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ORBIT SELECTION AND DEFINITION
 

1. INTRODUCTION
 

This volume contains the quantitative orbit selection
 

results in the form of orbit selection data sheets. The orbit
 

selection procedure and a discussion of these results are
 

presented in Sections 2.5 and 5, respectively, of Volume I.
 

Orbit selections and reference data presented here are
 

organized by planet in the order Mars, Venus, Mercury and
 

Jupiter.
 

Individual observable measurement specifications
 

are summarized in Table 1 (this is identical to Table 4-1
 

of Volume I). The observables (and related sensor types) are
 

grouped into measurement families on the basis of specification
 

similarities. Using candidate orbit sizes and typical inter-,
 

planetary transfers, orbit selections are made for each
 

measurement family as shown in Figure 1.
 

The specifications which are used to group individual
 

observables into measurement families are:
 
(a) minimum image size
 

(b) minimum image overlap
 

(c) amount of planet coverage
 

(d) solar elevation angle
 

(e) coverage time
 

(f) image interval
 

(g) coverage interval.
 

The family measurement specifications are generated from the
 

individual specifications of observables in the family and
 

corresponding worth curves. Where small differences in
 

specifications occur the most stringent specification is used.
 

Larger differences in specifications,of course, eliminate the
 

observable from the family. Family specifications for Mars,
 

Venus, Mercury and Jupiter are presented in Tables 3, 7, 11
 

and 15, respectively.
 



SUMMARY OF 
INDIVIDUAL
 
OBSERVABLE
 

MEASUREMENT 
SPECIFICATIONS
 

(Table 1) 

I I 

SELECTED OBSERVABLE/SENSOR SELECTED 
INTERPLANETARY COMBINATIONS CANDIDATE 

TRANSFERS GROUPED INTO ORBIT 
WITH TYPICAL MEASUREMENT SIZES 

APPROACH CONDITIONS FAMILIES I 

(Tables 4,8,12,16) (Tables 3,7,11,15) i (Tables 5,9,13,17)

I II, 


SELECTION
 
DATA SHEET S
 

(COORDINATION TABLES 2,6,10,14)
 

Figure 1. ORBIT SELECTION PROCEDURE REFERENCES 
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Typical interplanetary transfers provide planet
 

approach conditions from which selected orbits must be
 

established. Trajectory parameters of selected interplanetary
 

transfers are presented in Tables 4, 8, 12 and 16 for Mars,
 

Venus, Mercury and Jupiter. Orbit selections are limited to
 

a set of candidate orbit sizes which satisfied orbit constraints
 

established in preliminary analysis of the planet orbit
 

enrivonment, e.g., lifetime, radiation belts, maximum capture
 

impulse, etc. The candidate orbit sizes from which orbits
 

are chosen are listed in Tables 5, 9, 13 and 17 for Mars,
 

Venus, Mercury and Jupiter, respectively. For Mars and Jupiter
 

candidate orbit sizes are refined in the selection process to
 

match the image and overlap specifications of the measurement
 

family in question.
 

The means for relating a particular observable of
 

interest to its orbit selections are coordinated in Tables 2,
 

6, 10 and 14 for Mars, Venus, Mercury and Jupiter, respectively.
 

These are the first tables of each planet data block and can be
 

used as an index to the orbit data sheets. They contain all
 

combinations of measurement families, interplanetary transfers
 

and orbit selection data sheets for each observable/sensor type
 

combination given in Table 1. Suppose, for example, the reader
 

is interested in visual imaging of local contacts on Mars.
 

This is observable number 4 in Table 1. Referring to Table 2
 

(see Mars data block) it is observed that this combination, i.e.,
 

observable: 4. contacts (local)
 

sensor type: e. visible
 

belong to measurement family number 21. The orbit selections
 

using approach conditions of the 1984 transfer selection
 

(Table 4) for this family are given in orbit selection data
 

sheet numbers 32 and 33. The other observables which are
 

members of the same family are:
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7. Structure of Features (local),
 

10. Surface Topography (local),
 

13. Surface Appearance (local),
 

16. Variable Surface Appearance (local).
 

The measurement specifications for this family (No. 21) are pre­

sented in Table 3.
 

A completed sample orbit selection data sheet is pre­

sented in Figure 2. (This is the same example as presented in
 

Appendix A of Volume I). Each data sheet is consecutively numbered
 

beginning with the first Mars orbit selection and ending with the
 

last Jupiter selection. The data sheet heading contains the planet,
 

transfer opportunity year, measurement family number and candidate
 

orbit size number to which the orbit selection applies.
 

The first block of data are the family measurement
 

specifications: a) as required (e.g., see Table 3) and b) as
 

obtained by the orbit selected. The item "Image Interval" indicates
 

the shortest time between images of the same area. This also is the
 

time needed for one longitudinal coverage of the planet. "Time for
 

% Coverage" is the shortest time in which the coverage can be
 

obtained under the lifetime, image size, and % overlap constraints.
 

The data block, Orbit Elements, lists the necessary orbit parameters
 

to fix size and orientation of the selected orbit. (The orbit
 

elements are given with respect to a planet-centered equatorial/
 

equinox reference system.) The "final" orbit elements represent the
 

selected imaging orbit. When "intermediate" elements are given
 

6
 



ORBIT SELECTION DATA SHEET NO, 200
 

ORBIT NO. 6
Mars (1984) FAUILY NO. 7 


GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 

Minimum Image Size (km)............ 600 600
 

Minimum Image Overlap (Z).............20 27.763
 
Total Planet Coverage (%).......... > 70 76.7
 

Solar Elevation Range (deg) ........ 30-60 30-60
 

Image Interval ......... ,........... < 2 hr 10 days1
 

Time for % Coverage (days) .......... 60 days
 

Coverage Interval .................. > 4/yr once/10 days

la t .
 

. -63 to 40°
 Distribution ..... 


Final Intermediate
ORBIT ELEMENTS: 

Eccentricity......................... 4633 .9
 
Periapse Alt. (km)......... ....... 425 425
 
Apoapse Alt. (km) .................. 6995 68,915
 
Inclination (deg) ........... ....... 38
 

Ascending Node (deg)...:....... ...253.7 61.7
 

Arg. of Periapse (des), o...... 349.5 200
 

SELECTION RATIONALE:
 
The location of the asymptotic approach direction with
 

respect to the solariVlumination area of interest makes
 
it necessary to use an offperiapse insertion maneuver into
 

A-p4lane change of 1410 and eccentricity
an intermediate orbit. 

adjustment establisthtketi-al orbit for measurements. The
 

final orbit is sun-synchironous with periapse near the center
 

of the area of desireSi illumination.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... 5
 

........ every orbit
Measurement Orbit Frequency 

5.03
Orbit Period (hrs)................. 
 425 to 1014


Measurement Alt. Range (km)........ 

Max. Measurement Arc (deg)........ 54.5 to 54.5
 

Max. Sensor on Time (min/orb)...... .3.27
 

of Impulses (AV)................. .3

No. 
 1.46 (1410)
(kni/sec) .............
Capture AV 
 .......
....
Plane Change AV (km/sec),,. 

1
 

Size Adjustment AV (km/sec)....... 
57
 

2.39
Total AV (km/sec)................... 


MEASUREMENT ACHIEVEMENT:
 

1. The time between sLde-by-side images is equal to 
5 orbit
 

-The time between image repetitions
periods or 50.3 hours. 

equals 10 days which is the time for one complete cycle
 

of longitudinal coverage.
 

Orbit Data Sheet Example
Figure 2. 
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an intermediate orbit is employed tQ achieve the final orbit from
 

the selected approach conditions in a more optimal manner (less
 

total impulse) than could be accomplished with a single impulse.
 

Under the title Selection Rationale the conditions at
 

arrival are discussed. The sequence of maneuvers leading to the
 

final orbit are briefly described. When extended orbit durations
 

are required, an abstract of experiment achievement with orbit
 

duration is also provided.
 

Data related to the mission profile are presented in the
 

block of data labeled Orbit/Measurement Characteristics. "Orbits
 

to contiguous coverage" means the number of orbits lapsed between
 

overlapping images. For Mars this is equivalent to the number
 

of orbits per day. "Measurement orbit frequency", as the term implies,
 

is the rate (in terms of orbits) at which data is collected. The
 

"measurement altitude range" in effect specifies the limiting
 

altitudes (low and high) from which measurements must be made to
 

guarantee the "obtained" coverage from the selected orbit. "Measure­

ment arc" and "sensor-on-time" are the maximum angular distance (in
 

terms of true anomaly) and time, respectively, during which the
 

sensor is collecting data during any single orbit pass.
 

The remaining orbit/measurement characteristics pertain
 

to impulse maneuvers used to achieve the final orbit. The
 

"number of impulses" is the number of major maneuvers (excluding
 

orbit trimming due to orbit determination and execution errors)
 

required to achieve the imaging orbit. "Capture AV" is the
 

initial impulse at closest approach to the planet to become captured
 

If an off-periapse insertion (OPI) is used the degree of orbit
 

8
 



apseline rotation accomplished is included in parentheses next to
 

the capture impulse magnitude. Plane changes are executed at
 

intermediate orbit apoapse and the amount of planar rotation
 

achieved is included in parentheses next to the impulse required.
 

Orbit size adjustments are changes in eccentricity performed at
 

periapse of the intermediate orbit.
 

Footnotes related to incomplete achievement of measure­

ment specifications are presented under the last heading of Measure­

ment Achievement.
 

The remainder of this volume contains four sections of
 

orbit selection sheets and related reference tables in the order
 

Mars, Venus, Mercury and Jupiter.
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Table 2
 

MARS OBSERVABLES, FAMILIES, AND ORBITS
 

No. 

Observable 

Description Ref. 

S~nsor 

Type 

Family 

Number 

Orbit Data Sheet Nos. 

1984 1988 

other Family 

Member Observables 

I Surface Elevations c 
e 
g 
i 

Visible 
Visible Stereo 
Radar 
Radar Stereo 

8 
3 

11 
4 

13,14 
5,6 
18,19,20 
7,8,9 

56 
49,50 
59,60 
51,52 

3,6,9,12,15 
6,9 
3,6,9,12,21 
6,9 

2 Layering c 
e 
g 

Visible 
Radar 
Multifreq. Radar 

29 
31 
31 

41 
43 
43 

79 
81 
81 

5 
5,8,11,14,20,23 
5,8,11,14,20,23 

3 Contacts (Regional) e 
h 
j 
1 
p 

Visible 
Infrared 
Infrared 
Radar 
Multiband 

8 
8 
5 

11 
7 

13,14 
13,14 
10 
18,19,20 
12 

56 
56 
53 
59,60 
55 

1,6,9,12,15 
1,6,9,12,15 

1,6,9,12,21 
18,40 

4 Contacts (local) e 
h 
j 
1 
p 

Visible 
Infrared 
Infrared 
Radar 
Multiband 

21 
21 
8 

23 
20 

32,33 
32,33 
29 
35 
31 

71 
71 
68 
73 
70 

7,10,13,16 
7,10,13,16 

7,10,13,22,25 
19,39 

5 Contacts (Detailed) e 
h 
j
1 
p 

Visible 
Infrared 
Infrared 
Radar 
Multiband 

30 
30 
27 
31 
29 

42 
42 
39 
43 
41 

80 
80 
77 
81 
79 

8,11,14,17,20 
8,11,14,17,20 

2,8,11,14,20,23 
2 



Table 2 (Continued)
 

No. 

Observable 

Description Ref. 

Sensor 

Type 

Family 

Number 

Orbit Data Sheet Nos. 

1984 1988 

Other Family 

Member Observables 

6. Structure of Features 
(Regional) 

c 
e 
h 
j 
1 

Visible 
Visible Stereo 
Visible color 
Radar 
Radar Stereo 

8 
3 
6 

11 
4 

13,14 
5,6 
11 
18,19,20 
7,8,9 

56 
49,50 
54 
59,60 
51,52 

1,3,9,12,15 
1,9 
12,15 
1,3,9,12,21 
1,9 

7. Structure of Features 
(Local) 

c 
e 
h 
j 
1 

Visible 
Visible Stereo 
Visible Color 
Radar 
Radar Stereo 

21 
16 
19 
23 
17 

32,33 
27 
30 
35 
28 

71 
66 
69 
73 
67 

4,10,13,16 
10 
13,16,39 
4,10,13,22,25 
10 

8. Structure of Features 
(Detailed) 

c 
e 
h 
j 
1 

Visible 
Visible Stereo 
Visible Color 
Radar 
Radar Stereo 

30 
25 
28 
31 
26, 

42 
37 
40 
43 
38 

80 
75 
78 
81 
76 

5,11,14,17,20 
11,20 
14,17 
2,5,11,14,20,23 
11,20 

9. Surface Topography 
(Regional) 

c 
e 
g 
i 

Visible 
Visible Stereo 
Radar 
Radar Stereo 

8 
3 

11 
4 

13,14 
5,6 
18,19,20 
7,8,9 

56 
49,50 
59,60 
51,52 

1,3,6,12,15 
1,6 
1,3,6,12,21 
46 

10. Surface Topography 
(Local) 

c 
e 
g 
i 

Visible 
Visible Stereo 
Radar 
Radar Stereo 

21 
16 
23 
17 

32,33 
27 
35 
28 

71 
66 
73 
67 

427J3216 
7 
4,7,!3,22,25 
7 

, , ,, , 
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Table 2 (Continued)
 

No. 
Observable 

Description Ref. 

