth-Jupiter-Uranus - Neptune
Depart 43790.0 (October 8.5, 1978)
Swgby 44452,0 (August 0.5, 1980)
Swgby 46521.2 (March 31,7, 1986)
Arrive 48000.0 (April 18.5, 1990)

Trip Time 662,0/2069,2/1478.8 = 4210 days

(10) Earth-Jupiter-Uranus - Neptune

Depart 44190,0 (November 12,5, 1979)
Swgby 44690.7 (March 27,2, 1981)
Swgby 46101.7 (February 5,2, 1985)
Arrive 47200.0 (February 8.5, 1988)

Trip Time 500,7/1411,0/1098.3 = 3010 days

(11) EFarth-Jupiter-Saturn-Pluto

Depart 43390.0 (September 3.5, 1977)
Swgby . 43837.8 (November 25,3, 1978)
Swgby 44355,5 (April 26.0, 1980)
Arrive 46000,0 (October 26.5, 1984)

Trip Time 447.8/517.7/1644,5 = 2610 days

(12) Farth-Jupiter -Saturn-Pluto

Depart 43790.0 (October 8.5, 1978)
Swgby 44229,7 (December 22,2, 1979)
Swgby 44652.4 (February 16.9, 1981)
Arrive 46400,0 (December 0.5, 1985)

Trip Time 439.7/422,7/1747.6 = 2610 days

3-14
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The point of distance of closest approach is defined as time zero. A
minus time or true anomaly denotes the approach phase, a plus value the
departure phase. Latitude is measured in a conventional method from the
planet equator; zero longitude is defined as the meridian passing through
the point of closest approach at time zero,

3.2.1,3 Trajectory Data

The data determined are presented in two forms. The first is a set
of time-sequenced pictorial displays of each planet as seen by the spacecraft
(Figure 3-3), while the second is a set of graphs on which the selected
planetocentric parameters just described are plotted with true anomaly as
the independent variable (Figures 3-4 to 3-16). These data are presented
in the following set of computer-generated output. Only selected pictorial
displays are shown here; the full set includes 40 pictures.

3.2,2 Selection of Orbits at Inner Planets and Jupiter

In the calculation of imaging sensor support requirements for orbital
missions at the inner planets and Jupiter (Reference 3), 10 orbits were
considered at each inner planet and 11 at Jupiter, These orbits differ
principally in eccentricity, and at Jupiter also in periapsis altitude, The
inclinations are given in Table 3-5. The longitude of aséending node and
argument of periapsis were not specified.

From this set of candidate orbits, certain orbits were selected in
Reference 3 on the basis of maximum support of observation objectives.
Table 3-4 shows the number of imaging sensor systems designed for use in
each orbit in any of the orbital missions to the inner planets and Jupiter.
Orbit numbers in Table 3-4 correspond to Reference 3. The tasks of com-
puting non-imaging sensor support requirements for these missions, and of
constructing integrated compatible families of imaging and non-imaging
remote sensors, are greatly simplified by restricting this effort to a few
orbits that best represent the distribution of Table 3-4. Table 3-5 lists the
parameters of the orbits selected for evaluation of non-imaging sensor
support requirements. If these requirements were calculated for the other
orbits, the results would change only slightly, and the integration with
compatible imaging sensor families would be trivial or meaningless.
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Table 3-4. Distribution of Orbits Selected for
Imaging Sensor Definition

Orbit Number
Planet 1 2 3145 6 | 7 81 9110 | 11 | Total
Mercury | 66 | 0 | 0 [ O 0 0|0 0O 8 - 74
Venus 58 | 0 0| o0 0 0 0 0|9 3 - 70
Mars 48 | © 0] O 0 11 3 27 1 0| 21 - 110
Jupiter 5 0 0 0 0 0 4 0|5 4 9 27
Table 3-5. Orbits Selected for Nonimaging Experiments at
Inner Planets and Jupiter
Periapsis Apoapsis
Planet Orbit Altitude (km) Altitude (km) Inclination (deg)
Mercury 1 500 500 90
Mercury 10 500 53,400 90
Venus 1 454 454 90
Venus 9 255 50,400 90
Mars 1 1016 1,016 90
Mars 8 383 12,525 124
. 5 5
Jupiter 1 1.78x 10 4,81 x 10 90
. 5 5
Jupiter 9 1.78 x 10 13,47 x 10 90
. 5 5
Jupiter 11 3.57x 10 6.65 x 10 90
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The orbits are assumed initially to have periapsis latitude zero, and
periapsis longitude (also longitude of ascending mode) zero with respect to
the subsolar meridian, At Jupiter, the insertion AV required for zero
periapsis longitude is prohibitive, and a longitude of 90 degrees is assumed.
The orbits are not large simple fractions (1/3, 1/2, etc.) or small multiples
(2. 3, etc.) of the planetary rotation periods, so a few orbits will suffice
for viewing all longitudes at favorable altitudes and sun angles, Precession
of the apsides and regression of the nodes are ignored.

3.3 PLANETARY SURFACE AREA COVERAGE

3.3.1 Flyby Missions

A combination of several sensors, different coverage modes (i.e,,
optimal and marginal), numerous missions, and several target planets
results in the requirement to analyze and determine planetary surface area
coverage for 66 separate planetary flybys, Since the computational pro-
cedure for all these flybys are similar, only a representative sensor and
planet flyby will be considered in detail, and a summary of results will be
presented for the remaining 65 planet encounters,

The visible/UV spectrometer was selected for the example, with
optimal area coverage on the Saturn encounter associated with the 1976
Earth-Jupiter-Saturn flyby mission.

3.3.1.1 Flyby Trajectory Selection

Saturn is the terminal planet in the mission sequence; consequently,
there is a free choice of closest approach distance (periapsis) and flyby
inclination (with respect to Saturn's equator). The choice of periapsis
distance is constrained to avoid Saturn's rings, which are contained in the
equatorial plane and extend out to an altitude of approximately 1.. planet
radii.

The selection of flyby inclination requires, in general, a compromise
between the conflicting demands of the various types of sensors, For all
planetary encounters considered, the TV sensor influenced the selection of
inclinat.i‘on the greatest; consequently, the inclination was selected to
satisfy the TV requirements, The TV required that sufficient time be
available to scan both north and south latitudes (avoidance of ring masking)
prior to crossing the terminator from light to dark.
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A graphical aid which greatly facilitates the selection of inclination
is a planet stereographic projection. The stereographic projection has been
known for centuries and was used by map makers in the Middle Ages. More
recent analysis (Reference 4) commended its use to solve a wide variety
of three-dimensional problems and delineated the detailed steps necessary
for point-by-point construction. The primary advantage of this spherical
projection is that all circles, great or minor, appear as circular arcs in
the projection and the projection is isogonic, that is, inclination angles of
planes relative to each other are preserved. A transparent coordinate
overlay permits graphical solution of all spherical geometric problems,

Since for planetary imaging analyses the source of light is the Sun,
a projection about the subsolar point allows the lighting angles to be dis-
played as concentric circles. Figure3-17 illustrates the Saturn stereographic
projection associated with the mission of interest. A 12,4-degree inclined
orbit was selected to satisfy the requirement for both north and south latitude
viewing on planet approach,

With the inclination fixed, trajectory data were then generated (see
Section 3,2, Mission Trajectory Data) for a flyby with a periapsis altitude
of 1,0 Saturn radii. The combination of selected values of periapsis
altitude and flyby inclination resultsin a nodal (equatorial) altitude of 4,05
and 3. 39 Saturn radii on approach and departure, respectively—well outside
Saturn's rings.

3.3.1.2 Surface Area Computation

The first step in computing surface area required is to obtain a plot
of the trajectory in terms of longitude and latitude (see Figure 3-18). Sensor
on and off altitudes, as well as sensor field-of-view, were supplied by the
sensor analyst (see Section 3.4.1. 7). These altitudes were then equated to
Saturn longitude by the available trajectory data. For the specific example,
the following information resulted:

Altitude True Swath
(h, Saturn| Anomaly | Time { Longitude| Latitude Width
radii) (degrees)| (hours)| (degrees) [(degrees)! (degrees)

Sensor On 13, 35 -120 14, 95 46. 4 5.6 118, 815
Sensor Off 1.99 -65 -1, 87 0.2 -5.8 17.711
3.32
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The swath width (S/W) represents a great-circle arc as determined by:
. h
S/IW = 2y —
rb..
where ry is Saturn radius, and 2V is the aperture angle—in this example,

8.90 degrees,

Several intermediate altitudes between the sensor on and off altitudes
were selected and their corresponding swath widths determined and super-
imposed on the longitude /latitude plot as shown in Figure 3-19. Note that
the visible/UV spectrometer is used over the approach phase of the flyby
only,

Simple spherical geometry was used to compute surface area coverage,
The area of a zone as illustrated in Figure 3-20 is given by:

A (zone) = 27 RE sins

where ¢ is zone latitude,

A latitude of 90 degrees yields the surface area of a hemisphere and
twice this value is the surface area of a sphere, i.e.,

A (sphere) = 4 R%

When the area of only a portion of the zone is desired, the following
relation is used:

Alongitude (degrees)
3600

A=ZTTR,, sin & [

Since there are no specific requirements to obtain surface area
coverage better than about 5 percent, the actual sensor ground swath was
approximated by zonal sections on the planet as illustrated in Figure 3-21
In this case, the ground swath was first approximated as a truncated
pyramid (dashed line) and then the equivalent zonal area specified, The
following expressions yield the desired surface areas:

319, 8°
360°

+ sin (62.549°) x

84.6°]
360°

2
A (north) = 27 1y, [sin (31.5730) x

319, 8°

(0]
3600 + sin (51. 349°) x ziil-ié—]

- 2 o
A (south) = 27w ry, [s1n (31, 773%) x 3600
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Area coverage of the visible/UV spectrometer is 66. 7 percent of the total
surface area,.

3.3.1.3 Summary of Flyby Results

Table 3-6 summarizes the planetary surface area coverage computa-
tions for the sensors and missions of interest,

3.3.2 Orbiter Missions

The computation of area coverage for the orbiter missions followed
essentially the same procedure used for the flybys, In this case, trajectory
data was supplied by a NR computer program (Reference 5), and the area
coverage was computed automatically., This program is a second-
generation interplanetary trajectory program written in Fortran II. It
has the following capabilities: (1) phase-controlled choice of linked conic,
Encke's or Cowell's methods using the Adams-Moulton six-order integration
package; (2) up to 15 celestial bodies, 11 of which move according to JPL
ephemeris tapes, while 4 use input-specified mean elements; (3) central
body exchange at computed spheres of action; (4) oblateness effects up to
10th harmonic, thrust and drag forces; (5) multiple legs (phases) with
selective stopping conditions and leg addressing; (6) simultaneous two-
vehicle operations, each at its own optimal submultiple step size; (7) double-
precision arithmetic (16 digits); (8) tracking station data, look angles to
Earth, target body and Canopus, including cone and clock angles;

(9) CRT 9 by 9-inch plots of any computed variables desired in any xy-axis
combination; (10) a variety of input/output formats and reference systems
(Earth equatorial true or mean of date or epoch, planetary equatorial,
ecliptic, etc.).

At discrete time intervals (measured in minutes) swath widths
(latitude distance) were determined and the surface area approximated as a
truncated pyramid, where the longitude distance was obtained by mu1t1p1y1ng
ground speed by the time interval. :

3.3.2.1 Summary of Orbiter Results

Table 3-7 summarizes the planetary surface area coverage computa-
tions for the sensors and missions of interest,
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Table 3-6. Planetary Surface Area Coverage Summary

Altitude
(Planet Radii)
Sensor Area Coverage
Measuring Coverage| FOV Sensor| Sensor| (Percent of
Sensor Constraints Mode (deg) Mission Planet On Off Planet)
Laser radar | Sampling performed|N/A 0.1146]1984 M Mercury| 25.05] 25.05 1.2
ﬁﬁgfi:ﬁ;ﬁﬁ::fﬁ; 1980 V Venus | 6.23 6.23 0.18
comparable altitude 1982 V-M |[Venus 6.23 6.23 0,34
on departure. Mercury| 25.83| 25.83 0.65
1976 J-S Jupiter 1.54| 1.54 0.017
Saturn 2,65 1.0 0,028
1978 J-U-N|Jupiter 5,88] 5.88 0,27
Uranus 39, 38| 39.38 5.8
Neptune | 79.66] 79.66 17.9
1978 J-S-P |Saturn 8.11] 8.11 0.42
Measuring Sensor used over Optimal |0.2292]|1984 M Mercury| 10.0 10.0 0,48
Radiometer | the range from 0.5730/1980 V Venus | 10.0| 10.0 1.5
maximum altitude
(sensor on) to min- 0.2292{1982 V-M |Venus 41.0 2.69 0.31
z‘snel::oih::f‘;djn both Mercury| 10,0 10.0 0,50
approach and 0.5730]1976 J-S Jupiter 3.49 3.49 0. 35
departure Saturn 9.88] 9.88 4.2
0.4658|1978 J-U-N|Jupiter 6.86 6.86 1.5
Uranus 16.17| 16.17 4,2
Neptune 7.58] 7.58 0.59
0,2292|1978 J-S-P |Jupiter 20,47 20.47 9.0
Saturn 21,39} 21.39 7.9
Marginal] 0.4584|1984 M Mercury 5.13 5.13 0.48
2,292 [1980 V Venus 28.69| 28.69 22.3
0.4584|1982 V-M |Venus 143, 44] 143. 44 21.0
Mercury 5.13 5.13 0.49
0.6663|1976 J-S  |Jupiter 8.36] 8.36] = 3.2
Saturn 9.88 9.88 4.9
0.81861978 J-U-N|Jupiter 6.86| 6.86 2,7
Uranus 21,68 21.68 12,2
Neptune | 18.66] 18.66 16.2 ]
0.4832|1978 J-S-P [Jupiter 11,70 11.70 5.8
0.3114 Saturn 21.39] 21.39 12.0
Mapping Sensors views up Optimal |0.5730]|1976 J-S Saturn 6.19] 6.19 56.6
Radiometer ';i:t';%:glt;’;gliet. 1978 J-U-N|Uranus | 9.43[ 9.43 43.1
From maximum Neptune 3.79 3.79 18.4
::i;“i;:&;:igr 0.2292]1978 J-S-P [Saturn | 33.11| 33.11 75.0
both approach and Marginal| 2,204 |1976 J-S Saturn 4. 30 4.30 25.7
departure. 10.81 1978 J-U-N|Uranus | 2.25| 2.25 6.5
Neptune 2,37 2.37 17.1
0.4476|1978 J-S-P |Saturn 21, 19| 21.19 75.0
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Table 3-6. Planetary Surface Area Coverage Summary (Cont)
Altitude
(Planet Radii)
Sensor Area Coverage
Measuring Coverage| FOV Sensor |Sensor| (Percent of
Sensor Constraints Mode (deg) Mission Planet On Off Planet)
Thermal From maximum Optimal |0.220 |1976 J-S Saturn 4, 32 4.32 0.21
M. . o
apper altitude to mini 0.1690 [1978 J-U-N|Uranus | 11.60] 11.60 0.77
mum altitude on
both approach and Neptune | 10,61 10.61 0.39
departure. 0.00573[1978 J-S-P |Saturn | 41.04| 41.04 0. 36
Marginal| 0.220 1976 J-5 Saturn 4.32| 4.32 0.21
0.2110 (1978 J-U-N| Uranus 11.60| 11.60 0.96
Neptune 10.61| 10.61 0.49
0,0870 [1978 J-S-P |Saturn 10.92| 10.92 0,57
Visible/ From maximum Optimal |8,90 1976 J-S Jupiter 11.20| 0.70 38.3
uv altitude to mini-
Spectrometer| mum altitude on Saturn 13.35) 1.99 66.7
approach only, 14.0 [1978 J-U-N|Jupiter 6.86| 3.18 20.3
Uranus 16,17 2,46 64.1
Neptune | 16,83 1.67 37.4
8.60 1978 J-S-P | Jupiter 11.70 6.59 41.9
Saturn 14,41 6.53 57.8
Marginal| 10.80 [1976 J-S Jupiter 14.90( (1) 36.8
Saturn 17.70| (1) 50.0
11.46 [1978 J-U-N| Jupiter 14.10) (1) 37.3
Uranus 24,0 (1) 50.0
Neptune 24.0 (1 25.2
10.80 [1976 J-S-P | Jupiter 14.9 (1) 36.8
Saturn 17,6 (1) 50. 0
Television Scan from limb- Optimal 0.21 1976 J-s Saturn 7.68 1.99 24,0
Camera to-limb (north/ 0.22 (1978 J-U-N|Uranus | 16.64| 2.43 56.0
south), From
maximum alti- Neptune | 16.81] 1.52 24.5
tude o minimum 0.22 (1978 J-S-P [Saturn | 30.61| 6.62 99.2
altitude on approach
only.
Marginal| 0.21 (1976 J-S Saturn  [1602 (1) 50.0
0.21 {1978 J-U-N}|Uranus 403 (1) 50.0
Neptune | 403 (1) 50.0
0.21 1978 J-S-P|Saturn 1602 (1) 50.0
(1) Single frame area coverage
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Table 3-6. Planetary Surface Area Coverage Summary (Cont)

Altitude
{(Planet Radii)
Sensor Area Coverage
Measuring Coverage| FOV Sensor [Sensor| (Percent of
Sensor Constraints Mode (deg) Mission Planet On Off Planet)
IR Sampling performed|Optimal |1.0 1984 M Mercury 9. 36 9. 36 2.0
Radiometer/ |from initiation alti- 6.21 |1982 V-M | Venus L1l L1 3.2
Spectrometer|tude on approach to

comparable altitude Mercury 1. 30 1. 30 1.0
on departure. 35.0 1980 V Venus 1.65( 1.65 11.3
18.2 1976 J-S Jupiter 4,03 4,03 14. 6
Saturn 4, 32 4.32 17.5
9.49 [1978 7-U-N|Jupiter | 4.65| 4.65 11.3
2.93 Uranus 13.9 13.9 18.2
1.21 ' Neptune | 14.8 | 14.8 5.7
2.33 1978 J-S-P [Jupiter 11.7 11.7 28.2
Saturn 14,41 14.41 35.4
Marginal |1.0 1984 M Mercury| 4.601 4.60 0.9
22.9 1982 V-M |Venus 1. 71 1.71 11.8
11.4 - Mercury 1.30 1.30 1.9
34,3 1980 V Venus 1,65 1.65 11.1
17.2 1976 J-S Jupiter 4,03 4.03 13.8
Saturn 4,76 4.76 21,6
9.84 1978 J-U-N| Jupiter 4.65( 4.65 11.6
2,07 Uranus 13.9 13.9 12,9
1. 55 Neptune | 14.8 14. 8 7.1
2,38 1978 J-S-P | Jupiter 12.2 12.2 32.0
Saturn 14,41 14.41 36.1
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Altitude (km)

Area Coverage

Sensor FOV {percent of
Sensor Measuring Constraints Coverage Mode (deg) Mission Sensor On | Sensor Off planet/orbit)
Measuring Sensor is not scanned. Optimal 0.229 1984 Mercury Usage over full orbit 0.032
Microwa it 1
Radiomatsr Field-of-view centered at nadir. Marginal 11.46 Orbit Usage over full orbit 1.15
Altitude range for usage is from Optimal 0.229 1984 Mercury | 6.2 x 103 5.43 x 104 2.49
"sensor on'' altitude to ''sensor off" N Orbit 10 3 4
altitude on both ascending and Marginal 6.37 2.08 x 10 5.43 x 10 32.4
descending legs of orbit. Optimal 0.229 1977 Venus Full orbit 0.0152
it 1
Marginal 11. 46 Orbit Full orbit 0.77
Optimal 0.229 1977 Venus 9.3 x103 | 5.18 x 10% 0.95
Marginal 7.74 Orbit 9 2.29 x 103 | 5.18 x 104 33.9
Optimal 0.229 1988 Mars Full orbit 0,062
Marginal 11.5 Orbit 1 Full orbit 3.35
Optimal 0.229 1988 Mars 2.31 x 103 | 1.26 x 104 0.526
Marginal 4.55 Orbit 8 8.27 x 102 | 1.26 x 104 10.8
Optimal 0.229 1978 Jupiter Full orbit 0.84
it 1
Marginal 0.833 Orbit Full orbit 3.1
Optimal 0.229 1978 Jupiter 1.78 x 105 | 1.02 x 100 0.875
Marginal 0.298 Orbit 9 Full orbit 1.91
Optimal 0.229 1978 Jupiter Full erbit 1.38
it 11
Marginal 0.602 Oxbit Full orbit 3.64
IR Radiometer Sensor scanned if area coverage
Spectrometer requirements not otherwise met in
(F) one O?blt. If scanning ?SEd’ center Optimal 5.38 1984 Mars 1.0
scan is centered at nadir, Orbit 1
(F) Marginal 5.38 1.0
(F) Optimal 0.088 1984 Mercury 1o
it 1
(F) Marginal 0.088 Orbit 1.0
(F) Optimal 6.12(S) 1977 Venus 0.41
(F) Marginal 135.0 Orbit 1 . 1.83
(F) Optimal 2.29(8) ‘g 10.0
(F) Marginal 6.64(S) = 14.5
el
(F) Optimal 39.6(S) 1988 Mars " 10.6
. ©
) Marginal 4.8 Oxbit 1 5 10.0
(F) Optimal 4.56(S) | 1988 Mars H 10.8
() Marginal 13.3 Orbit § iy 31,5
o
™M) Optimal 1.15(8) 1978 Jupiter ] 2,06
Orbit 1 o
(F) Marginal 2.86(S) ® 10,7
™) Optimal 0.115(S) | 1978 Jupiter 1.5
. Orbit 9
(F) Marginal 1. 64(S) 10. 8
M) Optimal 0.776(S) | 1978 Jupiter 4.72
Orbit 11
(F) Marginal 1, 82(s) 10.9
Optimal 14. 8(8) 1978 Jupiter 4.08 x 105 | 2.42 x 105 15.4
Orbit |
Vigible/UV Sensor is scanned if area coverage Marginal 11.5 4.08 x 105 | 2,42 x 105 12.3
Spectrometer requirefnents not ot.her\.vise met in Optimal 5. 8(S) 1978 Jupiter 1.1
one orbit. If scanning is used, Orbit 9
center scan is centered at nadir. Marginal 8.6 ) 16.3
Altitude ra'r:ge f‘or sens?lr usage is i Optimal 11. 4(s) 1978 Jupiter 15. 8
"'sensor on'' altitude to "sensor off Orbit. 11
altitude. For 1978 J-S mission, Marginal 13.5 18.9
roughly half of viewed surface is
sunlit.
Laser Radar Sensor is not scanned. Field-of- Optimal 0.114 1984 Mercury 500 0.023
view centered at nadir. Sensor can . Orbit 1 .
be used for all altitudes below Marginal (Full orbit)
altitude given. Optimal 0.015 1984 Mercury 1,37 x 104 9.2 x 10-3
Orbit 10
Marginal
Optimal 0.0935 1977 Venus 454 6.3 x 1073
Orbit 1
Marginal (Full orbit)
Optimal 0.0115 1977 Venus 3.72 x 103 9.5 x 10-4
Orbit 9
Marginal
Optimal 0.0564 1977 Mars 1016 0.015
) Orbit 1
Marginal (Full orbit)
Optimal 0.0115 1977 Mars 1.25 x 104 0.027
Orbit 8
Marginal {Full orbit)

(F) Filter radiometer
(M) Michelson interferometer
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3.4 SENSOR CAPABILITIES AND SUPPORT REQUIREMENTS

3.4.1 Visible/Ultraviolet Spectrometer Design Technique

3.4.1.1 Background

As with other sensor types considered within the scope of this study,
visible/UV spectrometer design is attempted for each of the relevant
planetary encounters presented in Section 3.2. The designs are accomplished
with the attainment of the two basic levels of observation requirements
(optimal and marginal) in mind (Reference 1). The sample case presented
represents the optimal-level design of a non-imaging sensor for an outer-plan
planet engounter. The visible/ultraviolet (UV) spectrometer and associated
subsystem design criteria are presented in Section 4. 2. 6 of Reference 2.

3.4.1.2 Observation Requirements

The choice of a multi-planet mission encounter provides the initial
constraint that the sensor be designed for usage at all relevant encounters.
Thus, the observation requirements data sheets (ORDS) for both Jupiter and
Saturn which deal with visible/UV spectroscopy must be considered for this
sample case. The relevant ORDS and a summary of the specific observa-
tion requirements contained therein are provided in Table 3-8.

3.4.1.3 Sensor Design Constraints and Limitations

State-of-the-art (SOA) limitations and physical limitations often neces-
sitate the deletion of certain ORDS, as cursory visual inspection reveals that
the attainment of such ORDS requirements would cause these limitations tobe
violated. As can be noted in comparing the table of limitations (Table 3-9)
with the requirements in Table 3-8, the lower limit wavelength coverage
requirements for ORDS C-105 cannot be met and ORDS must be dropped
from further consideration.

3.4.1.4 Optimal Sensor Design Requirements

Initially, sensor design is attempted with the intention of meeting the
most stringent of each of the individual observation requirements taken from
the collection of relevant ORDS. For the case at hand, it is desirable to
design a sensor with the following capabilities:

wavelength coverage: 0.1 p(hpy) 22X =2 1.0p(Np")
spectral resolution: AN = 1079 v
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Table 3-8. Summapy of ORDS Requirements for Visible/UV Spectroscopy
at Jupiter and Saturn*

ORDS | NV Ny Nm Mm AN AN AN AN As s s' s AX' AX"

(Ref.1) Objective/Observable (1) () () () () (1) (deg) (deg) (deg) (deg) (%) (%) (m) (m)

C- 65t Trace substances in atmosphere and | | -3 -2 5 7
clouds/IR-visible-UV spectra - 20.0 14.0 0.1 0.2 10 10 20 45 90 45 - - 5x10 10

C-92 Atmospheric properties above poles/ ‘
optical photon spectrum from solar 1.0 0.1 0.1 1.0 10° 3 1()"1 90 60 90 60 - - - -
aurorae '

C-96 Ionosphere total density profile/auroral | -4 -3 6 7
and airglow emission spectra 1.0 0.7 0.12 0.4 10 10 90 80 90 80 - - 10 10

C-97 | Methane ab h | - -

? cthane abundance/methane 0.8 0.7 | 0.5 0.6 107* 2x107° 90 0 90 0 100 0 10° 107

absorption spectra

C- H io/H i ' - -

98 /D ratio/HD and H absorption 0.8 0.5 0.08 0. 12 10 5 10 4 ) _ ) ) ) } } )

spectra :

C-99 | Same as C-98 0.8 0.5 | 0.09 0.12 103 10-4 - - | - - - - 105 107

., L}
_ . . | -2

C-104 | Trace .cc?nstltuents of purines and 0.3 0.25" 0.15 0.2 2. 5x10~3 | 2x10 _ _ _ _ _ _ 106 108
pyromidines/UV absorption spectra ‘

C-105 | Physical properties for engineering 6 4 _ | 6 7
model atmospheres/UV absorption 0.3 0.13" 0.03 0.057 5x10 10 90 45 90 45 100 1 5x10 2x10
and emission spectra

#All ORDS listed are applicable to both Jupiter and Saturn in this instance.
+Multi-band requirement: visible/UV band requirements are met in all instances if most stringent requirements from entire ;
group of ORDS are met.

oLDOUT, FRAVE |
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Visible/UV Spectrometer Design
Constraints and Limitations

Characteristic

SOA Limit(l)

Design Limit(

Collecting optics diameter
Number of mirror faces
Number of detectors
Photoconductor detector:

1) waveband response range
2) lower limit response time

3) peak detectivity
Photomultiplier detector:

1) wdveband response range
2) lower limit response time

3) quantrum efficiency

Collecting optics aperture
stop number lower limit

Grating diameter
Reciprocal grating spacing

Spectral order

2.0m
10

10

0.01p - 0. 1p
10'3 sec

4.0 x 109
m-Hzl/Z/watt

0.1-1.2u
10"6 sec
0.25

1.0

0.2 m

1.18x10%m"1

1.0m
10

10

0.01p - 0. 1p
10'3 sec (4)

4.0 x 109
m-Hzl /2 /watt

0.1-1.2u3)

: 10'6 sec

0.20
1.0

0.2 m

1.18x10m"!

,-\,\,-\,-\
BW N
o=

scan rate requirements.

Reference to state-of-the-art limit at mission launch date
Reference to limit used in analysis
Multiple detectors required

Response time is inadequate for missions considered due to excessive
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In addition, it is desired that the sensor designed allow the attainment of
the following measurement requirements:

(nadir) spatial resolution: sensor angular resolution such that
AX = 105m at highest altitude for
sensor usage

latitude coverage: 0 = )"N <90°% 0 =< )"S' <900
area coverage: S' = 100%
3.4.1.5 Trajectory Considerations

The basic objectives to be met deal with observation of spectra due to
atmospheric scattering and absorption of sunlight and due to auroral
emission. The useful portion of the trajectory to allow satisfaction of the
latter objective is restricted to that where the polar regions are accessible
to viewing, the former to that where a sunlit surface is accessible. As will
be shown later, satisfaction of auroral emission objectives is regularly a
direct fallout of using that portion of the trajectory segment where a sunlit
surface is accessible.

3.4. 1.6 Base Sensor Definition

Confinement of the range of sensor designs is provided through
application of the following sensor and sensor subsystem limitation formulae
(Section 4.2. 6 of Reference 2):

-12 1/2 :
_ 3x 10 "" (S/N) W s
(I) D_ = Ao Qe(cpf)A‘f’ 2Dq and D, = D¢

(collecting optics diameter -m)

(I) Dy = l.22 \fzxM'/_Ad;

(collecting optics diffraction-limited diameter -m)

(IJZI) T = Ad/2w < Tpm* (detector response time requirement - sec)
vy f# = F/D_ = fi (aperture stop number)
(V) D = (At /Ax)ywN <D * rating diameter -m

g - WM/AMIWN <D T (g g e )
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(VD) © = 2mv /(pmHAJ) swt = 193/D_

where:

D
]

(mirror rotation rate -rad/sec)

scanning beam angular size (radian)
signal-to-noise ratio
quantum efficiency of photomultiplier detector cathode

available spectral radiance in the bandwidth of interest
(watts/m)

photometric function (= cos i where i is either solar zenith
angle or auroral source - planet - spacecraft angle)

optical focal length (= £/A¢ where { is the linear detector
dimension = 10-3 m) (m)

order of spectrum

reciprocal grating spacing (m'l)
apparent horizontal ground speed (m/sec)
number of detectors

number of mirror faces

altitude above planetary surface (m)

scanning mirror diameter (= 1. 41 D) (m)

The upper limit usable trajectory segment can be determined in a rather
straightforward fashion using Equation (I), where an upper limit value of D,
is used. Certain fixed parameter values, of éourse, must be assumed.
Separate analysis indicates that the auroral spectral radiance at both planets
is of the order of that for reflected sunlight in the bandwidth of interest;

the solar values have been used. The following fixed parameter values have

also been used:

Number of detectors = 2 (cesium telluride photomultiplier and

silicon Schottky barrier photodiode)
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Number of mirror faces =1
Signal-to-noise ratio = 120

Typical detector quantum efficiency = 0.2

Spectral radiance at Jupiter in UV = 4,49 x 1077 watt m™ !
Spectral radiance at Saturn in UV = 1.37 x 10-7 watt m-1
Substituting for w in equation (I), a more useful form results:
1/2 ' 1/2
- 2 1 1
b, = %3"10 s l:—nT)T—] } 1/2 [?}l{] T2
prd (Cp) Ad
or
D - {1.43x 10'9} 1 [vh]l/z
c (Cp)l/z Ade fH
or
2.15x 107° Vh 1/2 :
D = > [ H] at Jupiter
© Ad /
3.86 x 10-6 Vh 1/2
D = > [IH at Saturn
¢ - ad ’

Limiting the trajectory segment analyzed to that for which solar zenith
angles are less than approximately 80 degrees, the following results are
obtained:

Encounter Minimum (H/v}) (sec) H (km) vy (km/sec)
'1976 Jupiter 3.69 x 103 5.01 x 104 13. 58
1976 Saturn 2.73 x 104 1.20 x 10° 4. 44

Encounter Maximum (vh/fH)l/2 (secl/z) _{_ H (km) vy (km/sec)

1976 Jupiter 3.74x 10-2 0.194 Same Same

1976 Saturn 1.34 x 10-2 0.206 Same Same
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For an assumed collecting optics diameter of 1 meter, the following results
then apply:

A¢ (minimum) = 2.81 x 10-% rd at Jupiter

Ad (minimum) = 1.39 x 104 rd at Saturn

or

A¢* (minimum) = 2,81 x 10-4 rd for sensor usage at both encounters

Checking the limits provided in equations (II)-(V), the following results
are obtained:

- -3
(II) Dd 1.22 N2 (1.0 x 10‘6m)/2.81 x 10 4: 6.1x10 m <1l.0m

(III) 7 = 2.81x 10-4 rd/z(3.02sec'l):4.66x10’5sec >1o'6 sec
where:
-1
2T H 2 1 -1
o :( T ( ) - ( | 4) (———-—3):3.025ec
max pmags Vp /min Ao 2.81x 10 3,69 x 10
# F { 10’3
V) 17 =5 5 ag ° = 3-57 >1
c c 1.0 (2.81x 10 ")
(1.0 /10'5 ) 3
(V) D_ = Bt 6“ - = 4.28x100 m<0.2m
g  (2-1.18x10°m ")
where:
-1
¥ = 2and Ny = 1.18x10 m
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rd
sec

(VI) wt = 193/(1.41) (1.0) = 136

_ 3
(= 7.82 x 107 deg/sec) > o

Thus, for a maximum-sized collecting optics system with optimal angular
resolution characteristics, no design limitations have been exceeded. The
final design is now restricted by the requirements that Ad = ¢* and
0.006m = D, s 1.0m for other sensor characteristics fixed.

3.4. 1.7 Trajectory Segment Definition/Sensor Capability Determination

Sensor scanning is necessary to attain latitude coverage requirements
for the low-inclination trajectories involved. Because Jupiter latitudes are
relatively more inaccessible than those at Saturn for this mission (lower
inclination trajectory and larger planetary radius), the scanning requirements
will be initially developed from analysis at Jupiter.

For approximately 2w longitude coverage at Jupiter, sensor usage
should be initiated at an altitude (Hpj) of the order of 8 x 105 km. For
A ¢ = A¢*, the optimal spatial resolution cannot be:met at this altitude.
Full planetary surface coverage cannot be met unless an extremely large
scan angle is used (to allow full latitude coverage at minimum altitude) or
if Hy is increased. Further tradeoff between spatial resolution and area
coverage capability is not considered, and the above Hypf used. It should
be noted that the maximum-sized collecting optics system must be used or
else spatial resolution must be further degraded.

The limb-viewing angle at H)f is of the order of 4. 68 degrees. To
avoid computer program complications associated with calculations per-
formed for near-limb viewing, the total scan angle of 4. 45 degrees,
corresponding to a ground size viewed of 2. 4 Rp (corresponding to a
latitude coverage of about 68 degrees in either direction from the nadir),
was used. It should be noted that in actual practice, the approximate
5 percent increase in ¢ required for limb viewing would result in relatively
minimal additional subsystem support requirement penalties.

The sensor designed for the Jupiter encounter can now be analyzed at
Saturn. If roughly the same initiation altitude is used (the nearest mission
point available in the data book), the coarsest nadir resolution will be
similar to that attained at Jupiter, and also the full planet disk can be
viewed at Hyf. The following results are obtained:

5

Hys - initiation altitude - 8.06 x 10” km

H,_ - cut-off altitude - 1,20 x 10° km
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A¢ = 2.93x 10 " rd = 0.0168 deg
AX - coarsest nadir resolution = HA¢ = 2.34 x 105 m
AX* - coarsest resolution at far edge of swath = 5. 64 x 105 m
where:
Rp cos ¢!
X = : = -1
AX AX (ro/r ); ré/r Hy R Rp )2 oins’ 1/2
Rpt+H
Rp - planetary radius in units of HM
¢* - scan half-angle corresponding to 0.9 of limb-viewing half-angle

Maximum latitude coverage in both northern and southern hemispheres is
attained at Hjg for this encounter. The values represented by the computer
output were obtained by using the spacecraft latitude at Hy, together with the
latitude coverage band which corresponds to a fixed ground size viewed. For
this and most other encounters analyzed, viewing at least to within a few
degrees of either pole is accomplished.

Latitude coverage and spatial resolution capability associated with the
sensor designed is well within both the solar reflected and auroral observa-
tion requirements of Table 3-8. The optimal level wavelength coverage and
spectral resolution requirements can be met or exceeded for nearly all
ORDS. Thus, the sensor designed for observation of reflected solar emis-
sions can also be used satisfactorily for the study of auroral spectra. The
area coverage capability associated with the sensor designed (in satisfaction
of the requirements for ORDS dealing with reflected solar spectra) is deter-
mined separately and is discussed in Section 3,3.1.2.

3.4.2 SERA Computer Program Data Output

The ORDS data, sensor design, and sensor support subsystem param-
eters, as well as related information concerning the 1976 Saturn visible/UV
spectrometer, have been used in the SERA (Space Experiments Requirements
Analysis) computer program. The resultant SERA program output is
provided in Table 3-10. The output is effectively divided into three SERA
sections as follows:

SERA 1 - Observation Requirements Output - pp 1-15 (computer pro-
gram page)

SD 70-375-1
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SERA 2 - Measurement Requirements Output
A. Measurement Requirements by Technique for All
Objectives - pp 16-19
B. Measurement Requirements by Technique and Objective. -
pp 20-31
SERA 3 - Sensor Capabilities and Support Requirements - pp 32-36

The observation requirements information presented in SERA 1 are effec-
tively a duplicate of that presented in Table 3-8, while that of SERA 2 repre-
sents the conversion of observation requirements to measurement require-
ments as discussed in Section I of this sample case. The SERA 3 output is
further subdivided according to heading as follows:

"Mission Description' - definition of usable trajectory segment per
Section 3.4.1.7 ‘

"Information Requirements Supported' - summary of SERA 2 measure-
ment requirements data

""Sensor Capabilities'' - definition of actual sensor measurement
capabilities per Section 3. 4. 1.7, including the total sensor worth at
each mission point (exclusive of ''Supplementary Capability' worth)

""Supplementary Capability Data'' - definition of sensor measurement
capabilities where analysis of data over the entire trajectory segment
is required (see Section 3. 4, 1. 7), including the individual worth of
each capability for the entire encounter (the coarsest resolution value
is presented for its informative value only)

"Fixed Experiment Parameters' - fixed design parameters per
Section 3. 4. 1. 6 and design constraints per Table 3-9

"Support Requirements Evaluation'' - a summary of selected scaling
law coefficients used and resulting sensor support subsystem require-
ments (per visible/UV spectrometer subroutine summary presented in
the appendix of Reference 2)

A more complete list of sensor and sensor subsystem design parameters

and constraints is provided in the form of a data array which follows the
above output for each encounter. The ""DP' data array location definitions
are provided with each sensor subroutine description contained in Appendix B
of this report.
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3.4.3 Sensor Support Requirements Summary

A summary of sensor measurement capabilities and subsystem support
requirements for the optimal level 1976 Saturn visible/UV spectrometer
is presented in Table 3-11. The capability parameters listed are noted in
underline in Table 3-10 under the headings ''Sensor Capabilities' and
"Supplementary Capability Data' in the SERA 3 output. Support require-
ments listed are noted in underline below the ''Support Requirements"
heading. Generally, the extrema ("maximum'' for optimal level, "minimum
for marginal level) of all requirements are not incurred at a single mission
point, but rather at various points along the trajectory segment. Often,
however, the maximum values of some support requirements correspond
to the first point on the segment at which the sensor is operated, and the
maximum values of the other requirements correspond either to the lowest
point or the last point.
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Table 3-10. SERA Computer Program Data Output
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE 1
wux PLANETARY CESERKVATION CBJECTIVES AND REGUIPEMENTS #%%
CBSERVATICN L8JECTIVE  iz.  BTUMIC, MOLECULLER, ISCILPIC COMPCSITICN OF ATMUSPFEKE.
GUAL 2 UNDEFSTAND CRIGIN AND EVOLUTION UF LIFE.
KNCWLEDCE REGUTKEMENT 4 WHAT [KE Tht PHYSICAL ANL CHENICAL FRKOPERTIES GF PLANETARY ATMOSPH.

VSe ALTITULEs CON GLObAL AN LCCAL BASES. WHAT IS THt KGLE OF TRACE SUB-
STANCES IN DETERMINING ATMUSPHERIC PRCOPERTIES ANL VERICLE PERFCRMANCE.

CBJECTIVE wCkTh = C.5C Reproduced from %
be?i available COPY-” N

Y,
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE
OBSEKVABLE PRUPEKRTY 2C. VISIBLE/LLTKAVICLET SPECTRUNM. 3 from .
_ Reproduc.‘(‘ab\e copY. XY
CBSERVATION TECHNICUE 15. ULTRAVICLET SPECTRCMETRY best: aval? —
PLANETARY BCCY 6. SATURNCINCL RINGS) =
CBSERVATION WCRTF. GKCSS WCRTH = 0.2%, NET WCRTH = 0,12

UBSERVATION FARAMETEK 1. LUNGEST WAVELENGTHh UF SPECTRAL BANC (MICROANS)

CESIRED MEASUREMENT CAPABILITY = 1.CCCE 00. WCRTH AT UeM.Co GRCSS WORTH = 0.50, NET WORTH = C.06
MINIMUM MEASUKEMENT CAPABILITY = 1,000E~Cl.
FLRM CF WCRTH VS MEASULREMENT CAPABILITY FUNCTICN = 11, LINEAF, LUGLO(ARGUMENT)

UBSERVATIGN PARAMETEK 2. SHURTEST WAVELENGTH OF SPECTRAL BARD (MICRCAS)

CESIREC MEASUREMENT CAPABILITY = }1.0CCE-Cl. WCRTH AT D.M.C. GRLSS wWGRTF = C.5C, NET WORTH = 0.06
MINIMUM MEASUREMENT CAPABILITY = 1.0CCE CC.
FCRM CF WORTH VS MEASUREMENT CAPABILITY FUNCTICN = 11y LINEAR, LGGLO(ARGUMENT)

OBSERVATION PARAMETER 3. SPECTRAL RESOLUTIUN, AT WAVELENGTH REQUIRING HIGHEST RESOLLTION(MICRON)
CESIREC MEASUREMENT CAPASILITY = 1.GCO0E-C3. WCRTH AT UeMeCo GRCSS WORTH = C.BCy NET WORTH = 0,10
MINIMUM MEASUREMENT CAPABILITY = 1.COOE-Cl.

FCRM CF WCRTHE VS MEASUREMENT CAPABILITY FUNCTIUN = 11, LINEAR,y LOCGLU (AKGUMENT)

UBSERVATICN PARAMETER 6. NCRTHERNMOST LATITUCE CF AREA TC BE CCVEREL (CEGREES)

CESIREL MEASUREMENT CAPABILITY = <,CCCE Ol. WCRTH aT U.VM.Co GRLSS WORTH = C.8Cy NET WORTH = (.10
MINIMUM MEASUREMENT CAPABILITY = 6.00CE Cl. _ o
FCRM CF WURTH VS MEASULFEMENT CAPABILITY FUNCTICN = 1, LINEAR

OBSERVATION PARAMLTER 7. SULTHERNMGST LATITULE GF AREA Tu Bt COVEREL (CEGREES)

CESIRED MEASURKEMENT CAFABILITY = -6.0COE 0l. wCKTH AT C.VM.Cs GRCSS WORTH = C.8Cy NET wCORTH = C.10
FINIMUM MEASUREMENT CAPABILITY = -$.0COE Cl. ’
FCRM OF WURTR VS MEASUREMENT CAPABILITY FUNCTILN = 1, LINEAR

GBSERVATION PARAMETEK 11. MAXIMUM ALTITUDE COF CBSERVED PHENGMENUN ABCVE VISIBLE *SURFACE' (METER)
DESIREC MEASUREMENT CAPABILITY = 1.CC0E C7. WCRTH AT L.M.C. GRLSS WORTH = C.5Cy NET WORTH = 0.06
MINIMUM MEASUREVMENT CAPABILITY = 1.00CE Gé6.

FCRM CF wGKTH VS MEASUKEMENT CAPABILITY FUNCTIGN = lly, LINEAR, LOGLC(ARGLMENT)

OBSERVATION PAKAMETER 12, MINIMUM ALTITUCE UF OBSEFVED PHENOMENUN GHCVE VISIBLE *SURFACE' (METER)
CESIREC MEASUREMENT CAPABILITY = 1.0GCE C5. wORTE AT DeMeC. GRCSS WGRTH = C.5Cy NET WORTH = 0.06
MINIMUM MEASUREMENT CAPABILITY = 1.00CE Cé¢. ) S
FCRM OF WORTH VS MELSUREMENT CAPABILITY FUNCTICN = 11, LINEAR, LOGLO(ARCUMENT)

UBSERVATION PARAMETER 12. NUMBER CF SAMPLES Gk MEASUREMENTS
CESIREC MEASUKEMENT CAPABILITY = 1.0CCE C2. WGRTH AT D.VM.C. GRCSS wGRTH = C.3C, NET WORTH = 0.03

MINIMUM MEASUREMENT CAPABILITY = 1.CC0E CC.
FCRM OF WORTH VS MEASUFEMENT CAPAGILITY FUNCTICN = 11y LINEAF, LCGLO(ARGUMENT)
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Table 3-10. SERA Computer Program Data Output (Cont)

OBSERVATIUON PARAMETER 14, TIME ELAFSED DURING ACQUISITILUN CF UNE SAMPLE (SEC)

CESIKED MEASUREMENT CAPABILITY = 1.0CCE CC. wWCRTH AT
MINIMUM MEASUREMCNT CAPABILITY = 1.CCCE C4. B
FCKM CF WCUKTH VS MEASUKEMENT CAPABILITY FUNCTICN = il,
GBSERVATION PARAMETLK i%.  INTERVAL BETW. CUMMENCEMENT
CESIKRED MEASUREMENT CAPABILITY = 1.GCCE CC.  WCKTE AT
MINIMUM MEASUREMENT CAFABILITY = 1.0COE C4.,

FURM CF WCRTH VS MEASUREMENT CAPAELILITY FUNCTICN = ils

DeMolCoa

GRLSS wORTH = C.3Cy

LINEARy LGGLG(ARGULMENT)
GF Twl SUCCESSIVE SAMPLE ACQUIS. PDS.
CRCSS WULRTH = C.3C,

CetaCo

LINEAR,

tdecie

(ARCUMENT)

PAGE

NET WORTH

NET WORTH

= C.03

(SEC)

.03
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE
Reproduced from %
best available copy.

%% PLANETARY CESEKVATICN CBJECTIVES ANC REGQUIREMENTS ##%
CESERVATICN OBJECTIVE 18. NCAN-THERMAL ELECTRCMAGNETIC EMISSICN CHARACTERISTICS ANC
SCURCE LOCATIGN.
GUAL 2 UNDERSTANL CRIGIN ANL EVULUTIUN UF LIFE.
KNCWLEDGE REGQUIREMENT 4 WHAT AKE THE PHYSICAL ANL CHEMICAL PRUPLCKTIES GF PLANETARY ATMCSPH.

VS. ALTITUUE, ON GLUBAL AND LUCAL bASES. wriAT 1S THE RGLE OF TRACE SuB-
STANCES IN DETERMINING ATMCSPHEKIC FRUGPERTIES ANL VEFICLE PERFORMANCE.

CBJECTIVE WCKTH = C.55
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Table 3-10. SERA Computer Program Data Output (Cont)
PAGE 5
CBSERVAELE PRCPERTY 2C, VISIBLE/ULTKAVIOLET SPECTRUM.

CbSERVATIUN TECENICUE ©7. AURCRAL ANC ATRGLCW (EMISSICN) SPECTRA
PLANETARY BULY ¢. SATURNCINCL. RINGS)

CBSERVATICN WCKkTH. GFCSS WORTH = 0.4Cy NET WCRTH = (.22

CBSERVATIUN PARAMLTEK 1. LONGEST WAVELENGTH CF SPECTRaAL BANLG (MICRCNS)

CESIKED MEASUREMENT CAPABILITY = 1,000t OC. wWUKTh AT C.NMeCo  GRGSS WCKTH = C.5C, NET WCRTH = 0.11
MINIMUM MEASUKEMENT CAPABILITY = 7.CCCE-Cl. o
FCKM CF wORTH VS MEASUREMENT CAPABILITY FUNCTICA = 1, LINEAR
OBSERVATION PARAMETEK &,  SHURTEST WAVELENGTH CF SFECTKAL BANG (MICRUNS)
CESIREC MEASUREMENT CAPABILITY = 1.2CCE=0l. WCKTH AT 0D.MeCo  GRLSS WOKTH = 0.60, NET WORTH = 0.13
MINIMUM MEASUKEMENT CAPABILITY = 4.00CE=-0L.
FCRM CF WCKTH VS MECASUKEMENT CAPABILITY FUNCTICN = 1, LINEAK
OBSERVATION PAKAMETLK 3.  SPECTKAL RKESOLUTIGN, AT WAVELENGTH KEQUIRING hIGHEST RESGLUTIGN{MICRON)
CESIREL MEASUKEMENT CAPABILITY = 1.COOE-04. WCKTF AT C.M.C.  GRCSS WORTH = G.6C, NET WGRTH = 0.13
MINIVUM MEASUKEMENT CAPABILITY = 1.0G0E-G3. -
FCRM GF wCKTH VS MEASUREMENT CAPASILITY FUNCTICh = 14, TRUNCATEC EXPCNENTIAL, LGGLC(ARGUMENT)
GBSERVATIUN PARAMLTER 4.  SPATIAL RESGLUTICN AT REGICK CBSERVEL (METEKS)
CESIREC MEASUKEMENT CAPABILITY = 1.CCOE CEa WCKTH AT DuMoCo  GRCSS WOKTH = 0.5C, NET WCRTH = C.11
MINIMUM MEASUKEMENT CAPARILITY = 1.0COE C7. S '
FCRM CF WORTK VS MEASUKEMENT CAPABILITY FUNCTICN = 11, LINLAR, LCCLO(ARGUMENT)
OBSERVATIGN PARAMETER €.  NURTHEKRNNMOST LATITUGE GF AREA TU BE COVEREL (DEGREES)
CESIREC MEASUKEMENT CAPABILITY = S.CCCE Cl. WCKTK AT LoM.C.  GRCSS WCRTF = Co6C, NET WORTH = C.13
MINIMUM MEASUREMENT CaPABILITY = 8.0CO0E Ol. '
FCRM CF WCRTH VS MEASUREMENT CAPABILLTY FUNCTICA = 4, TRUNCATEL EXPCNENTIAL
OBSERVATIUN PAKAMETER 7.  SUUTHERNMOST LATITULE CF ARtA TC BE CUVERED (CEGREES)
CESIREC MEASUKEMENT CAPABILITY =  S.CCCE Cl. WCRTF AT DuMeCo  GRCSS WORTH = Co60y NET WORTH = 0,12 ‘
MINIMUM MEASUREMENT CAPABILITY = B.000F Cl. ’-—
FCRM CF WUKTE VS MLASUREMENT CAPASILITY FUNCTICN = 4, TKUNCATED EXPCNENTIAL f 4
OBSERVATION PAKAMETEK &,  MAXIMUM SUN ELEVATIUN ANGLE ASUVE HGRIZUN AT RLGION CBSERVEL (DEGREES)
CESIREC MEASURLMENT CAPARILITY = C.C . WCRTR AT D.M.C.  GRCSS WGRTH = C.9C, NET WORTH = 0.19 z9
MINIMUM MEASUREMENT CAPABILITY = (.G . 3 3
FCRM CF wCRTh VS MEASUKEMENT CAPARILITY FUNCTILAN = S, STEP FUNCTLLN (R) > @
UBSERVATION PARAMETER §,  MINIMUM SUN ELEVATIUN ANGLE AsUVE HCRIZUN AT REGION OUBSERVED (DEGREES) ENo)
CESIKEL MEASUREMENT CAPABILITY = =S.CCOE Cl. wCRTh AT D.M.Ca  GKCSS WGRTH = G.5C, NET WORTH = 0.11 2 <
MINIMUM MEASUREMINT CAPABILITY = —3.GCOE Ol. g @
FCRM GF WOKTE VS MEASUKEMENT CAPABILITY FUNCTICN = 2, SINUSCIC 7S
g
g
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Table 3-10. SERA Computer Program Data Output (Cont)

o PAGE
OBSERVATION PARAMETER 10.  VERTICAL (ALTITUGE) RESGLUTION (METERS) .
DESIREC MEASUREMENT CAPABILITY = 1.000E 04. WCRTH AT D.M.Ce  GRCS5S WORTF = G.2C, NET WORTH = 0.06
. MINIMUM MEASUREMENT CAPABILITY = 1.000E 03. _ . . e - . —_—
FCRM CF WORTH VS MEASUKEMENT CAPARILITY FUNCTICN = l4, TRUNCATED EXPCNENTIAL, LOGLC(ARGUMENT)
OBSERVATION PARAMETEK ll.  MAXIMUM ALTITUDE OF OBSERVED PHENCMENGN ABCVE VISIBLE *SURFACE® (METER)
DESIRED MEASUREMENT CAPABILITY = 1.0COE 07. WORTH AT L.Me.Co.  GKCSS WCRTH = C.7Cy NET WORTH = 0.15
MINIMUM MEASUREMENT CAPABILITY = 1.000E Q6.
 FCRM (F WORTH VS MEASUKEMENT CAPABILITY FUNCTICN = l4y TRUNCATED EXPCNENTIAL, LCGIC(ARGUMENT)
OBSERVATIUN PARAMETER 1Z.  MINIMUM ALTITUDE UF COBSERVED PHENCMENUN ABCVE VISIBLE 'SURFACE' (METER) _
CESIREC MEASUREMINT CAPABILITY = 1.0GOE C4. WCRTH AT CoMel.  GRESS WCRTH = C.5C, NET WORTH = 0.11
MINIMUM MEASUREMENT CAPABILITY = 1.0CO0E C5.
FCRM CF WOKTH VS MEASUREMENT CAPABILITY FUNCTICN = 11, LINEAF, LOGIO(ARGLNMENT)
GBSERVATION PARAMETER 36. LATITUDE INTERVAL (CEGREES)
DESIREC MEASUREMENT CAPABILITY = 1.CCCE Cl. WCRTR AT D.Mol.  GRCSS WCRTH = C.5C, NET WORTH = 0,11

MINIMUM MEASUREMENT CAPABILITY = 2,0006 Cl. . _ e _
FCRM OF wCRTEF VS MEASUREMENT CAPABILITY FUNCTICN = 11y LINEAKy LCCLO(ARGUMENT)

Reproduced from
best available copy.
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE
wx% PLANETARY CBSERVATICUN CBJECTIVES ANL REQUIREMENTS %%%
UBSERVATICN COJELTIVE 12. ATCMIC, MCLECULAK, ISCTCPIC CCHMPUSITIGN OF ATMUSPRERE.
GUAL 2 UNDERSTAND GRIGIN ANL tVULUTIUN OF LIFE.
KNCALEDGE KEQUIKEMENT 4 wHAT ARE THE PHYSICAL ANC CHENMICAL PRCPERTIES OF PLANETARY ATMOSPH.

VS. ALTITULE, ON GLUGBAL AND LCCAL BASES. WHAT IS THE KCLE OF TRACE Sui-
STANCES IN DETERKNMINING ATNCSPHERIC PRCPEKTIES ANC VEFICLE PERFORMANCE.

CEJECTIVE wWCHTKH = C,.T7C
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE ‘8

UBSEKVABLE PRUFERTY (C. VISIBLE/ULTRAVIGLET SPECTRUM, *

Rep r°d“c d

CBSERVATILN TECENIGQUE 14 VISIELE SPECTRCMETRY beﬂ av
PLANETAKY BULY €. SATUKRN (INCL. RINGS) _
CBSERVATICN wCRTKH. GKLSS WORTH = C.70y NET WCKTH = C.46G
CBSERVATIUN PARAMLTER 1. LONGEST WAVELENGTH UF SPECTRaL bANL (MICRONS)

CESIKEC MEASUREMLNT CaPABILITY = 8.CCCE-Ol. WCKTF AT D.M.C.  GRCSS WOKTH = C.60, NET WORTH = 0.29
MINIMUM MEASUREMENT CAPABILETY = 7.000E-Cl.
FCKM CF WCFTH VS McASUKEMENT CAPABILITY FUNCTICN = i, LINEAR
OBSERVATIUN PARAMETER 2.  SHORTEST WAVELENGTH OF SPECTRAL BAND (MICRCAS)
DESIKEL MEASUREMENT CAPABILITY = 5.CCCE-Cl. WCRTR AT D.M.L.  GRC3S wOKTh = C.6C, NET WORTh = 0.29
MINIMUM MEASUREMENT CAPABILITY = &£.CCCE-C1.
FCRM CF WCkTH VS MLASUREMENT CAPASILITY FUNLTICN = 1, LINEAR
CBSEKVATION PARAMETER .  SPECTRAL KESGLUTIUN, AT WAVELENGTE ReQUIRING HIGHEST RESOLUTION(MICKON)
CESIKEG MEASUREMENT CAPABILITY = 1.0COE-Cé4. WCRTH AT TaMoeC.  GRC5>S WGKRTH = 0.6Cy NET WGRTH = 0.29
MININUM MEASURENEWT CAPABILITY = z.CCOE-G3.,
FCRM CF WORTH VS MEASUKEMENT CAPASILITY FUNCTICUN = 1, LINEAR
O3SERVAT ION PARAMETER 4.  SPATIAL RESOLUTICN AT REGICN CGSERVED (MLTERS)
CESIKEC MEASUKEMENT CAPABILITY = 1.CCCE C5. wCKTH AT DoM.Ce  GRCSS WCKTH = Go50, NET WORTH = 0.24
MINIMUM MEASUREMENT CAPABILITY = 1.GCOE CT. _
FCRM CF WCRTH VS MEASUKEMENT CAPABILITY FUNCTICN = 1, LINEAR
OBSERVATION PARAMETLR 5. FRACTICN UF SURFACE AREA CF PLANET CUVERED (PERCENT)
LESIKEL MEASUREMENT CAPAMILITY = 1.GCOE 2. WCRTF AT DuMec.  GRCSS WCRTH = C.5C, NET WORTH = 0.24
MINIMUM ME2SUREMENT CAPABILETY = ,.0CCE Cl. :
FCRM CF wUKTH VS MEASUREMENT CAPABLLITY FUNCTICN = 1y LINEAR
OBSERVATION PARAMETER 6.  NOKTHERNMOST LATITUCE CF AREA TU DE COVEREC (LEGKEES)
CESIRED MEASUREMENT CAPAGILITY = S.CCCE Cl. WCFTH AT D.M.C.  GRLSS WCRTH = 0.3C, NET WORTH = 0.14 ‘
MINIMUM MEASUREMENT CAPABILITY = C.O »_
FCkM UF WORTH VS MEASUKEMENT CAPA=ILITY FUNCTICN = 2,  SINUSCIC f 4
URSEKVATIJN PARAMETER 7.  SOUTHULRNNOGST LATITUCE CF AREA TC bE COVEREC (CEGREES)
DESIKEL MEASUKEMENT CAFABILITY = G.CCCE Cl. WCRTH AT DoMoC.  GRLSS WORTH = C.3C, NET WGRTH = 0.14 29
MINIMUM MCASUKEMENT CAPABILITY = (.0 3 8
FCRM CF wCRIH VS MEASUREMENT CAPABILITY FUNCTICN = 25 SINLSCID > 8
USSEKVATION FARAMETEh G.  MINIMUM SUN ELcVATIUN ANGLE wBLVE HORIZUN AT REGIUN CBSERVED (DEGREES) 30
CESIKEC MEASUREMENT CAPABILITY = C.0 . WCRTF AT 0u.M.C.  GRLSS WORTH = 0.1GCs, NET WORTH = 0.04 2 <
MINIMUM MEZSUREMENT CAPABILITY = Z2.0C0E Cl. g @
FCRM UF wURTEF VS McaSUKEMENT CAPAEBILITY FUNCTICKN = 1 LINEAR J)g
g
3
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE
#%% PLANETARY C(OSERVATIUN ULBJECTIVES ANL KREGUIREMERTS %
CBSERVATICN CEBJECTIVE 12. ATCMIC, MULECULAK, ISCTCPIC CLMPUSITION CF ATNMLSPFHERE.
GiJAL 2 UNDERSTANG GURIGIN ANL EVGLUTIUN CF LIFE.
KNCWLEDGE FEQUIREMENT 4 WHAT ARE THE PhYSICAL AND CHEMICAL FRCPERTIES (F PLANETARY ATMOSPH.

VS. ALTITUDE, ON GLUGAL AND LCCAL BASES. whHAT IS THE ROLE CF TRACE Sus-
STANCES IN UETERMINING ATNMCSPRorIU PRUPERTICES £NC VERICLE PERFCRMANCE,

CEJECTIVE WCRTEF = 0.3C
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Table 3-10 SERA Computer Program Data Output (Cont)

PAGE 10

OBSERVABLE PRCPERTY 2C. VISIBLE/ULTRAVIOLET SPECTRUN. rodUC

. bes‘ availd

od fro \
bl copy: SIS

CBSERVATICN TECHNIGUE 14.  VISIBLE SPECTRCMETRY
PLANETARY BGCY 6. SATURNCINCL. RINGS)
CBSERVATIUN wCRTH. GRCSS WURTH = 0.204y NET Ww(KTH = 0.0S

UBSERVATION PARAMETER 1. LUNGEST WAVELENGTH CF SPECTRAL ©BANC (M1CRONS)

UESIKEL MEASUREMENT CAPABILITY = 8.0006-0l. WCRTF AT DoM.C.  GKCSS WGKTH = C.50, NET WORTH = 0.04
MINIMUY MEASUKEMENT CAPABILITY = 5.,000E-Cl. o
FURM CF WURTF VS MEASUREMENT CAPABILITY FUNCTICN = 1, LCINEAR

OBSERVATIUN PARAMETER 2.  SHORTEST WAVELENGTH GF SPECTRAL BAND (MICRCNS)
CESIRED MEASUREMENT CAPARILITY = S.00CE-C2. WCRTH AT D.M.L.  GRCSS WCRTH = 0.5C, NET WORTH = 0.04
MINIMUM MEASUREMENT CAPABILITY = 1.200E=Cl.
FCRM CF wOKTH VS MEASUKEMENT CAPABILITY FUNCTICN = 1, LINEAR

GESERVATIGN PARAMETER 3.  SPECTRAL RESULUTIUN, AT WAVELENGTH REQUIKING HIGHEST KESGLUTION(MICRON)
CESIRtL MEASUREMENT CAPABILITY = 1.0C0E-GCS. WLKTk AT Do¥.Ce  GRCSS WCRTH = C.30s NET WORTH = 0.02
MINIMUM MEASUREMENT CAPABILITY = i.0COE=Cé.