Sensor 

Type 
Family 
Number 

Orbit Data Sheet Nos 

1984 1988 
Other Family

Member Observables 

11. Surface Topography 
(Detailed) 

c 
e 
g 
i 

Visible 
Visible Stereo 
Radar 
Radar Stereo 

30 
25 
31 
26 

42 
37 
43 
38 

80 
75 
81 
76 

5,8,14,17,20 
8,20 
2,5,8,14,20,23 
8,20 

12. Surface Appearance 
(Regional) 

c 
f 
h 

Visible 
Visible Color 
Radar 

8 
6 

11 

13,14 
11 
18,19,20 

56 
54 
59,60 

1,3,6,9,15 
6,15 
1,3,6,9,21 

13.- Surface Appearance 
(Local) 

c 
f 
h 

Visible 
Visible color 
Radar 

21 
19 
23 

32,33 
30 
35 

71 
69 
73 

4,7,10,16 
7,16,39 
4,7,10,22,25 

14. Surface Appearance 
(Detailedi), 

c 
f 
h 

Visible 
Visible Color 
Radar 

30 
28 
31 

42 
40 
43 

80 
78 
81 

5,8,11,17,20 
8,17 
2,5,8,11,20,23 

15. Variable Surface 
Appearance (Regional) 

a 
b 

Visible 
Visible Color 

8 
6 

13,14 
11 

56 
54 

1,3,6,9,12 
6,12 

16. Variable Surface 
Appearance (Local) 

a 
b 

Visible 
Visible Color 

21 
19 

32,33 
30 

71 
69 

4,7,10,13 
7,13,39 

17. Variable Surface 
Appearance (Detailed) 

a 
b 

Visible 
Visible Color 

30 
28 

42 
40 

80 
78 

5,8,11,14,20 
8,14 

18. 

119. 

Surface Winds 
(Regional) 

ISurface Winds (Local) 
b 

b 

Visible 

Visible 

7 

20 

12 

31 

55 

70 

3,40 

4,39 



Table 2 (Continued)
 

. DObservable 
 Sensor 	 Family 
 Orbit Data Sheet Nos. 
 Other Family
No. Description 
 Ref. Type Number 1984 1988 
 Member Observables
 

20. Topographic Changes 
 c Visible 
 30 42 
 80 5,8,11,14,17
e Visible Stereo 
 25 37 
 75 8,11
g Radar 
 31 43 
 81 2,5,8,11,14,23

2 Radar Stereo 26 38 76 8,11


21. 	 Surface Thermal

Anomalies (Regional) b IR
d Microwave 	 11
1I 18,19,2018,19,20 59,6059,60 1,3,6,9,121,3,6,9,12
 

g Multiband 
 11 18,19,20 59,60 1,3,6,9,12
 
22. Surface Thermal 
 23 35
Anomalies (Local) 

b 
d 

IR 	 73 4,7,10,13,25
Microwave 
 23 35 
 73 4,7,10,13,25
g Multiband 
 23 35 
 73 4,7,10,13,25
 
23. Surface Thermal 
 b IR 
 31 43 
 81 2,5,8,11,14,20
Anomalies (Detailed) d Microwave 
g Multiband 	 31 43 81 2,5,8,11,14,20
31 43 
 81 2,5,8,11,14,20
 
24. Atmospheric Thermal 
 a IR 
 2 3,4 48 26
Anomalies (Regional) b Microwave 
 2 3,4 48 
 26


d Multiband 
 2 3,4 48 26
 
25. Atmospheric Thermal 
 a IR 
 23 35 
 73 4,7,10,13,22
Anomalies (Detailed) b, Microwave 
 23 35 73 
 4,7,10,13,22
d Multiband 
 23 35 
 73 4,7,10,13,22
 
26. Global Cloud Coverage a UV 	 1 
 1,2 47


b Visible (BW&Color) 1 1,2 47
 c IR 
 2 3,4 48 24
d IR 
 2 3,4 48 
 24
 e Multiband 
 1 1,2 47
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Table 2 (Continued)
 

No. 

Observable 

Description Ref. 

Sensor 

Type 

Family 

Number 

Orbit Data Sheet Nos. 

1984 1988 

Other Family 

Member Observables 

27. Convective Cells and 
Turbulence (Regional) 

a 
b 
c 
d 

UV 
Visible 
IR 
IR 

9 
9 

12 
12 

15 
15 
21,22,23 
21,22,23 

57 
57 
61,62 
61,62 

29,33,41 
29,33,41 
29,30,31,33 
29,30,31,33 

28. Convective Cells and 
Turbulence (Detailed) 

a 
b 
c 
d 

UV 
Visible 
IR 
IR 

22 
22 
24 
24 

34 
34 
36 
36 

72 
72 
74-
74 

34 
34 
32,34 
32,34 

29 Cloud Formation a 
b 
c 
d 
f 

UV 
Visible (BW&Color) 
IR 
IR 
Multiband 

9 
9 
9 
12 
9 

15 
15 
15 
21,22,23 
15 

57 
57 
57 
61,62 
57 

27,33,41 
27,33,41 
27,33,41 
27,30,31,33 
27,33,41 

30 Precipitation Rate a Radar 12 21,22,23 61,62 27,29,31,33 

31. Thunderstorms 
(Regional) a Passive RF 12 21,2223 61,62 27,29,30,33 

32. Thunderstorms 
(Detailed) a Passive R 24 36 74 28,34 

33. Cyclone Formations 
(Regional) 

a 
b 
c 
d 

Visible 
IR 
IR 
Multiband 

9 
9 

12 
9 

15 
15 
21,22,23 
15 

57 
57 
61,62 
57 

27,29,41 
27,29,41 
27,29,30,31 
27,29,41 



Table 2 (Continued)
 

No. 

Observable 

Description Ref. 

Sensor 

Type 

Family 

Number 

Orbit Data Sheet Nos. 

1984 1988 

Other Family 

Member Ooservables 

34. Cyclone Formations 
(Detailed) 

a 
b 
c 
d 

Visible 
IR 
IR 
Multiband 

22 
22 
24 
22 

34 
34 
36 
34 

72 
72 
74 
72 

28 
28 
28,32 
28 

35. Surface to Atmosphere 
Transfer 

b 
d 
e 

Visible 
Visible Color 
IR 

14 
13 
15 

25 
24 
26 

64 
63 
65 

37. Auroras a 
b 

Visible 
Visible Color 

10 
10 

16,17 
16,17 

58 
58 

38. Animal Life a 
b 
e 
d 

Visible 
Visible Stereo 
Visible Color 
Multiband 

34 
32 
33 
34 

46 
44 
45 
46 

84 
82 
83 
84 

39. Plant Life a 
b 
c 

Visible 
Visible Color 
Multiband 

20 
19 
20 

31 
30 
31 

70 
69 
70 

4,19 
7,13,16 
4,19 

40. Biochemical Systems a Multiband 7 12 55 3,18 

41. Hydrocarbons b Multiband 9 15 57 27,29,33 



TAE 3 

NEASURENI FAMILIES FOR HARS 

Family 
Number 

Observable 
Number(s) 

Sensor* 
Typo(s) 

?iinimum 
Image 

Overlap Minimum 
Coverage 

Solar 5Ev-
ation Range 

Coverage 
Distribution 

lime for 
Coverage 

Image 
Interval 

Coverage 
Interval 

2 

26 

24,26 

UVV,H 

IR, , 10 

1000 

1000 

20 

20 

70 

70 

Day 

-

Poles 

Poles 

< 1 day 

< I day 

-

-

20/yr 
2 
0/yr 

3 
4 

1,6,9 

1,6,9 

V 
K 

600 
600 

60 
60 

70 
70 

70-85 
-­

5 
6 

7 
8 

9 

10 

11 

12 

3 
6,12,15 

3,18,40 

1,3,6,9,12,15 

27,29,33,41 

37 

1.3,6,9,12,21 

27,29,30,31.33 

IR 
V 

MDV 
V,1R 

UVV,'M 

V 

R,M,IR,p 

IR,R,R 

600 
600 

600 

600 

600 

600 

600 

600 

20 

20 

20 

20 

20 

20 

20 

20 

70 

70 

70 

70 

70 

70 

70 

70 

70-90 

50-80 

30-60 

15-30 

Day 

Night 
-

-

Mare, Poles 

Mare, Poles 

Equator, Poles 

Poles 

Equator, Poles 

Equator, Poles, 
Wave 

( 

< 

10 hr ( 1 day > 4/yr 

- < 2 hr > 4/yr 
100 hr C 1 day > 4/yr 

- < 15 mi > 4/yr 

- < 2 hr > 4/yr 
- < 30 hr > 2/yr 

- < 2 sn > 10/yr
I 

13 

14 

15 

35 

35 

35 

V 

V 

IR 

100 

100 

100 

20 

20 

20 

70 

70 

70 

50-80 

30-60 

Poles, Wave 

Poles, Wave 

< 

< 
< 

I day 

1 day 
I day 

-

-

-

> 4/yr 

> 4/yr 
-

16 

17 

7,10 

7,10 

V 

R 

100 

100 

60 

60 

10 

10 

70-85 

-
-

-
> 4/yr 

18 
19 

20 

21 

22 

23 

24 

4 
7,13,16,39 

4,19,39 

4,7,10,13,16 

28,34 

4,7,10,13,22,2 

28,32,34 

IR 
V 

V,1B 

VIR 

UVV,IRn 
R, IR, NO8 

In, U 

100 
100 

100 

100 

100 

100 

100 

20 
20 

20 

20 

20 

20 

20 

10 
10 

10 

10 
10 

10 

10 

70-90 
50-80 

30-60 

15-30 

Day 

-

-

-< 

-

Mare, Poles 

-

-

< 

100br 

-

100 hr 

< I day 

< 2 min 

K 1 day 
< 2 hr 

< 30 hr 

< 2 .in 

> 4/yr 

> 4/yr 

> 4/yr 
> 1/day 

> 2/yr 

>1/day 

25 

26 

8,11,20 

8,11,20 

V 

R 

0 5 
0 5 

60 

60 

3 

3 

70-85 

-

-

-

> 1/300hr 
>1/300hr 

27 

28 

29 
30 

31 

5 IR 

8,14,18 V 

2,5 Vt 
5,8,11,14,17,20 V,IR 

2,5 8.11.14 RJR u, 

0 5 
0 5 

0 5 
0 5 

0 5 

20 

20 

20 
20 

20 

3 

3 

3 
3 

3 

70-90 

50-80 

30-60 
15-30 

-

-

--

-

-

< 100 hr 

< 100 hr 

-

< day 

-

< I day 
< 30 hr 

> 4/yr 

-

> 4/yr 
> 1/300hr 

32 

33 

34 

38 

38 

V 

V 

V, NO 

0 3 

0 3 

0 3 

60 70-85 

50-80 

30-60 

MarePoleaMunt-

MarePoeS,Mount 

MarePolesNount-

-

-

-

< 

< 

< 

I 

1 

I 

min 

cia 

cin 

-

-i 

* Sensor Type Definitions are UV 
V 
I 
L 

R 
Re 
MB 

Ultraviolet 
Vtsible 
Infrared 
Microwave 
Radar 
Radio Frequency 
Hulti-band 
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TABLE 4
 

MARS INTERPLANETARY TRANSFER SELECTIONS
 

Launch Date............. ...... .
 .. January 1, 1984 


Flight Time ..... ........ ......... 286 days (Type II) 


Declination of Departure Asymptote (Ecliptic Plane) . ..... 9.9 deg 


Departure Hyperbolic Excess Speed ............. 3.33 km/sec 


Arrival Hyperbolic Excess Speed .............. 
 3.62 km/sec 


Total Hyperbolic Excess Speed ............... 
 6.95 km/sec 


Declination of Arrival Asymptote (Mars Equatorial Plane). 
 -32.9 deg 


Earth/Sun Separation Angle at Arrival ............ 44.2 deg 


Communication Distance at Arrival ............... 1.25 AU 


Days to Earth/Mars Conjunction After Arrival ........
 278 days 


Mars Arrival Season (Northern Hemisphere) .......... Late Fall 


July 9, 1988
 

193 days (Type I)
 

13.1 deg
 

3.42 km/sec
 

2.68 km/sec
 

6.10 km/sec
 

3.57 deg
 

40.3 deg
 

1.14 AU
 

255 days
 

Late Winter
 



-TABLE 5
 

MARS CANDIDATE ORBIT SIZES
 

Orbit Orbits Eccen- Periapse* Maximum Orbit Average**
 
No. Per Mars tricity Altitude Altitude Period Capture AV
 

Day (n) (km) Ratioh/hp (hrs) (km/sec)
 

1 10 .0000 1025 0.0 2.46 2.205
 

2 9 .1622 580 3.6 2.74 1.979
 

3 8 .2362 525 5.6 3.08 1.870
 

4 7 .3075 490 8.0 3.52 1.765
 

5 6 .3800 460 11.2 4.10 1.661
 

6 5 .4538 440 15.4 4.92 1.558
 

7 4 .5318 420 21.6 6.16 1.450
 

8 3 .6155 400 31.3 8.21 1.337
 

9 2 .7081 380 49.0 12.31 1.215
 

10 1 .8174 355 95.2 24.62 1.075
 

*Periapse altitude corresponds to 50-yr. lifetime orbits
 

**Capture AV Based on a Surveyed Average Hyperbolic Approach
 
Speed, VHP = 2.98 km/sec.
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ORBIT SELECTION DATA SHEET NO. I
 

Mars (1984) FAMILY NO. I 


GROUP MEASUREMENT SPECIFICATIONS: 

Minimum Image Size (km)......... 