FCRM CF WCRTH VS MEASUKEMENT CAPABILITY FUNCTICN = 1., LINEAR, LOGLO(ARCUMENT)
UBSERVATICN PARAMETER G MINIMLM SUN ELEVATIUN ANGLE ABUVE KORIZGN AT REGIUN CBSERVED (DEGREES)

CESIREC MEASUREMENT CAPABILITY = C.C « wCKTh AT D.M.C.  GKCSS WORTH = G.1Cy, NET WORTH = 0.00
MINIMUM MEASUREMENT CAPABILITY = 3,000E Cl. o
FCRM CF WORTH VS MEASUREMENT CAPABILITY FUNCTIGN = 1, LINEAF
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE 11
¥#% PLANETARY CBSFRVATICN CBJECTIVES ANL KEGQUIREMENTS #%x%
CuSERVATICN CBJECTIVE 12. ATCMIC, MCLECULAR, ISCTCPIC CLMPUSITICN UF ATMUSPFERE,
GOAL < UNCERSTAND CRIGIN AND EVGLUTICN CF LIFE.
KNCWLECGE KEQUIREMENT 4 wHAT ARt ThE PHYSICAL ANL CHEMICAL FRUPEPTIES GF PLANETARY ATMOSPH,

VS. ALTITUDEs CN GLUBAL AND LCCAL EBASES. WHAT IS THE RCLE OF TRACE SuB-
STANCES IN CETERMINING ATNUSPHERKIC FRUPERTIES ANC VEFICLE PERFORMANCE.

CEBJECTIVE WCRTF = 2.3C

(I9MYO0Y UBDLIBWIY YUON]
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE 12
OBSERVAELE PRCPERTY 2C. VISIBLE/LLTRAVIGLET SPECTRUVM.
: - Re Sroaduc,ed from 2,
CBSERVATION TECENIGUE 15.  ULLTRAVICLET SPECTRCMETRY - Va'abkicopy %%m\ -
PLANETARY BULY €. SATURKRCINCL. RINGS) - -
CBSERVATICN WLRTH. GRCSS wCRTH = (C.40y NET WLRTH = C.l2
UBSERVATIUN PARAMLTER 1. LGNGEST WAVELENGTH CF SPECTRAL BAND (MICRONS)
CESIKEL MEASUREMENT CAPABILITY = ©E.CCCE~-Cl. WCRTH AT U.M.C. GRUSS WCERTH = C.5Cy NET WCRTH = 0.06
MINIMUM MEASUREMENT CAPABILITY = £.000E=-Cle . .
FCRM CF WCRTH vS MEASUREMENT CAPARILITY FUNCTICN = iy LINEAR
UBSERVATION PARAMETER 2. SHORTEST WAVELENGTH CF SPECTKAL BAND (MICRCNS)
CESIRELC MEASUREMENT CAPABILITY = 6S.,0C0E-CZ. wCRTH AT U M.Co GRLSS WCRTE = C.5Cy NET wORTH = C.06
MINIMUM MEASUREMENT CAPABILITY = 1.2000-01l.
FCRM CF wURTH vS MEASUREMENT CAPACILITY FUNCTICN = iy LINEAR
OBSERVATIUN PARAMETER 3. SPECTRAL KESGLUTIUN, AT WAVELeNGTH REWUIRING HIGHEST RESCLULTION{MICRON)
CESIREL MEASUREMENT (CAPASILITY = 1.C00E~-C5. WCRTEF AT D.M.Co GRL3S wOURTH = C.30y NET WORTH = 0.03
MINIMUM MEASUREMENT CAPABILITY = 1.000E-04.,
FCRM CF WCRTH VS MEASUKEMENT CAPASILITY FUNCTILN = 11, LINEAR,y LCGLU(ARGUMENT)
OBSERVAT ION PARAMETER 4. SPATIAL RESOLUTICN AT REGICN CESERVED (METERS)
CESIREC MEASUREMENT CAPABILITY = 1.0CCE €C5. WwCRTH AT D.M.C. GRCSS WCRTH = C.60y NET WOGRTH = 0.07

MINIMUM MEASUREMENT CAPABILITY = 1.0COE 07. . o _
FCRM CF WGRTH VS MEASUKEMENT CAPAGILITY FUNCTICN = 14, TKUNCATEL EXPUNENTIAL, LGGLC{ARGUMENT)
OBSERVATION PARAMETERX S.  MINIMULM SUN ELEVATICGN ANCLE ABUVE HGRIZUN AT REGICGN OBSERVED (DEGREES)

CESIRKELC MEASUREMENT CAPABILITY = (.0 « WCRTE AT Dl.r.Co GRUSS WURTH = C.1Cy NET WORTH = 0.01
MINIMUM MEASUREMENT CAPASILITY = 3.000& Cl. ’

FLRM CF WCRTH VS MEASUREMENT CAPASILITY FUNCTICN = 1y LINEAR

Y
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE 13
*%% PLANETARY CBSERVATICN COJECTIVES ANL REWUIKEMENTS xowa
OBSEKVATICN uBJeCTIVE 12. ATCMIC, MOLECULAR, [SCTCPIC CULMPGSITICN CF ATMOSPFERE,
oUAL 2 UNLERSTAND OKIGIN ANU EVCLUTION GF LIFL,
KNCWLEDGE REGUIREMENI 4 wHAT AKE THE PHYSICAL ANC CFEMICAL PRUPEKTIES CF PUANET ARY ATMGSPH,

VS« ALTITUDE, UN GLUbAL ANU LCCAL BASES. wHAT IS THE RCLE CF TRACE SUB-
STANCES IN CETERMINING ATMUSPHEKIC PRCPEKRTIES ANC VEFICLE PERFGRMANCE.,

CEJECTIvVvE wWCRTF+ = 0,&C

I9MYO0Y UBOLIBLUYY YHON
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE 1%
GBSERVABLE PRCPERTY ¢2C. VISIBLE/ULTPAVIOLET SPECTRUM, Remﬁdm?d fro
. best availa
CBSERVATIUN TECFNIQUE i5. ULTRAVICLET SPECTRUMETRY -
PLANETARY BLLY €. SATURN(INCL. RINGS)
CBSERVATIUN WCRTH. GRUSS WORTH = 0.¢0y NET WCRTH = Ul.3c
OBSERVATION PARAMLTER 1. LUNGEST WAVELENGTH (F SPECTRAL BARC (MICRLAS)
CESIKED MEASUREMENT CAPABILITY = 3.,000:-CL. WwCRTH AT D.M.C. GRCSS WURTh = (€469, NET WORTH = C.35
MINIMUM MEASUREMENT CAPABILITY = 2.50CE-Cl.
FCRM GF WORTH VS MEASULREMENT CAPABILITY FURNCTIULN = 2, SINUSCIL
OBSERVATIUN PAKAMETER 2. SHORTEST wAVLLENGTH CF SFECTHRAL BARNL (MICRCANS)
LESIKEL MEASUREMENT CAPASILITY = 1.5CCE-0L. wWCRTH AT D.M.C. GRCSS WORTH = 045G, NET WORTH = 0.35
MINIMUM MEASUREMENT CAPABILITY = 2.00CE-C1.
FCRM CF WCRTH VS MEASUREMENT CAPABELITY FUNCTICN = 2z, SINULSCIC
ObSERVATION PAKAMETER 3. SPECTRAL KESULUTIGN, AT WAVELENGTH REGQUIRING HIGHEST RESOLUTION{MICROUN)
CESIKEL MEASUREMENT CAPABILITY = 2.5C0E=03. WwCRTF AT H.M.C. GRLSS WORTH = C.S96, NET WORTH = 0.35
MINIMUM MEASUREMENT CAPABILITY = 2.0COE-C2.
FCRM CF wOKTH VS MEASULREMENT CAPABELITY FUNCTICN = 2, SINUSCIC
UBSERVATION PARAMETER 4, SPATIAL RESCGLUTIGN AT RECGICN CEStERVELC (METERS)
DESIREC MEASUREMENT CAPABILITY = 1.0CCE C&. wWUKTH AT LCeM.Co. GRLSS WORTH = C.4Cy NET WCRTH = C.l4
MINIMUM MEASUREMENT CAPABILITY = 1.00Gt C8.

FCRM OF WORTH VS MEASULREMENT CAPABILITY FUNCTICN = 11, LINEAK, LCGLG(ARGUMENT)

s
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE 15

+ MUST STRINGLNT CBSERVATION REGUIKEMENT FCPR EACH CBSERVATION PARAMCTER +
KNGALELGL CBSERVATILN  GbSERVAGLE  PLANETARY  (ESERVATLICN CBSEHVATICN CBSERVATICAN

GCAL KEQUIREMENT  CBJECTIVE PRCPERTY BCUY TECFNIGUE  PARAMETEK REGUIREMENT
¢ 4 13 2¢ ¢ 57 i 1.0CCE ©C
2 4 12 20 6 is 2 $.CCGE~02
2 « 12 2¢ o 15 3 1.0COE-05
2 4 i 2¢ 6 15 4 1.CCOE €5
2 a 1c 2¢ 5 L4 5 1.0CUE G2
2 4 12 2¢ 6 1 & $.0COE 01
2 4 12 o 6 14 7 5.0COE 01
2 4 1e 2¢ & 57 3 L0
2 4 18 20 ¢ 57 S -$.0CCE 01
2 5 18 2C o 57 i 1.CCCE G4
2 a 13 ot 6 57 11 1.CCOE 07
2 4 18 P o 57 ic 1.CCOE 04
z “ 12 20 6 15 15 1.0CCE 02
2 4 ie iC 5 is 14 1.0CCE 0C
2 4 12 “C 6 15 15 1.CCCE OC
2 “ 18 2¢ 6 57 2k 1.CCCE 01

Y/,
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE 16
#x% MISSTCN MEASURENENT REQUIREMENTS BY TECHNIGUE FGR ALL CBJECTIVES %%
MISSION 7. EARTH-JUPITER-SATURN FLYBY, LAUNCH 7/3C/7€. , PLANET 6. SATURN(INCL. RINGSICASE 1
0BS. TECK. i5. ULLTRAVICLET SPECTRCMETRY TOTAL GBSERVATICN WORTH,  2.S5

ALL OBJECTIVES

0OBS. CBJECTIVE 1Z2.ATUMIL, MCLECULAFR, ISCTCPIC CCMPLSITICN CF ATNUSPHEKE.
0BS5S« WORTH C.5C SD 7C-24 PAGE (062

OBS. CBJECTIVE 1€.NON-THERMAL ELECTRCMAGNETIC EMISSECN CHARBCTEKISTICS ANC SCURCE LUCATION.
0BS. WORTH «£5 S0 7C-24 PAGE (0S6

CB8S. CBJECTIVE 12.ATCMIC, MOLECULAR, ISCTCPIC CGMPCSITICN CF ATMCSPHERE.
0BS. WORTH 0.7C SD 70-z4 PAGE CCS7

CBS. CBJECTIVE 12.ATOMICy MCLECULAR, [SCTCPIC CCMPCSITICN CF ATMCSPHEKE.
0BS. WORTH C.3C SD 70-24 PAGE (098

3 from
rodictible cort:

RepP
bes
0BS. CBJECTIVF 12.ATOMIC, MCLECLLAP, ISOTCPIL CCMFCSITICN CF ATMOSPFERE., Yo
UBS. WORTH C.30 SD 7C-24 PAGE C09S

e

CBS. CBJECTIVE 12.ATOMIC, MCLECULAR,y ISCTCPIL CCMPUGSITICN CF ATMUSPHLRE.
0BS. WORTH 0,66 SD 70-24 PAGE ClC4 | |

|
i
t
|
i
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Table 3-10. SERA Computer Program Data Output (Cont)

FAGE 17
CASE 1
FIXED MISSICN ANL EXPEKRIMENT PARAMETERS
L PERIAPSIS ALTITUDE (KWM) 6.0270€ 04
2 INCLINATION (UECGREL) ) 1.24C0E C!

SPECIAL CHAKACTERISTILS OF SELECTED TRAJECTCRY PLINTS
PCINT 1~ MAXIMLM ALTITLLE FOR SENSGR LSAGE
PLINT 2~ MINIMULM ALTITULDE FOR SENSCR LSAGE

\y
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TINE TO PERIAPSES (SEC)
TRUE ANOMALY (LCEG)

SURFACE ALTITUCE (KM)
LATITUCE (LECKEE)

LCNGITULE (CECGREE)

GRUOUNC SPEEC (KM/SEC)
SPACECRAFT VELGCITY(K¥/SEC)
RADIUS RATz (KM/SEC)

NADIR ANCLE RATE (DEG/FULE)
SUN-PLANET-S/( ANGLE (LEG)
EARTF-PLANET-S/C ANCLE(CEG)
SCLAR ZENITH ANGLE (LEC)

MEASUREMENT RECULIREMENT 1

Table 3-10. SERA Computer Program Data Output (Cont)

% REQUIKEMENTS
PT. 1 R
£439CCE V4
-1.2CC0t 22

t.CECCE T5

AT SELECTEL MISSICAN PCINTS %
PT. 3

FTe ¢
GeTaClE (3
-6.5CGCE 01
1.2CzCE €5

OPTINMAL/MARGINAL VALUES
OPTIMAL wCRIF

MEASUREMENT REQUIREMENT
OPTIMAL/MARGINAL VALUES
OPTINMAL WLRTH

MEASUREMENT REQUIRENMENT
UPTIVMAL/MAKGINAL VALUES
OPTIMAL wLKTH

MEASUREMENT REQUIREMENT
OPTINMAL/MAROGINAL VALUES
OPTINVAL wWCRTH

MEASUREMLNT REGWUIRENMENT
UPTINMAL/MARLINAL VALUES
OPTINMAL wWGCETH

MEASUREMENT REQUIKEMENT
OPTINMAL/MARGINAL VALUES
OPTINMAL wCrTk

[\¥]

W

i4

is

e

C.S1

C.52

C.62

2.68

CeCZ

5.55CCE O -5%.83CCL 0
4,¢641CE Cl 1.70C¢CE-0L
S.95CLe GC _4.44008 00
i.4CCCE C1 2.295CE €1
-1.348Ct Cl ~1.411CEt O1
2.5¢CCE CC 7.0c0CE OO0
2+34CCt C1 7.810CE Ol
£.41C0L Cl 7.07C0E 01
2.34CCE CL . 7.810CE 01
MAXINUM WAVELENGTF (NMICRCN)
1.CCCOE 00/ 1.0C00E-C1 1.C00Ct 0C/ 1.0000k=-01 Ul / 0.0
C.51
MINIMUM WAVELENGTF (MICRON) . .
6.,0CCOE=-0c/ 1.0COCE OC 9.0000E-C2/ 1.G9COE 0O 0.C / 2.0
0.63
SPECTRKAL RESCLUYICN (MICRCM)
1.(C00E-05/ 1.000GE=-01L 1.00C0e~-065/ 1.000CE-01 U.C / 0.0
C.G2
$ ANGULAR KESGLUTION (CEGREE)
7.1C8TE~03/ 5.7CCOE Q4 4.T70cTE-Us/  5.70C0E 01 G.C / 0.C
3.%0
NUMBEK CF SAMPLES CR MEASUREMENTS
1.CCCCGE U2/ 1.0C0CE GC L.OCCut €&/ 1eCn000L D a0 / 0.0
C.C3
FRACTIUN UF SURFACE AKEA GF PLANLT IN the Flelye UF VIEW (PERCENT)
1.CCCCE D27 1.0UC00E Ol LeCo0ut L/ 1.uUCTUE C1 C.C /D0

C.24

0.24

CASt

PAGE

PT.

18
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE 19
_ case 1
¥% KEQUIREMENTS AT SELECTED MISSICN PCINTS #%
PT. 1 PT. & PT. 3 PT. 4
MEASUKEMENT REGLIREMENT i2 € VIEWING AXIS ANGLE TG FHE VERTICAL, A1 THE SPACECRAFT (LEGREE)
UPTIVAL/MARGINAL VALUES 0.C /0.0 c.c VAR 0.C /9.0 . 0.0 / 0.0
OPTINAL WCRTFH €.CC €.CC
MEASUREMENT KEGWUIREMENT 13 & VIEWING AX1S ANGLE TC THE SUKFACE TANGENT PLANE, AT SPACECRAFT (DEGREE)
OPTINVAL/MARGINAL VALUES 5.CCCCe 01/ S.CCO0E Ol 6.COCE CL/ 9.00C0E CI €.0 / 9.0 c.c / 0.0
OPTINAL WORTF £.CC e.cC
MEASUKEMENT REULIREVENT 33 NCKTHERAMLST LATITUGE CF 2REA TC SE CLVEREC (LEGREES)
UPTINMAL/VMARGINAL VALUES 5.CCOCE 01/ 0.0 §.CCCCE 9L/ D.C .o / d.C 0.c / 0.0
OPTIMAL WCKTF .27 c.37
MEASUREMENT RECUIREMENT 34  SCUTHERNMCST LATITULLE CF AREA TC BE CLVEKES (LEGKEES)
OPTINMAL/MAKGINAL VALUES 5.CCCCE 01/ =5.C0COE CL  S.COCOE ©L/ -9.0077€ €l C.C /0.0 0.C / 0.0
OFTIMAL WORTH C.37 .27
TCTAL CPTIMAL wURTH, 4.27326-C¢ 4.2730E-0¢

s
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE 20
#%% MISSICN MEASUREMENT REQUIKCEMENTS BY TECHANIQUE ANC OBJECTIVE %3¢

MISSION 7. EARTH-JUPITER-SATURN FLYBY, LAUNCH 7/3C/T6. ' PLANET 6. SATURN{INCL. RINGS)CASE 1

1-5Le€-0L AS

9L-€

OBSERVATION TECHENIQUE i5. ULTRAVILLET SPECTRCMETRY
OBS. OBJECTIVE 12. ATOMIC, MOLECULAR, ISLTCPIC COMPGSITICN Ck ~TMCSPHERE,
0BS. WORTH Cis5C SD 70-c4 PAGE CCse

FIXED MISSICAN ANC EXPERIMENT PARAMETERS
1 PERIAPSIS ALTITUDE (KM) :
Z INCLINATION (LECREE)

SPECIAL CHARACTERISTICS CF SELECTEL TRAJECTCRY PCINTS
PCINT i- MAXIMLM ALTITULDE FOR SENSCR LSAGE
PCINT 2~ MINIMULM ALTITUCE FOR SENSCR LSAGE

6.037CE 04
1.24CCE Cl

s
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE 20
Cast 1
% KEGUIRLMENTS AT STLECTeu MISSICN PUINTS *#
PT. 1 FT. ¢ PT. 3 - PT. 4

TIVME TU PERTAPSIS (5eC) Se35(Ce (4 e l4lCE U

TKUE ANCMALY (LEG) -1.2C(CF G2 -6.%000c 01

SURFALE ALTITULE (KM) 8.,0¢LCe N5 teclell Co

LATITULE (LECREE) 5.55CCE U ~5.83CCE 09

LONGITULE (CECREE) 4.t4ilt Ci la7CCCL-Cy

GROUND 3PELu (KM/SEL) €.66CCe GO “e4eCiE 09

SPACECRAFT vitLCCITY(KM/SEC) 1.4CCCt (1 ceeS5Ce C1 Y

KADIUS RATe (KNM/SEC) —1+34&Ct Cl -ie«ll0E Ci

NACIR ANCGLE RATE (LEOG/FULR) ZeDLCLE 020 Te62CCE 24

SUN-FLANET-5/C ANGLL (c£d) 2.3aCCt (] T.6180t 01

EARTH=PLANET=S/C ENCLE(UEC) ¢e4iCCH C1 T.£7CCL O

SGLAR ZENITE ANCGLE (EZC) Ze34CLE 21 ToelllL i

MEASUREMLNT REGUIKEMENT MAXLTMUNM wEVELENCTE (MICRLN)
UPTINMAL/MAMGINAL VALUUS 1.00CCe Q0/ 1.U00CE-C1L Lel2aC0 wl/  1.0300r-TClI Ca.C / 0.0 0.0 / 0.0
OPTINMAL wilRTF/wLkTE FOKM CoCov/ L Celt/ 11 c.c s % c.c /7 C
MEASUREMENT <EGUIREMENT 2 MINIMUM weVELENGTE (MICRLUN)
GPTINMAL/MARGINAL VALULD LoCCL0e=0u/ 1.UCOCE CU 1.00C0e—-C1/  1e00200 CO Z.C / C.C c.C / 0.0
OPTIMAL wlrTH/WCRTE FORY Colt/ 1i Sell/ da L.0 /7 O G.C /7 C
MEASUREMENT REQUIREMEI H SPECTRAL ReSCLULTICN (MICKON)

UPTINMAL/MAKGINGL VALUES 1.028CE=-03/  1.0000E~CI Lelll0e=Cs/  del200u-Ca c.C /  C.C c.C / 0.C
OPTINMEL WCRTH/WCETE Fo~M .10/ L Cerl/ i cC.0. /v G c.C /7 C
MEASUREMENT REGQUIREMENT 1% NUYEIR CF SAMPLES CRF NMELASURINMENTS
UPTIMaL/MARGINAL VBALULS 1.¢0C0e 24/ 1l.7CUCE O LelColE e/ 120000 60 C.t /7 G.C c.C / 0.0
OPTIMAL wWCRTH/nLETE FORM CeC3/ 11 Tel3/ ii t.G6 7 C c.0c 7 C
MEASUREMENT REGUIReEMONT 12 ViewING AXxls> 4hGLE TC THE VERTIULALy 8T Treo SEFACLUrAFT (LEUREER)
OPTINMAL/MARGINAL VALUCS wel /o uL Z.C /o Tes c.C / G.C C.C / 0.0
OFTINAL WOKTE/ACETE runt .70/ ¢t L.Cu/ C.C /7 O CeC 7 C
MEASUKEMENT RuwUIREMERT 15 VIEwWING AZLS AKGLE 1L The SuRFALL 1aNGERT #Labit, AT SPACLCSAFT (DEGREE)
OPTINMAL/MARGINAGL VALULS G.ClCC8z 01/ % LR2U0E Q1 5.0CC08 L1/ G.00C0e O C.C / G.C C.C / 0.0
OPTINMAL wCrTH/alRTH FURY L.CCr ¢ 1.CCr ¢ cC.C /7 0O C.0 ¢ ¢

\y
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE 21
: A CASE 1
%% REQUIREMENTS AT SELECTEC MISSILN PCINTS =x
. 2 O S ) S PT. 3 PT. &

MEASUREMENT REGUIKEMENT 33 NCRTHEKNNMCST LATITULLE CF AKEA TL BE COVEKED (CEGREES)
DPTIMAL/MARGINAL VALUES $.0G00E 01/ 6.0CO0E 01 $.0600E 01/ 6.0000E Oi 0.0 / 0.0 0.0 / 0.0
OPTINMAL WOKTH/WCRTF FCRM  C.1C/ 1 c.ic/ 1 .0/ O €0/ ¢
MEASUKEMENT REQUIREMENT 34 SCUTHERNMOST LATITULE CF AREA TC bE COVERED (UEGREES)
OPTIMAL/MARGINAL VALUES  -6.CO0UE 01/ -5S.0CCCE 01  -6&.00COE Cl/ -9.0000t 01 0.0 / 0.0 0.0 / 0.0
OPTINAL WCRTH/WCRTF FORM  C.1G/ 1 c.10/ 1 0.0 / ¢ 0.0/ ©

TOTAL GPTIMAL wCKTH, 1.CeCle-C7 1.08G0E=-CT

\p
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE 22
#rx MESSTON MEASUKEMENT KFeQUlkebehiS BY TeUrNIQUFR ofht CBJECTIVE *=x
MISSION  Te £ACTH=JUPITER=-SATURN FLYBY, LAUNCH T/73C/T¢C. PLANET €. SATURNCINCL. FINGS)ICASE 1

OBSERVATICN TLCENIQUE 7. ULTRAVICLET SPECTRUMETRY
OKSe CGBJUECTIVE 1o+ NUN-THERMAL LLECTRUMAGNE TIC EMISOLIUN CHARACTERISTICS ANty SOGUkLE LCCATICKN,
UBSe wORTH Sw95  SU 1C0-é4 PAGE (CSt

FIXLU FMISSITN ARC EXPERIMENT FARAMETERS
1 PERTAPSIS ALTITUCE {xkM) : <)
< INCLINATICN (LECHELD 1

SPECLAL CLHRARALTERISTICS CF SELECTLL TRAJECTLRY PUINTS

POIRNT 1= Maximiy ALTITULE FOUR SERSCK LombLE
POINT o= MLIIMLM ALTITUCE FJOR SERSCR LSALE

NOT REPRODUCIBLE
_ T

s
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE 22
, CASE 1
%3 REQUIKEMEATS aT SELECTEU MISSICN PULINTS #x

e et e PT. 1 . _PTs 2 . . . . PT. .3 PT. & _ _
TIME TO PERIAPSIS (SEC) £.35CCE C4 647400 03

TRUE ANOMALY (LEG) -1.20C0E 02 -645000F 01

SUKFACE ALTITUCE (KM) 8.06C0E 05 1.202CE 05

LATITUDE (LECGREE) 5.55CCE 0C -5.830CE CG

LCNGITUDE (LEGREE) 4,641CE Oi 1.7CCCE-CL

GROUNG SPEED (KM/SEC) . . .5.99C0€ AC. _4.440CE 90

SPACECKAFT VELCCITY(KM/SEC) 1.40CCE 01 2.299Ct Ci

RADIUS RATE (KM/SEC) ~1.3480F C -1.411CE 01

NAUIK ANGLE RATE (CEG/FOUR) 2.56CCE QC 7.626CE OC

SUN-PLANET-5/C ANGLE (DEG) 2.34CCt 01 7.810GE 01

EARTH-PLANET-S/C ANGLE(DEG) 2.41CCE C1 7.867CCE 01

SOLAR ZENITH ANGLE (DEG) __ . 2434CCE C1 | - e le810CE CL

MEASUREMENT REQUIREMENT 1  MAXIMUM WAVELEAGTH (MICRCN)
OPTIMAL/MARGINAL VALUES 1.CO00E 00/ 7.0CO0E-CL 1.0000€ 00/ 7.0000£-Gl 0.0 / 0.C 0.0 / 0.0
OPTINMAL WGRTH/WCRTF FGRM  C.il/ i C.ll/ 1 0.C / O 0.0 7 ¢
MEASUREMENT REQUIKEMENT . 2 MINIMUM. wAVELEDGIE (MICRCN). . ... .. .. .
OPTIMAL/MARGINAL VALUES 1.2CC0E-CL/ 4.0000E=Ci 1.20006-01/ 4.0C00E-01 0.0 / 0.0 0.0 / 0.0
OPTIMAL WORTH/WCRTF FORVM  0.12/ 1 G.13/ 1 .0/ © 0.0/ ¢
MEASUREMENT REQUIREMENT 3 SPECTRAL RESCLUTICA (MICRUN)
OPTIMAL/MARGINAL VALUES 1.CC00E-04/ 1.0CCCE-03 1.0000E~04/ i.0000E-G3 0.0 / 0.0 0.0 /7 0.0
OPTIMAL WCRTH/WCRTH FORM  _0.42/ 14 ___ . . - Cel3/ 14 0.0 / © 0.0/ ¢
MEASUREMENT REQUIREMENT 14  ANGULAR RESULUTICN (CEGREE)
OPTIMAL/MARGINAL VALUES 7.1C86E-02/ 5.700GE 01 4.T6€TE-GL/ 5. 7C00E 0i 0.0 /0.0 0.0 / 0.0
OPTIMAL WCRTH/WCRTF FUKM  C.GS/ 1 €.99/ 1 0.¢ / © 0.07 ¢
MEASUREMENT REQUIREMENT 12  VIEWING AX1S ANGLE _TC_THE_ VERTICALs AT _THE SPACECRAFT {DEGREE)
OPTIMAL/MARGINAL VALUES c.C / 0.0 0.C / GC.0 0.0 / 0.0

OPTINMAL WCRTH/WCRTE FCRW

MEASUREMENT REGUIREMENT 13
OPTIMAL/MARGINAL VALUES
QPTIMAL WCRIH/WORTE FURM

l.CCs ¢ 1.CC/ ¢ c.0/7 ©

(=N =]
. .
(=R =]
~
(=]
~
o
.
o

VIEWING AXIS ANGLE TC THE SURFACE TANGENT PLANE, AT SPACECRAFT (DEGREE)}
6.CCCOE Cl1/ S.0COCE C1 $.0000E Ol/ $.0000E Cl 0.0 / 0.0 0.0 / 0.0
l1.0C/7 ¢ . .. e e — 3080 & ¢.0/ O 0.c /7 ¢

1A @0edg
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Table 3-10. SERA Computer Program Data Output (Cont)

Reproduced from
best available copy. PAGE 23

CASE 1

#% FEGUIREMINTS AT ScttCTed MISSICH PLINTS %X

PT. 1 FT. ¢ PTe 3 PT. 4
MEBSUF CENT RuGUIREY e T 22 ALFTHERNMUET LATITLLE LE AFED TO 2L (LtorEES)
UPTIVEL/MAKGIN AL VEALUL, GeLdlEt LI/ A.00TCE O G.LC0de ./ 20 (i c.C /0.0 0.0 / 0.0
UPTIMAL wlHTH/WlFTE FOEM Cel2/ & Cerz/ ¢ C.C /7 ¢ c.0 / ¢C
MEZSUREMENT FRwbLInELNT -4 SLUTHLANMO ST LATITLLE UF AkRIZe To ot LovEwxED (LEGKECSS)
CPTINMeL/MARCTTL AL vaLLRS SelUTCL Ca/  M.T0O0Ce (I Ca3000: Do/ BLICLYE U Z.l / C.2 c.C / 0.C
UPTIMEL wChkTh/wLRTE Fuwy Celzs & lelz/ & Celd /0 c.0 s C

TCTub TPTLMAL wWLikTH, Felil2h-0Y EEP SIS

\y
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Table 3-10. SERA Computer Program Data Output (Cont)
PAGE 24
sx% MISSIGN MEASUREMENT RECUIRcMENTS BY TECHFRIWUE ANC GBJECTIVE #8%
MISSION 7. EARTH-JUPITER-SATURN FLYBY, LAUNCH 7/3C/7€. PLANET 6. SATURN(INCL. RINGSICASE 1

CBSERVATICN TECHNIQUE 14. ULTRAVICLET SPECTRCMETRY
CBS. CBJECTIVE 12. ATQMIC, MOLECULAR, ISOTGPIC COMPOSITICN CF ATMCSPHERE.

0BS. WORTH C.7C SL 7C-z4 PAGE CCS7
FIXEC MISSIUN ANC EXPERIMENT PARAMETEKS ) i
1 PERIAPSIS ALTITUDE (KM) €.0270E 04
2 INCLINATION (DECGKEE) 1.24C0E C1

SPECIAL CHARACTERISTICS GF SELECTEC TRAJECTCRY PCINTS
PCLINT i- MAXKIMUM ALTITLDC FOR SENSCR USAGE
PGINT 2= MININMUM ALTITLOE FOR SENSCK USAGE

s

{[BM>00Y UeduBwYy YHON
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE 24
CASE 1
% REQUIREMENTS AT SELECTEL MISSICN PCINTS #*¥
PT. 1 . PT. 2 PT. 3 PT. 4

TIME TO PERIAPSIS (SEC) S.3G(CL C& €.74CCE 33 ’

TRUE ANCMALY (CLG) -1.20CCE 2 ~0.50CC0E 01

SURFALE ALTITUCE (KM} t.0nC(L €5 le¢CCE Co

LATITUDE (CECKEE) 5.550CE ©C ~5,630Ct Q3

LCNGITUCE ({CECRCE) 4.641Ct 01 1.700CE-01

GRGUNC SPELT (KM/SEL) S.GSCCL ©C .. 4.44CCE 0D

SPLCECRAFT VELCCITY(KM/SEC)H l.4CCCH 01 2+259CE C1

KADIUS KATE (KM/SEC) -l.348Ct 01 -ie41lCl 01

NACIR ANCGLE RATE (LEGL/FULK) 2.5¢CCE GO 7.02CCE 60 o

SUN-PLANET-S/C ANCLE (LEG)H 2.34CCE €1 7.51GCE 01 Rep‘ a

EARTH-PLANET=5/C ANGLE{(DLC) ZeqllCE C1 T.87CCE 01 bes

SCLAR ZENITE ANGLE {OLC) 2.34CCe C1 7.51C0E 01 —

MEASUREMENT KEGUIFEMENT ] MAXIVMULNM WaVELENGTE (MICRON)

OPTIMAL/MAKGINAL VALUES t.CCCLCE~01/ 1.0COQE-CL 8.50C0L=Ci/  T7.9000E-01 C.0 / 0.0 0.C / 0.0
UPTINMAL wWwCRTH/WCKTE FORV CelS/ i €26/ 1 0.C 7/ O c.C /7 €
MEASUREMENT REQUIKEMENT 2 PINIMULM WAVELENGTE (MICKLN)

OPTEINMAL/MARGINAL VALUES 5,CCCCL~G1l/ ¢.0C0CE-C1 SOGCUE=VL/  b6.ULUVE-OL c.0 / 0.0 .0 / 0.0
OPTIMAL wCkTR/WLRTH HORM Ca2S/7 1 C.c9/ 1 0.C /7 © 0.0/ O
MEASUREMENT REQUIREMENT 2 SPECTRAL KESCLUTICN (MICKLN)
OPTINMAL/MAFGINAL VALUES 1.CLCOE~04/ 2.0CCCE-03 1.0000E=0a/  £.9020€-0C5 6.0 / 0.0 0.0 / 0.0
OPTINAL wLRTH/WLRTE FCHNM C.2¢/7 1 C.26/ 1 0./ O 0.0 / ¢
MELSURENENT REGUIREMENT 14 ANGULAR Ko SCLULTION {(CEGREER)
OPTIMAL/MAKGINAL VALULES T.1CETE=C5/ 5.7CCCE Cl 4,766TE~C2/ 9.700uE O) 0.0 / 0.0 0.C / 0.0
OPTINAL WCHKTH/WURTH FUKM 1.CC/ & C.09/ 1 c.0 /7 O 0.0 / C
MEASUREMENT KREQUIKEMENT 1E FRALTICN UF SURFACE AKEA (F FLAKRET [N Ut FIELC ULF VIEW (PERCENT) ‘
OPTINAL/MAEGINAL VALUES 1.CCCCE 02/ 1.00COE C1 1.2000E L2/ 1.00GGUE Ol C.0 / C.0 0.C / 0.0 »_
OPTINAL WURTR/WCHTE FUuEw Coz4s 1 Cela/ 1 G0 /7 0 c.0/ € '

MEASURKEMENT RECUIREMENT 12 VIEWING AXIS ANGLE TG THL VERTICAL, A1 THE SPACECRAFT (CEGFEE)
OPTI MAL/MARCINAL VALUES C.C / C.0 Dev /6D 0.C / 0.0
GPTINMAL WCRTH/WCKTH FORM L.LC/ 6 . 1.2C7 6 c.C 7 G

oo
.
[eN =]
-~
o
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MEASUREMENT REQULIRKEMENT 13
OPTIMAL/MARGINAL VALUES
OPTIMAL WCRTH/WCRTE FCRWM

MEASUREMENT REQUIREMENT 33
OQPTINMAL/MARGINAL VALUES
OPTIMAL WORTH/WCRTFE FORM

MEASUREMENT REQUIREMENT 34
OPTINMAL/MARGINAL VALUES
OPTIMAL WCRTH/WCRTE fLR¥

TGTAL CPTIMAL wCRTH,

Table 3-10. SERA Computer Program Data Output (Cont)

*% REQUIREMENTS AT SELECTED MISSICN PCINTS *=*

duced from
t:‘:: -oavuai\ab\e

PT. 1 < S T PT.
VIEWING AXIS ANGLE TGO THE SURFACE TANGENT PLANE, AT SPACECRAFTY
G.C000E Cl/ 9.0000& Ol G.,0CCCt G1/ G.C000t C1 0.0
l.CC/ € 1.CC/ 6 c.C /7 O
NORTHERNMOQST LATITUDE GF AREA_TC bE CCVERED (LEGREES)
$.CCCCE Cl/ C.C S.CCCOE 01/ weO C.C
C.l4/s 2 Cela/ 2 ¢.C /s O
SOUTHERANMCST LATITLCE CGF AREA TC BE CUVERED (LEGREES)
$.CGCCE C1/ C.C S5.CCC0E 01/ 0.0 0.C
Celas 2 .. Cdlas 2 c.0 /7 0
1.1472E-C4 1.1358E-C4

3

/

CASE

(CEGREE)
0.0

o X =]
oo

(e No)

(=N o)

[» N =]
[pR o)

PAGE

PT.

&
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Table 3-10. SERA Computer Program Data Output (Cont)

#3% MISSICN MEASUREMENT KREQUIREMLNTS BY TeECHNIQUE ANC CBJECTIVE *%x

MISSICN 7. EARTH-JUPITEK=SATURN FLYAY, LALNCH T7/2C/T¢€. PLANET 6. SATURN{IN(L.

OBSERVATICN TECHNIQUE l4e ULTRAVICLET SHECTRCMETRY
08S. CBJECTIVE lco AITUMIC, MULECULAK, TSCTUPIC CUMPESITION LF ATMLSPHERZ,
08S. WURTH Ce3C SV 7C-24 PACE (CS8
FIXED MISSIUN ANL EXHERINMENT PARAMETERS
1 PtRIAPSIS ALTITUDL (KM} : ¢.C370E 04
1.24CCE 01

2 INCLINATIUN (LeCREE)
SPECIEL CHAKACTERISTIC> UF SELECTLL TRAJECTURY PUIRTS

FCINT 1= MAXIMLM ALTITLDE FGR SENSCR LSAGE
PLINT = MINIMUM ALTITLEE FOR SENSCR ULSAGE

NOT REPRODUCIBLE

PAGE

RINGSICASE

1

26
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Table 3-10. SERA Computer Program Data Output (Cont)

CASE
#%¢ REQUIREMeNTS AT SELECTEDC MISSICN PCINTS ##
o L PT. 1 e PT. PT. 3

TIME TO PERIAPSIS (SEC) 5.3500E 04 6.74CCE 03 ‘

TRUE ANOMALY (LEG) -1.20C0E 02 -6.50GCt 01

SURFACE ALTITUDE (KM) £.06CCE 05 L ~ 1.202CE 05

LATITUCE (CECREE) 5.55CCE 00 -5.830CE 00

LCNGITULE (CEGREE) 4.€641CE C1 1.700CE-01

GROUND SPEEL (KM/SEC) _  ____  Su9SCCE_OC_ . 4.4400E 0O

SPACECRAFT VELOCITY(KM/SEC) 1.4CCCE 01 2.259CE 01

RACIUS KATE (KM/SEC) -1.3480€ 0Ol -1.4110¢ 01

NACIR ANGLE RATE (DEG/HOUR) 2.50CCE CC 7.62CCE 00

SUN-PLANET-S/C ANGLE (DEG) 2.34CCE Cl 7.81CCE 0%

EARTHF-PLANET=S/C ANGLE{DEG) 2.41CCE C1 7.567G0E Ol

SOLAK ZENITH ANGLE (DEG) __ 2.34CCE Cl _ ___ ___.__ _T.81GQE 01
MEASUKEMENT RECQUIREMENT 1 MAXIMLM WAVELENGTE (MICRCN)
OPTIMAL/MARGINAL VALUES 8.CCCCE-01/ 5.CCOCE-OL B.0CCOE-0i/ 5.0C00E-C1 0.0 / 0.C
OPTIMAL WCRTH/WCRTH FORM  C.C4/ 1 C.C4/ 1 .0/ O©
MEASUREMENT REQUIREMENT 2 MIN[MUM_ WAVELENGTE (MICRCN) . o
OPTINAL /MARGINAL VALUES $.CCCCE-02/ 1.20CCE-C1 9.00CCE-GZ/ 1.2000E-0l .0 / 0.0
OPTINMAL WCRTH/WCRTF FORM  C.C4/ 1 C.04/ 1 0.0/ 0
MEASUREMENT REQUIREMENT 3 SPECTRAL RESOULUTECN (MICRCN)
OPTINAL/MARGINAL VALUES 1.C000E-05/ 1.0CO0E-G4 1.C0COE-C5/ 1.0000E-04 0.0 / 0.0
OPTIMAL WCRTH/WCRTE FORM  CeCe/ 11 . .. _CeC24.1). ... 0.0/ 0
MEASUREMENT RcQUIREMENT 12 VIEWING AXIS ANGLE TC THE VEKTICALs AT THE SPACCECKAFT (CEGREE)
OPTINAL/MAKGINAL VALUES C.C / 0.0 c.c / 0.0 0.C / 0.0
OPTINAL WCRTH/WCRTE FCRM 1.CC/ € 1.CC/ ¢ 0.C 7 O©
MEASUKEMENT REQUIREMENT 13 _ VIEWING AXIS ANGLE.JTC. THE SURFACE TANGENT PLANE, AT SPACECRAFT (DEGREE)
OPTIVAL/MARGINAL VALUES $.CCOOE 01/ $.0CCCE O1 6.CCCCE 01/ 9.0000E 01 0.C / 0.C
OPTIMAL WCRTF/WCKTH FORM  1.CC/ & 1.6C/ 6 0.0/ ©
TCTAL CPTIMAL wWCRTF, 3.2CCGE-CS 3.2000E-05

(oY=} (e M=} o0 oo
° »
[N ] oo oo (e Nl

o O
o0

\y
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE

#%% MISSICN MEASUREMENT REQUIREMENTS BY TECENIQUE ANC CBJECTIVE *%%

MISSICN 7. EARTH-JUPITER-SATURN FLYBY, LAUNCH 7/3(/76.

OBSERVATION TECHNIQUE 15. LLTRAVICLET SPECTRCMETRY -
0OBS. OUBJECTIVE 12. ATUMIC, MOLECULARy ISUTGPIC COMPCSITICN UF ATMCSPHERE.
0BS. WORTH Ce3C SD 7C-24 PAGE CCSS

FIXED MISSICN ANC EXPERIMENT PARAMETERS
1 PEKIAPSIS ALTITLDE (KM)
2 INCLINATIGN (DECREED

SPECIAL CHARACTER ISTICS UF SELECTEL TRAJECTCRY PCINTS
PCINT 1- MAXIMULM ALTITUDE FOR SENSGR USAGE
PLINT 2~ MINIMLM ALTITUGE FOR SENSCR USAGE

PLANET 6. SATURNUINCL. RINGSICASE

6.C327CE C4
1.2400€ Cl

1

27
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Table 3 10. SERA Computer Program Data Output (Cont)
PAGE 27
‘ CASE 1
## REQUIREMENTS AT SELECTED MISSICN PCINTS ##
o L O S PT._2 PT. 3 PT. 4

TIME TO PERIAPSIS (SEC) T5.39CCE 0% 6. 7400E 03

TRUE ANOMALY (CEG) -1.2CCCE 02 -6.5000E Ol

SURFACE ALTITUCE (KM) 8.06CCE 05 1.202CE 05

LATITUDE (CECREE) 5.55CCE 00 -5.83GCE 00

LCNGITUCE (LEGREE) 4.641CE Ol 1.700CE-CL

GRCUND SPEED (KM/SEC) . _S5.99CCE 0O __ 4.440CE 00

SPACECRAFT VELOCITY(KM/SEC) 1.40C0E 01 2.2990F 01

RACIUS RATE (KM/SEC) -1.3480E 01 -1.4110E Ol

NACIK ANGLE RATE (DEG/HOLR) 2.56CCE GG 7.62CCE 00

SUN-PLANET-S/C ANGLE (LEG) 2434CCE Ol 7.610CE 01

EAR Th-PLANET=S/C ANGLE(DEG) 2.41CCE 01 7.87COE Ol

SCLAR ZENITH ANGLE (DEG) 2.34C0E CL_ . ___ . 1.5100€ 01
MEASUREMENT REGUIREMENT 1 NMAXIMUM WAVELENGTF (MICRCN)
OPTIMAL/MARGINAL VALUES 8.CCCCE-0./ 5.0000E-01 8.00G0E-G1/ 5.0000E-01 0.0 0.0
OPTIMAL WCRTH/WCRTE FORV  C.CE/ 1 C.067 1 0.0 .0
MEASUREMENT REQUIREMENT = 2. _FINIMUM WAVELENGTF (MICRCN) )
TOPTIMAL/MARGINAL VALUES §.CCCCE-02/ 1.2000E-01 3.0600£-02/ 1.2000&-Cl 0.0 0.0
OPTIMAL WGKTH/WGRIk FORM  C.C6/ 1 C.06/ i 0.0 0.C

MEASUREMENT REGQUIREMENT 3

OPTIMAL/MARGINAL VALUES i.
C.037 11

OPTIMAL WCRTH/WCRTH_FORV

MEASUREMENT REQUIREMENT 14
OPTINMAL/MARCINAL VALUES

OPTIMAL WCRTH/WOKkTH FURM 1.

MEASUREMENT REQUIREMENT 14
UPTINMAL/MARGINAL VALUES
OPTIMAL WCRTH/WCRTH FORM

MEASUREMENT REQUIREMENT 13
OPTINMAL/MARGINAL VALUES
OPTIMAL WCRTH/WOkTH FORW

7.1C87E-C3/

VIEWING AXIS ANGLE_TC ThE VERTICAL,
C.C /
1.CC/ ¢

$.CCCCE 01/
.A.CC/ €

SPECTRAL RESOLUTICN (MICRCN)
CCCCE-05/ 1.0000E-04 1.00C0OE-05/
C.C3/ li

1.0000E-0C4

ANGULAR RESCLUTION (CEGKEE)
5.70CCE 01 4.760Te=-02/
0.99/7 1

5.7CCCOE 01
Gcs 1

0.C / G.0

1.CC/ o

0.0

VIEWING AXIS ANGLE TO THE SURFACE TANGENT PLANE, AT
$.CGCCE 01 $.00CO0E 01/ G.0000E Ol
. 1,906/ 6

(o N =]
oo
oo
[N«

(o X =]
[« =}

LT ThE SPACECRAFT (CEGREE)

(e X =}
o0

\y

SPACECRAFT (DEGREE}

oo

o0
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TOTAL CPTIMAL

nCKTE,

Table 3-10. SERA Computer Program Data Output (Cont)

PAGE 28
_ CASE 1
#% REQUIREMENTS AT SELECTEC MISSICN PCINTS ##
PT. 1 , T 3 PT. 3 v PT. &
1.C5CCE-04 1.0692E-04

[I9MNO0Y UBOLIBWY YUON
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"FIXED MISSION ANC EXPERIMENT PARAMETERS

_PCINT 1- MAXIMUM ALTITUDE FOR SENSOR USAGE

Table 3-10. SERA Computer Program Data Output (Cont)

PAGE

s¥% MISSICN MEASUREMENT REWUIKEMENTS BY TECHNIGUE ANC OBJECTIVE %#%

MISSIGN 7. EARTH-JUPITER-SATURN FLYBY, LAUNCH 7/3C/76. PLANET 6. SATURN(INCL. RINGSICASE’

OBSERVATIGN TECENICUE 15. ULTRAVICLET SPECTRCMETRY .
CB8S. OBJECTIVE 12. ATOMIC, MGLECULAR, ISCTCPIC CGMPCSITICN CF ATMCSPHERE.
0BS. WORTH C.60 SO 7C-24 PAGE ClC4

1 PERIAPSIS ALTITUDE (KM} : 6.C37CE 04
2 INCLINATICN (DECREE) 1.24C0E 01

SPECIAL CHARACTERISTICS OF SELECTEC TRAJECTCRY PCINTS

PCINT 2- MININLM ALTITLLE FOR SENSCR USAGE

1

29
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TIME TO PERIAPSIS (SEC)
TRUE ANOMALY (CEG)
SURFACE ALTITUCE (KM)
LATITUCE (CEGREE)
LCNGITUDE (CECREE)
GRCUNL SPEEL (KM/SEC)

SPACECRAFT VELCCITY{(KM/SEC)

RACILS RATE (KM/SEC)

NADIR ANGLE KATE {DEG/+OUR)
(LEG)
EARTH=PLANET-S5/(C ANGLE(CEG)

SUN-PLANET-S/C ANGLE

SCLAR ZENITF ANCLE (DEC)
MEASUREMENT REQUIREMENT )
OPTINMAL/MARCGINAL VALUES
OPTINAL WCRTH/WCKTH FGRM

MEASUREMENT REQUIREMENT 2
OPTINMAL/MARGINAL VALUES
OPTINMAL WCKTH/WCKkTH FURWM

MEASUREMENT REQUIREMENT 2
OPTINMAL/MARCINAL VALCES
OPTINMAL wCKTH/nlRThH FURM

MEASUREMENT RECULIREMENT 14
OPTINMAL/MARCINAL VALUES
UPTINAL WCKTH/WCRTER FORM

MEASUREMENT REQUIREMENT 12
OPTIMAL/MAKGINAL VALUES
OPTIMAL wCRTH/WLRTH FCKM

MEASUREMENT REGUIREMENT 13
UPTIVAL/MARGINAL VALUES
OPTIVMAL wORTH/WCRTH FGRY

Table 3-10.. SERA Computer Program Data Output (Cont)

*% REQUIKEMENTS

PT. 1 L PT. 2
£,35CCE 04 6.7400E 03
-1.2CC0E G2 -6.5000 01
8.06CCE 05 1.2020€ 05
5.55CCE 00 -5.8300E 00
4.641CE 01 1.700CE-01
$.95CCE CC _ L 4<440CE 09
1.4CCCE Gl 2.25%¢cE o1
-1.34€CE C1 -i.411CE 01
2.56CCE CC 7.62G0E 00
2.34CCE C1 7.6100t 01
2.41(CE C1 7.867CCE 01
2.34CCE C1 __7.510CE C1

AT SELECTEL MISSICN PCINTS %
PT.

MAXIMUVM WwAVELENGTH (MICRCN)
2.CCCCE-CLl/ 2.5CCCE-QL 3.000CE-01/
C.s357 2 0.35/ 2

MINIMUM WAVELENGTH (MICRCN)

¢+5000E-~C1 c
0

1.5CCCE-01/ 2.0CCCE-01 1.500Ce-Gi/ 2.0000E~-G1 Cc.0

Ce35/ 2 C.35/ ¢ 0.0 /7 O
SPECTRAL RESCLLUTION (MICRCN)

2.5CCCE-C3/ 2.C0C0E-02 2.5C030£~032/ 2.0C00E-02 c.C

Ce38/ 2 . Ce35/ & c.c /7 0
ANGULAR RESCLUTION {CEGKREED

7.1C08¢t-C2/7 5.7GC0E 01 4.,76€TE~01l/ 5.7000E C1 0.0

Ce6S7 1 C.56/ 1 0.0 / O

VIEWING AXIS ANGLE TC THE VERTICAL,
c.C / C.0 0.C /
1.CCr 6 1.0C/ o

VIEWING AXIS ANGLE TO THE SURFACE TA
S.CCCCE C1/ <.COOCE O1 S.00CCE Ol/
1.CCrs 6 1.00/7 €&

AT THE SPACECRAFT {(CEGREE)
0.0 C.0
cC.0/7 ©

NGENT PLANE,
$.000CE C1 Cc.C

0.0 /7 ©

3

/

AT SPACECRAFY (CEGREE)
/

PAGE 29
CASE 1
PT. 4
0.0 0.0 / 0.0
6.0/ ¢
0.0 0.C / 0.0
0.0 7 C
0.0 0.0 / 0.0
c.¢c /7 O
0.C C.0 / 0.0
0.07 C
0.0 G.0 / 0.0
0.0 /7 ¢C
C.0 G.C / 0.0
0.0 /7 C
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Table 3-10. SERA Computer Program Data Output (Cont)

1-6Le-0L AS
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PAGE 30
‘ , CASE 1
#% REQUIREMENTS AT SELECTED MISSIUN PCINTS *x
,,,,,, - _— - PY. Y . . PTe e PT. 3 PT. 4
TUTAL OPTIMAL WCRTH; 4.2446E-C2 4.2446E-02
PAGE 31
#%% SENSCR CAPABILITIES AND SUFPCRT REQUIREMENTS **x
. . e e CASE 1
SENSOK TYPE 4. VISIBLE/UV SPECTRCMETER
% MISSIGN DESCRIPTICN **
MISSICN 7. EARTF-JUPITER-SATURN FLYBY, LAUNCK 7/30/76. PLANET 6. SATURN(INCL. RINGS)
. . . % CUNSTANIS CF TRAJECTORY * e
INCLIMNATICN (CECGREE) l.24CCE C1
ORSITAL PERIOC (SEC) 0.0
PERIAPSIS ALTITLCE (KM) €.C2TCE C4
APOAPSES ALTITUCE (KM) €.c
ARGUMENT OF PERIAPSIS (LEC) C.cC
LATITUCE OF PERIAPSIS (CEG) -1.24CCE Ol .. .. .
LCNGITUDE ASCNC. NCLE (CEC) -Z.830CE €1
LAUNCH CAT:t (JULIAN DATE) 4.29SCE C4
PERIAPSIS DATE(JULIAN LATE) 4.47CCE 04
ORBIT ECCENTRICITY 1.34€CE GO
EARTF~S/C DISTANCE (AU) 8.560CEt COC
SUN-S/C DISTANCE {AU) S.55CCE CC. . _ _. . . ) ‘
% TRAJECTCRY POINTS SELECTEL * "
PT. 1 PT. 2 PT. 3 PT. 4 o
TIME TO PERIAPSIS (SEC) 5.39CCc C4 6. 74CCE O3 o
TRUE ANGMALY (LEG) -1.2C€CCE 02 ... ... .__=5.50CCE Ol o
SURFACE ALTITUDE (KM) £.C6COE 05 1.2020E G5 3
LATITUDE (LEGREE) 5.55CCE GC -5.830CE 00
LUNGITUDE (CEGREE) 4.641CE Ol 1.7C0CE-01 o

UOISIAI
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GROUNEC SPEED (KM/SEC)
SPACECRAFT VELCCITY(KM/SEC)
RADIUS KRATE (KNM/SEC)

NADIK ANCLE RATE (CEG/FOUR)
SUN-PLANET-S/C ANGLE (DECG)
EARTH-PLANET-S/C ANGLE(LEC)
SCLAR ZENITH ANGLE (DEG)
SUN CCCULTEL

EARTH OCCULTEC

€6-¢

Table 3-10. SERA Computer Program Data Output (Cont)

S.59CCE
1.40C0E
-1.348CE

. €45€CCE

2.3400E
2.41C0E
2.34CCE
F
F

4]
C1
cl
c¢
cl
01
Cl

Geeq(Ct
24295CE
-i.4l1(E
T.02C0E
7.81C0E
7.870Cc
7.810CE

F
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SENSOR TYPE

0BS.

a8s.

oes.
OBS.
CBS.
0BS.

0BS.
oBS.

CBS.
GBS.

cas.
oBS.

Table 3-10.

SERA Computer Program Data Output (Cont)

32

PAGE
#%% SENSCR CAPABILITIES AND SUPPGRT REQUIREMENTS *%%
L o . CASE 1
4. VISIBLE/UV SPECTREMETER
MISSIGN 7. EARTH-JUPITER-SATUKRN FLYBY, LAUNCH 7/3C/76. PLANET 6. SATURN(INCL. RINGS)
#% [NFCRMATICN REGUIREMENTS SUPPGRTEL *3
OBJECTIVE 12.ATOMIC, MCLECULAR, ISCTCPIC CCMPCSITICN CF ATMOSPFHERE.
WCRTH 0.5C SD 10-24 PAGE CC92
UBJECTIVE 18 .NON-THERVMAL ELECTKOMAGNETIC EMISSION CHARACTERISTICS ANG SGULRCE LCCATICN.
WORTH 0.55 SD 70-24 PAGE €096
GBJECTIVE_ 12.,ATOMIC, MOLECULAR, ISLTCPIC CCMPCSLIICh_CF ATMCSPHERE.
WURTH €C.7C SD 7C-24 PAGE CQAa7
OBJECTIVE 12.ATOMIC, MCLECLLAR, ISCTLPIC CCMPCSITICN CF ATMUSPFERE.
WCRTH 0.30 SD 70-24 PAGE €098
OBJECTIVE 1Z.ATLMIC, MCLECULAR, ISUTOPIC CCMPCSITICN CF ATMGSPRERE.
WORTH 0.3C SL 70-24 PAGE CC9SS
CEJECTIVE 12.ATOMIC, MCLECULAR, ISOTCPIC CCMFCSITICN CF ATMUSPHERE.
WORTH C.6C SD 70-24 PAGE Cl04
. .. % FEASULREMENT FeaqUIREMENTS * .
PT. 1 T, 2 PT. 3 PT. 4
MEASUREMENT REGUIREMENT 1 MAXINUM WAVELENGTF (MICRCN)
1.000CE 00 1.0000E 00 C.C 0.0

CPTINMAL VALUES(PTS. 1- 2)
OPTINMAL/MARCINAL VALUES(TC CATE)

MEASUKEMENT REGUIREMENT 2
OPTIMAL VALUES(PTS. 1- 2z)
OPTIMAL/MARGINAL VALUES(TO DATE)

MEASUREMENT REQUIRENMENT 32
OPTIMAL VALUESIPTS. 1= 2) | .
OPTIMAL/MARGINAL VALLES(TL CATE)

S.CCCCE~C2

1.CCCOE-05

1.CC0CE 0C/

3.CCCOE-02/

1.00006-05/  1.€0CO0t=-95. GRIGIN UF VALUES. PT.

1.COCCE GC. CRIGIN CF VALUES. PT. (2/FPT. 2, CBS. 0OBJ. 2/0BS. CBJ.

MINIMUM WAVELENGTE (MICRCN)

$.00CCE-C2 C.C Cc.0
9.0000E-02. CRIGIN OF VvALUES. PT, 2/PT. 2y 0OBS. OBJ. 5/0BS. CBJ.

SPECTRAL RESCLUTICN (MICRCN)

1.0006E~05 0.0 0.0
2/PT. 24 CBS. 0BJ. 5/0G8S. CBJ.

2

s
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G6-¢

MEASUREMENT REQUIREMENT 14
OPTIMAL VALUES(PTS. 1- 2)
OPTINMAL/MARGINAL VALLES(TO

MEASUREMENT REQUIREMENT 16
CPTINMAL VALUESI(PTS, 1~ 2)
OPTIMAL/MARGINAL VALUES(TE

MEASUKEMENT KEQUIREMENT 1€
UPTIMAL VALUES(PTS. I- Z)
OPTINMAL/MAKGINAL VALUESITG

MEASUREMENT REQUIREMENT 12
UFTINMAL VALLES(PTS. 1- 2)
OPTINMAL/MARGINAL VALUES(TU

MEASUREMENT REQUIREMENT 13
OPTINMAL VALUESIPTS. 1~ <)
OPTIMAL/MARGINAL VALULS(TU

Table 3-10. SERA Computer Program Data Output (Cont)

ANGULAR EESCLUTICN {(LEGREE)

CATE)

PT. 1

7.1Ca7E-C3
7.10¢7E-C3/

NUMBER OF SAMPLLS CK MEASUREMENTS

DATE)

FRACTIUN CGF SUKFACE AREA CF FLANET

UATE)

VIEWING A4XIS ANGLE TC

LAaTE)

VIEWING AXIS ANGLE TC

DATE)

1.0CCCE €2

1.0C00E C2/

1.CCTCE Ge
1.00C0E G2/

C.C
c.C /

S.CCCCE Cl

CASE
% MEASUKEMENT REWGUIKENERTS *
PT. 2
4 TtoTE-02 0.0
4,7661E=0c0 CKIGIN LF VALUES. PT. 1/PT. 2, CBS.
1.CCCCE C2 C.C
1.GE00E Jew LKIGIN UF VALUES. PT. 2/PT. 2, GBS,
IhN CNE FIELL CF VIEW (PERCENT)
1.C0GCE Co G0
1.00C0E GZ. URIGIN CF VALUES. PT. 2/PT. 2, CBS.
THe VERTICAL, AT THr SHACLCRAFT {LEGREE)
S0 c.0
0.0 « LRIGIN CF VALUES. PT. 2/PT. 2, GBS,
THE SURFALE TaAGENT PLANE, AT SPACECRAFT (LEGREE)
$.C0CCE O1 c.0
S.0CCUE Ol. ChIGIN LF VALLES. PT. 2/PT. 2, (BS.

$.C00CE C1/

oBJ.

a8J.

0BJ.

0BJ.

0BJ.

PA

P

0.0
5/CBS.

c.cC
1/08S.

0.C
3/CBS.

Cc.C
€/G8S.

0.C
6/08S.

GE

T. 4

c8J.

GBJ.

CBJ.

CBJ.

CB8J.