Minimum Image Overlap (%)...... 

Total Planet Coverage ()....... 

Solar Elevation Range (deg).... 

Image Interval ................. 

Time for % Coverage (days) ...... 

Coverage Interval ............... 

Distribution.................... 


ORBIT ELEMENTS: 

Eccentricity.................... 

Periapse Alt. (km).............. 

Apoapse Alt. (km)............... 

Inclination (deg)............... 

Ascending Node (deg)............

Arg. of Periapse (deg).......... 


SELECTION RATIONALE:
 

Required

1000 


20 

> 70 

day 

-


< 1 day 

20/yr 

poles 


Final 

0
 

931
 
931
 
71
 

123.7
 
151.5
 

ORBIT NO. 1
 

Obtained
 
1000
 
31.5
 
94.6
 
0-15
 
3 days
 
3 days
 
3 days
 

71'S to 71°N lat.
 

Intermediate
 

The selection was made with emphasis on maximum planet
 
coverage in daylight. A circular orbit was chosen because of
 
the off-center location of periapse for this orbit orientation.
 
The latitudes of coverage extend from +710 to -71 with very
 
slight coverage redundancy near the South Pole.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... 10
 
Measurement Orbit Frequency..... every orbit
 
Orbit Period (hrs) .............. 2.38
 
Measurement Alt. Range (km)..... 931
 
Max. Measurement Arc (deg) ...... 180
 
Max. Sensor on Time (mn/orb)... 71.4
 
No. of Impulses (V) ............ I
 
Capture tV (km/sec)............. 2.59
 
Plane Change AV (km/sec)........
 
Size Adjustment AV (km/sec).....
 
Total AV (km/see) ............... 2.59
 

MEASUREMENT ACHIEVEMENT:
 

1. In maximizing the daylight coverage a 710 inclination
 
was selected so that it was not possible to cover the
 
poles.
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ORBIT SELECTION DATA SHEET NO. 2
 

Mars (1984) FAMILY NO. 1 	 ORBIT NO. 6
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 1000 1000
 
Minimum Image Overlap (%).......... 20 26 8
 
Total Planet Coverage (%).......... > 70 57.81
 
Solar Elevation Range (deg)........ day 0-20
 
Image Interval ................... 6 days

Time for % Coverage (days)......... <1 day 6 days
 
Coverage Interval.................. 20/yr 6 days 2
 
Distribution....................... poles S. hemisphere
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... .3971
 
Periapse Alt. (km)................. 440
 
Apoapse Alt. (km).................. 5473
 
Inclination (deg).................. 90
 
Ascending Node (deg)................ 303
 
Arg. of Periapse (deg)............. 265
 

SELECTION RATIONALE:
 

The selection was made emphasizing the region rather than
 
the amount of coverage All of the southern hemisphere is covered.
 
The periapse is almost at the South Pole. Only about half of
 
the planet is covered
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 5
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 4.25
 
Measurement Alt. Range (km)......... 440 to 2568
 
Max. Measurement Arc (deg)......... -75 to 105
 
Max. Sensor on Time (min orb)...... 65.4
 
No. of Impulses (V) ............... 1
 
Capture AV (km/sec) ................ 2.00
 
Plane Change AV (km/sec)........... -

Size Adjustment AV (km/sec)........ -

Total AV (km/sec).................. 2.00
 

MEASUREMENT ACHIEVEMENT:
 
1. 	 The necessary % coverage cannot be obtained because of
 

lighting and orbit altitude constraints.
 

2. 	 It is possible to cover only one pole at a time in
 
daylight.
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ORBIT SELECTION DATA SHEET NO. 3
 

Mars (1984) FAMILY NO. 2 


GROUP MEASUREMENT SPECIFICATIONS: Required 

Minimum Image Size (km)............ 1000 

Minimum Image Overlap (%).......... 20 

Total Planet Coverage (%).......... > 70 

Solar Elevation Range (deg) ........ 

Image Interval .................... -

Time for % Coverage (days) ......... < I day 

Coverage Interval .................. 20/yr 

Distribution....................... .. poles 


ORBIT ELEMENTS: Final 

Eccentricity....................... 0
 
Periapse Alt. (km)................. 931
 
Apoapse Alt. (km).................. 931
 
Inclination (deg).................. . 90
 
Ascending Node (deg)................ 316 6
 
Arg. of Periapse (deg)............. 265
 

ORBIT NO. 1
 

Obtained
 
1000
 
31.5
 
100
 

0-20
 
3 days
 
3 days
 
3 days
 
global
 

Intermediate
 

SELECTION RATIONALE:
 

100% coverage of the planet's surface 

a circular polar orbit.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 

Measurement Orbit Frequency ........ 

Orbit Period (hrs) ................. 

Measurement Alt. Range (km)........ 

Max. Measurement Arc (deg)......... 

Max. Sensor on Time (min/orb)....... 

No. of Impulses (AV)............... 

Capture AV (km/sec)................ 

Plane Change AV (km/see).......... 

Size Adjustment AV (km/sec)........ 

Total AV (km/sec).................. 


MEASUREMENT ACHIEVEMENT:
 

can be obtained with
 

10
 
every orbit
 

1.19
 
931
 
180
 
71.4
 

1
 
2.59
 

-

2.59
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ORBIT SELECTION DATA SHEET NO.4
 

Mars (1984) FAMILY NO. 2 	 ORBIT NO. 6
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 1000 1000
 
Minimum Image Overlap (%).......... 20 26.8
 
Total Planet Coverage (A).......... > 70 71
 
Solar Elevation Range (deg) ....... 0-20
 
Image Interval..................... 6 days
 
Time for % Coverage (days)..........< I day 6 days
 
Coverage Interval.................. 20/yr 6 days
 
Distribution........................ poles 250 to -9001
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... .3971
 
Periapse Alt. (km)................. 440
 
Apoapse Alt. (km).................. 5473
 
Inclination (deg) .................. 90
 
Ascending Node (deg)............... 316.6
 
Arg. 	of Periapse (deg)............. 265
 

SELECTION RATIONALE:
 

Using an elliptical polar orbit 70% of the planet surface
 
can be covered between altitudes of 440 and 2749 km. The coverage
 
emphasis is at the South Pole because of the location of periapse.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 5
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs)................. 4.25
 
Measurement Alt. Range (km)....... 440 to 2749
 
Max. Measurement Arc (deg)........ 6 5 to 120.5
 
Max. Sensor on Time (min/orb)..... 51.6
 
No. of Impulses (AV).............. I
 
Capture AV (km/sec)................ 2.00
 

Plane Change AV (km/sec)...........
 -

Size Adjustment AV (km/sec)........ 
 200
Total AV (km/see) .................. 


MEASUREMENT ACHIEVEMENT:
 

1. 	 Only one pole can be covered because of altitude
 
constraints.
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ORBIT SELECTION DATA SHEET NO, 5
 

Mars (1984) FAMILY NO. 3 	 ORBIT NO. I
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 600
 
Minimum Image Overlap (%).......... 60, 611
 
Total Planet Coverage ().......... > 70 36
 
Solar Elevation Range (deg)........ 70-85 70-85
 
Image Interval.......... ........... . . 9 days
 
Time 	for % Coverage (days) ....... 55 days
 
Coverage Interval ................ 	 9 days
 
Distribution....................... - S. equatorial
 

region
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... 0 0.9
 
Periapse Alt. (km)................... 994 994
 
Apoapse Alt. (km) .................. 994 79,726
 
Inclination (deg).................. 94.93 51
 
Ascending Node (deg)............... 58.01 349
 
Arg. of Periapse (deg)............. 224.5 252
 

SELECTION RATIONALE:
 

The final orbit was selected to be a circular sun synchronous
 
orbit so that maximum coverage could be obtained in the southern
 
hemisphere during the first 55 days of the mission. If additional
 
coverage in the northern hemisphere is desired, there would be a
 
60 day wait after the initial (36%) coverage. In 418 days, 70%
 
coverage could be obtained.
 

ORBIT/MEASUREMENT CHARACTERISTICS: 
Orbits to Contiguous Images ........ 10 
Measurement Orbit Frequency .... every orbit 
Orbit Period (hrs) ................ 2.44 
Measurement Alt. Range (km)........ 994 
Max. Measurement Arc (deg)......... 38 
Max. Sensor on Time (min/orb)...... 15.4 
No. of Impulses (AV)............... 3 
Capture AV (km/sec) ............... 1.403 
Plane Change AV (km/sec) ....... ..." .274 (740) 

Size Adjustment AV (km/sec)........ 1.186 

Total AV (km/sec).................. 2.863 

MEASUREMENT ACHIEVEMENT:
 

1. 	 Because the area within the proper solar elevation limits
 
i's small, only 36% of the planet surface can be covered in
 
the southern hemisphere, that is during the first 55 days
 
of the mission. 418 days are required to obtain 70% coverage.
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ORBIT SELECTION DATA SHEET NO. 6
 

Mars (1984) FAMILY NO. 3 	 ORBIT NO. 7
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 600
 
Minimum Image Overlap (%).......... 60 67,
 
Total Planet Coverage (%).......... > 70 27
 
Solar Elevation Range (deg)........ 70-85 70-85
 
Image Interval .............. ...... - 27 days

Time for % Coverage (days) ........ 55 days

Coverage Interval ................. 27 days

Distribution ....................... . -10°to -480
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity....................... .5372 .9
 
Periapse Alt. (km)................. 400 400

Apoapse Alt. (km).................. 9175 68,440
 
Inclination (deg).................. 112.75 35.5
 
Ascending Node (deg)............... 72.98 20.5
 
Arg. of Periapse (deg)............. 207 228
 

SELECTION RATIONALE:
 

A sun synchronous orbit is selected to maximize the coverage.

Maximum coverage in the southern hemisphere is obtained in 55 days.

After a 55 day wait, additional coverage can be obtained in the
 
northern hemisphere 70% of the planet can be covered in about
 
420 days.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images........ 4
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hrs)................. 6.21
 
Measurement Alt. Range (km)........ 400 to 580
 
Max. Measurement Arc (deg).......... -15 to 14.5
 
Max. Sensor on Time (min/orb)...... 7.6
 
No. of Impulses (AV)............... 3
 
Capture AV (km/sec)................ 1.342
 
Plane Change AV (km/sec).... ..... 345 (900)

Size Adjustment AV (km/sec)........ 572
 
Total AV (km/sec) .................. 2 259
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 Because the area within the proper solar elevation limits
 
is small, only 27% of the planet surface can be covered in
 
the southern hemisphere during the first 55 days of the
 
mission. 70% coverage could be obtained in about 420 days.
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ORBIT SELECTION DATA SHEET NO. 7
 

Mars (1984) FAMILY NO. 4 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 
Minimum Image Overlap (%).......... 
Total Planet Coverage (%).......... 
Solar Elevation Range (deg) ...... 
Image Interval................... 
Time for % Coverage (days) ....... 
Coverage Interval 
Distribution....................... 