33
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE 34
#%% SENSCR CAPABILITIES ANC SUPPORT REQUIKEMERTS #%%
L o e - CASE 1
SENSCR TYPE 4. VISIBLE/UV SPECTRCMETER
MISSION 7. EARTH-JUPITER-SATURN FLYBY, LAUNCH 7/30/76. PLANET 6. SATURN(INCL. RINGS)
%% SENSOR CAPABILITIES ##
LIMIT CPTINAL MARG INAL PT. 1 PT. 2 PT. 3 PT. & MAX. WORTH

CAPABILITY PARAMETER 1  MAXIMUM WAVELENGTH (MICRCN) T

1.2CCCE 0G 1.CCOCE 00 1.GOCOE 00 1.LOGOE 00 1.0C0CE 0C C.0 0.0 0.11
CAPABILITY PARAMETER 2  FINIMUM WAVELENGTF {MICRCN)

. 1.0CCOE-C1 1. CCCOE~OL 1.0000E-01 1.0G00E-C1 1.CU00E-01 c.0 c.0 0.04

CAPABILITY PARAMETER 3  SPECTRAL RESCLUTICN (MICRCN) ’

5.CCCOE-Q6 1. CCCCE-CS 1.COCCE-C5 1.G0CUE-C5 1.G0CCE=CS 6.0 c.C 0.03
CAPABILITY PARAMETER 14  ANGULAR RESCLULTIUN (CEGREE)

5.7290E-C4 1.68CCE-C2 1.68C0E=-02 1.665C0E=-02 1.68COE~02 0.0 €.0 1.00
CAPABILITY PAKAMETER 1S  NUMBER C(F SAMPLES OR MEASUREMENTS

1.GCCOE €3 1.CCCOE €2 1.0000€ 02 1.C000E 02 1.00CCE €2 0.0 c.C 0.03
CAPABILITY PARAMETER 18  FRACTION CF SUKFACE AREA UF PLANET IN GNE FIELD OF VIEw (PERCENT)

5.0CCOE Cl 6.5468E-C4 2.91€5E-06 P A 2.5165E=06 3.0 .0 1.00
CAPABILITY PARAMETER iZ VIEWING AXIS ANGLE TC THE VERTICAL, AT THE SPACECRAFT (CEGREE)

: c.0 0.6 0.0 0.0 0.0 0.0 0.0 1.00

CAPABILITY PARAMETER 13  VIEWING AXIS ANGLE TO THE SUKFACE TANGENT PLANE, AT SPACECRAFT (CEGREE)

5.0CCOE O1 S.COCCE Cl 9.0000E 01 5.GUUCE O1 Y.0GCGE C1 0.0 c.0 1.00
TOTAL SENSCR WKORTH '4.C382E-Co ' 4.0282E-C6  4.(382E-C6 4.0382E-C6 - é

q 9oedg
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Table 3-10. SERA Computer Program Data Output (Cont)

PAGE 35
#%% SENSCR CAPABILITIES ANC SUPPURT KEGQUIREMENTS #%%
CASE 1
* SULPPLEMENTARY CAPALILITY LATA
' VALUE WORTH
FRACTICN OF SUKFACE UF PLANET CCVEREU (PERCENT) 5.7100t Cl [}
NORTHERNMUST LATITUDE UF AxEA VIEWED (UEG) 8.,5CCCE C1 Cell
SOULTHERNMCST LATITULE LF AFEA VIEWED (CEG) 7.5CCCE Gl Lel2

(COAKSEST) SPATIAL RLSULUTICN 2T FAK ECGEL GF SWATH (M)

* FIXEL EXPERIMENT PARAMETERS *

PAKAMETLER LIMIT VALUE
NUMBER CF LeTECTCRS 1.CoCCt 01 Z.CCO0E 0
NUMBER GF MIkRCR FACES 1.C0COE Ci i CCUGE OC
PROTCMULTIPLIER RESPUNSE TIME LIMIT (SEC) 1.CCCCE-VL 1.0C0uUC=-0¢
PHCTCCONLULTUR RESPCNSE TIME LIMIT (SEC) 1.G0C0E-C3 1.CC00E-03
PHOTCMULTIPLIER SIGNAL/NCISE RATIC RGHT. 1.20C0t 02 1.250CE €2
PHUTLCCNDUCTUR STCNAL/NUISE RATIC RGMT. 1.2CCCE Q¢ 1.,2000E G2
SFECTRAL (KDEK 5.00CCE 0O 2.0CJ0E CC
S=U-# GRATING CIAMETER LIiMIT (M) 2.00CoE~C1 2.09CGoe=-01
RECIPKUCAL GRATING SPACING (LINE/M) 1.18C0E CO L.18LCE C¢t
S-L-A CULLECLTCR APERTUKL F/RUMBER LdweRr LIMIT 1.CCCCE OO 1.0800L ©(
SCAN FALF-4NGLE (LEGRCE) G.C00CLE O} 4.490CE 0C
SCANNING BEAM ANCGULAK SIZE (CECHEER) 5.73CCE-04 l.6¢8C0E-D2

OTHER SENSUR TYPES MebTINC SUME MEASUREMENT REQUIKENMENTS
VISIBLE/UV PHUTCMETER wlTh CASSECKANIAN CPTICS
IR SPECTRUCMETELF

\y
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Table 3-10.

*%% SENSCR CAPABILITIES ANC SUPPCRT KEWUIREMENTS *%%

SENSGR TYPE 4. VISIBLE/UV SPECTRCMETER
7. EARTH~JUP]ITER-SATURN FLYBY, LAUNCH T7/3C/76.

MISSION

MASS (KG)
AVERAGE PUWER (wWATT)

LENGTH

WICTE (¥} (CRIENTED}

HFELGHT
VGLUME

CATA QUTPUT RATE (BIT/SEC)
POINTING ACCURACY (DEg)

ASPECT ANGLE RATE LIMIT (CEG/SEC)
RCLL RATE LIMIT (LEG/SEL)

SCAN RATE LIMIT (CEG/SEC)

&% SUPPORT KEQUIKENMENTS EVALUATIUN %x

* SCAL[AG_LAh CCEFFICIENTS ANL CFTICNS =

SUFPCRT RQMT. 1. CCEFFICIENT/VALLE - C1/

2. CGEFFICIENT/VALLE - CL/
3. COLFFICIENT/VALLE - CLl/
4. CCEFFICIENT/VALLE - C1/
S« COEFFICIENT/VALLE - Cl/
6. CLLFFICIENT/VALUE - C1l/
9. CUEFFICIENT/VALLE - Cl/
1C. COEFFICIENT/VALUE - C1l/
1l COUEFFICIENT/VALUE - Cl/
14. COEFFICIENT/VALLE - C1/
15. COEFFICIENT/VALLE - Cl/

SUPPCRT REGWUIREMERNT

(M} (LRIENTED)

(M) (ULRIENTED)
(CUBIC M)} (LKIENTED)

ced from
ilable copy.

Reprodu
est. avai

b

1
|
i

1.CCCCE 00y C2/ L0 v C3/
1.0000k GOy C2/  2.20CCE GO, C3/
1.0CCCE CCy €2/  0.C v L3/
1.CCC0E 00,y C2/ 0.0 y C3/
1.CCCCE 00, C2/ 0.0 v 037
1.0CCCE 09y C2/  7.3CCCE-Cl, C3/
1.6CCCE 0Gy €27 .0 , C3/
1.0CCCE CGy €2/ 0.C v C3/
1.CCCCE €Oy C2/ €0 , C3/
1.0000E 00, C2/ .0 y €37
1.000CE €O, C2/ 0.C , 3/
* SUFPCKT REGUIREMENTS %
MAX IMUM MININUN
REQUIREMENT REJUIREMENT PT. 1
8.8BE6TC 02  E.8866TE 02  8.66667E
4.2000CE OC  %.<0UCCE OC 4. 20CECE
4.41ChHEE OC  4.41C46E CC 4.4i04¢€E
J.COCOCE CC  1.0UCGOE GO 1.COGSCE
1.COCCCE 0C  L.CCOCCE 0C  1.CCOCCE
%4.,05548E 0C 4.C554sk 0C  4.05548E
L61GTCL C4  5.43465E €3 5.43435E
3,00936E_0C  9.G792iF €C 6.07922E
3.B043%E CC  1.13379E ¢l 3.tC43SE
3.6C4359E 00  L1.13279t 0l  3.&C43Sk
T.E2C43E C3  7.62C43E C2  7.82C43¢

CASE 1
PLANET 6. SATURNUINCL. RINGS)
C.C y C4/ (.0 ,
€.0 » C4/ €0 '
Cel + Ca/ C.0 ’
0.¢ v Ca/ 0.C N
0.C v Ca/ C.0 N
1.3C00E 00, 4/ 1.0000E-03,
0.C v Ca4/ G.C '
0.0 y C4/ 0.0 ’
C.0 v Ca/ 0.0 v
C.C + C4/ C.0 ’
0.0 y Cav/ c.0 '
PT. 2 PT. 3
02 E§.88667E G2
00 4.200CCE 0O
oo 4.41C046E 0C
ce 1.COCOGE €O
00 1.CGCCOE 0C
€0  4.C5548E 00
03 1.61G7CE C4
co $.00536E 00
(o]o] 1.123279€ C1
c¢ 1.12279E€ 01
03 7.62C43E 03

SERA Computer Program Data Output (Cont)

C5/
Cc5/
C5/
cs5/

‘c5/

cs/
Cs5/
Cs/
Ccs5/
(%74
C5/

PAGE
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66-¢

156
2C1
2C6

2.GCOOCCCCE CO
0.0
0.0
0.0
c.C
J.C
2.3C0CCCCCE Cc
5.CCCCO0CLE-T
1L.£CCCCCCCE 22
$.65599642L-02
1.5CCCCLCCE 02
34666666 7¢E~-C1
C.0

CCCOCCOE CO
5695931E-04
6655931c-04

—FOQOCOCOOOCOLLCOOVINCOCOOONCLCOCONOC TS
® ® ® 8 % & 8 e s 4 0t 4 e o s e 6 ® 0 2 6 » 8 2 VT e e e »

NOSCOOOO0OOO0OLONDNNO0OONOCOOOOWONnD

772C¢4CE Co

Table 3-10.
2 0.0
7 c.0
1l C.C
17 0.C
22 0.C
27 Oeu
a2 2.281CTL47L 02
27 l.4€66C7637€-01
47 0.GE32€4G2E CC
47 g.C
£z 2.7CCCCCCCE 03
-7 0.C
62 4.,6CCCCCO0CE D&
&7 C.C
12 $.6695G642E-02
117 0.2
€2 C.C
87 0.0
G2 0.0
g1 N.0
1C2 Je
1C7 0.0
112 C.C
117 Ua
122 CeC
Lz7 J.0
132 1. CCCCCOUUEL Ovu
137 1.2CCCC000E C¢
142 1.2CCICCCCL 02
147 0.0
152 0.C
157 0.0
l1é2 J.0
le? CeU
172 . 3.¢C
W17 O.C
182 0.0
i87 0.9
162 0.2
167 Ced
202 2.0
2017 1.8908¢€24CkE G7

3

&
13
18
25
28
23
38
43
4
53
58
03
68
73
78
83
83
S3
98
i03
108
i13
118
i23
128
133
138
142
148
153
158
163
168
173
178
163
186
193
163
203
<08

e ® & & o o o

CoCcoOoOoocoan

sNeoNeNoNoNoNoNoNe]

94699365642E-02
1.9260E888E (2
3.9559597ck-01
5.CCCCCO00E 02
Uo'v"
2.1355$85CE-01
0.0
1.7453C66CE-05

e o o o o
[wNeoNoNwNoNeoNo N

COCOHOOOOLOO

.C

9.89956TTLE-CS
1+99995533E-C1
2.59555554E-C7

L]
NOCODOOOOLCLOOO

-~

JCCE CC
640t Ct

[ ol oRelcNsNaNoNoNeNeRel

~ O
N2
[@l®]

4
9
19
24
29
34
39
44
4G
54
54
64
69
T4
13
&4
&S
G4
59
iCa
106
114
119
124
123
14
135
144
14¢%
154
153
164
1692
174
17¢
lo4
1586
1G4
196
2C4
2C%

1a

OO CCOCOLOOOCLUCOCOCCOOCOOOOOLDCDCaOOOoOMm

SERA Computer Program Data Output (Cont)

O
(@]

CCCCCE coO

* o e o * o o+

e o o o o o o

Reproduced from
best available copy.

COO0COCCE CS

e & 8 8 ® & ® o o o ° o o o

L C OO 0000V LLUCOOoOCOCULLLULLCVDCOLOCCLCODODCODOCC

O.

Olo
C.o
Ee56G5G6T7€E-C1
1.830C6240t C7

C
L]

5
10
15
20
25
3C
35
4C
45
56
55
éC
€5
10
75
80
€5
SC
9t

1C6C
165
110
115
120
125
13¢
125
140
145
15¢C
155
l1ecC
i€5
17C
175
18C
1e¢£
1s6¢C
16¢
200
2C5
21¢C

[eNeoNoNo RN sRoNeNoRoNoNoReoNojuoNoNololoNoNeNoNoNoloNoNoNoNoNoRoNoN o NoRoReNoRe R Re X o)
[sNoNoNoNeNoNoRNoNoNoNoNoNoololeNoNolooNoNoNolvoloNoNeNoNoNoloNeoNoNoReNeNoRoNeNoNe)
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1-sL¢-0L AS

ool-¢

211
216
221
226
231
23¢
241
246
251
256
261
266
271
276
281

- 286

291
266
301
306
311
316
321
326
331
336
341
346
351
356
361,
3¢6
371
376
381
366
391
36¢

4Cl -

4C6
411
4le
4zl

51782411t 01

4556¢%81€E 00

7686938E-02

CE€E-CS

U'\
\N
(%]

6C75438E-C3
T720¢4CE 08

8756C21E C1

067%23CE CO

5$G727E-06%
3385E6GE-C3

O NOO~NOrFrOORCOPLPrOOOLCCORODOOLOO00C0O0NO

3G642€C5¢E-C2

77545G1E-C1

MoowocCcoNC o

C0CJCCCCE 00

212
217
222
2217
232
2317
242
247
252
257
2¢2
2¢€7
272
277
282
zel
292
267
302
3C7
312
217
322
327
332
327
342
347
382
387
3¢2
3¢7
372
377
382
387
392
367
4C2
4C?
&1z
417
422

Table 3-10.

9.C7522268E uC
0.0
2.66G969642E~-02

C.C
c.C
44565G81lE 00
4G66SG81E 0OC

16566575E-02
7555938E-02

£4€35%0t-Cb

1996931lt 0C
6C75438E-03

CE2EGEE 02

cccceece c¢
€758423E Cl

599G921E-04
G

C75G6G<3E €O
145599C£—03

ccocclet CC

C
€2C42G55E-Cl

dwncDr)0(5r>0-qrso-uJ)ncthncﬁC)~Jm¢5(3h-NC3C)U|O(Dc>O L N e Ne ¥}

59455955k-1¢

8. 50402250 00

S0C624CE 07
Z

437G78E-C4

<88

213
218
223
228

233

238
243
248
253
258
263
268
273
278
283

293
298
303
3C38
3i3

318

408
413
418
423

F‘CYOJ\OGO-J‘COO’-‘O<(‘)O."

7.C0G36317c 00 214
.0 219
.0 224
. CH782471E Cl 229
2.0 FED)
.0 239
.0 244
«4499GS38lE CC 249
.0 254
3 S 2
.0 2€4
+6T7999938BE-C2 2¢9
0 274
.0 271%
.0 284
<55463556E-05 289
.C 294
.0 ng
«16C7543€EE-C3 3(C9
.C 314
«C a19
08 324
229
334
3136
Ce 244
246G

J2TT2C040E
7.04639221F Ci
4. 73136139 02
C.C

1.930CCOCCE
7.6087523CE Ot
0.0 | 284
G.C 1Eg
0 364
1C356559£-03 3¢€9
.O 37‘1
.0 37%
.0 384
W 43542666E-03 389
.0 364
.G 404
«17754565i€-01 4CS
.0 414
.0 416
03

O.
1
0
C
c
2
0
c
0
S
C
0
3 G69994k GC 4c4

. 259,

SERA Computer Program Data Output (Cont)

7922268k CC

6462250E €O

«449399681E 00

71999938E-C2

b 5463596E-C5

€075438E-C3

85006240 C7
2e6256G6E C2
b7590‘1t Cl

OOP-.bFOObOOOJ‘OOO»—-OOOJ\OOOmﬁO\n

.26758423E Cl

C437S78E-04

145866CE-C3

6204295€E-C1l

-
0(3C)C’O(DC>O~O(3C7N(DC)OvaJO\msdm(DC)P(DC)O\:C)O(DO‘O(DC)# OCCOVOLOO

oo OoOo0oouwnmoOcoOwCcoOoorN

CCCCCOCE 00

215

295

215
320
325
330
335

340

345
35C
355
2eC
3e5
37¢C
375
280
385
36C
395

4CC.

405
410
415
42C
425

083¢€317€ 00

488G221E 01
3136139E 01

r~ X0
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1=6L€=-0L QS

101-¢

426
431
436
441
446
451
456
461
46¢€
471
476
461
486
451
456

- 5C1

5C6
511
516
521
526
523}
536
541
546
551
55¢
561
56¢
571
576
581
586
561
5%6
6Ci
eCe
61l

6i6°

621
62¢
631
€36

477C842E-Ci

1C4¢233E CC

99CCO0GE 00
1346223k GC

§6555€6c-Cl
372E€75E-C3
4:36565¢t CC
123695%¢éc 00

43311€EEt 05

14554 18BE-C3
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Table 3-11. Sensor Support Requirements
Summary

Sensor Type Visgible/UV Spectrometer = Mission No. 7 Planet Saturn

Observation Objectives: Total Observation Worth = 2. 95

SD70-24 Page C - 92 Worth = 0. 50 Page C - 99 Worth = 0. 30
Page C - 96 Worth = 0. 55 Page C - 104 Worth = 0. 60
Page C - 97 Worth = 0.70
Capability Level Maximum
Observation Requirements Level Optimal

Trajectory Points:*

Point 1
Characteristics Max., Alt.
Time to periapsis (s) -5, 39E04%*
Latitude (deg) 5.55
Longitude (deg) 46.4

Sun angle (deg) 23.4

Support Requirements:

Mass (kg) 888.7
Average power (w) 4.20
Length (m) .41
Width (m) 0
Height (m) 0

Volume (m3)

Data rate (bit/s)

Pointing accuracy (deg)
Pointing stability (deg/s)
Roll Rate limit (deg/s)
Scan Rate limit (deg/s)
Scan amplitude (deg)
Collecting optics diameter

.05
. 62E04

. 82E03
.90

— 00 ~J W WO —= b = = b
o
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Table 3-11. Sensor Support Requirements
Summary (Cont)

Capability Parameters:

Max. wavelength ()‘M) (W) 1.0
Min. wavelength (\p) (W) 0.1
Spectral resolution (AXN) () 1.E-05
Spatial resolution (m) 2.34E+05
0

Angular resolution (deg) .0168
Exposure time (sec) -
Field/view length (km) -
Swath width (km) -
Area/frame (%) 1.2E-04
Total area (%) 67.1
Total Sensor Worth 1.1E-08
Notes: Number of detectors 2
Number of mirror faces 1
Detector type . Photomultiplier

*Extrema of all requirements not necessarily incurred at point listed
F*%k-5,39E04 = -5,39 x 10-4

3-103
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4,0 SENSOR GROUPING

4.1 GROUPING METHODOLOGY

A sensor family is defined as the set of remote sensors that can
perform required observations when operated on a common mission tra-
jectory. Two levels of families can be defined, corresponding to the levels
of observation and measurement requirements:

1. Optimal: each sensor is designed to meet the optimal measure-
ment requirements, subject to limitations imposed by the sensor
SOA and the trajectory.

2. Marginal: each sensor is designed to meet only the marginal
measurement requirements.

Obviously, if a sensor type cannot be represented in a marginal family due
to SOA limitations or mission constraints, that type will not be represented
in the optimal family for that mission. Normally, no sensor in a family will
be overdesigned relative to its measurement requirements, but in a few
instances (e.g., particle and field sensors), the designs presented are more
than adequate for the observations defined in Reference 1.

Families are defined without reference to interference between sensors.
Potential interference problems are indicated in Sections 4.2.3 and 4. 3. 4.

The grouping procedure depends to some extent on the kind of mission.

4.1.1 Single-Planet Flybys

The trajectory is adjustable to permit optimization of the worth of a
sensor or a family of sensors, subject to the approach trajectory and the
requirement that the planet not be impacted. The procedure adopted is to
determine the trajectory that optimizes area coverage and spatial resolution
by the visible-light imaging (TV) sensor, as discussed in Section 3.3. An
attempt is then made to apply the scaling laws to design imaging sensors of
other types to meet the remaining imaging observation requirements applic-
able to the planet encountered. The sensors that can be so designed, together
with the TV sensor, constitute the imaging sensor family for this trajectory,
even though some of the non-TV imaging sensors are not optimized as to
worth or support requirements by this trajectory (i.e., some other trajectory
exists on which one or more of the sensors would more nearly attain the
optimal observation requirements).

4-1
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However, if a sensor type cannot meet at least the marginal observa-
tion requirements on this trajectory, a different trajectory could be deter-
mined to optimize the worth of this type. Two or more families of imaging
sensors could then be defined for this mission: (1) the TV sensor and other
sensors compatible with its trajectory, (2) the sensors incompatible with
that trajectory, but compatible with some other allowed trajectory. This
procedure was not needed in the study.

The non-imaging sensors were then designed for the trajectory used
for the TV sensor, and (if they meet at least the marginal observation
requirements) form an integrated family (see Section 4. 2. 2) with the TV
sensor and the imaging sensors compatible with the TV,

Missions in this category for which sensor families were designed
are (2) 1984 Mercury flyby and (3) 1980 Venus flyby. Since these are inner-
planet flyby missions, only non-imaging sensors are within the scope of the
study. The part of the above procedure that applies to imaging sensors was
not used for these missions.

4.1.2 Multi-Planet Flybys

At all but the terminal planet on a multi-planet flyby trajectory, the
trajectory is fixed by gravity-assisted swingby requirements. Either a
sensor type can meet or exceed the marginal observation requirements from
this trajectory, or it cannot. Usually, one of the encounters leads to greater
mass than the other encounters, to meet the given levels of observation
requirements at the respective planets. The sensor designed for this
encounter is usually compatible with the other encounters, i.e., it can meet
at least the marginal observation requirements at all planets.

It is possible that a sensor design optimized for one planet is incom-
patible with other planets, but it is nevertheless included in the family. If
a different sensor of this type can be designed to be compatible with the other
encounters, the family for the mission contains both sensors of this type.
One sensor would be used at one or two planets, the other at the remaining
planets. This situation did not occur in the study.

In the tables of compatible sensor families for multi-planet missions,
the key support requirements are given for sensors designed for each
encounter. The sensors belonging to the family, i.e., the one to be used at
all encounters, is the one with the greatest mass. However, the power,
data rate, data quantity, and sensor worth were calculated for a sensor
designed for individual encounters. Therefore, the sensor used at all
encounters (but designed for one encounter) will have a different data rate,
data quantity, and worth at the other encounters.

SD 70-375-1
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The terminal planet encounter is not constrained by gravity-assist,
and is treated as a single-planet flyby.

Missions in this category for which sensor families were defined are
(6) 1982 Venus-Mercury, (7) 1976 Jupiter-Saturn, (9) 1978 Jupiter-Uranus-
Neptune, and (12) 1978 Jupiter -Saturn-Pluto. Imaging sensor support
requirements were computed only for encounters at Saturn, Uranus, and
Neptune, so only one imaging sensor of each type is considered for Mis-
sions (7) and (12), and none for Mission (6) (see Table 3-3). Single-planet
procedures are employed for imaging and non-imaging sensor families for
Saturn in Mission (7) and Neptune in Mission (9). Observations at Pluto are
outside the scope of this study, but the requirement to fly past Pluto is a
constraint on the Saturn encounter in Mission (12).

4.1.3 Orbiters

Imaging sensor families were defined for orbiter missions at Mercury,
Venus, Mars, and Jupiter in Reference 3. Ten orbits were considered at
each inner planet, and 11 at Jupiter. In this study, two orbits were selected
at each inner planet, and three at Jupiter, for which the greatest number of
imaging sensor designs were determined. Non-imaging sensors were
designed for use in these orbits, and, if they met the observation require-
ments, were grouped into a non-imaging sensor family for the given orbit.
Details of the orbit selection are presented in Section 3. 2.2,

4.2 SENSOR FAMILIES FOR INNER PLANETS AND JUPITER

Families of compatible sensors for missions to the inner planets,
Mercury and Venus, and to Jupiter are described in this section. The non-
imaging sensors are those selected and described during this study, and the
imaging sensors are derived from the results of Contract NAS2-4494 (Refer-
ence 3). Non-imaging sensor families are described in Section 4.2.1,
imaging sensor families in Section 4. 2.2, and integrated (1mag1ng and non-
imaging) families are described in Section 4. 2. 3.

The general scientific observational purpose, some descriptive char-
acteristic (preferably quantitative), the most significant support require-
ments, and the total worth of each sensor in each family are given. The
total data quantity is simply the mean data acquisition rate multiplied by the
time interval from first to last operation of the sensor at the given encounter.
The sensor may be operated intermittently, so the data quantity may be
overestimated. The worth of sensors in a marginal-capability family is, by
definition, zero unless the sensor design exceeds the marginal measurement
requirements.

SD 70-375-1
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4.2.1 Non-Imaging Sensor Families

Compatible families of non-imaging sensors for missions to the inner
planets and Jupiter are described in Tables 4. 2-1.1 through 4. 2-1, 14. The
sensors included in these families have been selected for these applications
during the course of this study, and the support requirements are determined
by the scaling law techniques previously discussed. Sensor families are
developed for the missions noted below and are described in the tables as
indicated.

Mission Table
1984 Earth-Mercury 4,2-1.1
1980 Earth-Venus 4,.2-1.2
1982 Earth-Venus-Mercury 4,2-1.3
1976 Earth-Jupiter-Saturn 4,2-1.4
1978 Earth-Jupiter-Saturn-Pluto* 4,2-1.5
1984 Mercury Orbit No. 1 4,2-1.6
1984 Mercury Orbit No, 10 4.2-1.7
1977 Venus Orbit No, 1 4,2-1.8
1977 Venus Orbit No. 9 4.2-1.9
1984 Mars Orbit No, 1 4,2-1.10
1984 Mars Orbit No. 8 4.2-1.11
1978 Jupiter Orbit No. 1 4.2-1.12
1978 Jupiter Orbit No. 9 4.2-1.13
1978 Jupiter Orbit No. 11 4,2-1.14

In Tables 4.2-1.1 to 4.2-2,9, the family and measurement requirement
level are indicated. FEach sensor is described by number, name, a key
design characteristic, and the observational objective that led to the largest
sensor mass. The planet at which the most massive sensor is required is
indicated (this is relevant to multi-planet flyby missions). ''Tabulation"
refers to a one-page sensor requirements summary table in Appendix A.

The sensor worth is a relative measure of the quantitative support of observa-
tion requirements by the sensor on the given mission, and of the importance
of the observation objectives. At the marginal measurement requirements

level, the sensor worth is zero. Sensor worth is defined further in
Reference 2.

*Pluto not within scope of study

4-4
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Table 4.2-1.1. Sensor Family for 1984

Earth-Mercury Mission (2)

D Imaging Non-imaging D Integrated sensor family
B Optimal D Marginal measurement requirements
Support Requirements
Total
Tabulation**
Num- Sensor Type and Mass | Power | Data Rate Data abulation Sensor
ber* Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet |Page Worth
4. Microwave Radiometer-Measuring 1900 |75 50 1.84x10° 4-1 A-25117. 22x10-6
Antenna diameter 25.12 m
Surface composition Mercury

7. Flux-Gate Magnetometer 2.1 6.0 1500 2. 52x107 7-1 A-54|1.22
Triaxial
Interior composition Mercury

8. Helium Magnetometer 3.4 10.0 40 67.2x10% 8-1 A-55[1.22
Interior composition Mercury

9. Scintillation Spectrometer 0.9 2.0 100 1. 68x106 9-1 A-57|0.69
5 ¢m photomultiplier
Surface composition Mercury

11. Electrostatic or Faraday Cup 8.7 8.7 420 7. 05x106 11-1 {A-58(0.15

Analyzer
Diameter 10 cm
Interior composition Mercury
Notes: *See Table 3-1.