600 
60 

> 70 
-

-
-
-

.-

600 
61 

100 
0-20 
9 days 
9 days 
9 days 
global 

Final Intermediate
ORBIT ELEMENTS: 

Eccentricity ....................... 0
 
Periapse Alt. (km)................. 994
 
Apoapse Alt. (km).................. 994
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 316.6
 
Arg. of Periapse (deg).............. 264
 

SELECTION RATIONALE:
 

Because there is no solar elevation constraint, a circular
 
polar orbit was selected. This orbit gives the required coverage
 
in the shortest amount of time under the lifetime, image size and
 
% overlap constraints.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 
Measurement Orbit Frequency........every orbit
 
Orbit Period (hrs) ................. 2.44
 
Measurement Alt. Range (km)........ 994
 
Max. Measurement Arc (deg)......... 180
 
Max. Sensor on Time (mmn/orb) . 73.2
 
No. of Impulses (AV)............... 1
 
Capture AV (km/sec)................ 2.589
 
Plane Change AV (km/sec)............-

Size Adjustment AV (km/sec).........-

Total AV (km/sec).................. 2.589
 

MEASUREMENT ACHIEVEMENT:
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ORBIT SELECTION DATA SHEET NO.8
 

Mars (1984) FAMILY NO. 4 ORBIT NO. 6
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km) ............ 600 600
 
Minimum Image Overlap (%).......... 60 60
 
Total Planet Coverage (%).......... > 70 70.7
 
Solar Elevation Range (deg) ........ --

Image Interval ..................... - 18 days
 
Time for % Coverage (days) ......... - 18 days
 
Coverage Interval .................. - 18 days
 
Distribution....................... - 45°S to 450N lat.
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity...................... 4601
 
Periapse Alt. (km). ............... 425
 
Apoapse Alt. (km).................. 6910
 
Inclination (deg).................. 45
 
Ascending Node (deg)............... 96.2
 
Arg. of Periapse (deg)............. 168.5
 

SELECTION RATIONALE:
 

There is no solar elevation constraint. An orbit with a

45' inclination satisfies the % coverage requirement. For this
 

orbit, the periapse is close to the equator. The ascending node
 
was selected so as to minimize insertion occulation, but even
 
so, Canopus occulation occurs just before periapse.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images........ 5
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs)................. 4 98
 
Measurement Alt. Range (km)........ 425 to 2607
 
Max. Measurement Arc (de )......... -81 to 99
 
Max. Sensor on Time (min/orb) ...... 66.3
 
No. of Impulses (AV)............... I
 
Capture AV (km/sec)................ 1.913
 
Plane Change AV (km/sec)...........
 
Size Adjustment AV (km/sec)........
 
Total AV (km/sec) .................. 1.913
 

MEASUREMENT ACHIEVEMENT:
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ORBIT SELECTION DATA SHEET N0.9 

Mars (1984) FAMILY NO. 4 ORBIT NO. 6 

GROUP MEASUREMENT SPECIFICATIONS: Required 
Minimum Image S i z e  (km) ............ 600 
Minimum Image Overlap (%) .......... 60 
T o t a l  P l a n e t  Coverage (%) .......... > 70 
S o l a r  E l e v a t i o n  Range (deg) ........ - 
Image I n t e r v a l  ..................... - 
Time f o r  % Coverage (days) .  ........ - 
Coverage I n t e r v a l  .................. - 
D i s t r i b u t i o n  ....................... - 

Obtained 

- 
< 25 hours  

126 days - 
,84" t o  25O l a t .  

ORBIT ELEMENTS: F i n a l  I n t e r m e d i a t e  
E c c e n t r i c i t y  ....................... 
P e r i a p s e  A l t .  (km) 

,4601 ................. 425 . .................. Apoapse A l t .  (km) 6910 .................. I n c l i n a t i o n  (deg) 
Ascending Node (deg) 

9 0' ............... 316.6 
Arg. o f  P e r i a p s e  (deg) ............. 2 64 

SELECTION RATIONALE: 

There i s  no s o l a r  e l e v a t i o n  c o n s t r a i n t .  An o r b i t  w i th  a 
90" i n c l i n a t i o n  maximizes t h e  l a t i t u d e  coverage, p l u s  the  pe r i apse  
r e g r e s s i o n  r a t e ,  (& = :925 deglday) .  Measurements a r e  made a t  
p e r i a p s e  only.  Per iapse  moves 16.640 i n  l a t i t u d e  during one 
longi tude  coverage cyc le  of  18 days.  

ORBITIMEASUREMENT CHARACTERISTICS: ........ O r b i t s  t o  Contiguous Images 5 
Measurement O r b i t  Frequency ........ every o r b i t  ................. O r b i t  Pe r iod  ( h r s )  4.98 
Measurement A l t .  Range (km) .:...... 425 .......... Max. Measurement Arc (de  ) -.462 t o  .462 ...... . Max. Sensor  on Time (min 7 orb) .252 
No. of  Impulses (AV) ............... 1 ................ Capture  AV (km/sec) 1 .913 
P lane  Change AV (km/sec) ........... - 
S i z e  Adjustment AV (krnlsec) - ........ 
T o t a l  AV (km/sec) .................. 1.913 

MEASUREMENT ACHIEVEMENT: 



ORBIT SELECTION DATA SHEET NO. 10
 

Mars (1984) FAMILY NO. 5 	 ORBIT NO.1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 600
 
Minimum Image Overlap (%).......... 20 30.61
 
Total Planet Coverage (%).......... 70 35
 
Solar Elevation Range (deg)........ 70-90 70-90
 
Image Interval .................. 5 days
 
Time for % Coverage (days)......... 59 4 days
 
Coverage Interval.................. 5 days
 
Distribution .......................- 0' to 44°S lat.
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... 0 .9
 
Periapse Alt. (km)................. 969 969
 
Apoapse Alt. (km).................. 969 79,251
 
Inclination (deg).................. 95.9 76
 
Ascending Node (deg)... ......... 54 9 325
 
Arg. of Periapse (deg)............257 5 262.5
 

SELECTION RATIONALE:
 

To maximize the latitude coverage in the area having the
 
desired sun elevation angles, a circular, highly inclined sun
 
synchronous orbit is selected. The orbit passes close to the
 
subsolar point. Within 59 4 days maximum latitude coverage possible
 
in the southern hemisphere is obtained
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs)................. 2.41
 
Measurement Alt. Range (km)........ 969
 
Max. Measurement Arc (deg)......... 40
 
Max. Sensor on Time (mmn/orb)...... 16.1
 
No. of Impulses (AV)............... 3
 
Capture AV (km/sec)................ 1.40
 
Plane Change AV (km/sec).......... .33 (920)
 
Size Adjustment AV (km/sec).. ... 1.19
 
Total AV (km/sec)................ 2.92
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 Only 35% of the planet surface can be covered under the
 
proper illumination constraints while the sun is in the
 
southern hemisphere. 70% coverage of the planet surface
 
would require about 420 days.
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ORBIT SELECTION DATA SHEET NO. 11
 

Mars (1984) FAMILY NO. 6 	 ORBIT NO. 6
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)......... 600  600
 
Minimum Image Overlap (7) .......... 20 27.81
 

Total Planet Coverage (%).......... > 70 57.9
 
Solar Elevation Range (deg)......... 50-80 50-80
 
Image Interval.... ............. < 1 day 10 days
 
Time for % Coverage (days)......... < 100 hrs 10 days
 
Coverage Interval............... .. > 4/yr 10 days2
 

590 to 17.5O lat3
 
Distribution..................... ..Mare ,poles 


ORBIT ELEMENTS: Final Intermediate
 
Eccentricity..................... .4633 .9
 
Periapse Alt. (kn)................. 425 425
 
Apoapse Alt. (ki) .................. 6955 68,915
 
Inclination (deg).................. 90 33.5
 
Ascending Node (deg)..67 38
 
Arg. of Periapse (deg)............ 197 212.5
 

SELECTION RATIONALE:
 

An elliptical polar orbit was used to obtain coverage of 58%
 
of the planet surface in 10 days. The orbit is selected so that it
 
is tangent to the area having > 80* solar illumination after 10 days.
 
Periapse is located near the center of the area having the proper
 
solar illumination so that it is possible to use an elliptical orbit.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... 5
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 5.03
 
Measurement Alt. Range (km)........ 425 to 952
 
Max. Measurement Arc (deg)......... -25 to 40
 
Max. Sensor on Time (min/orb)..... 18.4
 
No. of Impulses (AV)............... 3
 
Capture AV (km/sec) ........ .... 1.342
 

0)
Plane Change AV (ki/sec).............247 (61

Size Adjustment AV (km/sec)....... .567
 

2.156
Total AV (km/sec) .................. 


MEASUREMENT ACHIEVEMENT:
 
synchronous.
i. 	 Only 58% coverage is possible since orbit is not sun 


2. 	 Amount of coverage decreases with each coverage cycle
 
of 10 days.
 

3. 	 Maximum solar elevation at poles is only 25 degrees.
 

37
 



ORBIT SELECTION DATA SHEET NO. 12
 

Mars (1984) FAMILY NO. 7 ORBIT NO. I
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km). ........... 600 600
 
Minimum Image Overlap (A).......... 20 30.6
 
Total Planet Coverage (%).......... > 70 77.5
 
Solar Elevation Range (deg)........ 30-60 30-60
 
Image Interval ...................... < 2 hr 5 days
 
Time for % Coverage (days) ......... - 5 days
 
Coverage Interval .................. > 4/yr 5 days
 
Distribution .......................- -740 to 360 lat.
 

Final Intermediate
ORBIT ELEMENTS: 

Eccentricity ....................... 0 .9
 
Periapse Alt. (km).................. 969 969
 
Apoapse Alt. (km).................. 969 79,251
 
Inclination (deg).................. 94.8 114.5
 
Ascending Node (deg)............... 260 306
 
Arg. of Periapse (deg)............. 254 236.5
 

SELECTION RATIONALE:
 

The combination of lighting constraints and 70% coverage
 
requirement require a near polar orbit. The possible positions
 
of periapse preclude elliptical orbits due to a large planet
 
change or a large measurement altitude range. The circular orbit
 
selected is sun synchronous so that measurements can be continued
 
beyond the 5 days necessary for the first coverage.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) .................. 2.48
 
Measurement Alt. Range (km)........ 969
 

30 to 109
Max. Measurement Arc (deg)......... 

Max. Sensor on Time (min/orb)....... 31.7
 
No. of Impulses (AV)............... 3
 

Capture AV (km/sec)................ 1.400
 

Plane Change AV (km/sec).,........ .185 (480)
 
Size Adjustment AV (km/sec)........ 1.190
 

2.775
Total AV (km/see) .................. 


MEASUREMENT ACHIEVEMENT:
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ORBIT SELECTION DATA SHEET NO. 13
 
Mars (1984) FAMILY NO. 8 	 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 600
 
Minimum Image Overlap (%).......... 20 30.6
 
Total Planet Coverage (%).......... > 70 	 67
 
Solar Elevation Range (deg)........ 15-30 15-30
 
Image Interval .......... I ......... < I day 5 days

Time for % Coverage (days)......... < 100 hrs 40 days 1
 
Coverage Interval................ > 4/yr twice/Martian yr.

Distribution ......................Mare /poles S pole,Mpre
 

ORBIT ELEMENTS: 
 Final Intermediate
 
Eccentricity....................... 0
 
Periapse Alt. (km). ............... 969
 
Apoapse Alt. (km).................. 969
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 316.6
 
Arg. of Periapse (deg)............. 265
 

SELECTION RATIONALE:
 

The combination of solar elevation constraints and the

location of the VHP vector, precludes the use of elliptical

orbits. A polar circular orbit falls within the proper solar
 
elevation limits at the S. pole at the start of the mission. 
The
 
coverage then progresses north due to the motion of the Sun. 70%
of the planet is covered in approximately 40 days with final coverage

occurring at + 200 latitude.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 2.41
 
Measurement Alt. Range (km)........ 969
 
Max. Measurement Arc (deg)......... -29.5 to 54 5
 
Max. Sensor on Time (min/orb). ..... 33.7
 
No. of Impulses (AV)............... 1
 
Capture AV (km/sec)................ 2.59
 
Plane Change AV (km/sec)........... -

Size Adjustment AV (km/sec).........-

Total AV (km/sec) ........ I......... 2.59
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 40 days are required to obtain the 67% coverage, as the
 
coverage depends upon the motion of the Sun.
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ORBIT SELECTION DATA SHEET NO. 14
 

Mars (1984) FAMILY NO. 8 


GROUP MEASUREMENT SPECIFICATIONS: Required 

Minimum Image Size (km)............ 600 

Minimum Image Overlap (%).......... 20 

Total Planet Coverage (%).......... > 70 

Solar Elevation Range (deg)........ 15-30 

Image Interval ..................... , < 1 day 

Time for % Coverage (days) ......... 

Coverage Interval .................. 

Distribution........................
 

ORBIT ELEMENTS: 

Eccentricity....................... 

Periapse Alt. (km)................. 

Apoapse Alt. (km).................. 

Inclination (deg).................. 

Ascending Node (deg)............... 

Arg. of Periapse (deg)............. 


SELECTION RATIONALE:
 

< 100 hrs 

> 4/yr 

Mare/poles 


Final 

0 


969 

969 


94.8 

292.5 


263 


ORBIT NO. I
 

Obtained
 
600
 

30.6
 
74
 

15-30
 
5 days
 
5 days
 
5 days
 

-850 to 290 lat.
 

Intermediate
 
.9
 

969
 
79,251
 

93
 
312
 
264
 

Using an intermediate orbit and a plane change it is
 
possible to obtain a sun synchronous orbit which provides
 
the 70% coverage in 5 days.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 

Measurement Orbit Frequency........ 

Orbit Period (hrs) .................. 

Measurement Alt. Range (km)........ 

Max. Measurement Arc (de) ......... 

Max. Sensor on Time (min/orb)...... 

No. of Impulses (AV)............... 

Capture AV (km/sec) ................ 

Plane Change AV (km/sec)........... 

Size Adjustment AV (km/sec)........ 

Total AV (km/sec).................. 


MEASUREMENT ACHIEVEMENT:
 

10
 
every orbit
 

2.41
 
969
 
6.5 to 119
 

45.2
 
3
 

1.400
 
.083(210)
 

1.190
 
2.673
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ORBIT SELECTION DATA SHEET NO. 15
 

Mars (1984) FAMILY NO. 9 ORBIT NO. i
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 600 600 
Minimum Image Overlap (%).......... 20 30.6 
Total Planet Coverage (%).......... > 70 67
 
Solar Elevation Range (deg)........ day day
 
Image Interval .................... < 15 min 5 days

Time for % Coverage (days) .......... - 12 days

Coverage Interval .................. 4/yr 5 days

Distribution ....................... equator,poles S. pole, equator1
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... 0
 
Periapse Alt. (km). ................ 969
 
Apoapse Alt. (km).................. 969
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 316.6
 
Arg. of Periapse (deg)............ 265
 

SELECTION RATIONALE:
 

A circular orbit was selected to give broad coverage at
 
constant altitude. The periapse is not suitably located for
 
elliptical orbits. The North pole is not exposed to sunlight

until 220 days after orbit insertion.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 2.41
 
Measurement Alt. Range (km)........ 969
 
Max. Measurement Arc (deg)......... 110
 
Max. Sensor on Time (min/orb)...... 44
 
No. of Impulses (AV)............... 1
 
Capture AV (km/sec)................ 2.59
 
Plane Change AV (km/sec)............ -

Size Adjustment AV (km/sec) ........ -

Total AV (km/sec).................. 2.59
 

MEASUREMENT ACHIEVEMENT:
 

1. Only one pole is exposed to sunlight at a time.
 

35
 



ORBIT SELECTION DATA SHEET NO. 16
 

Mars (1984) FAMILY NO. 10 


GROUP MEASUREMENT SPECIFICATIONS: 

Minimum Image Size (km)............ 

Minimum Image Overlap (%).......... 

Total Planet Coverage ).......... 

Solar Elevation Range (deg) ........ 

Image Interval ................... 

Time for % Coverage (days).........
 
Coverage Interval .................. 

Distribution ....................... 


ORBIT ELEMENTS: 

Eccentricity ....................... 

Periapse Alt. (km)................. 

Apoapse Alt. (km).................. 

Inclination (deg).................. 


Required 

600 

20 


> 70 

night 


< 2 hr 


> 4/yr

poles 


Final 

0 


969 

969 


94 83 

Ascending Node (deg)................ 288.47 

Arg. of Periapse (deg)............. ..251 


SELECTION RATIONALE:
 

ORBIT NO. 1
 

Obtained
 
600
 

30.6
 
96
 

night
 
5 days
 

5 days

all but S. pole1
 

Intermediate
 
.9
 

969
 
79,251
 

126
 
287.5
 

255
 

The coverage required is the night coverage of the area near
 
the poles. A near polar sun-synchronous, circular orbit is selected
 
to give maximum area coverage about the North Pole. Continued
 
coverage is available in maximum darkness,however the South Pole
 
does not enter darkness until 220 days after orbit insertion.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hrs)............... 2.41
 
Measurement Alt. Range (km)...... 969
 
Max. Measurement Arc (deg)......... 700
 
Max. Sensor on Time (min/orb)...... 28 1
 
No. of Impulses (AV)............... 3
 
Capture AV (km/sec)................ 1.400
 
Plane Change AV (km/sec)........... 240 (63.5)
 
Size Adjustment AV (km/sec)........ 1.190
 
Total AV (km/sec).................. 2.830
 

MEASUREMENT ACHIEVEMENT:
 

Only one pole is in darkness at a time.
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ORBIT SELECTION DATA SHEET NO. 17
 

Mars (1984) FAMILY NO. 10 ORBIT NO. 6
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 600
 
Minimum Image Overlap (%).......... 20 27.8
 
Total Planet Coverage (%).......... > 70 70
 
Solar Elevation Range (deg) ........ night night
 
Image Interval..................... < 2 hr 10 days
 
Time for % Coverage (days) ...... 17 days
 
Coverage Interval.................. > 4/yr 10 days
 
Distribution ....................... poles N. hemisphere
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity........................ .4633
 
Periapse Alt. (km).................... 425
 
Apoapse Alt. (km)..................... 6995
 
Inclination (deg)..................... 90
 
Ascending Node (deg)............... 136.6
 
Arg. of Periapse (deg)............. 149
 

SELECTION RATIONALE:
 

The coverage of 70% of the planet begins 7 days after
 
arrival. The elliptical orbit has a large altitude range for
 
coverage, but periapse is moving toward the N pole at the rate
 
of .9 deg/day, lowering the measurement altitude range if the
 
wait can be tolerated. Otherwise a circular orbit should be used.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 5
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ....... ........... 5.0
 

425 to 6481
Measurement Alt. Range (km)........ 

59 to 60.7
Max. Measurement Arc (deg).....-


Max. Sensor on Time (min/orb).." 36.8
 

No. of Impulses (AV)............... 1
 
Capture AV (km/sec) ................ 1.909
 

Plane Change AV (km/sec).. ........
 -

Size Adjustment AV (km/sec)..... 


.. 1.909
Total AV (km/sec).............. 


MEASUREMENT ACHIEVEMENT:
 

1. Only one pole is in darkness at a time.
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ORBIT SELECTION DATA SHEET NO. 18
 

Mars (1984) FAMILY NO. 11 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 600
 
Minimum Image Overlap (o)............ 20 30.6
 
Total Planet Coverage (%).......... > 70 100
 
Solar Elevation Range (deg)........ -

Image Interval ..................... < 30 hr 5 days
 
Time for % Coverage (days)......... - 5 days

Coverage Interval.................. > 2/yr 5 days

Distribution ....................... equator,poles global
 

ORBIT ELEMENTS: Final Intermediate 
Eccentricity ....................... 
Periapse Alt. (km)................. 
Apoapse Alt. (km).................. 
Inclination (deg).................. 
Ascending Node (deg)............... 
Arg. of Periapse (deg)............. 

0 
969 
969 
90 

316.6 
265 

SELECTION RATIONALE: 

A circular polar orbit satisfies the measurement
 
specifications most easily. This is the lowest circular
 
orbit satisfying the contiguous coverage requirement which
 
has a > 50 yr. lifetime.
 

4 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 2.41
 
Measurement Alt. Range (km)........ 969
 
Max. Measurement Arc (deg)......... 180
 
Max. Sensor on Time (min/orb). . 72
 
No. of Impulses (AV)............... I
 
Capture AV (km/sec)................ 2.59
 
Plane Change AV (km/sec) ...........
 
Size Adjustment AV (km/sec)........
 
Total AV (km/sec).................. 2.59
 

MEASUREMENT ACHIEVEMENT:
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ORBIT SELECTION DATA SHEET NO. 19
 

Mars (1984) FAMILY NO. 11 


GROUP MEASUREMENT SPECIFICATIONS: 

Minimum Image Size (km)............ 

Minimum Image Overlap (%).......... 

Total Planet Coverage (%).......... 

Solar Elevation Range (deg)........ 

Image Interval ...................... 

Time for % Coverage (days).........
 
Coverage Interval...................
 
Distribution....................... 


ORBIT ELEMENTS: 

Eccentricity ....................... 

Periapse Alt, (km)................. 

Apoapse Alt. (km).................. 

Inclination (deg).................. 

Ascending Node (deg)............... 136.6
 
Arg. of Periapse (deg)............. 149
 

SELECTION RATIONALE:
 

70% of the planet surface can be covered between -200
 
latitude and the North Pole with a polar elliptical orbit. The
 

Emphasis
periapse is located about half way between these limits 

is on the North polar cap formation.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... 


........
Measurement Orbit Frequency 

Orbit Period (hrs) ................ 

Measurement Alt. Range (km)....... 


(deg).........
Max. Measurement Arc 

Max. Sensor on Time (min/orb).... 


No. of Impulses (AV).............. 

Capture AV (km/sec).............. 

Plane Change AV (km/see)

...........
 

Size Adjustment AV (km/sec)........ 

Total tV (km/sec)..................
 

MEASUREMENT ACHIEVEMENT:
 

Required 

600 

20 


> 70 

-


< 30 hr 


> 2/yr 


ORBIT NO. 6
 

Obtained
 
600
 

27.8
 
67
 
-


10 days
 

10 days
 
equator,poles N. hemisphere
 

Final Intermediate
 
.4633
 
425
 
6995
 
90
 

5
 
every orbit
 
5.03
 
425 to 1141
 
-67 to 53
 
37
 
1
 

1.909
 

1.909
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ORBIT SELECTION DATA SHEET NO. 20
 

Mars (1984) FAMILY NO. 11 ORBIT NO. 6
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 600
 
Minimum Image Overlap (%).......... 20 27.8
 
Total Planet Coverage (%).......... > 70 70
 
Solar Elevation Range (deg) ...... ....-

Image Interval ..................... < 30 hr < 25 hr
 
Time for % Coverage (days)......... 120 days
 
Coverage Interval .................. > 2/hr 3/yr
 
Distribution ....................... equator,poles -850 to 250 lat.
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity........................ .4633
 
Periapse Alt. (km)................. 425
 
Apoapse Alt. (km).................. 6995'
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 316.6
 
Arg. of Periapse (deg)............. 265
 

SELECTION RATIONALE:
 

Measurements are made at periapse only along this elliptical
 
orbit so that coverage can be obtained at low altitudes. Periapse
 
proceeds from the South Pole to 25' latitude during the coverage.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ...... 5
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hrs) ..... ......... 5.03
 
Measurement Alt. Range (km)...... 425
 
Max. Measurement Arc (deg)......... -.456 to .456
 
Max. Sensor on Time (min/orb) .... .25
 
No. of Impulses (AV).............. 1
 
Capture AV (k1/sec)............... 1.909
 
Plane Change AV (km/sec)........... -

Size Adjustment AV (km/sec)........
 
Total AV (km/sec) .................. 1.909
 

MEASUREMENT ACHIEVEMENT:
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ORBIT SELECTION DATA SHEET NO. 21
 

Mars (1984) FAMILY NO. 12 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 600
 
Minimum Image Overlap ).......... 20 30.6
 
Total Planet Coverage (%).......... > 70 100
 
Solar Elevation Range (deg)....... -

Image Interval ................... < 2 min 5 days
 
Time for % Coverage (days)......... -5 days
 
Coverage Interval.................. >10/yr 5 days
 
Distribution....................... equator,poles, global
 

waves
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity....................... 0
 
PeriapseAlt. (km)................ 969
 
Apoapse Alt. (km)................... 969
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 316.6
 
Arg. of Periapse (deg)............. 265
 

SELECTION RATIONALE:
 

A circular, polar orbit satisfies the measurement
 
specifications most easily. This is the lowest circular orbit
 
satisfying the contiguous coverage parameters with >50 yr.
 
lifetime. The northern wave of darkening does not begin until
 
200 days after orbit insertion.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hrs)................. 2.41
 
Measurement Alt. Range (km)........ 969
 
Max. Measurement Arc (de )......... 180
 
Max. Sensor on Time (min orb) ...... 72
 
No. of Impulses (AV)............... 1
 
Capture AV (km/sec)................ 2.59
 
Plane Change AV (km/sec)..........
 
Size Adjustment AV (km/sec).......
 

2 59
Total AV (km/sec).................. 


MEASUREMENT ACHIEVEMENT:
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ORBIT SELECTION DATA SHEET NO. 22
 

Mars (1984) FAMILY NO. 12 ORBIT NO. 6
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 600
 
Minimum Image Overlap (%).......... 20 27.8
 
Total Planet Coverage (%).......... > 70 67
 
Solar Elevation Range (deg)........ -

Image Interval ................... < 2 min 10 days
 
Time for % Coverage (days).........
 
Coverage Interval.................. > 10/yr 10 days
 
Distribution....................... equator,poles N. hemispherel
 

wave
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity........................ 4633
 
Periapse Alt. (km).................. 425
 
Apoapse Alt. (km) .................. 6995
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 136.6
 
Arg. of Periapse (deg)............. 149
 

SELECTION RATIONALE:
 

70% of the planet can be covered between the North Pole
 
and -20' latitude with a polar elliptical orbit. The periapse
 
is about halfway between these limits. Emphasis is on the North
 
Polar cap formation Periapse would be in the southern hemisphere
 
during the northern wave of darkening 200 days later.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 5
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs).................. 5.03
 
Measurement Alt. Range (km)........ 425 to 1141
 
Max. Measurement Arc (deg) .......... -67 to 53
 
Max. Sensor on Time (min/orb)...... 37
 
No. of Impulses (AV)............... 1
 
Capture AV (km/sec) ................ 1 909
 
Plane Change AV (km/sec) ...........
 