*%Refers to Appendix A.
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Table 4.2-1. 1. Sensor Family for 1984
Earth-Mercury Mission (2) (Cont)

D Imaging Non-imaging D Integrated sensor family
Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
12. Geiger-Mueller Counter Array 1.0 0. 40 30 5. 04x105 12-1 |A-6110.79
2 counters
Interior composition Mercury
13. Proportional Counter Array 5.0 1.0 50 8. 4x105 13-1 JA-63 | 0.31
2 counters
Interior composition Mercury
15. | Filter Radiometer 5.0 |67.0 | 3.4 12.5x10°  [15-1 |a-65 |9.85%x1072
Collector diameter: 0.01 m
Surface temperature Mercury
4 -14
22. Laser Radar 315 331 11. 67 7.66x10 22-1 A-110 2.14x10
Nd YAG
Surface topography Mercury
26. Solid-State Telescope 0.53 1.0 100 1. 68x106 26-1 |A-138|0.79
3 Si wafers
Interior composition Mercury

Notes:

s
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D Imaging @ Non-imaging

Table 4.2-1.1. Sensor Family for 1984
Earth-Mercury Mission (2) (Cont)

D Integrated sensor family

Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
21. L16 I Spectrometer 0.9 2.0 50 8. 4x105 27-1 |A-14010.34
5 cm photomultiplier
Surface composition Mercury
28, Curved Plate Plasma Spectrometer 5.5 7.5 512 8. 6x106 28-1 (A-142(0.15
1 slit
Interior composition Mercury
Notes:

[[EMOOH UBDLIBWIY YHON
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Table 4.2-1.1., Sensor Family for 1984
Earth-Mercury Mission (2) (Cont)

D Imaging @ Non-imaging D Integrated sensor family

1-6L¢-0L AS

8-y

D Optimal @ Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4. Microwave Radiometer -Measuring 3.3 5.0 . 054 101 4-1 A-25(0.0
Antenna diameter 1.25 m
Surface composition Mercury
7. Flux-Gate Magnetometer 2.1 6.0 1.5 2. 52x104 7-1 A-5410.0
Triaxial
Interior composition Mercury
8. Helium Magnetometer 3.4 10.0 40 67. 2x104 8-1 A-55 (0.0
Interior composition Mercury
9. Scintillation Spectrometer 0.9 2.0 100 1. 68x106 9-1 A_57 |0.69
5 cm photomultiplier
Surface composition Mercury _
. 6 \_
11. Electrostatic or Faraday Cup 1.5 1.5 70 1. 17x10 11-1 [A-58 |0.0 !
Analyzer '
Diameter 10 cm OZ
Interior composition Mercury =3
>
3
3
Notes: :
- 8
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D Imaging Non-imaging

Table 4.2-1.1. Sensor Family for 1984
Earth-Mercury Mission (2) (Coni_:)

D Integrated sensor family

D Optimal @ Marginal measurement requirements

Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
12. Geiger-Mueller Counter Array 1.0 0. 40 30 5. 04x105 12-1 |A-61 10.79
2 counters
Interior composition Mercury
13. Proportional Counter Array 5.0 1.0 50 8. 4x105 13-1 JA-63 |0.31
2 counters
Interior composition Mercury
15. Filter Radiometer 2.0 25.5 l.8x10-2 33,6 15-1 |[A-65 |0.00
Collector diameter: 0.0l m
Surface temperature Mercury
22. | Laser Radar 315|331 11. 67 7.66x10%  |22-1 |a-110{2. 14x107 1%
Nd YAG
Surface topography Mercury
26. Solid-State Telescope 0.53 |1.0 100 1. 68):106 26-1 |A-138{0.79
3 Si wafers
Interior composition Mercury
Notes:

s
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Table 4.2-1.1. Sensor Family for 1984 .
Earth-Mercury Mission (2) (Cont) - )
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D Imaging Non-imaging [:] Integrated sensor family
D Optimal Marginal measurement requirements '
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
27. Li6 I Spectrometer 0.9 2.0 50 8. 4x105 27-1 |A-140|0.34
5 ¢m photomultiplier
Surface composition Mercury
28. Curved Plate Plasma Spectrometer 5.5 7.5 512 8. 6);106 28-1 |A-142/0,0
1 slit
Interior composition Mercury
&g
33
:5 ®
30
Notes: 8 %
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Table 4.2-1.2. Sensor Family for 1980 Earth-Venus
Mission (3)

I-6Le-0L AS
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D Imaging Non-imaging D Integrated sensor family
Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4. Microwave Radiometer -Measuring 91.36 |45.2 | 5.26 14.3x10%  |4-2  |a-26 |2.48x1077
Antenna diameter: 5.05 m
Cloud temperature Venus
15. Filter Radiometer 6.58 |87.0 26.3 7. 35x10‘-1 15-2 |A-46 | 1. 64x10-9
Collector diameter: .0242 m
Atmospheric temperature Venus
22, Laser Radar 316.2 |333.3 11. 67 15. 5x105 22-2 |A-111]4. 52x10-18
Nd YAG
Aerosol size and distribution Venus
23, Bi-Frequency Radio Occultation 1658 |5.0 88 6x103 23-1 |a-126]1. 92x10-3
Antenna diameter: 33.22 m .
Ionosphere density; figure Venus ‘
£y
3 3
>0
30
Notes: 3 <
. § g_
E%J 3
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Table 4.2-1.2. Sensor Family for 1980 Earth-Venus
Mission (3) (Cont)

D Imaging Non-imaging D Integrated sensor family
D Optimal Marginal measurement requirements

Notes:

Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4. Microwave Radiometer-Measuring 1.094 |5.0 2. 57x10-5 2, 57x10-2 4-2 A-2610.0
Antenna diameter .25 m
Cloud temperature Venus
15, Filter Radiometer 4,99 |66.5 . 189 5. 3x102 15-2 |A-46 |0.0
Collector diameter: .01 m
Atmospheric temperature Venus
22. Laser Radar 316.2 [333.3 | 11.67 15. 5x10° 22-2 |A-1114. 52x107 18
Nd YAG
Aerosol size and distribution Venus
23. Bi-Frequency Radio Occultation 1658 |5.0 . 063 60 23-1 JA-126|0.0
Antenna diameter: 33,22 m
Ionosphere density; figure Venus I‘
»
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D Imaging @ Non-imaging

Table 4.2-1.3. Sensor Family for 1982 Earth-Venus-Mercury

Mission (6)

D Integrated sensor family

Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4. Microwave Radiometer-Measuring
Antenna diameter: 12.63 m
(Venus)
Antenna diameter: 25.1 m 4 5
(Mercury) Venus 507.7 | 75.2 4. 03 27.4x10 4-3  |A-27 ]| 1.69x10
Cloud temperature 4 a
Surface composition Mercury |1930 [75.2 39.4 17.3x10 4-4 |A-28 |7.55x10
7. Flux-Gate Magnetometer 2.1 6.0 1500 3. 2x107 7-2 lA-56 |1,22
7-1) |(A-54
Triaxial ( ) ]
Interior composition Mercury
8. Helium Magnetometer 3.4 |10.0 | 40 8.56x10° |8-2 |A-56 |1.22
-1 -
Interior composition Mercury (8-1) [(A-55)
9. Scintillation Spectrometer 0.9 2.0 100 2. l4x106 9-2 0. 69
-1 -
5 cm photomultiplier (9-1) (A-57)
Surface composition Mercury
Notes:
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Table 4.2-1.3. Sensor Fé.mily for 1982 Earth-Venus-Mercury
Mission (6) (Cont)

1-6Le-0L S
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D Imaging Non-imaging D Integrated sensor family
Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet {kg) (w) (bit/sec) (bit) Sheet | Page Worth
11. Electrostatic or Faraday Cup 8.7 8.7 420 8. 95x106 11-2 [A-60 {0.15
Analyzer (11-1)|[(A-59
Diameter: 10 cm
Interior composition Mercury
12. Geiger-Mueller Counter Array 1.0 .40 30 6. 42x105 12-2 |A-62 10.79
2 counters (12-1) (A-61
Interior composition Mercury
13. Proportional Counter Array 5.0 1.0 50 10. 7x105 13-2 |a-64 |0.31
2 counters (13-1) [(A-63)
Interior composition Mercury
15. Filter Radiometer
Collector diameter: 3.17 cm
(Venus) é
Collector diameter: 3.17 cm 4 -12 ’
(Mercury) Venus 6. 68 |87 97 24.4x10 15-4 [A_-68 |1.91x10 >
- [o i =]
Atmosphere temperature Mercury [6.68 |87 43 21.8x103 15-3 [A-67 |9.85x10 2 = 3 2
Surface temperature 5 ®
O
o =
Notes: § %
3 6‘
g 3
3
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Table 4.2-1.3. Sensor Family for 1982 Earth-Venus-Mercury
’ Mission (6) (Cont) :

D Imaging @ Non-imaging D Integrated sensor family
Optimal DMarginal measurement requirements

Support Requirements

Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
22, Laser Radar Venus 316.2 1333,3 11. 67 llxlO4 22-3 |A-112}7. 91x10-17
Nd YAG 4 14
Aerosol size and distribution Mercury (307.4 (315.1 11. 67 8.8x10 22-4 |A-113|2, 14x10
Surface topography
23, Bi-Frequency Radio Occultation 1658 |[5.0 59 6x103 23-2 |A-1271. 92x10-3
Antenna diameter: 33.22 m
Ionosphere density; figure Venus
26, Solid-State Telescope .53 1.0 100 2. l4x106 26-2 |A-139/0.79
(26-1)|(A-
3 Si wafers
138)
Interior composition Mercury
27. Li6 I Spectrometer 0.9 2.0 50 10. 7x105 27-2 |a-14110.34 .
5 cm photomultiplier (27-1)(A- ‘
Interior composition Mercury 140) >'_
28. Curved Plate Plasma Spectrometer 5.5 7.5 | 512 11x106 28-2 |A-143|0.15
1 slit (28-1) |(A-
Interior composition Mercury 142)

Notes:

uoising 8oedg
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Table 4.2-1.3. Sensor Famﬂy for 1982 Earth-Venus- Mercury
Mission (6) (Cont)

D Imaging Non-imaging D Integrated sensor family

D Optimal Marginal measurement requirements

Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4. Microwave Radiometer-Measuring
Antenna diameter: 1.25 m
(Venus) -4 -3
Antenna diameter: 1.25 m Venus 3.34 |5.0 8.57x10 18.57x10 4-3 [A_27 {0.0
(Mercury)
Cloud temperature
Surface composition Mercury |3.34 5.0 . 044 100 4-4 A-28 |0.0
7. Flux-Gate Magnetometer 2.1 6.0 1.5 3. 2x104 7-2 A-56 [0.0
Triaxial ' (7-1) Y(A-54)
Interior composition Mercury
8. Helium Magnetometer 3.4 10.0 40 8. 6x10° 8-2 [a-56 [0.0
Interior composition Mercury (8-1) {A-55)
9. Scintillation Spectrometer 0.9 2.0 100 2. l4x106 9-2 0.69
-1 A-57
5 ¢cm photomultiplier (9-1) )
Surface composition Mercury g .g,
3 3
g o
3 9
Notes: 3 <
A § @
g S
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Table 4.2-1.3. Sensor Family for 1982 Earth-Venus-Mercury
Mission (6) (Cont)

D Imaging Non-imaging D Integrated sensor family

D Optimal @ Marginal measurement requirements

Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
11. Electrostatic or Faraday Cup 1.5 1.5 70 15x105 11-2 |A-60 (0.0
Analyzer (11-1)[(A-59
Diameter: 10 cm
Interior composition Mercury
12, Geiger -Mueller Counter Array 1.0 . 40 30 6. 42x105 12-2 A-62 |0.79
(12-1){(A-61
2 counters
Interior composition Mercury
13. Proportional Counter Array 5.0 1.0 50 10. 7x105 13-2 ]A-64 |0.31:
2 counters (13-1){(A-63
Interior composition Mercury
15. Filter Radiometer
Collector diameter: .01 m
(Venus) 2
Collector diameter: .01 m Venus 4.99 |66.5 .112 2.82x10 15-4 |A-68 [0.0
(Mercury)
Atmospheric temperature
Surface temperature Mercury [4.99 |66.5 .316 160 15-3 -67 |0.0

Notes:
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Table 4.2-1.3. Sensor Fémily for 1982 Earth-Venus-Mercury
Mission (6) (Cont)

D Imaging Non-imaging D Integrated sensor family
D Optimal Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
22. Laser Radar
Nd YAG Venus 316.23{333.,3 11. 67 11.x104 22-3 |A-112 7.91x10-'17
Aerosol size and distribution 4 -14
Surface topography Mercury {307.4|315.08| 11.67 8.84x10 22-4 |A_113}2.14x10
23, Bi-Frequency Radio Occultation 1658 (5.0 . 049 60 23-2 |A-127(0.0
Antenna diameter: 33.22 m
Ionosphere density; figure Venus
26. Solid-State Telescope .53 1.0 100 2. 14x106 26-2 |A-139[0.79
26-1) (A-
3 Si wafers (26-1) (138)
Interior composition Mercury
27, Li6 I Spectrometer .9 2.0 50 1. 07x106 27-2 A-141]0.34
5 cm photomultiplier (27-1) (‘:'
Interior composition Mercury 140)
28. Curved Plate Plasma Spectrometer 5.5 7.5 512 llxlO6 28-2 |A-143|0.0
28-1) (A-
1 slit (28-1) (14,
Interior composition Mercury -
Notes:

£
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D Imaging Non-imaging

Table 4.2-1.4. Sensor Family for 1976 Earth-Jupiter-Saturn

Mission (7)

D Integrated sensor family

Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4. Microwave Radiometer-Measuring
Antenna diameter: 5.05 m Jupiter 91.36 | 45.2 2.9 57. 8x103 4-5 |A-29 |1. 84x10-9
Cloud structure and 3 -8
temperature Saturn 43.25 |34.5 . 404 31.2x10 4-6 [A-30 |1.49x10
7. Flux-Gate Magnetometer
Triaxial Jupiter [2.1 6.0 1500 1. 82x1010 7-2  |A-56 |1.22
Interior composition and 10 (7-1) [(A-54)
motion Saturn 2.1 6.0 1500 1.53x%10 7-2 1.22
8. Helium Magnetometer
Interior composition and
motion Jupiter 3.4 10.0 40 4. 84x108 8-2 A-56 |1.22
(8-1) [A-55)
19. Michelson Radiometer
Antenna diameter: .984 m Jupiter 1260 |87 7. 66x103 18. lxlO7 19-1 A-69 (1. 46x10-6
Atmospheric composition and (15-5) ([A-69)
pressure 3 2 -7
Atmospheric composition and | Saturn 1260 |87 1. 07x10" [3.4x10 19-2 A-70 [9.35x10
pressure; ring composition (15-6) [A-70)
Notes:

V'3
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Table 4.2-1.4. Sensor Fémily for 1976 Earth-Jupiter-Saturn
Mission (7) (Cont)

D Imaging @ Non-imaging D Integrated sensor family

@ Optimal D Marginal measurement requirements

Support Requirements

Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
21. Visible/UV Spectrometer
Collector diameter: 1.0 m Jupiter 888.7 (4.2 1. l9x105 9. 05x109 21-1 |A-100 5x10-9__8
Atmospheric composition Saturn 888.7 (4.2 1. 62x107 [17.5x10 21- A-101f 1. 1x10
22, Laser Radar 4 -17
Nd YAG Jupiter 100 83.3 11. 67 11.6x10 22~5 [A-104{1, 13:':10_17
Aerosol size and distribution Saturn 100 83.3 11. 67 20.5x10 22-6 |A-105/2.26x10
23. Bi-Frequency Radio Occultation
Antenna diameter: 33.22 m Jupiter 1658 |5.0 247.6 20x103 23-3 jA-128 1. 92x10:§
lonosphere density; figure Saturn 1658 |5.0 225.8 20x10 23-4 |A-129| 1. 9210
Notes:

[IBMO0Y ueduaLy YHON
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Table 4.2-1.4. Sensor Fainily for 1976 Earth-Jupiter-Saturn
Mission (7) (Cont)

1-9le-0L AS
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[:] Imaging Non-imaging D Integrated sensor family
D Optimal @ Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4. Microwave Radiometer-Measuring
Antenna diameter: .860 m Jupiter [2.11 |5.0 .01 566 4-5 |A-29 (0.0
Cloud structure and 3
temperature Saturn 2.11 }5.0 8.49x10 7| 655 4-6 |A-30 {0.0
7. Flux-Gate Magnetometer
Triaxial Jupiter 2.1 6.0 1.5 1. 53::107 7-2 |A-56 [0.0
Interior composition and _ 7 (7-1) (A-54
motion Saturn 2.1 6.0 1.5 1.82x10 7<2 |A-56 10.0
(7-1) [(A-54
8. Helium Magnetometer
Interior composition Jupiter 3.4 10.0 40 4. 84x108_ 8-2 1A-56 |0.0
(8-1) [(A-55)
15. Filter Radiometer
Collector diameter; 2.3 cm Jupiter 5.07 | 66.5 1.22 2. 88x104 15-5 |A-69 (0.0
Atmospheric temperature Saturn 3.03 |66.5 . 0856 2.74x10 15-6 |A-70 (0.0
21, Visible/UV Spectrometer
Collector diameter; 10 cm Jupiter 2.08 |4.2 .494 494 1-1 {A-100{0.0
Atmospheric composition Saturn 2,08 4.2 . 404 404 21-2 |A-101|0.0
Notes:

[[PMOO0L UEOLBLUY LUON '
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Table 4.2-1.4. Sensor Family for 1976 Earth-Jupiter-Saturn
Mission (7) (Cont)

D Imaging Non-imaging D Integrated sensor family
D Optimal Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
22, Laser Radar
Nd YAG 4 17
Aerosol size and distribution Jupiter 100 83.3 11, 67 11.7x10 22-5 |A-114[1. l?:xlO__17
Saturn 100 83.3 11. 67 20.5x10 22-6 [A-115}2,26x10
23. Bi-Frequency Radio Occultation
Antenna diameter: 33.22 m Jupiter 1658 |5.0 . 165 200 23-3 [A-128|0.0
Ionosphere density; figure Saturn 1658 |5.0 . 137 200 23-4 |A-129/0.0

Notes:
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Table 4.2-1.5. Sensor Family for 1978 Earth-Jupiter-Saturn-

Pluto* Mission (12)

D Integrated sensor family

Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4. Microwave Radiometer-Measuring
Antenna diameter: 12.6 m Jupiter 507.7 | 75.2 33.88 4. 67x106 4-10 [A-34 .29x10-9
Cloud structure and -8
temperature Saturn 507.7 | 75.2 6. 02 7. 44x10° 4-11 |A-35 |3.76x10
7. Flux-Gate Magnetometer
Triaxial Jupiter |2.1 6.0 1500 8. 72x109 7-2  |A-56 | 1.22
Interior composition and 9 (7-1) [A-54)
motion Saturn 2.1 6.0 1500 8.48x10 7-2  |A-56 [1.22
(7-1) [(A-54)
8. Helium Magnetometer
Interior composition and 7
motion Jupiter 3.4 10.0 40 23,2x10 8-2 A -56 .22
Saturn 3.4 10.0 40 22, 6x10 8-2 |A-56 |l.22
’ (8-1) KA-55)
19. Michelson Interferometer
Collector diameter: 100 cm Jupiter 1320 (87 1. 6(>x103 11. 5x108 19-6 A-74 . l7x10-7
Atmospheric composition and (15-10)A-74)
pressure 7 -7
Atmospheric composition and | Saturn 1320 |87 866 6.85x10 19-7 |A-75 .33x10
pressure; ring composition

Notes:

*Pluto not within scope of study.
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D Imaging Non-imaging

Table 4.2-1.5. Sensor Fé.mily for 1978 Earth-Jupiter-Saturn-
Pluto* Mission (12) (Cont)

D Integrated sensor family

&] Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
21. Visible/UV Spectrometer
Collector diameter: 100 cm Jupiter 974.4 | 4.2 1. 83x104 4. 76x188 21-6 |[A-105{5, f:x.'lOn?9
Atmospheric composition Saturn 974.4 | 4.2 2.19x10" | 6.8x10 21-7 |A-106]9.55x10
22. Laser Radar
Nd YAG 5 17
Aerosol size and distribution Saturn 316.2 [ 333.3 11. 67 3.38x10 22-10|A-119| 1. 13x10
23, Bi-Frequency Radio Occultation
Antenna diameter: 33.22 m 3 ] -3
Ionosphere density; figure Jupiter 1658 (5.0 92.75 20x10 23-8 |A-133|1.92x10
Notes:

* Pluto not within scope of study.
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Table 4.2-1.5. Sensor Fafnily for 1978 Earth-Jupiter-Saturn-
Pluto* Mission (12) (Cont)

I-65,¢-0L AS

SZ-¥

D Imaging Non-imaging D Integrated sensor family
D Optimal Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4. Microwave Radiometer-Measuring
Antenna diameter: 1.19 m Jupiter |3.124 (5.0 9. 76x10-3 683 4-10 A-34 |0.0
1.19 m [ (Jupiter)
.86 m (Saturn)
Cloud structure and
temperature Saturn 2.1 5.0 . 004 496 4-11 [A-35 (0.0
7. Flux~-Gate Magnetometer
Triaxial Jupiter 2.1 |6.0 1.5 8.72x10° |7-2  |a-56 |0.0
Interior composition and 6 (7-1) (A-54) '
motion Saturn 2.1 6.0 1.5 8.49x10 7-2  QA-56 [0.0
(7-1) [A-~54)
8. Helium Magnetometer
Interior composition and Jupiter 3.4 10.0 40 23, 2x107 8-2 A-56 (0.0
motion Saturn 3.4 10.0 40 22, 6x10 8-2 MA-56 |0.0
(8-1) [A-55)
15. Filter Radiometer
Collector diameter: 20 cm Jupiter 5.05 |[66.5 . 0546 38. 2x103 15-10 |JA-74 10,0 Z v
Atmospheric temperature Saturn 3.0 66.5 . 0320 25.4x10 15-11 |A-75 (0.0 % '§
>
3 9
Notes: .
*Pluto not within scope of study. g 8
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Table 4.2-1.5. Sensor Faﬁily for 1978 Earth-Jupiter-Saturn-
Pluto* Mission (12) (Cont)

D Imaging Non-imaging D Integrated sensor family
D Optimal Marginal measurement requirements

Support Requirements

Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
21. Visible/UV Spectrometer
Collector diameter: 10 cm Jupiter 2.08 |4.2 . 475 475 21-6 |[A-105[0.0
Atmosphere composition Saturn 2.08 4.2 . 482 482 21-7 |A-106{0.0
22, Laser Radar
Nd YAG 5 17
Aerosol size and distribution Saturn 316.2 (333.3 11. 67 3.39x10 22-10{A-119] 1. 13x10
23. Bi-Frequency Radio Occultation
Antenna diameter: 33,22 m ,
Ionosphere density; figure Jupiter 1658 |5.0 . 084 200 23-8 |A-133|0.0

)

Notes:

uoIsiAg aoedg

*Pluto not within scope of study.
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Table 4. 2-1. 6.

Sensor Family for 1984 Mercury Orbit No.

D Imaging Non-imaging D Integrated sensor family
Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4. Microwave radiometer-measuring
Antenna diameter: 25.1 m
Surface composition Mercury [1930.01 75.0 122.0 8.5 x 10° 4-12 A-3616.52 x 10
7. | Flux-gate magnetometer 2.1y 6.0 | 1500.0 | 1.04x107 | 7-1|A-54[1.22
T riaxial
Interior composition Mercury
8. Helium magnetometer 3.4 10.0 40.0 2.78 x 10° 8-1 [A-55(1.22
Interior composition Mercury
9. Scintillation spectrometer 0.9 2.0 100.0 6.96 x 107 9-1 |A-5710.69
5 ¢cm. photomultiplier
Surface composition Mercury
11. Electrostatic or Faraday Cup analyzey 8.7 8.7 420.0 2.92 x 10° 11-1 |A-5810.15
Diameter: 10 cm
Interior composition Mercury
12, Geiger-Mueller counter array 1.0 0.4 30.0 2.09 x 10° | 12-1 |A-61 0. 79
2 counters
Interior composition Mercury
Notes:

s
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Table 4. 2-1, 6, Sensor Fafnily for 1984 Mercury Orbit No. 1 (Cont)

1-6L€-0L AS
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D Imaging Non-imaging D Integrated sensor family
@ Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
13. Proportional counter array 5.0/ 1.0 50. 0 3.48 x 105 13-1 |A-63]0.31
2 counters
Interior composition Mercury
15. Filter radiometer 4.8/ 67.0 1.0 6.96 x 103 15-12|A-76 {1.55 x 10-.2
Collector diameter: 0.01 m Mercury '
22. Laser radar 116.0] 44. 9 11.67 |8.15x10% [22-11]|Aa-120 2.14 x 10°°
Nd YAG Mercury
Surface topography
23, B1-frequency radio occultation 1681.0] 5.0 15.2 2 x 103 23-9 |A-134{1.87x 10-3
Antenna diameter: Mercury
33.2 m; freq. No, 1
3.9 m; freq. No, 2
zo
3B
> o
30
Notes: 3 <
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Table 4.2-1.6. Sensor Family for 1984 Mercury Orbit No. 1 (Cont)

D Imaging Non-imaging D Integrated sensor family

)

@ Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
26. Solid-state telescope 0.53| 1.0 | 100.0 6.96 x 10° |26-1 |A-138/0.79
3 Si wafers
Interior composition Mercury
27, Lif 1 spectrometer : 0.9 | 2.0 50.0 3.48 x 10° |27-1 |A-140{0. 34 ‘
5 c¢m photomultiplier :
Surface composition Mercury
28, Curved-plate plasma spectrometer 5.5 7.5 512.0 3.56 x 106 28-1 |A-142}0.15
1 slit : ‘
Interior composition Mercury
Notes:

uoISiAIQ 90edS
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Table 4, 2-1. 6. Sensor Farhily for 1984 Mercury Orbit No. 1 (Cont)

D Imaging @ Non-imaging D Integrated sensor family

I-sLe-0L As

oe-v

D Optimal Marginal measurement requirements
Support Requirements
- i Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) . | (bit/sec) (bit) Sheet | Page Worth
4. Microwave radiometer-measuring 1.0] 5.0 0.11 780.0 4-12 (A-36 (0.0
Antenna diameter: 0.05m
Surface composition Mercury
7. Flux-gate magnetometer 2.1 6.0 1.5 1.04 x 104 7-1 [A-54 0.0
Triaxial
Interior composition Mercury =
8. Helium magnetometer e 3 3.4 10,0 40.0 2.78 x 10° 8-1 |A-55[0.0
Interior composition Mercury'_'_ s
9. Scintillation spectrometer 0.9 2.0 | 100.0 6.96.x 10° 69.
5 ¢m photomultiplier
Surface composition Mercury
11. Electrostatic or Faraday Cup analyzen 1.5 1.5 70.0 4,87 x 10° 11-1 |A-58|0.0
Diameter: 10 cm -
Interior composition Mercury ‘
12. Geiger-Mueller counter array 1.0 0.4 30.0 2.09 x 105-' .79 ' '
2 counters S )
Interior composition Mercury % 8
[2]
§> (4
30
Notes: a <
: § o
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Q
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Table 4. 2-1. 6. Sensor Family for 1984 Mercury Orbit No, 1 (Cont)

1-6L¢-0L AS
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D Imaging @ Non-imaging D Integrated sensor family
D Optimal @ Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass { Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
13, Proportional counter array 5.0 1.0 50.0 3,48 x 10 [13-1 [A-63 |0.31
2 counters
Interior composition Mercury
15. Filter radiometer 2.0{ 26.0 0.19 133.0 15-13 |[A-77 0.0
Collector diameter: ,01 m
Surface temperature Mercury
22. Laser radar 116.0| 4.9 11.67  |8.15x 10% |22-11[a-120{2.14 x 107°
Nd YAG
Surface topography Mercury
23, Bi-frequency radio occultation 1681,0{ 5.0 0.015 |2 23-9 |A-134{0.0 '
Antenna diameter: Mercury
33.2 m; freq. No. 1
3.9 m; freq. No, 2
o
5%
5 o
3 9
Notes: =
. § 7}
éﬁg
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Table 4. 2-1. 6.

Sensor Family for 1984 Mercury Orbit No. 1 (Cont)

D Imaging Non-imaging D Integrated sensor family
D Optimal @ Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) {bit) Sheet | Page Worth
26. Solid-state telescope 0.53] 1.0 100. 0 6.96 x 105 [26-1 |A-138/0.79
3 Si wafers
Interior composition Mercury
217. Lif 1 spectrometer 0.9] 2.0 50. 0 3.48 x 10°  [27-1 A-140/0. 34
5 c¢cm photomultiplier
Surface composition Mercury
28. Curved-plate plasma spectrometer 5.5 7.5 512.0 3.56 x 106 28-1 |[A-142|0.0
1 slit
Interior composition Mercury
Notes:

\y

[[9MMO0Y UBOLIBUIY YHON

uoIsIAl(g 9oedg



1-sLle-0L AS

% Ak 4

D Imaging Non-imaging

Table 4. 2-1. 7.

D Integrated sensor family

Sensor Family for 1984 Mercury Orbit No, 10

@ Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
. Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4, Microwave radiometer-measuring Mercury (1930.0] 75.0 1.2 3.6 x 10° 4-13 [A-37 |8.85 x 10.4
Antenna diameter: 25.1 m
7. Flux-gate magnetometer 2.1 6.0 | 1500.0 [3.29x10% | 7-1 |A-54 |1.22
Triaxial
Interior composition Mercury
8. Helium magnetometer 3.4 10.0 40.0 8.79x 106 8-1 JA-55 |1.22
Interior composition Mercury
9, Scintillation spectrometer 0.9] 2.0 100.0 [2.2x 10’ 9-1 |a-57 {0.69
5 cm photomultiplier
Surface composition Mercury
11. Electrostatic or Faraday Cup analyzer 8.7 8.7 420.0 9.23 x 107 11-1 jA-58 (0.15
Diameter: 10 cm
Interior composition Mercury
12. Geiger-Mueller counter array 1.0/ 0.4 30.0 6.6 x 106 12-1 A_61 .79
2 counters
Interior composition Mercury
Notes:
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Table 4. 2-1. 7.

Sensor Family for 1984 Mercury Orbit No. 10 (Cont)

D Imaging Non-imaging D Integrated sensor family
@ Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
13. Proportional counter array 5.0 1.0 50.0 1.10 x 107 |13-1 [A-63 {0.31
2 counters
Interior composition Mercury
15. Filter radiometer 48| 670 | 845 [1.87x107 [15-13 |A-77 |9.9 x 1072
Collector diameter: 0.01 m Mercury
22. Laser radar Mercury [314.0 |328.9 11.67 1.27 x 10° |22-12 |a-121 2.14 x 10.5
Nd YAG
Surface topography
26. Solid-state telescope 0.53| 1.0 | 100.0 2.20x 107 [26-1 |A-138/0.79
3 Si wafers
Interior composition Mercury
217. Li I spectrometer 0.9 2.0 | 50.0 1.10 x 107 [27-1 |A-1400.34
5 ¢m photomultiplier
Surface composition Mercury
28. Curved-plate plasma spectrometer 5.5 7.5 512.0 1.12 x 108 28-1 |A-142[0.15
1 slit
Interior composition Mercury

Notes:
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Table 4.2-1.7. Sensor Family for 1984 Mercury Orbit No. 10 (Cont)

D Imaging Non-imaging D Integrated sensor family

1-9L¢-0L s
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D Optimal Marginal measurement requirements
Support Requirements
: Total
Tabulat
Sensor Type and Mass | Power | Data Rate Data it Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page. Worth
4, Microwave radiometer-measuring 1.0 5.0 [4.2x107° 9.0 4-13A-3710.0
Antenna diameter: 0.09 m Mercury
7. Flux-gate magnetometer 2.1 6.0 1.5 3.29 x 10° 7-1]A-54(0.0
Triaxial
Interior composition Mercury
8. Helium magnetometer 3.4 | 10,0 40.0 8.79 x 10° 8-1|A-55(0.0
Interior composition Mercury
9. Scintillation spectrometer 0.9 2.0 100, 0 2.2 x 10'7 9-1]|A-5710.69
5 cm photomultiplier
Surface composition Mercury
11. Electrostatic or Faraday Cup 1.5 1.5 70.0 1.54 x 107 11-1(A-58 (0.0
analyzer
Diameter: 10 cm
Interior composition Mercury ‘
12. Geiger-Mueller counter array 1.0 0.4 30.0 6.60 x 10° 12-1(A-61{0.79 '
2 counters ZWw
Interior composition Mercury Ss
el
> o
30
Notes: § <
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Table 4. 2-1. 7. Sensor Family for 1984 Mercury Orbit No. 10 (Cont)

D Integrated sensor family

D Optimal @ Marginal measurement requirefnents
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
13, Proportional counter array 5.0 1.0 50.0 .10 x 107 13-1]A-63 [0.31
2 counters
Interior composition Mercury
15, | Filter radiometer 1.9 | 26,0 |2.4x107> 540 15-13(a-77 |0.0
Collector diameter: 0.01 m Mercury
22. Laser radar Mercury [314.0 [328.9 11. 67 .27 x 105 22-121A-121(2. 14 x 1075
Nd YAG
Surface topography
26, Solid-state telescope 0. 53 1.0 100. 0 .20 x 107 26-1(A-138{0. 79.
3 Si wafers
Interior composition Mercury
217. Li® 1 spectrometer 0.9 2.0 50. 0 .10 x 107 27-1]A-140/(0. 34
5 c¢cm photomultiplier
Surface composition Mercury
28. Curved-plate plasma spectrometer 5.5 7.5 512.0 .02 x 108 28-1]A-142|0.0
1 slit
Interior composition Mercury

Notes:

Y
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Table 4. 2-1,8. Sensor Family for 1977 Venus Orbit No. 1

D Imaging @ Non-imaging D Integrated sensor family

@ Optimal D Marginal measurement requirements

Support Requirements

Tabulation Total
Sensor Type and Mass | Power | Data Rate Data _ Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4, Microwave radiometer-measuring 51.0] 75.2 924.0 5.54 x 10° 4-14]A-38 |1.87 x 10°2
Antenna diameter: 12.6 m Venus
15. | Filter radiometer 4.8 67.0 | 139.0 [8.3x105 |15-14|a-78 |1.65x 107
Collector diameter: 0,0l m Venus
22. Laser radar 100.0] 83.3 11.67 |[7.03 x 104 22-13|A-122}1.63 x 10'12
Nd YAG
Surface topography Venus
23, Bi -frequency radio occultation 1681.0, 5.0 26,2 6 x 10 23-10(A-135(1.87 x 1073
Antenna diameter: Venus

33.2 m; freq. No, 1
3.9 m; freq. No. 2

Notes:
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Table 4. 2-1.8, Sensor Family for

D Imaging Non-imaging D Integrated sensor family

1977 Venus Orbit No. 1 (Cont)

D Optimal @ Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4, Microwave radiometer-measuring 1.0] 5.0 0.29 1730.0 4-14 |A-38 (0.0
Antenna diameter: 0.05 m Venus
15, Filter radiometer 4,8 67.0 0.09 540.0 15-14 [A-78 {0.0
Collector diameter: 0.0l m Venus
22. Laser radar 100.0| 83.3 11.67 [7.03 x 104 [22-13 |A-122|1.63 x 10712
Nd YAG
Surface topography Venus
23. Bi -frequency radio occultation 1681.0 5.0 0.024 6.0 23-10 jA-135|0.0
Antenna diameter: Venus
33.2 m; freq. No, 1
3.9 m; freq., No, 2

Notes:

s
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Table 4. 2-1.9. Sensor Family for 1977 Venus Orbit No. 9

D Imaging Non-imaging D Integrated sensor family
Optimal D Marginal measurement requirements

Support Requirements

Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4, Microwave radiometer 508.0[ 75.0 3.2 1.88 x 105 4-15 |A-39 |1,18 x 10'2
Antenna diameter: 12.6 m Venus
15. | Filter radiometer 6.0 67.0 |754.0 4.8x10°  |15-15 |A-79 [1.80 x 107©
Collector diameter: 0.06 m Venus
22. | Laser radar 100.0| 83.3 | 11.67 2.95 x 10%  |22-14 |a-123[1.13 x 10712
Nd YAG
Surface topography Venus
23, Bi -frequency radio occultation 1681,0f 5.0 | 68.6 6 x103 23-11 |A-136{1.87 x 1073
Antenna diameter: Venus

33.2 m; freq. No, 1
3.9 m; freq. No. 2

Notes:

pd
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Table 4. 2-1. 9.