Size Adjustment AV (km/sec)........ -


Total AV (km/sec) .................. 1.909
 

MEASUREMENT ACHIEVEMENT:
 

The northern wave of darkening does not occur for 200
 
days. At that time, periapse is in the southern
 
hemisphere.
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ORBIT SELECTION DATA SHEET NO. 23
 

Mars (1984) 	 FAMILY NO. 12 ORBIT NO. 6
 

GROUP 	MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 600
 
Minimum Image Overlap () .......... 20 27.8
 
Total Planet Coverage (%).......... > 70 70
 
Solar Elevation Range (deg)........
 
Image Interval ......................<2 mi < 25 hr
 
Time for % Coverage (days) ....... 120 days
 
Coverage Interval.................. > 10/yr 3/yr2 3
 
Distribution ....................... equator,poles -850 to 250 la
 

wave
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity .....................4633
 
Periapse Alt. (km) .............. 425
 
Apoapse Alt. (km).................. 6995
 
Inclination (deg)..... ...... 90
 
Ascending Node (deg) . ...... 316.6
 
Arg. of Periapse (deg)............. 265
 

SELECTION RATIONALE:
 

This elliptical orbit is used so that measurements are
 
made at periapse only in order to achieve coverage at low
 
altitudes. Periapse proceeds from the South Pole to 250 latitude
 
during the coverage. -

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ...... 5
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hrs)................. 5.03
 
Measurement Alt. Range (km)........ 425
 
Max. Measurement Arc (deg)......... -.456 to .456
 
Max. Sensor on Time (mmn/orb)..... .25
 
No. of Impulses (AV) ............... 1
 
Capture AV (km/sec) ................. 1.909
 
Plane Change AV (km/sec)............ -


Size Adjustment AV (km/sec)......... -


Total AV (km/sec).................. 1.909
 

MEASUREMENT ACHIEVEMENT:
 

1 	 The same area is not covered twice. Side by side images
 
of any one area occur once a day or about every 25 hours
 

Because 120 days are required to obtain 70% coverage, at most,
2. 

3 coverages/year are possible.
 

This orbit is not good for the northern wave of darkening.
3. 

Periapse will be at the North Pole before the wave begins.
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ORBIT SELECTION DATA SHEET NO. 24
 
Mars (1984) FAMILY NO. 13 	 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 100 100
 
Minimum Image Overlap (%).......... 20 21.6
 
Total Planet Coverage (7).......... > 70 551
 
Solar Elevation Range (deg)........ 50-80 50-80
 
Image Interval ...................... - 27 days2
Time for % Coverage (days)......... <1 day 55 days3
 
Coverage Interval.................... 4/yr twice/year3

Distribution...................... poles,wave -600 to 160 lat.4
 

ORBIT 	ELEMENTS: Final Intermediate
 
Eccentricity .......... .............. ... 9
 
Periapse Alt. (km).............. 1.. 1016 1016
 
Apoapse Alt. (km)................... 1016 80,144
 
Inclination (deg)...... 95.01 39
 
Ascending Node (deg)...62.5 7
 
Arg. of Periapse (deg)............. 191 238
 

SELECTION RATIONALE:
 

Because of the small image size of 100 km, the number of
 
days required in order to obtain longitudinal coverage is long

(27 days for a circular orbit). The length of time required

for longitudinal coverage, combined with the position of periapse,

precludes the use of elliptical orbits. To obtain maximum latitude
 
coverage with the desired sun elevations a highly inclined, circular
 
(sun-synchronous) orbit is used.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images......... .0
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hrs) ................. 2.45
 
Measurement Alt. Range (kin)........ 1016
 
Max. Measurement Arc (deg).......... -50 to 37
 
Max. Sensor on Time (min/orb)...... 23.7
 
No. of Impulses (AV) ............... 3
 
Capture AV (km/sec) ................ 1.405
 
Plane Change AV (km/sec)........... .270 (730)

Size Adjustment AV (km/sec)......... 1.183
 
Total AV (km/sec).................. 2.858
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 Only 55% of the planet surface can be covered during the
 
first 115 days of the mission. For mission times longer than
 
115 days, additional area in the northern hemisphere can be
 
covered.
 

2. 	 Because the amount of coverage depends upon the motion of the
 
sun, about 55 days are required to obtain the 55% coverage.
 

3. 	 70% coverage of the planet could be obtained 2 times a year.
 
4. 	 The highest solar elevation at the poles is 250.
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ORBIT SELECTION DATA SHEET NO. 25
 

Mars (1984) FAMILY NO. 14 ORBIT NO. I
 

GROUP MEASUREMENT SPECIFICATIONS: 
Minimum Image Size (km).......... 
Minimum Image Overlap (%)...... 
Total Planet Coverage (%)....... 

Required
100 
20 

> 70 

Obtained 
100 

21.6 
75 

Solar Elevation Range (deg) .... 30-60 30-60 
Image Interval ...................- 27 days 
Time for % Coverage (days) ...... < 1 day 27 days 
Coverage Interval ............... 
Distribution .................... 

4/yr 
poles,waves -76' 

27 days 
to 32* lat.1 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity.................. 0 .9
 
Periapse Alt. (ki)............ 1016 1016
 
Apoapse Alt. (km) ............... 1016 80,144
 
Inclination (deg)............... 95.6 102.5
 
Ascending Node (deg)............ 260 306.5
 
Arg. of Periapse (deg).......... 245.5 263.5
 

SELECTION RATIONALE:
 

The 100 km image size and the 50 yr. lifetime constraint
 
result in orbits which require a minimum time of 27 days for
 
complete longitudinal coverage. To obtain the 70% coverage, a
 
highly inclined sun-synchronous orbit is used. A circular orbit
 
is selected because the sun-synchronous elliptical orbits which
 
require a small plane change have periapse placed so that it
 
would regress out of the area with desired sun elevation before
 
coverage is complete.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... 10
 
Measurement Orbit Frequency..... every orbit
 
Orbit Period (hrs).............. 2.46
 
Measurement Alt. Range (km)..... 1016
 
Max. Measurement Arc (deg) 110
 
Max. Sensor on Time (mn/orb) 45.1
 
No. of Impulses (AV)............ 3
 
Capture AV (km/sec)............. 1.408
 
Plane Change AV (km/sec)........ 181
.. (470)
 
Size Adjustment AV (km/sec)..... 1.183
 
Total AV (km/sec)............... 2.772
 

MEASUREMENT ACHIEVEMENT: 

1. The highest solar elevation angle at the poles is 250. 
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ORBIT SELECTION DATA SHEET NO. 26
 

Mars (1984) FAMILY NO. 15 ORBIT NO. I
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 100 100
 
Minimum Image Overlap (%).......... 20 21.6
 
Total Planet Coverage (%).......... > 70 100
 
Solar Elevation Range (deg)........ -

Image Interval ..................... - 27 days

Time for % Coverage (days) ......... < I day 27 days
 
Coverage Interval .................. - 27 days
 
Distribution .......................- global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity....................... 0
 
Periapse Alt. (km)................. 1016
 
Apoapse Alt. (km).................. 1016
 
Inclination (deg).................. 90
 
Ascending Node (deg)................ 316.6
 
Arg. of Periapse (deg).............. 263.5
 

SELECTION RATIONALE:
 

The small image size of 100 km and the lifetime constraint
 
result in orbits which have a minimum longitudinal coverage time
 
of 27 days. Of such orbits, a circular, polar orbit satisfies the
 
measurement specifications most easily 100% coverage is obtained
 
in 27 days.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 2.46
 
Measurement Alt. Range (km)........ 1016
 
Max. Measurement Arc (deg)......... 180
 
Max. Sensor on Time (min/orb)...... 73.8
 
No. of Impulses (AV)............... I
 
Capture AV (km/sec)................ 2.588
 
Plane Change AV (km/sec)...........
 
Size Adjustment AV (km/sec) ........ -

Total AV (km/sec).................. 2.588
 

MEASUREMENT ACHIEVEMENT:
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ORBIT SELECTION DATA SHEET NO. 27
 

Mars (1984) 	 FAMILY NO. 16 


GROUP MEASUREMENT SPECIFICATIONS: 
Minimum Image Size (km)............ 
Minimum Image Overlap (%).......... 
Total Planet Coverage (7).......... 
Solar Elevation Range (deg)........ 

Image Interval .......... I.......... 

Time for % Coverage (days) ......... 

Coverage Interval.................. 

Distribution....................... 


ORBIT ELEMENTS: 

Eccentricity ....................... 

Periapse Alt. (km) ................. 


Required 

100 

60 


> 10
 
70-85 
. ­
..
 
> 4/yr 


Final 

.61732 


383 

,Apoapse Alt. (km).................. 12,524 

Inclination (deg).................. 124 

Ascending Node (deg) ............... 70 

Arg. of Periapse (deg)............ 207 


SELECTION RATIONALE:
 

ORBIT NO. 8
 

Obtained
 
100
 
60
 

70-85
 
1 day
 

-
-370 to -6' lat.1
 

Intermediate
 
.9
 

383
 
68,117
 

36
 
20.5
 

219.5
 

A 3 revolutions/day orbit is selected to minimize the
 
periapse altitude and AV while maintaining the solar precession
 
rate for the ascending node. Off-periapse insertion is used to
 
rotate the apseline 7.J*to the,most favorable orbit periapse
 
location. The orbit plane is rotated 990 to obtain the correct
 
inclination. The orbit periapse move in the same latitude direction
 
as the Sun with time. The stay time is dependent upon the number
 
and size of areas which must be observed (no a priori information
 
exists for this).
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images....... 

Measurement Orbit Frequency ........ 

Orbit Period (hrs) ................. 

Measurement Alt. Range (km)........ 

Max. Measurement Arc (deg)......... 

Max. Sensor on Time (min/orb)..... 

No. of Impulses (AV)............... 

Capture AV (km/sec)................ 

Plane Change AV (km/sec)........... 

Size Adjustment AV (km/sec)....... 

Total nV (km/sec)................ 


MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage
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3 orbits
 

8.21
 
383 to 485
 
-84 to -44
 
17.2
 

3
 
1.362 	 (7.50)
 
.373 (990)
 
.360
 

2.095
 



ORBIT SELECTION DATA SHEET NO. 28
 

Mars (1984) FAMILY NO. 17 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)........... 100 100 
Minimum Image Overlap (%)......... 60 60 
Total Planet Coverage (%)......... > 10 
Solar Elevation Range (deg) 1......day

Image Interval ...................
 
Time for % Coverage (days).........
 
Coverage Interval.................. - global

Distribution .......................
 

ORBIT ELEMENTS: 
 Final Intermediate
 
Eccentricity ....................... .81813 0

Periapse Alt. (km)................. 340 33,809

Apoapse Alt. (km).................. 33,809 33,809

Inclination (deg).................. 90 90
 
Ascending Node (deg)................. 136.6 136.6
 
Arg. of Periapse (deg)............. 150 -


SELECTION RATIONALE:
 

An elliptical polar orbit of period 1 Mars day was selected
 
to give maximum possible coverage at minimum altitude. Only
 
one pass/day is possible for detailed coverage of randomly

spaced areas. Initial periapse is at 350N. latitude. A 2­
impulse AV of 1.234 km/sec total is required to move periapse

to another latitude. Stay time depends upon the number and
 
detail of areas to be covered for which no a priori infor­
mation is available.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 24.62
 
Measurement Alt. Range (km)........ 340 to 370
 
Max. Measurement Arc (deg)......... -20 to 20
 
Max. Sensor on Time (min/orb)..... 9.6
 
No. of Impulses (AV)..... + size adjustments

Capture AV (km/sec) .............. 1.437
 
Plane Change AV (km/sec).... .
 
Size Adjustment AV (km/sec)........ 1.234 (2 impulses)

Total AV (km/sec).................. 1.437 + size adjustments
 

MEASUREMENT ACHIEVEMENT:
 

1. The total AV required depends upon the number of areas to be
 
covered and hence upon the number of maneuvers required.

Thus, total AV will equal capture AV + whatever integer
 
multiple of 1.234 km/sec is necessary.
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ORBIT SELECTION DATA SHEET NO. 29
 

Mars (1984) FAMILY NO. 18 ORBIT NO. 


GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km) 00 1...........
100
 
Minimum Image Overlap (%)........ 20 20
 
Total Planet Coverage (%).......... > 10
 
Solar Elevation Range (deg)........ 70-90 70-90
 
Image Interval................... I day

Time for % Coverage (days)........
 
Coverage Interval.................
 
Distribution........................­ 370 to 60 lat.
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... . 61732 .9
 
Periapse Alt. (km)................. 383 383
 
Apoapse Alt. (km)................ 12,524 68,117

Inclination (deg) ................ . .124 36
 
Ascending Node (deg)............... 70 20.5
Arg. of Periapse (deg)............. 204 219.5
 

SELECTION RATIONALE:
 

A 3 revolutions/day orbit is selected to minimize the
 
periapse altitude and AV while maintaining the solar pre­
cession rate for the ascending node. Off-periapse insertion
 
is used to rotate the apseline 7.50 to the most favorable
 
orbit periapse location. The orbit plane is rotated 99' to
 
obtain the correct inclination. The orbit periapse moves in
 
the same latitude direction as the Sun with time. The stay

time is dependent upon the number and size of areas which
 
must be observed on which no a priori information exists.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... 3
 
Measurement Orbit Frequency ..... 3 orbits
 
Orbit Period (hrs) ................. 8.21
 

383 to 4851
Measurement Alt. Range (km)........ 

Max. Measurement Arc (deg)......... -84 to-44
 
Max. Sensor on Time (min/orb)...... 17.2
 
No. of Impulses (AV)............... 3
 
Capture AV (km/sec)............... 1.362 (7.5-)
 
Plane Change AV (km/sec)......... .373 (99)
 
Size Adjustment AV (km/sec)....... .360
 
Total AV (km/sec).................. 2.095
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
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ORBIT SELECTION DATA SHEET NO. 30
 

Mars ( 198 FAMILY NO. 19 ORBIT NO., 


GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 100 100 
Minimum Image Overlap (.......... 
Total Planet Coverage (%)......... 
Solar Elevation Range (deg)........ 

> 
20 
10 

50-80 

20 

50-80 
Image Interval................... 
Time for % Coverage (days)........ 

< 1 day 
< 100 hrs 

1 day 

Coverage Interval................. 
Distribution....................... 

> 4/yr 
- -500 to 30 lat. 1 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... .61732 .9
 
Periapse Alt. (km)............... 383 383
 
Apoapse Alt. (km)................ 12,524 68,117
 
Inclination (deg).................. 124 32
 
Ascending Node (deg)............ .. 80 30
 
Arg. of Periapse (deg)............. 205 220.5
 

SELECTION RATIONALE:
 

Detailed measurements are made at a maximum rate of I
 
pass/day. Orbit precession is used to maintain the solar
 
elevation constraint. Maximum elliptical orbit (lowest
 
periapse) satisfying these factors has a period = 1/3 Mars
 
day. A large plane change establishes periapse in a desir­

=
able position. Coverage initially extends from -50 to 30
 
latitude, The stay time is dependent upon the number, size
 
and location of the areas to be observed for which a priori
 
information does not exist.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ... 3
 
Measurement Orbit Frequency ..... 3 orbits
 
Orbit Period (hrs)................. 8.21
 
Measurement Alt. Range (km)........ 383 to 880
 
Max. Measurement Arc (deg) ........ -29 to 47
 
Max. Sensor on Time (min/orb)...... 23.4
 
No. of Impulses (AV)............... 3
 
Capture AV (km/sec) ................ 1.340
 
Plane Change AV (km/sec)........... .382 (102.50)
 
Size Adjustment AV (km/see)........ .360
 
Total AV (km/sec)................. 2.082
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
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ORBIT SELECTION DATA SHEET NO. 31
 

Mars (1984) FAMILY NO. 20 ORBIT NO. 8
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 
Minimum Image Overlap (%).......... 
Total Planet Coverage (%)......... 
Solar Elevation Range (deg)....... 

100 
20 

> 10 
30-60 

100 
20 
681 

30-60 
Image Interval ..................... < 2 min I day 
Time for % Coverage (days)....... 
Coverage Interval ................. 
Distribution...................... 

-
> 4/yr 

-47 
o 
to 

4 a 
0 lat. 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity........................ 61732 .9
 
Periapse Alt. (ki).................. 383 383
 
Apoapse Alt. (km).................. 12,524 68,117
 
Inclination (deg) .................. 124.1 36
 
Ascending Node (deg)............... 253.5 71
 
Arg. of Periapse (deg)................ 356 184.5
 

SELECTION RATIONALE:
 

Detailed measurements can be made at a maximum rate of
 
one pass/day. The use of orbit precession to maintain solar
 
elevations is required. IMaximum elliptical orbit (minimum
 
periapse) satisfying the e factors has a period of 1/3 Mars
 
day. A large plane change is the cheapest way to center
 
periapse in the properly-lighted area. Coverage-extends
 
to 55 from periapse along the orbit. Stay time is dependent
 
upon the number, size, axd location of the areas to be ob­
served for which no a priori information is available.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 3
 
Measurement Orbit Frequency ........ 

8.21
3 orbits
 

Orbit Period (hrs).................. 
 383 to 1115
Measurement Alt. Range (km)...... 3..

Max. Measurement Arc (deg) 


3

Max. Sensor on Time (min/orb)......
 1.338
................
No. of Impulses (AV) 

Capture AV (kim/sec)................. 3.8
 

.485 (161 )
 
Plane Change AV (km/sec)........... 

Size Adjustment AV (km/sec)......... 

2184
 

Total AV (km/sec)..................
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
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ORBIT SELECTION DATA SHEET NO. 32
 

Mars (1984) FAMILY NO. 21 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)......... 100 100 
Minimum Image Overlap (%)....... 20 20 
Total Planet Coverage (%)....... > 10 75 
Solar Elevation Range (deg)..... 15-30 15-30 
Image Interval................... < 1 day 1 day 
Time for % Coverage (days) ...... - 50 days 
Coverage Interval ............... > 4 yr 50 days 
Distribution.................... Mare,poles Mare,poles 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity..................... 81813 0
 
Periapse Alt. (km)............... 340 33,809
 
Apoapse Alt. (km)............... 33,809 33,809
 
Inclination (deg)...............•. 90 90
 
Ascending Node (deg)............ 317 317
 
Arg. ofPeriapse (deg).......... 265 265 360
 

SELECTION RATIONALE:
 

A one orbit per Mars day elliptical orbit is selected since
 
this is the maximum rate at which fine detail can be gathered. The
 
900 inclination is set by the distribution required. During the
 
first 25 days surface coverage includes the southern polar region
 
between -47.5 and -900 latitude. Periapse is within 100 of the South
 
Pole. At the end of 25 days, an apseline rotation of approximately
 
1000 is made, placing periapse at the equator. For the next 25 days,
 
coverage moves from a maximum southerly latitude of -47.5' to a maximum
 
northerly latitude of +30t.The solar elevation constraint is satisfied
 

at all times.
ORBIT/MEASUREMENT CHARACTERISTICS: 

Orbits to Contiguous Images ..... 1
 
Measurement Orbit Frequency ..... every orbit
 
Orbit Period (hrs) .............. 24.63
 
Measurement Alt. Range (km)..... 340 to 976
 
Max. Measurement Arc (deg) ...... .- 26 to 56 
Max. Sensor on Time (min/orb).. 21.7 
No. of Impulses (AV) ....... 3 
Capture AV (km/sec) .......... 1.437 
Plane Change AV (km/sec) -

Size Adjustment AV (km/sec)..[ 1.234 (2 impulses) 
Total AV (km/see).............. 2.671 

MEASUREMENT ACHIEVEMENT:
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ORBIT SELECTION DATA SHEET NO. 33
 

Mars (1984) FAMILY NO. 21 ORBIT NO. 


GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 100 100
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%)..........> 10 74
 
Solar Elevation Range (deg)....... 15-30 15-30
 
Image Interval .................... <i day 1 day
 
Time for % Coverage (days) ......... <00 hrs 50 days
 
Coverage Interval ................... > 4/yr
 
Distribution ....................... Mare,poles -420 to 550 lat.
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity........................ 61732 .9
 
Periapse 383 383
 
Apoapse Alt. (km)................. 12,524 68,117
 

Inclination (deg) .................. 124 124
 
Ascending Node (deg).............. 0 292
 

Arg. of Periapse (deg).............. 0 258
 

SELECTION RATIONALE:
 
An elliptical orbit was chosen to reduce the measurement
 

altitude. The inclination is set for sun-synchronous pre­
cession. This orbit has a period of 3 orbit periods/Mars
 
day. This is the smallest number of orbits/day for a sun­
synchronous orbit. Capture is made into an intermediate
 
orbit with the proper inclination. Periapse is rotated to
 
the equator using circularization at apoapse. The final orbit
 
size is established with an apoapse and geriapse maneuver.
 
Initial coverage extends from -30' to 55 latitude. 50 days
 
later coverage extends from -42' to 510 latitude. Solar
 
elevation is within 15' to 30' at all times.
 

ORBIT/MEASUREMENT CHARACTERLSTICS:
 
Orbits to Contiguous images ........ 3
 
Measurement Orbit Frequency ........ 3 orbits
 
Orbit Period (hrs)................. 8.21
 

383 to 2117
Measurement Alt. Range (km)........ 

Max. Measurement Are (deg)......... -41 to 81
 
Max. Sensor on Time (min/orb) .. 38.6
 
No. of Impulses (AV)............... 4
 
Capture AV (km/see) ................ 1.340
 

Plane Change AV (km/sec)..........
 
Size Adjustment AV (km/sec)..... ... 1.420 (3 impulses)
 

2.760
Total AV (km/sec)............... 


MEASUREMENT ACHIEVEMENT:
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ORBIT SELECTION DATA SHEET NO. 34
 

Mars (1984) FAMILY NO. 22 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 100 100
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%).......... > 10 95
 
Solar Elevation Range (deg) ........ day day i
 
Image Interval...................... < 2 hrs I day
 
Time for % Coverage (days) ......... - > 200 days
 
Coverage Interval .................. > 1/day ­

Distribution.......................global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity....................... 81813 0
 
Periapse Alt. (km)................340 33,809
 
Apoapse Alt. (km).................. 33,809 33,809
 
Inclination (deg).................. 70 70
 
Ascending Node (deg)................ 122.95 122.95
 
Arg. of Periapse (deg).............. 151.5
 

SELECTION RATIONALE:
 
An elliptical 1-day period orbit was chosen for low periapse
 

altitude coverage. The initial position of periapse remains
 
in sunlight for over 200 days. Because of the lack of a
 
priori information, the periapse may have to be moved to ob­
tain detailed coverage of desired areas. Each such movement
 
is made with 2 apoapse impulses (circular/apseline rotation)
 
costing a total of 1.234km/sec. Approximately 95% of the
 
surface crosses this orbit trace in sunlight.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ......... every orbit
 
Orbit Period (hrs) ................. 24.63
 

340 to 365
Measurement Alt. Range (km)........ 

10 to 10
Max. Measurement Arc (deg)..........-


Max. Sensor on Time (min/orb)...... .47
 
1+ size adjustments


No. of Impulses (AV)............... 

Capture AV (km/sec)................1.437
 (

Plane Change AV (km/sec)........... 

Size Adjustment AV (km/see)......... 1.234 (2 impulses)


1.437 + size adjustments
Total AV (km/sec).................. 


MEASUREMENT ACHIEVEMENT:
 

1. The shortest time between images equals one orbit period.
 

2. See note 1, Data Sheet #28.
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ORBIT SELECTION DATA SHEET NO. 35
 

Mars (1984) FAMILY NO. 23 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 100 100 
Minimum Image Overlap (%)....... 20 20 
Total Planet Coverage (%)......... > 10 
Solar Elevation Range (deg)........ -

Image Interval..................... < 30 hrs 25 hrs
 
Time for % Coverage (days)......... .
 
Coverage Interval .................. > 2/yr
 
Distribution ........................ . global
 

ORBIT ELEMENTS: 
 Final Intermediate
 
Eccentricity........................ 81813 0
 
Periapse Alt. (km)................. 340 3,809
 
Apoapse Alt. (km)................... 33,809 33,809
 
Inclination (deg) .................. 90 	 90

Ascending Node (deg)............... 136.6 	 136.6
 
Arg. of Periapse (deg)............. 150
 

SELECTION RATIONALE:
 

An elliptical polar orbit of period I Mars day was selected
 
to give minimum altitude. Only I pass/day is possible for
 
detailed coverage of randomly spaced areas. Initial periapse

is at 350N. latitude. A 2 impulse AV of 1.234 km/sec total
 
is required to move periapse to another latitude. Stay time
 
depends upon the number and detail of areas-to be covered
 
for which no a priori information is availble.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........
 
Measurement Orbit Frequency ........ 
Orbit Period (hrs) ................. 
Measurement Alt. Range (km)... 
Max. Measurement Arc (deg) ......... 
Max. Sensor on Time (min/orb) 

No. of Impulses (AV)............... 

Capture AV (km/see) ................ 

Plane Change 6V (km/sec)........... 

Size Adjustment AV (km/sec)........ 

Total AV (km/see) .................. 


MEASUREMENT ACHIEVEMENT:
 

1. S-ee note 1. Da-ia Sheot #28.
 

every orbit
 
24.62
 

340 to 370
 
-20 to 20
 
9.6 	 siz 
11 size adjustments 

1.437
 
-

1.234 (2 impulses)
 
1.437 + size adjustments
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ORBIT SELECTION DATA SHEET NO. 36
 

Mars (1984) FAMILY NO. 24 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS; Reqired Obtained 
Minimum Image Size (km) ......... 100 
Minimum Image Overlap (A).......... 20 20 
Total Planet Coverage (%)......... > 10
 

-
Solar Elevation Range (deg)........ 

Image Interval ..................... < 2 min I day
 
Time for % Coverage (days).........
 
Coverage Interval................... > 1/day -


Distribution.......................- global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity.................. ..... 81813 0
 
Periapse Alt. (km).................. 340 33,809
 

33,809
Apoapse Alt, (km).................. 33,809 90
.... 90 

Inclination (deg)..................
 