Sensor Family for 1977 Venus Orbit No. 9 (Cont)

D Imaging Non-imaging D Integrated sensor family
D Optimal Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4, Microwave radiometer-measuring 1.00 5.0 2.6 x 104 16.0 4-15 jA-39 |0.0
Antenna diameter: 0,074 m Venus
15, Filter radiometer 4.8 67.0 3.7x 10-3 232.0 15-15 {A-79 |0.0
Collector diameter: 0,01l m Venus
22. | Laser radar 100.0| 83.3 | 11.67  [2.95x 10% |22-14 |a-123[1.13 x 10712
Nd YAG
Surface topography Venus
23. Bi-frequency radio occultation 1681.0[ 5.0 0. 023 6.0 23-11 [A-136]0.0
Antenna diameter: Venus
33.2 m; freq. No. 1
3.9 m; freq. No, 2
Notes:
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Table 4,2-1.10, Sensor Family for 1984 Mars Orbit No. 1

D Imaging @ Non-imaging D Integrated sensor family
Optimal D Marginal measurement requirefnents
Support Requirements ’
: Total
Tabulat
Sensor Type and Mass | Power | Data Rate Data Aouation Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4, Microwave radiometer-measuring 5080 | 75.0 88.9 7.82 x 10° 4-16 |A-40 [3.25 x 107¢
Antenna diameter: 12.6 m Mars
9. Scintillation spectrometer 09 2.0 100.0 8.82 x 10° 9-1 |A-57|0.69
5 c¢cm photomultiplier Mars
15. | Filter radiometer 48 | 67.0 3.59  [3.16 x 10* |15-16 |a-80 |3.16 x 10*
Collector diameter: 0.0l m Mars
22. | Laser radar 9798 32.0 | 11.67 |1.03x10% |22-15|a-124/1.05 x 107 !!
Nd YAG
Surface topography Mars
23. Bi-frequency radio occultation 16810 | 5.0 | 20.1 10% 23-12 |A-137[1.87 x 1073
Antenna diameter: Mars
33.2 m; freq. No. 1
3.9 m; freq. No. 2

Notes:
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Table 4.2-1.10.

Sensor Family for 1984 Mars Orbit No. 1 (Cont)

D Imaging Non-imaging D Integrated sensor family
D Optimal Marginal measurement requirements
Support Requirements
. Total
Tabulat
Sensor Type and Mass | Power | Data Rate Data Aouanom Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4, Microwave radiometer-measuring 1.0 5.0 0. 06 531.0 4-16 |A-40 /0,0
Antenna diameter: 0.05m Mars
9. Scintillation spectrometer 09 2.0 100. 0 8.82 x 105 9-1 |[A-57 |0.69
5 c¢cm photomultiplier
Surface composition Mars
15, Filter radiometer 48 | 67.0 0.022 20.0 15-16 |A-80 (0.0
Collector diameter: 0,01 m Mars
22. | Laser radar 9798 32.0 | 11.67 [1.03x10% |22-15 |a-124]1.05 x 107!}
Nd YAG
Surface topography Mars
23. Bi -frequency radio occultation 1681.0 5.0 0.02 10. 0 23-12 |1A-137(0.0
Antenna diameter: Mars
33.2 m; freq. No. 1
3.9 m; freq. No. 2
Notes:
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Table 4.2-1.11, Sensor Family for 1984 Mars Orbit No, 8

D Imaging Non-imaging D Integrated sensor family
Optimal D Marginal measurement requirefnents

Support Requirements

Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4, Microwave radiometer-measuring 508.0 | 75.0 16.5 4.32 x 105 4-17 |a-41 |7, 67 x 1073
Antenna diameter: 12.6 m Mars
9. Scintillation spectrometer 0.9 2.0 100, 0 2,96 x 106 9-1 |A-57 |{0.69
5 ¢m photomultiplier
Surface composition Mars
15. | Filter radiometer 4.8 67.0 | 28.6  [8.46 x10° |15-17 |a-81 [1.81 x 107°
Collector diameter: 0.0l m Mars
22. | Laser radar 243.7(197.9 | 11.67 [3.47x10° [22-16 |a-125[4.65 x 10712
Nd YAG .
Surface topography Mars

Notes:
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D Imaging Non-imaging

Table 4. 2-1,11.

Sensor Family for 1984 Mars Orbit No. 8 (Cont)

D Integrated sensor family

D Optimal @ Marginal measurement requirements
Support Requirements
: Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet {kg) (w) (bit/sec) (bit) Sheet | Page Worth
4, Microwave radiometer-measuring 1.0 5.0 |3.3x1073] 93,0 4-17 |A-41 |0.0
Antenna diameter: 0,13 m Mars
9, Scintillation spectrometer 0.9| 2.0 | 100.0 2.96 x 10° | 9-1 [a-57 [0.69
5 ¢cm photomultiplier
Surface composition Mars
15, Filter interferometer 4.8 | 67.0 j2.6x 10-3 79.0 15-17 (A-81 0.0
Collector diameter: 0.01 m Mars
22. | Laser radar 243.7 [197.9 | 11.67 [3.47x10° |22-16 |A-125/4.65 x 10712
Nd YAG
Surface topography Mars

Notes:

[[BMHO0Y UedLIBaWwYy YUON

.
‘s

uoIsIng aoedg



1-6L€-0L AS

Sy-v

Table 4. 2-1. 12, Sensor Family for 1978 Jupiter Orbit No. 1
D Imaging Non-imaging D Integrated sensor family
Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4, Microwave radiometer-measuring 508.0[ 75.0 3.5 4.95 x 10° 4-18 |A-42 |6.24 x 1073
Antenna diameter: 12.6 m Jupiter
1. Flux-gate magnetometer 2.1 6.0 1500. 0 2.13 x 108 7-1 (A-54 j1.22
T riaxial Jupiter,
8. Helium magnetometer 3.4 10.0 40.0 5.68 x 107 8-1 |A-55 (1,22
Interior composition Jupiter
19. | Michelson interferometer 1960.0| 67.0 | 4360.0 |6.2x 108 |19-8 |a-81 [1.01x 1077
Collector diameter: 1.0 m Jupiter (15-18)[(A-81
21. | Visible/UV spectrometer 166.9 4.2 |1.76 x 10%]1.55 x 1010 |21-8 |a-107]6. 84 x 10710
Collector diameter: 0.5 m Jupiter
Notes:
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Table 4. 2-1, 12,

Sensor Family for 1978 Jupiter Orbit No., 1 (Cont)

D Imaging Non-imaging D Integrated sensor family
D Optimal Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) {bit) Sheet | Page Worth
4, Microwave radiometer-measuring 1.7 5.0 8.8 x 10-4 125.0 4-18 |A-42 0,0
Antenna diameter: 0. 69 m Jupiter
7. Flux-gate magnetometer 2.1 6.0 1.5 2.13 x 10° 7-1 |A-54 |0.0
Triaxial Jupiter
Interior composition and motion
8. | Helium magnetometer 3.4 [10.0 | 40.0 5.68 x 107 | 8-1 |a-55 |0.0
Interior composition Jupiter
15, Filter radiometer 5.0 |67.0 0. 049 6940.0 15-18 [A-82 [0.0
Collector diameter: Jupiter
21, Visible/UV spectrometer 2.12 4,2 0.12 1. 06 x 104 21-8 A-10710.0
Collector diameter: 0.1 m Jupiter
Notes:
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Table 4, 2-1. 13, Sensor Family for 1978 Jupiter Orbit No. 9

D Imaging E Non-imaging D Integrated sensor family

@ Optimal D Marginal measurement requirements

Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4, Microwave radiometer-measuring 508.0 75.0 0.90 |1.68 x 10° 4-19 A-43 [6.02 x 107°
Antenna diameter: 12.6 m Jupiter
7. | Flux-gate magnetometer 2.11 6.0 [ 1500.0 [3.36x108 | 7-1 Ja_54 |1.22
Triaxial Jupiter
Interior composition and motion
8. | Helium magnetometer 3.4 10.0 40.0 18.96 x10° | 8-1 la-s5 [1.22
Interior composition Jupiter
19. | Michelson interferometer 2070.0| 67.0 | 4450.0 [9.97 x 108 [19-9 |A-83 [1.01 x 1077
Collector diameter: 1.0 m Jupiter (15-19XA-83) -
21. Visible/UV spectrometer 1215.00 4.2 | 1.6 x 104{6.75 x 109 [21-9 |a-108{6.84 x 10710
Collector diameter: 1.0 m Jupiter ‘

Notes:

uoisialg aoeds
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Table 4. 2-1. 13, Sensor Family for 1978 Jupiter Orbit No. 9 (Cont)

D Imaging @ Non-imaging D Integrated sensor family
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8v-v

D Optimal Marginal measurement requirements
Support Requirements
. : Total
Tabulation
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4, Microwave radiometer-measuring 6.5 5.0 1.5 x 1074 33,0 4-19 |A-43 10.0
Antenna diameter: 1.9 m Jupiter
7. Flux-gate magnetometer 2.1 | 6.0 1.5 3.36 x 10° | 7-1 [A-54 0.0
Triaxial .
Interior composition and motion | Jupiter
8. | Helium magnetometer 3.4 [10.0 | 40.0 8.96 x 10° | 8-1 |A-55 0.0
Interior composition Jupiter
15. Filter radiometer 24.0 |67.0 0.014 3070.0 15-19 [A-83 0.0
Collector diameter: 0.17 m Jupiter
21. Visible/UV spectrometer 1.96 | 4.2 0.013 5.37 x 103 |21-9 |A-108[0.0
Collector diameter: 0.1 m Jupiter
0
3 3
> o
a 9
Notes: 2 <
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Table 4.2-1, 14, Sensor Family for 1978 Jupiter Orbit No, 11

D Imaging Non-imaging D Integrated sensor family
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Optimal D Marginal measurement requirements
Support Requirements
: Total
Tabulat
Sensor Type and Mass | Power | Data Rate Data Aouaton Sensor
Number Observational Purpose Planet (kg) {w) (bit/sec) (bit) Sheet | Page Worth
4, Microwave radiometer-measuring 508.0{ 75.0 3.2 7.91 x 10° 4-20 |A-44 {6.23 x 10'5
Antenna diameter: 12.6 m Jupiter
1. Flux-gate magnetometer 2.1 6.0 1500. 0 3.7l x 108 7-1 jA-54 |1.22
T riaxial .
Interior composition and motion | Jupiter
8. Helium magnetometer 3.4 10.0 40.0 9.92 x 106 8-1 |A-55 11.22
Interior composition Jupiter
19. Michelson interferometer 1990.0 67.0 1390.0 3,45 x 108 19-10 |A-84 1.01 x 10-7
Collector diameter: 1.0 m Jupiter (15-20)|(A-84
21. Visible/UV spectrometer 193.00 4.2 9.65 x 1091.29 x 107 |21-10 |A-109{1.37 x 10-9
Collector diameter: 0.5 Jupiter '
o
£g
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D Imaging Non-imaging D Integrated sensor family

Table 4. 2-1, 14.

Sensor Family for 1978 Jupiter Orbit No. 11 (Cont)

D Optimal Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet {kg) (w) (bit/sec) (bit) Sheet | Page Worth
4, Microwave radiometer-measuring 2.4 5.0 6.2 x 1074] 155.0 4-20 [A-44 |0.0
Antenna diameter: 0.95 m Jupiter
7. Flux-gate magnetometer 2.1 6.0 1.5 3.71 x 10° 7-1 |A-54 |0.0
Triaxial Jupiter.
Interior composition and motion
8. Helium magnetometer : 3.4 [10.0 | 40.0 9.92 x 106 | 8-1 |a-55 0.0
Interior composition Jupiter
15. Filter radiometer 5.0 |67.0 0.03 7500. 0 15-20 |IA-84 |0.0
Collector diameter: 0,028 m Jupiter
21, Visible/UV spectrometer 2.12 | 4.2 0. 062 8.33 x 103 |21-10 A-109]|0.0
Collector diameter: 0.1 m Jupiter

Notes:
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4.2.2 Imaging Sensor Families

Families of imaging sensors for selected orbiter missions to the inner
planets and Jupiter are described in Tables 4.2-2.1 through 4.2-2.9. The
requirements for these sensors, their operational characteristics, and their
support requirements are described in detail in Reference 3. The support
requirements data have been extracted from Reference 3 and are presented
in the Support Requirements Data Sheets (Appendix A) with conversion of
units as necessary to provide uniformity in the surnmary tabulations. Imaging
sensor designs were evaluated in Reference 3 only for the optimal observa-
tional requirements. Therefore, imaging sensor families for the orbiter
missions are described here only for this level: These imaging sensor
families are developed for the missions noted below.

Mission ' Table
1984 Mercury Orbit No. 1 4,2-2,1
1984 Mercury Orbit No. 10 4,2-2,2
1977 Venus Orbit No, 1 4,2-2.3
1977 Venus Orbit No., 9 | - 4.,2-2.4
1984 Mars Orbit No. 1 4,2-2,5
1984 Mars Orbit No. 8 4,2-2,6
1978 Jupiter Orbit No. 1 4,2-2,7
1978 Jupiter Orbit No. 9 4,2-2.8
1978 Jupiter Orbit No. 11 4,2-2.9

In Reference 3, imaging sensor families were developed on the basis of
orbital inclination as well as the periapsis altitude and eccentricity which
correspond to orbit type numbers. In Tables 4.2-2.1 to 4.2-2.9, inclination
was ignored, but the non-imaging sensors designed for these orbits
(Tables 4.2-1.6 to 4.2-1, 14) are based on the inclinations given in Table 3-5.
It is possible to select an imaging sensor family for a single orbit size and
inclination from Reference 3, and design non-imaging sensors for this incli-
nation. However, the non-imaging sensor support requirements generally
depend little on orbital inclination. Therefore, the procedure followed in
this study results in nearly the same sensor designs as those based on
matching of orbital inclinations.

4-51
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Table 4.2-2,1 Sensor Family for 1984 Mercury Orbit No. 1

Imaging D Non-imaging D Integrated sensor family

[2_(] Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
1. Television System
11,43 cm RBV
Topography; figure Mercury | 86.3 87.0/5.4 x 107 1-5 |A-6
2, |Camera System
Film size: 24.13 cm,
Topography; figure Mercury |272.41 110 1.2 x 108 2-1 | A-15
3. Passive Microwave Imaging System
Antenna diameter: 6.4 m
Surface composition Mercury [217.5| 100 |2,1 x 103 3.5 |A-22
5. |Synthetic Aperture Radar
Antenna shape: 4.8 m. x 10,1 m,
Surface roughness Mercury [290.6( 3300 [3.3 x 107 5-5 |A-49
6. [{Non-coherent Radar System
Antenna shape: 45.7 m. x 0.21 m, 3
Surface roughness Mercury | 87.21 110 [3.6 x 10 6-1 [A-51

Notes:
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Table 4.2-2.1 Sensor Family for 1984 Mercury Orbit No. 1 (Cont)

E Imaging D Non-imaging D Integrated sensor family
[i] Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
16, Infrared Scanning System
Collector diameter: 30 cm,
Surface temperature Mercury | 34.96 4.0[1.1x 106 16-5 |A-89
18. Ultraviolet Scanning System
Collector diameter: 26 cm,
Atmospheric and surface Mercury | 23,15 1.0[1.3 x 106 18-1 |A-95
composition
Notes:
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@ Imaging D Non-imaging
@ Optimal

Table 4.2-2,1 Sensor Family for 1984 Mercury Orbit No. 1 (Cont)

D Integrated sensor family

D Marginal measurement requirements

Number

Sensor Type and
Observational Purpose

Planet

Support Requirements

Mass
(kg)

Power
(w)

Data Rate
(bit/sec)

Data
(bit)

Tabulation

Sheet

Page

Total
Sensor
Worth

Television System
1.27 ¢m Vidicon
Topography; figure

Camera System
Film size: 70 mm.
Topography, figure

Passive Microwave Imaging System
Antenna size: 6.4 m.
Surface composition

Synthetic Aperture Radar System
Antenna shape: 10.1 m, x 1.0 m.
Surface roughness

Non-coherent Radar System
Antenna shape: 6.86 m. x 0.21 m.
Surface roughness

Mercury

Mercury

Mercury

Mercury

Mercury

217.5

145.2

70.4

36

100

1300

120

3.9 x 103

2.5 x 10°

2.1 x10

9.6 x 10°

760

A-22

Notes:
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Table 4.2-2.1 Sensor Family for 1984 Mercury Orbit No. 1 (Cont)

Imaging D Non-imaging D Integrated sensor family
Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
16, Infrared Scanning System
Collector diameter: 1 cm, 4
Surface temperature Mercury .91 4.0(1.1x10 16-5 | A-89
18, Ultraviolet Scanning System
Collector diameter: 0. 24 m,
Atmospheric and surface Mercury | 1.0 1.0 |1.1x 104 18-1 | A-95
composition

Notes:
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Table 4,2-2.2 Sensor Fafnily for 1984 Mercury Orbit No, 10

E] Imaging D Non-imaging D Integrated sensor family

@ Optimal D Marginal measurement requirements

Support Requirements

Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
1. Television System
5.08 com. RBV
Topography; figure Mercury {14.5 32 1.1 x 106 1-6 |A-7
16. Infrared Scanning System
Collector diameter: 4 cm.
Surface temperature Mercury | 5.0 7.0 |1.2 x 10% 16-6 |A-99

18, Ultraviolet Scanning System

Collector diameter: 1,7 cm.

Atmospheric and surface Mercury | 1.04| 1.0 [1.7x105 18-2 |A-96
composition

Notes:
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Table 4. 2-2.3 Sensor Family for 1977 Venus Orbit No, 1

Imaging D Non-imaging D Integrated sensor family
Optimal D Marginal measurement requirements

Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
1. Television System
3.81 cm, Vidicon
Cloud structure Venus 10.9 }24.0 1.3 x 104 1-7 |A-18
3. Passive Microwave Imaging System
Antenna diameter: 0,61 m.
Cloud temperature | Venus 16.8 172 440 3-6 |A-23
5., Synthetic Aperture Radar System
Antenna shape: 0.34 m, x 100.7m
Surface roughness Venus 308.7| 5. 46x 7.1x 108 5-6 |A-50
10
6. Non-coherent Radar System
Antenna shape: 67.1 m, x 0.20 m, .
Surface roughness Venus 136.2 540 6.3 x 104 6-2 |A-52
16. Infrared Scanning System R
Collector diameter: 5.3 cm. é
Atmospheric temperature Venus 3.18} 3.0 1.4 x 10% 16-7 |A-91 '
18, Ultraviolet Scanning System g '%’
Collector diameter: 0.3 cm, 3 0
Atmospheric composition Venus 1.0} 1.0 3x 104 18-3 |A-97 ]3> %
o =
Notes: § ‘%
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Table 4.2-2.4 Sensor ‘Family for 1977 Venus Orbit No. 9

Imaging D Non-imaging [:] Integrated sensor family

I-SLe-0L AS

86-%

Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
1. |Television System
5.08 cm RBV
Cloud structure Venus 14,5 | 32 7.2 x 105 1-8 | A-9
16, |Infrared Scanning System
Collector diameter: 2.8 cm.
Atmospheric temperature Venus 1,68 2.1 8.2 x 103 16-8 | A-92
18. |Ultraviolet Scanning System
Collector diameter; 4.6 cm.
Atmospheric composition Venus 1,36 1.0 |7.6x 10° 18-4 | A-98

Notes:

s
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Table 4. 2-2.5 Sensor Family for:1984 Mars Orbit No. 1

Imaging E] Non-imaging D Integrated sensor family

@ Optimal D Marginal measurement requirements

Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
1, Television System
5.08 cm, RBV
Topography; figure Mars 14,5 | 32 3.8 x 100 1-9 [A-10
2, Camera System
Film size: 70mm _
Topography; figure Mars 11.35] 36 6.9 x 10° 2-2 |A-16
3. Passive Microwave Imaging System
Antenna size: 10,1 m.
Surface composition Mars 547.1 | 110 1.4 x 103 3-7 |A-24
6. Non-coherent Radar System
Antenna shape: 58.0 m x 0.37 m,
Surface roughness Mars 172,5 | 140 2.2 x 104 6-3 |A-53
£g
33
> o
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Table 4. 2-2.5 Sensor Family for 1984 Mars Orbit No. 1 (Cont)

D Imaging D Non-imaging D Integrated sensor family
D Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
16, Infrared Scanning System
Collector diameter: 6,3 cm,
Atmospheric and surface
temperature Mars 2.6 1.5 3250 16-9 |A-93
18. Ultraviolet Scanning System
Collector diameter: 0.07 cm.
Atmospheric composition Mars 1.0 1.0 430 18-5 [A-99
Notes:

s

{[BVO0Y ueduBWY YUON|
uoisinig aoedg



1-SL¢-0L AS

19-%

Imaging D Non-imaging

Table 4.2-2.6 Sensor Family for 1984 Mars Orbit No. 8

D Integrated sensor family

Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
1, Television System
5.08 cm. RBV
Topography; figure Mars 163.4 47 2.4 x 108 1-10 jA-11
2. Camera System
Film size: 24,13 cm,
Topography; figure { Mars 263.3 | 280 [1.2 x 107 2.3 |A-17
Notes:

1
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Table 4.2-2.7 Sensor Family for 1978 Jupiter Orbit No. 1

D Integrated sensor family

@ Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
1. Television System
5.08 cm., RBV
Cloud structure and motion; figure| Jupiter 127.1 32 3.8 x 100 1-11 |A-12

Notes:
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Table 4.2-2.8 Sensor Family for 1978 Jupiter Orbit No. 9

@ Imaging D Non-imaging D Integrated sensor family

Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
1. Television System
5.08 cm, RBV 7
Cloud structure and motion; figure| Jupiter 20,4 32 3.8 x10° 1-12 |A-13
16. Infrared Scanning System
Collector diameter: 82 cm
Atmospheric temperature Jupiter |726.4 | 28 1.2 x 108 16-10(A-94

Notes:

L\
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E] Imaging D Non-imaging

Table 4,2-2.9 Sensor Family for Jupiter Orbit No. 11 (Cont)

D Integrated sensor family

@ Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
1. Television System
5.08 cm, RBV
Cloud structure and motion; figure| Jupiter 25 32 3.8x10° 1-13 |A-14

Notes:

\y
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4,2.3 Integrated Sensor Families

Space Division
North American Rockwell

P

Integrated imaging and non-imaging sensor families for missions to
the inner planets and Jupiter are described in Tables 4. 2-3.1 through
4,2-3,14, The pertinent data for each non-imaging and each imaging sensor
family are presented in paragraphs 4. 2.1 and 4. 2. 2, and the pertinent tables

are referenced in each instance,

for the families noted below.

Integrated sensor families are developed

Mission Table
1984 Earth-Mercury 4.2-3.1
1980 Earth-Venus 4,2-3.2
1982 Earth-Venus-Mercury 4,.2-3.3
1976 Earth-Jupiter-Saturn 4.2-3.4
1978 Earth-Jupiter-Saturn-Pluto* 4,2-3.5
1984 Mercury orbit No., 1 4.2-3.6
1984 Mercury orbit No. 10 4.2-3.17
1977 Venus orbit No, 1 4,.2-3.8
1977 Venus orbit No, 9 4,2-3.9
1984 Mars orbit No. 1 4.2-3.10
1984 Mars orbit No. 8 4,2-3,11
1978 Jupiter orbit No. 1 4.2-3.12
1978 Jupiter orbit No. 9 4,2-3.13
1978 Jupiter orbit No. 11 4.2-3.14

*Pluto not within scope of study

For each of these missions, the sensor data for imaging and non-imaging
sensors have been developed and tabulated previously. To avoid duplication,
the summarized data are not repeated again; reference is given to the
original summary table in each instance.
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Table 4, 2-3. 1.
Earth-Mercury Mission No. 2

‘ Space Division
North American Rockwell

Integrated Sensor Family for 1984

Number

Sensor Type

OPTIMAL MEASUREMENT REQUIREMENTS

4, Microwave radiometer - measuring
7. Flux-gate magnetometer
8. Helium magnetometer
9. Scintillation spectrometer
11. Electrostatic or Faraday Cup analyzer
12, Geiger-Mueller counter array
13, Proportional counter array
15, Filter radiometer
22, Laser radar
26, Solid-state telescope
217. Lif1 spectrometer
28, Curved plate plasma spectrometer
MARGINAL MEASUREMENT REQUIREMENTS
4, Microwave radiometer - measuring
7. Flux-gate magnetometer
8. Helium magnetometer
9. Scintillation spectrometer
11, Electrostatic or Faraday Cup analyzer
12, Geiger-Mueller counter array
13. Proportional counter array
15, Filter radiometer
22, Laser radar
26, Solid-state telescope
27. Lib1 spectrometer
28. Curved plate plasma spectrometer

Note: Sensor data for non-imaging sensors given in Table 4, 2-1, 1;
imaging sensors for this mission not within scope of study.
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‘ Space Division
North American Rockwell

able 4,2-3.2., Integrated Sensor Family for 1980
Earth-Venus Mission No. 3

Number

Sensor Type

OPTIMAL MEASUREMENT REQUIREMENTS

4, Microwave radiometer - measuring
15, Filter radiometer
21, Visible/UV spectrometer
23. Bi-frequency radio occultation
MARGINAL MEASUREMENT REQUIREMENTS

4, Microwave radiometer - measuring
15, Filter radiometer
21, Visible/UV spectrometer

23, Bi-frequency radio occultation

Note: Sensor data for non-imaging sensors given in Table 4. 2-1, 2;
imaging sensors for this mission not within scope of study.
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Table 4., 2-3, 3.

Space Division

o\

Integrated Sensor Family for 1982

Earth-Venus-Mercury Mission No. 6

Number

Sensor Type

OPTIMAL MEASUREMENT REQUIREMENTS

4. Microwave radiometer - measuring
7. Flux-gate magnetometer
8. Helium magnetometer
9. Scintillation spectrometer
11, Electrostatic or Faraday Cup analyzer
12, Geiger-Mueller counter array
13. Proportional counter array
15, Filter radiometer
22, Laser radar
23, Bi-frequency radio occultation
26, Solid state telescope
27. Li61 spectrometer
28, Curved plate plasma spectrometer
MARGINAL MEASUREMENT REQUIREMENTS
4, Microwave radiometer - measuring
7. Flux-gate magnetometer
8. Helium magnetometer
9. Scintillation spectrometer
11. Electrostatic or Faraday Cup analyzer
12, Geiger~-Mueller counter array
13. Proportional counter array
15, Filter radiometer
22, Laser radar
23, Bi-frequency radio occultation
26, Solid state telescope
27. Lib1 spectrometer
28, Curved plate plasma spectrometer

Note: Sensor data for non-imaging sensors given in Table 4, 2-1. 3;
imaging sensors for this mission not within scope of study,
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’ Space Division
North American Rockwell

Table 4.2-3,4, Integrated Sensor Family for 1976
Earth-Jupiter-Saturn Mission No, 7

Number Sensor Type

OPTIMAL MEASUREMENT REQUIREMENTS

1. Television camera

3. Microwave radiometer - mapping (a)
4, Microwave radiometer - measuring (a)
5. Synthetic aperture radar (a%¥)

7. Flux-gate magnetometer (a)

8. Helium magnetometer (a)

16, Far IR radiometer

19, Michelson interferometer (b)

21. Visible/UV spectrometer

22, Laser radar (b¥)

23. Bi-frequency radio occultation

MARGINAL MEASUREMENT REQUIREMENTS

1. Television camera :
3. Microwave radiometer - mapping (a)
4, Microwave radiometer - measuring (a)
5. Synthetic aperture radar (a%)
7. Flux-gate magnetometer (a)
8, Helium magnetometer (a)

15, Filter radiometer (b)

21, Visible/UV spectrometer

22, Laser radar (b%*)

23, Bi-frequency radio occultation

(a) Operational incompatibility caused by (a¥)
(b) Operational incompatibility caused by (b¥*)

Note:

Sensor data for non-imaging sensors given in Table 4, 2-1. 4;
imaging sensor data given in Table 4, 3-1, 1,
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‘ Space Division
North American Rockwell

Table 4.2-3,5, Integrated Sensor Family for 1978
Earth-Jupiter-Saturn-Pluto* Mission No., 12

Number Sensor Type

OPTIMAL MEASUREMENT REQUIREMENTS

1, Television camera

3. Microwave radiometer - mapping (a)
4, Microwave radiometer - measuring (a)
5. Synthetic aperture radar (a%)

7. Flux-gate magnetometer (a)

8. Helium magnetometer (a)

16, Far IR radiometer

19, Michelson interferometer (b)

21, Visible/UV spectrometer

22, Laser radar (b%*)

23, Bi-frequency radio occultation

MARGINAL MEASUREMENT REQUIREMENTS

. Television camera

1
3. Microwave radiometer - mapping (a)
4, Microwave radiometer - measuring (a)
5. Synthetic aperture radar (a%)
7. Flux-gate magnetometer (a)
8. Helium magnetometer (a)
15, Filter radiometer
16, Far IR radiometer (b)
21, Visible/UV spectrometer
22, Laser radar (b%*)
23, Bi-frequency radio occultation

*Pluto not within scope of study.

(a) Operational incompatibility caused by (a*)
(b) Operational incompatibility caused by (b%)

Note: Sensor data for non-imaging sensors given in Table 4. 2-1, 5;
data for imaging sensors in Table 4. 3-1. 3,
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‘ Space Division
North American Rockwell

Table 4.2-3.6. Integrated Sensor Family for 1984

Mercury Orbit No. 1

Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television system
2. Camera system
3. Passive microwave imaging system (a)
4, Microwave radiometer ~ measuring (a)
5. Synthetic aperture radar (a¥*)
6. Non-coherent radar system (a*)
7. Flux-gate magnetometer (a)
8. Helium magnetometer (a)
9. Scintillation spectrometer
11. Electrostatic or Faraday Cup analyzer
12. Geiger-Mueller counter array
13. Proportional counter array
15, Filter radiometer (b)
16. Infrared scanning system (b)
18. Ultraviolet scanning system
22, Laser radar (b¥*)
23, Bi-frequency radio occultation
26. Solid-state telescope
27. Lib 1 spectrometer
28. Curved-~plate plasma spectrometer

(a) Operational incompatibility caused by (a¥)
(b) Operational incompatibility caused by (b¥)

Note:

Sensor data for non-imaging sensors given in
Table 4.2-1. 6; data for imaging sensors given in
Table 4.2-2.1.
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Table 4.2-3.7.

’ Space Division
North American Rockwell

Integrated Sensor Family for 1984
Mercury Orbit No. 10

Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television system
4. Microwave radiometer - measuring
7. Flux-gate magnetometer
8. Helium magnetometer
9. Scintillation spectrometer
11. Electrostatic or Faraday Cup analyzer
12. Geiger-Mueller counter array
13. Proportional counter array
15, Filter radiometer (a)
16. Infrared scanning system (a)
18. Ultraviolet scanning system
22, Laser radar (a*
26, Solid-state telescope
27. Li6 1 spectrometer
28. Curved-plate plasma spectrometer

(a) Operational incompatibility caused by (a¥)

Note:

Sensor data for non-imaging sensors given in
Table 4,2-1.7; data for imaging sensors given in

Table 4.2-2.2.

4-72
SD 70-375-1



‘ Space Division
North American Rockwell

Table 4,2-3.8. Integrated Sensor Family for 1977

Venus Orbit No. 1

Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television system
3. Passive microwave imaging system (a)
4, Microwave radiometer - measuring (a)
5. Synthetic aperture radar system (a¥)
6. Non-coherent radar system (a¥*)
15. Filter radiometer (b)
16. Infrared scanning system (b)
18, Ultraviolet scanning system
22. Laser radar (b¥)
23. Bi-frequency radio occultation

(a) Operational incompatibility caused by (a%¥)
(b) Operational incompatibility caused by (b%)

Note: Sensor data for non-imaging sensors given in
Table 4.2-1.8; data for imaging sensors given in
Table 4.2-2.3.
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’ Space Division
North American Rockwell

Table 4.2-3.9. Integrated Sensor Family for 1977
Venus Orbit No. 9

Number Sensor Type

OPTIMAL MEASUREMENT REQUIREMENTS

1. Television system
4. Microwave radiometer - measuring
15. Filter radiometer (a)
16. Infrared scanning system (a)
18. Ultraviolet scanning system
22. Laser radar (a¥*)
23. Bi-frequency radio occultation

(a) Operational incompatibility caused by (a*

Note: Sensor data for non-imaging sensors given in
Table 4.2-1.9; data for imaging sensors given in

Table 4,2-2, 4.
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‘ Space Division
North American Rockwell

Table 4.2-3,10. Integrated Sensor Family for 1984

Mars Orbit No. 1

Number

Sensor Type

OPTIMAL MEASUREMENT REQUIREMENTS

1.
2.
3.
4.
6.
9.
15.
16.
18.
22.
23.

Television system

Camera system

Passive microwave imaging system (a)
Microwave radiometer -~ measuring (a)
Non-coherent radar system (a¥)
Scintillation spectrometer

Filter radiometer (b)

Infrared scanning system (b)
Ultraviolet scanning system

Laser radar (b%)

Bi-frequency radio occultation

(a) Operational incompatibility caused by (a%*)
(b) Operational incompatibility caused by (b¥)

Note: Sensor data for non-imaging sensors given in
Table 4.2-1.10; data for imaging sensors given in
Table 4.2-2.5.
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‘ Space Division
North American Rockwell

Table 4.2-3.11. Integrated Sensor Family for 1984
Mars Orbit No, 8

Number - Sensor Type

OPTIMAL MEASUREMENT REQUIREMENTS

1. Television system

2. Camera system

4. Microwave radiometer - measuring
9. Scintillation spectrometer

15. Filter radiometer (a)
22, Laser radar (a%)

(a) Operational incompatibility caused by (a%)

Note: Sensor data for non-imaging sensors given in
Table 4.2-1.11; data for imaging sensors given in

Table 4.2-2. 6.
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‘ Space Division
North American Rockwell

Table 4,2-3.12. Integrated Sensor Family for 1978

Jupiter Orbit No. 1

Number

Sensor Type

OPTIMAL MEASUREMENT REQUIREMENTS

1.
4.
7.
8.
19.
21.

Television system

Microwave radiometer - measuring
Flux-gate magnetometer

Helium magnetometer

Michelson interferometer
Visible/UV spectrometer

Note: Sensor data for non-imaging sensors given in
Table 4.2-1.12; data for imaging sensors given in

Table 4.2-2.7.
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’ Space Division
North American Rockwell

Table 4.2-3.13. Integrated Sensor Family for 1978
Jupiter Orbit No., 9

Number Sensor Type

OPTIMAL MEASUREMENT REQUIREMENTS

1. Television system
4, Microwave radiometer - measuring
7. Flux-gate magnetometer
8. Helium magnetometer
16. Infrared scanning system
19. Michelson interferometer
21. Visible /UV spectrometer

Note: Sensor data for non-imaging sensors given in
Table 4.2-1.13; data for imaging sensors given in
Table 4.2-2.8.
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‘ Space Division
North American Rockwell

Table 4.2-3, 14, Integrated Sensor Family for 1978
Jupiter Orbit No., 11

Number

Sensor Type

OPTIMAL MEASUREMENT REQUIREMENTS

(=
O 00 ~1 b
.

21.

Television system

Microwave radiometer - measuring:
Flux~gate magnetometer

Helium magnetometer

Michelson interferometer
Visible/UV spectrometer

Note: Sensor data for non-imaging sensors given in

Table 4.2-2.9.
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’ Space Division
North American Rockwell

4.3 SENSOR FAMILIES FOR OUTER PLANETS

4, 3.1 Imaging Sensor Families

Compatible families of imaging sensors for missions to the outer
planets, including Jupiter, are described in Tables 4. 3-1.1 through 4. 3-1. 3,
and 4, 2-2. 7 through 4,2-2.9, The imaging sensors for the flyby missions
are developed from the present effort; the imaging sensors for the Jupiter
orbit missions are developed from Reference 3, and apply only to optimal
measurement requirements. These imaging sensor families are developed
for the missions noted below and are described in the tables as indicated.

Mission Table
1976 Earth-Jupiter-Saturn 4,3-1.1
1978 Earth-Jupiter*-Uranus-Neptune 4.3-1.2
1978 Earth-Jupiter-Saturn-Pluto* 4.3-1,3
1978 Jupiter orbit No. 1 4.2-2.7
1978 Jupiter orbit No. 9 4,2-2.8
1978 Jupiter orbit No. 11 4.2-2.9

*Encounter not within scope of study
Note that the imaging sensor families for the orbit missions to Jupiter have

been described previously in Section 4.2.2. The tables pertinent to these
families are not repeated here but are referenced in the above listing.
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Table 4.3-1.1.

Sensor Family for 1976 Earth-Jupiter*-
Saturn Mission No, 7

D Integrated sensor family

D Marginal measurement requirements

Number

Sensor Type and
Observational Purpose

Planet

Support Requirements

Mass
(kg)

Power

(w)

Data Rate
(bit/sec)

Data
(bit)

Tabulation

Sheet | Page

Total
Sensor
Worth

1.

3.

5.

16.

Television Camera
Vidicon; Tube diameter: 9.1 cm
Cloud structure and motion;
figure; ring structure

Microwave Radiometer - Mapping
Antenna diameter: 5.0 m.
Cloud structure and

temperature

Synthetic Aperture Radar
Antenna shape: 38.7 x 103.6 m,
Cloud structure

Far IR Radiometer
Collector diameter: 1 cm
Atmospheric temperature

Saturn

Saturn

Saturn

Saturn

193.5

116. 6

1.82 x

104

33.96

57.3

51.5

7.64 x

104

10. 0

1. 07 x'lO7

121. 9

2.45 x 106

2.43 x 1011

5.7 x 106

12 x 10

1. 48 x 105

A-45

16-1 |[A-85

7.95 % 10°°

6.7 x 10"

8,37 x 10°

2.26 x 1077

Notes:

#*Imaging sensors for Jupiter encounter not within scope of study
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Table 4.3-1.1. Sensor Family for 1976 Earth-Jupiter*-
Saturn Mission No., 7 (Cont)

Imaging D Non-imaging D Integrated sensor family
D Optimal Marginal measurement requirements

Support Requirements

Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor

Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth

1. Television Camera

Vidicon; Tube diameter:
0.91 cm 5

Cloud structure and motion; Saturn 2.61 5.73 (700 7Tx 10 1-1 A-2 10.0
figure; ring structure :

3. Microwave Radiometer - Mapping
Antenna diameter: 1.3 x 10-! m,
Cloud structure and Saturn 1.1 5.0 0. 029 9.22 3.1 |A-18]0.0

temperature

5. Synthetic Aperture Radar
Antenna shape: 2. 12 x 8.68 m. -5 =2
Cloud structure Saturn 97.14|205.9 [1.27 x 10 6.23 x 10 5-1 |[A-45]0.0
16. Far IR Radiometer

Collector diameter: 1 em 3
Atmospheric temperature Saturn 3.14| 6.0 0.118 3.73x 107 |16-1 | A-85|0.0

\_
y'_.

Notes: *Imaging sensors for Jupiter encounter not within scope of study
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Imaging D Non-imaging

Table 4.3-1. 2.

Neptune Mission No. 9

D Integrated sensor family

Sensor Family for 1978 Earth-Jupiter*-Uranus-

Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
1. Television Camera 8 12 5
Vidicon; Tube diameter: 9.1 ¢cm | Uranus 189 72.3 [1.5x 10 3.6 x 10 1-2 A-3 |6.1x 10"
Cloud structure and motion; 8 12 5
figure Neptune {188.2 | 72.3 |2.9x 10 6.24 x 10 1-3 |A-4 |2.54x 10"
3. Microwave Radiometer - Mapping 6 1
Antenna diameter: 5.0 m. | Uranus 114.2 | 50.9 |[188.7 5.65 x 10 3-2 |A-19(4.68 x 10”
Cloud structure and 6 11
temperature Neptune [129 54.5 [213.7 2.26 x 10 3-3 |A-20{1.9x 10
5. Synthetic Aperture Radar 6 9 _15
Antenna shape: 105.5 x 96.34 m.| Uranus 4.5x |5.8x |5.05x 10 |23.2 x 10 5-2 |A-46{1.51x 10
Cloud structure 104 103
6 9 -16
Neptune [1l.3x |6.7x |6.6 x 10 {14.3 x 10 5-3 | A-47(3,56 x 10
104|103
16. Far IR Radiometer 5 7
Collector diameter: 1.0 cm Uranus 33.96| 10.0 6.07 2.37x 107 |16-2 | A-86|1.92 x 10
Atmospheric temperature 5 8
Neptune 33.96( 10.0 17. 65 5.24 x 107 [16-3 |[A-87]3.15x 10

Notes:

#Jupiter encounter on this mission not within scope of study
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Imaging D Non-imaging

Table 4.3-1. 2.

Neptune Mission No. 9 (Cont)

D Integrated sensor family

Sensor Family for 1978 Earth-Jupiter*-Uranus-

D Optimal Marginal measurement requirements
Support Requirements
. Total
Tabulat
Sensor Type and Mass | Power | Data Rate Data 2buation Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
1. Television Carﬂera 5
Vidicon; Tube diameter: 0.91 cm| Uranus 2.61 5.73]700 7x 10 1-2 |A-3 |0.0
Cloud structure and motion; 5
figure Neptune 2.61 5.73|700 7x 10 1-3 jA-4 |0,0
3. Microwave Radiometer - Mapping
Antenna diameter: 0, 026 m. Uranus 1.0 5.0 |4.34x 13.0 3-2 |A-19)0.0
Cloud structure and 10-3
temperature
Neptune 1.0 5.0 |2.07x 23.6 3-3 {A-20]0.0
10-3
5. Synthetic Aperture Radar 2
Antenna shape: 7.5 x 3. 07 m. Uranus 300 34.1 [4.45x 20.5 x 10~ 5-2 |A-46[0.0
Cloud structure 10-5
-2
Neptune 79.5| 27.2 |5.14x 11.1 x 10 5-3 |A-47]0.0
10-5
16. Far IR Radiometer 5
Collector diameter: 1.0 cm. Uranus 3.14 6.0 0. 02 7.8 x 10 16-2 |A-8610.0
Atmospheric temperature 2 |
Neptune 3.14| 6.0 0. 029 8.7x 10 16-3 |A-8710.0

Notes:

*Jupiter encounter on this mission not within scope of study
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Table 4.3-1. 3.

D Non-imaging

Pluto** Mission No, 12

D Integrated sensor family

D Marginal measurement requirements

Sensor Family for 1977 Earth-Jupiter*-Saturn-

Number

Sensor Type and
Observational Purpose

Support Requirements

Mass
(kg)

Data Rate
(bit/sec)

Power

Planet (w)

Data
(bit)

Tabulation

Sheet | Page

Total
Sensor
Worth

16.

1. Television Camera

Vidicon; Tube diameter: 9.1 cm
Cloud structure and motion;
figure; ring structure

3. Microwave Radiometer - Mapping

Antenna diameter: 12.5 m.,
Cloud structure and
temperature

5. Synthetic Aperture Radar

Antenna shape: 72.61 x 95. 36 m.
Cloud structure

Far IR Radiometer

Collector diameter: 5.3 cm.
Atmospheric temperature

Saturn 193.7 57.3

Saturn 543,2 80. 6

79. 6

6.8 x 2.2x106

104

5.75 x
105

Saturn

Saturn 34. 7 10. 0 6. 06

1.91 x 106

15.8 x 10lO

13.4 x 106

14 x 10

1.5 x 106

1-4

A-21

A-48

16-4 | A-88

1.69 x 10~

9.66 x 10

2.39 x 10°

9 x 10"

4

11

17

Notes:

*Imaging sensors for Jupiter on this

mission not within scope of study

**Pluto encounter not within scope of study
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Table 4,3-1.3. Sensor Family for 1977 Earth-Jupiter*-Saturn-
Pluto** Mission No. 12 (Cont)

Imaging D Non-imaging D Integrated sensor family
D Optimal Marginal measurement requirements

Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
1. Television Carr;era
Vidicon; Tube diameter: 0,91 cm 5
Cloud structure and motion; Saturn 2.61 5,73 700 7 x 10 1-4 |A-5 0.0
figure; ring structure
3. Microwave Radiometer - Mapping
Antenna diameter: 0,64 m., 3
Cloud structure and Saturn 3.46 5.0 0. 046 5.7 x 10 3.4 | A-21]0.0
temperature
5. Synthetic Aperture Radar
Antenna shape: 62.4 x 72.5 m.
Cloud structure Saturn 2,03 x| 6.26(1.93 x 1.22 5-4 |A-48|0.0
104 10-4
16. Far IR Radiometer
Collector diameter: 1.0 cm. 3 ‘
Atmospheric temperature Saturn 3.14{ 6.0 0.071 3.86 x 107 (16-4 | A-88(0.0 ,
&L
3 3
> o
30
Notes: *Imaging sensors for Jupiter on this mission not within scope of study 8 g
**Pluto encounter not within scope of study 3 o
g 3
s
2
e
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4.3.2 Non-Irhaging Sensor Families

Compatible families of non-imaging sensors for flyby and orbit
missions to the outer planets, including Jupiter, are described for the
missions listed below in the tables as indicated. As missions to and
including Jupiter have been described previously, the descriptive tables
are not repeated here but are referenced as pertinent.

Mission Table
1976 Earth-Jupiter-Saturn 4,2-1. 4
1978 Earth-Jupiter*-Uranus-Neptune 4.3-2.1
1978 Earth-Jupiter-Saturn-Pluto#** 4,2-1.5
1978 Jupiter orbit No. 1 4,2-1.12
1978 Jupiter orbit No. 9 4,2-1,13
1978 Jupiter orbit No. 11 } 4,2-1. 14

*Jupiter encounter on this mission not within scope
of this study.
**Pluto not within scope of study.
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Table 4.3-2. 1.

Neptune Mission No.

Sensor Family for 1978 Earth-Jupiter*-Uranus-
9

D Imaging Non-imaging D Integrated sensor family
Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) {(w) (bit/sec) (bit) Sheet | Page Worth
-6
4. Microwave Radiometer - Measuring | Uranus 132.8( 49.8 1.24 7.06 x 10% | 4.8 |A-32]1.29 x 10
Antenna diameter: 6.2 m 4 10
Cloud structure and composition| Neptune 132.8{ 49.8 3.6 7.56 x 10 4-9 |A-33|8.48 x 10
7. Flux-Gate Magnetometer Uranus 2.1 6.0 [1500 12.1 x 109 7-2 |A-56|1.22
Triaxial 10 (8-1) [(A-56)
Interior composition and motion | Neptune 2.1 6.0 | 1500 1.77 x 10 7-2 | A-56|1.22
7 (8-1) [(A-56)
8. Helium Magnetometer Uranus 3.4; 10.0 40 32.4 x 10 8-2 |A-56|1.22
Interior composition and motion 8 (8-1) |(A-56)
' Neptune 3.4] 10.0 40 4,72 x 10 8-2 | A-56]1.22
(8-1) |(A-56)
19. Michelson Interferometer 3 7 -5
Collector diameter: Uranus 2130 87 3.6 x 10 15.2 x 10 19-4 | A-72]1.48 x 10
100 ¢cm (Uranus) 7 (15-8) [{A-72) -4
103 cm {Neptune) Neptune |2130 87 4,37 x 20 x 10 19-5 |(A-73)[7.65 x 10
Atmospheric composition, 103 (15-9) [(A-73)
pressure
*Jupiter encounter on this mission not within scope of study

Notes:

/)
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Table 4,3-2.1. Sensor Fafnily for 1978 Earth-Jupiter*-Uranus-

D Imaging Non-imaging D Integrated sensor family

Neptune Mission No, 9 (Cont)

Optimal D Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
21, Visible/UV Spectrometer Uranus 820.4| 4.2 [1.49x 104 3.66 x 108 21-4 |A-103(7.9 x 10-10
Collector diameter: 1.0 m , 4 8 9
Atmospheric composition Neptune 820.4| 4.2 |1.62x 10| 3.45 x 10" [21-5 [A-1044.35 x 10~
22. Laser Radar Uranus’ 312.1(324. 7 11. 67 10. 4 x 105 22-8 [A-11711.13 x 10-15
Nd YAG 5 -15
Aerosol size, distribution | Neptune 310.11320.5 11.67 12.1 x 10 22-9 [A-118/2.26 x 10
23, Bi-Frequency Radio Occultation Uranus 1658 5.0 74.76 14 x 103 23-6 |A-131{1.92 x 10-3
Antenna diameter: 33.22 m 3 .3
Ionosphere density; figure Neptune [1658 5.0 156.5 14 x 10 23-7 [A-132|1.92 x 10

Notes:

*Jupiter encounter on this mission not within scope of study
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Table 4.3-2.1.

Neptune Mission No, 9 (Cont)

Sensor Family for 1978 Earth-Jupiter*-Uranus-

D Imaging Non-imaging D Integrated sensor family
D Optimal Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
4. Microwave Radiometer - Measuring | Uranus 1. 74 5.0 |6.6 x 10-4 58. 8 4-8 [A-32(0.0
Antenna diameter: 0. 7 m 3
Cloud structure, composition Neptune 1. 74 5.0 [2x 10 93, 4 4-9 [A-3310.0
7. Flux-Gate Magnetometer Uranus: 2.1 6.0 1.5 12.1 x 106 7-2 [A-56(0.0
Triaxial 7 (8-1) (A-56)
Interior composition and motion | Neptune 2.1 6.0 1.5 1.8 x 10 7-2 |A-56]0.0
7 (8-1) (A-56)
8. Helium Magnetometer Uranus 3.4 10.0 40 32.4 x 10 8-2 |A-5610.0
Interior composition and motion 8 (8-1) (A-56)
Neptune 3.4 10.0 40 4.8 x 10 8-2 |A-56|0.0
(8-1) [A-56)
15. Filter Radiometer Uranus 2. 95 66.5 2.23 x 93.6 15-8 |A-72]0.0
Collector diameter: 1.0 cm 10-3
Atmospheric composition,
pressure Neptune ]2.95 | 66.5 [|4.69 x 216 15-9 |A-73(0.0
10-3
21, Visible/UV Spectrometer Uranus 2.12 4,2 0. 0507 50.7 21-4 |A-103|0.0
Collector diameter: 10 cm
Atmospheric composition Neptune 2.12 4.2 0. 0245 24.5 21-5 [A-104/0.0
#Jupiter encounter on this mission not within scope of study

Notes:
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Table 4.3-2.1. Sensor Famﬂy for 1978 Earth- Juplter’i< Uranus-
Neptune Mission No, 9 (Cont)

[j Imaging Non-imaging D Integrated sensor famxly

D Optimal . Marginal measurement requirements

Support Requirements
Tabulation Total
Sensor Type and Mass | Power | Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet | Page Worth
22. | Laser Radar Uranus | 312:1{324.7 | 11.67 10. 4 x 10° | 22-8 |A-117[1.13 x 10715
Nd YAG 5 15
Aerosol size, distribution Neptune 310.1{320.5 11. 67 12.1 x 10 22-9 [A-118(2.26 x 10
23, Bi-Frequency Radio Occultation Uranus |1658 5.0 0. 051 140 23-6 [A-131{0.0
Antenna diameter: 33.22 m
Ionosphere density; figure Neptune [1658 5.0 0.075 140 23-7 |A-132]0.0
9
3 38
>o
No?es: *Jupiter encounter on this mission not within scope of study 8 @
58
[o]
:
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4,3,3 Integrated Sensor Families
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Integrated imaging and non-imaging sensor families for missions to
the outer planets, including Jupiter, are described in Tables 4. 3-3.1
The imaging sensors for orbit missions to Jupiter are
derived from Reference 3, and apply only to optimal measurement require-

through 4. 3-3, 6.

quirements. Other imaging sensors and all non-imaging sensors are
derived from the present study.

Mission Table
1976 Earth-Jupiter-Saturn 4,3-3,1
1978 Earth-Jupiter*-Uranus-Neptune 4,3-3.2
1978 Earth-Jupiter-Saturn-Pluto* 4,3-3.3
1978 Jupiter orbit No. 1 4,3-3.4
1978 Jupiter orbit No., 9 4,3-3.5
1978 Jupiter orbit No. 11 4,3-3.6

*Encounter not within scope of study

For each of these missions, the sensor data for imaging and non-imaging
sensors have been developed and tabulated previously, To avoid repetition,
the summarized data are not repeated; reference is given to the original
summary table in each instance.
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Table 4.3-3.1. Integrated Sensor Family for 1976

Earth-Jupiter-Saturn Mission No, 7

Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television camera
3 Microwave radiometer - mapping (a)
4, Microwave radiometer - measuring (a)
5. Synthetic aperture radar (a%*)
7. Flux-gate magnetometer (a)
8. Helium magnetometer (a)
16. Far IR radiometer
19. Michelson interferometer (b)
21. Visible/UV spectrometer
22, Laser radar (b%)
23. Bi-frequency radio occultation

MARGINAL MEASUREMENT REQUIREMENTS

Television camera _
Microwave radiometer - mapping (a)
Microwave radiometer - measuring (a)
Synthetic aperture radar (a%¥)
Flux-gate magnetometer (a)

Helium magnetometer (a)

Filter radiometer (b)

Far IR radiometer

Visible/UV spectrometer

Laser radar (b¥%)

Bi-frequency radio occultation

(a) - Operational incompatibility caused by (a*)
(b) Operational incompatibility caused by (b¥*)

Note: Sensor data for imaging sensors given in Table 4, 3-1, 1;
data for non-imaging sensors given in Table 4, 3-2.1
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Table 4, 3-3. 2. Integrated Sensor Family for 1978
Earth-Jupiter*-Uranus-Neptune Mission No. 9

Number Sensor Type

OPTIMAL MEASUREMENT REQUIREMENTS

1. Television camera
3 Microwave radiometer - mapping (a)
4, Microwave radiometer - measuring (a)
5, Synthetic aperture radar (a¥)
7. Flux-gate magnetometer (a)
8. Helium magnetometer (a)
16, Far IR radiometer
19, Michelson interferometer (b)
21. Visible/UV spectrometer
22, Laser radar (b%)
23, Bi-frequency radio occultation

MARGINAL MEASUREMENT REQUIREMENTS

1., Television camera
3, Microwave radiometer - mapping (a)
4, Microwave radiometer - measuring (a)
5. Synthetic aperture radar (a%*)
7. Flux-gate magnetometer (a)

8. Helium magnetometer (a)

15, Filter radiometer (b)

16, Far IR radiometer

21, Visible/UV spectrometer

22, Laser radar (b%)

23, Bi-frequency radio occultation

(a) Operational incompatibility caused by (a%)
(b) Operational incompatibility caused by (b*)

Note: Sensor data for imaging sensors given in Table 4. 1-1, 2;
data for non-imaging sensors given in Table 4, 2-2, 2
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able 4, 3-3,3, Integrated Sensor Family for 1978
Earth-Jupiter-Saturn-Pluto* Mission No. 12

Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television camera
3. Microwave radiometer - mapping (2a)
4., Microwave radiometer - measuring (a)
5. Synthetic aperture radar (a*)
7. Flux-gate magnetometer (a)
8. Helium magnetometer (a)
16. Far IR radiometer
19. Michelson interferometer (b)
21, Visible/UV spectrometer
22, Laser radar (b¥%)
23, Bi-frequency radio occultation

MARGINAL MEASUREMENT REQUIREMENTS

U e W

8.
15,
16,
21,
22,
23.

Television camera ,
Microwave radiometer - mapping (a)
Microwave radiometer - measuring (a)
Synthetic aperture radar (a%*)
Flux-gate magnetometer (a)

Helium magnetometer (a)

Filter radiometer (b)

Far IR radiometer

Visible/UV spectrometer

Laser radar (b%*)

Bi-frequency radio occultation

*Pluto not within scope of study

(a2) Operational incompatibility caused by (a%¥)
(b) Operational incompatibility caused by (b%)

Note: Sensor data for imaging sensors given in Table 4. 3-1. 3;
data for non-imaging sensors given in Table 4, 3-2,3
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Table 4. 3-3. 4. Integrated Sensor Family for 1978 Jupiter Orbit No. 1

Number

Sensor Type

OPTIMAL MEASUREMENT REQUIREMENTS

1
4
7.
8.
19.
21

Television system

Microwave radiometer - measuring
Flux-gate magnetometer

Helium magnetometer

Michelson interferometer
Visible/UV spectrometer

Note: Sensor data for imaging sensors given in Table 4.2-2,7;
data for non-imaging sensors given in Table 4,2-1, 12
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5. Integrated Sensor Family for 1978 Jupiter Orbit No., 9

Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television system
4, Microwave radiometer - measuring
7. Flux-gate magnetometer
8. Helium magnetometer
16, Infrared scanning system
19, Michelson interferometer
21, Visible/UV spectrometer

Note: Sensor data for imaging sensors given in Table 4, 2-2.8;
data for non-imaging sensors given in Table 4. 2-1, 13
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Table 4.3-3. 6, Integrated Sensor Family for 1978 Jupiter Orbit No. 11

Number - Sensor Type

OPTIMAL MEASUREMENT REQUIREMENTS

1 Television system
4 Microwave radiometer - measuring
7. Flux-gate magnetometer
8. Helium magnetometer
19
21

Michelson interferometer
Visible/UV spectrometer

Note: Sensor data for imaging sensors given in Table 4, 2-2, 9;
data for non-imaging sensors given in Table 4. 2-1, 14
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5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 SIGNIFICANCE OF STUDY RESULTS

The Remote Sensor Studyhas proved significant in both the methodology
developed and in its specific results, The most important methods include
the synthetic sensor design techniques embodied in the scaling laws, the
calculation of trajectory segments on which sensors must be operated to
satisfy area coverage and spatial resolution requirements, and the quantita-
tive evaluation of sensor worth in terms of satisfaction of observation
requirements. Computer programs were developed which not only perform
numerical analyses but also document the top-down approach from planetary
exploration goals to sensor support requirements.

Study methodology and results have certain limitations whose recogni-
tion is essential to proper understanding and use of the study products. The
design procedure for any one sensor type is fixed: a new scaling law would
be needed if the design began with specification, say, of the aperture rather
than the detector sensitivity, but the support requirements would be nearly
the same. Trade-off studies in which the trajectory is varied require
repeated calculations,

Specific study results of greatest lasting value include a restatement by
qualified scientists of planetary observation objectives, the flyby trajectory
analyses, the sensor support requirements for a variety of missions and
observations, and the compatible sensor families which guide the selection
of candidate experiments and payloads.

The primary value of the methodology developed in this study is the
planning of planetary and other space exploration missions. One area of
application is the evaluation of the contribution of candidate missions and pay-
loads to exploration objectives. "Another application is to trade-off analyses.
For example, sensor support requirements can be related parametrically to
trajectory elements. The measurement capability of a given sensor design
can be evaluated as a function of trajectory parameters by fixing sensor
design parameters.

In multi-planet flyby missions, a sensor may be optimized for best
performance at one planet, or for greatest total performance in the mission,
provided that minimum requirements are met at all planets. The study
methods can determine which approach is most effective in terms of mission
objectives or minimizes sensor support requirements.
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The study methodology is directly applicable to synthetic sensor design
as a guide to designers of actual sensor hardware. Those state-of-art limits
that restrict sensor performance are identified so that technology develop-
ment can be concentrated on these aspects. Tradeoff analyses of sensor
measurement capability versus support requirements can be made. Sensor
designs can be used in tentative selection of sensors and evaluation of payload
support requirements. Commonality of sensor component and support sub-
systems can be recognized and used in payload integration studies.

5.2 RECOMMENDATIONS FOR FURTHER STUDY

This study has covered a major portion of the field of sensor applica-
tion to space investigations. Its usefulness would be enhanced by covering
the remaining significant portions. These include other candidate missions
such as the NASA-OSSA Grand Tour baseline*, and other solar system
objects such as Pluto, the sun itself, satellites, asteroids, and comets,
However, no mission study should be performed. Additional experiments
worthy of study are imaging sensors on inner-planet flybys, particle and
field sensors to measure magnetospheric and interplanetary environments,
and atmospheric entry probe and surface lander experiments.

The utility of the results would also be increased if the results of
Contract NAS2-4494 were entered into the SERA documentation file, and if
more realistic limits were placed on some observation requirements and
sensor technology developments. The limits used in this study were based
on unrestricted scientific and technological considerations and did not reflect
spacecraft, launch vehicle, schedule, or budgetary constraints.

“This consists of Jupiter-Saturn~Pluto flyby missions launched in 1976 and 19717, and two Jupiter-Uranus~
Neptune flyby missions launched in 1979,
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