136.6
Ascending Node (deg).................136.6 
 -

Arg. of Periapse (deg)............. 150 


SELECTION RATIONALE:
 

An elliptical polar orbit of period 1 Mars day was
 
selected to give maximum possible coverage at minimum altitude.
 

Only 1 pass/day is possible for detailed coverage of randomly
 
spaced areas. Initial periapse is at 350N. latitude. A 2
 
impulse AV of 1.234 km/sec total is required to move periapse
 
to another latitude. Stay time depends upon the number and
 

detail of areas to be covered for which no a priori information
 
is available.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs)................. 24.62
 
Measurement Alt. Range (km)........ 340 to 370
 
Max. Measurement Arc (de ).........".-20 to 20 

Max. Sensor on Time (min orb). ..... 9.6 
No. of Impulses (AV).............. 
Capture AV (km/sec) ......... .. 1.437 
Plane Change AV (km/sec)....... " (2 
Size Adjustment AV (km/see). 1.234 (2 impulses) o 
Total AV (km/sec).................. 1.437 + size adjustments 

MEASUREMENT ACHIEVEMENT:
 

1. The coverage intervial cannot be determined now as it will
 
depend upon the time required to obtain complete coverage
 
of the area in question. However, it will be greater than
 
1 day as the interval between successive images of the
 
same area is one day.
 

2. See note 1, Data Sheet #28.
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ORBIT SELECTION DATA SHEET NO. 37
 

Mars ( 198 FAMILY NO., 25 ORBIT NO. 8
 

GROUPMEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km).............. 5 .5 
Minimum Image Overlap (%).......... 20 20 
Total Planet Coverage (%)......... > 3
 
Solar Elevation Range (deg)........ 70-85 70-85
 
Image Interval ................. I.. - 1 day
 
Time for % Coverage (days) ......... -

Coverage Interval 1/300 hr 01< 

Distribution........................ - -370to 6lat.
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity......................61732 .9
 
Periapse Alt. (km)................. 383 383
 
Apoapse Alt. (km).................. 12,524 68,117
 
Inclination (deg).................. 124 36
 
Ascending Node (deg)................ 70 20.5
 
Arg. of Periapse (deg)............. 204 219.5
 

SELECTION RATIONALE:
 

A 3 revolution/Mars day orbit is selected to minimize the
 
periapse altitude and AV while maintaining the solar pre­
cession rate for the ascending node. Off-periapse insertion
 
is used to rotate the apseline 7.50 to the most favorable
 
orbit periapse location. The orbit plane is rotated 990 to
 
obtain the correct inclination. The orbit periapse moves in
 
the same latitude direction as the Sun with time. The stay

time is dependent upon the number and size of areas to be ob­
served for which no a priori information exists.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 3
 
Measurement Orbit Frequency ........ 3 orbits
 
Orbit Period (hrs) ................. 8.21
 
Measurement Alt. Range (km)........ 383 to 485
 
Max. Measurement Arc (deg)....... -84 to -44
 
Max. Sensor on Time (min/orb).... 17.2
 

No. of Impulses (AV)............... 3
 
Capture AV (km/sec)................. 1.362 (7.5 )
 
Plane Change AV (km/sec)........... .373 )
 

Size Adjustment AV (km/sec)/ )2.095........ .360
(k 
Total AV (km/sec)..................
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
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ORBIT SELECTION DATA SHEET NO. 38
 

Mars (1984) FAMILY NO. 26 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 0.5 0.5
 
Minimum Image Overlap (%).......... 60 60
 
Total Planet Coverage ()......... > 3
 
Solar Elevation Range (deg)........ -

Image Interval - i day
 
Time for % Coverage (days).........
 
Coverage Interval.................. > 1/300hr
 
Distribution....................... global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity...................... 81813 0
 
Periapse Alt. (km)...............340 33,809
 
Apoapse Alt. (km).................. 33,809 33,809
 
Inclination (deg) .................. 90 90
 
Ascending Node (deg)................ 136.6 136.6
 
Arg. of Periapse (deg)............. 150
 

SELECTION RATIONALE:
 

An elliptical polar orbit of period I Mars day was selected
 
to give maximum possible coverage at minimum altitude. Only
 
1 pass/day is possible for detailed coverage of randomly spaced
 
areas. Initial periapse is at 35°N. latitude. A 2 impulse
 
AV of 1.234 km/sec total is required to move periapse to
 
another latitude. Stay time depends upon the number and detail
 
of areas to be covered for which no a priori information is
 
available.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs)................. 24.62
 
Measurement Alt. Range (km)........ 340 to 370
 
Max. Measurement Arc (de4)......... -20 to 20
 

Max. Sensor on Time (min/orb) . " 9.6
 
No. of Impulses (AV)................ . + size adjustments
 
Capture AV (km/sec)...................1.437
 
Plane Change AV (km/sec)...........
 
Size Adjustment AV (km/sec)......... 1.234 (2 impulses)
 
Total AV (km/sec).................. 1.437 + size adjustments1
 

MEASUREMENT ACHIEVEMENT:
 
1. See note 1, Data Sheet 28.
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ORBIT SELECTION DATA SHEET NO. 39
 

Mars (1984) FAMILY NO. 27 ORBIT NO. 8
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ .5 .5 
Minimum Image Overlap (%).......... 20 20 
Total Planet Coverage (%)......... >..7
 
Solar Elevation Range (deg)....... 70-85 70-85
 
Image Interval .................. ,I.. 1 day
 
Time for % Coverage (days) ........
 

i-
Coverage Interval.................. 

Distribution......................- 37 to 6 lat.
 

Final Intermediate
ORBIT ELEMENTS:
Eccentricity .61732 .9
 
Periapse Ait. (km)............... 383 383
 
Apoapse Alt. (km)................ 12,524 68,117
 

Inclination (deg).................. 124 36
 

Ascending Node (deg)............... 70 20.5
 
204 219.5
Arg. of Periapse (deg)............ 


SELECTION RATIONALE:
 
A 3 revolution/Mars day orbit is selected to minimize the
 

periapse altitude and AV while maintaining the solar prec­
cession rate for the ascending node. Off-periapse insertion
 
is used to rotate the apseline 7.50 to the most favorable
 
orbit periapse location. The orbit plane is rotated 990
 
to obtain the correct inclination. The orbit periapse moves
 
in the same latitude direction as the Sun with time. The
 
stay tume is dependent upon the number and size of areas to
 
be observed for which no a priori information exists.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... 3
 
Measurement Orbit Frequency ...... 3 orbits
 
Orbit Period (hrs) ............... 8.214
 
Measurement Alt. Range (k8)4.....383 to
 
Max. Measurement Arc (deg).......-84 to-44
 
Max. Sensor on Time (mn/orb)...... 17.2
 

No. of Impulses (AV)............. 1.362 (75)
 
Capture AV (km/sec) .............. .373 (99)
 

Plane Change AV (km/sec)........ .36
 
Size Adjustment AV (km/sec)..... .2095
 
Total AV (km/sec) ..................
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
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ORBIT SELECTION DATA SHEET NO. 40
 

Mars (1984) FAMILY NO, 28 ORBIT NO. 8
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 0.5 0.5 
Minimum Image Overlap (%).......... 20 20 
Total Planet Coverage (%).......... > 3 >3 
Solar Elevation Range (deg)........ 50-80 50-80 
Image Interval ..................... < day I day 
Time for % Coverage (days)...... 100 hrs 
Coverage Interval ................ 4/yr 

.-500 to 30 l a t 
Distribution........................ -


ORBIT ELEMENTS: Final Intermediate
 
Eccentricity........................ 61732 .9
 
Periapse Alt, (ki).................383 383
 
Apoapse Alt. (km)................... 12,524 68,117
 
Inclination (deg).................. 124 32
 
Ascending Node (deg)............... 80 30
 
Arg. of Periapse (deg)............. 205 220.5
 

SELECTION RATIONALE:
 

Detailed measurements are made at a maximum rate of 1
 
pass/day. Orbit precession is used to maintain the solar
 
elevation constraint. Maximum elliptical orbit (lowest
 
periapse) satisfying these factors has a period = 1/3 Mars
 
day. A large plane change establishes periapse in a desir­
able position. Coverage initially extends from -500 to 30
 
latitude. The stay time is dependent upon the number, size
 
and location of the areas to be observed for which a priori
 
information does not exist.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... 3
 
M~asurement Orbit Frequency........ 3 orbits
 
Orbit Period (hrs) ................. 8.21
 
Measurement Alt. Range (km)........ 383 to 880
 
Max. Measurement Arc (deg)......... -29 to 47
 
Max. Sensor on Time (min/orb)..... 23.4
 
No. of Impulses (AV)............... 3
 
Capture AV (km/sec)................ 1.340
 
Plane Change AV (km/see)......... 382 (102.50)


.360Size Adjustment AV (km/sec)........ 

Total AV (km/sec) .................. 2.082
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
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ORBIT SELECTION DATA SHEET NO. 41
 
Mars (1984) FAMILY NO. 29 ORBIT NO. 8
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 0.5 0.5
 
Minimum Image Overlap (%).......... 20 201
 
Total Planet Coverage (%).......... > 3 68
 
Solar Elevation Range (deg)........ 30-60 30-60
 
Image Interval..................... - I day

Time for % Coverage (days)........ -

Coverage Interval................. 4....40 lat i
..... ....
 
Distribution.......................- 47 to
 

ORBIT ELEMENTS: Final 
 Intermediate
 
Eccentricity ....................... .61732 
 .9
 
Periapse Alt. (km)................ 383 383
 
Apoapse Alt. (km).................. 12,524 68,117

Inclination (deg) .................. 124.1 36
 
Ascending Node (deg)............... 253.5 71
 
Arg. of Periapse (deg)............. 356 184.5
 

SELECTION RATIONALE:
 

Detailed measurements can be made at a maximum rate of
 
one pass/day. The use of orbit precession to maintain polar

elevations is required. Maximum elliptical orbit (minimum

periapse) satisfying these factors has a period of 1/3 Mars
 
day. A large plane change is the cheapest way to center
 
periapse in the properly light area. Coverage extends to
 
550 from periapse along the orbit. Stay time is dependent
 
upon the number, size, and location of the areas to be
 
observed for which no a priori information is available.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... 3
 
Measurement Orbit Frequency ....... 3 orbits
 
Orbit Period (hrs) ................ 8.21
 
Measurement Alt. Range (km).......... 383 to 11151
 
Max. Measurement Arc (deg)......... -55 to 55
 
Max. Sensor on Time (min/orb)..... 31
 
No. of Impulses (AV).............. 3
 
Capture AV (km/sec) ............... 1.338
 
Plane Change AV (km/sec) ........... .485 (1610)

Size Adjustment AV (km/sec)....... .361
 
Total AV (km/sec).................. 2.184
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
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ORBIT SELECTION DATA SHEET NO. 42
 

Mars (1984) FAMILY NO. 30 ORBIT NO. 8
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 0.5 0.5
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%).......... 74
 
Solar Elevation Range (deg)........ 15-30 15-30
 
Image Interval...................... I day I day
 
Time for % Coverage (days) .......... 100 hrs 50 days
 
Coverage Interval.................. > 4/yr
 
Distribution ........................- -42°to 550lat.
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity....................... .61732 .9
 
Periapse Alt. (km)................. 383 383
 
Apoapse Alt. (km).................. 12,524 68,117
 
Inclination (deg) .................. 124 124
 
Ascending Node (deg)............... 292 292
 
Arg. of Periapse (deg)............. 0 258
 

SELECTION RATIONALE:
 
An elliptical orbit was chosen to include the measurement
 

altitude. The inclination is set for sun synchronous precession.
 
This orbit has a period of 3 orbits/Mars day. This is
 
the smallest number of orbits/day for a sun syncnronous orbit.
 
Capture is made into an intermediate orbit with the proper in­
clination. Periapse is rotated to the equator using circular­
ization at apoapse. The final orbit size is established with
 
an apoapse and periapse maveuver. Initial coverage extends from
 
-30' to 550 latitude. 50 days later coverage extends from
 
-420 to 510 latitude. Solar elevation is within 15°-300at all times.
 

ORBIT/MEASUREMENT CHARACTERISTICS: 
Orbits to Contiguous Images ....... 3 
Measurement Orbit Frequency ....... 3 orbits 
Orbit Period (hrs) ................ 8.21 
Measurement Alt. Range (ki)........ 383 to 2117 
Max. Measurement Arc (deg)....... -41 to 81 
Max. Sensor on Time (min/orb)... 38.6 
No. of Impulses (AV).............. 4 
Capture AV (km/sec) ........... ..... 1.340
 
Plane Change AV (km/sec)........ .1......
 
Size Adjustment AV (km/sec)..... 1.420 (3 impulses)
 
Total AV (km/sec).................. 2.760
 

MEASUREMENT ACHIEVEMENT:
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ORBIT SELECTION DATA SHEET NO. 43
 

ORBIT NO. 10
Mars (1984) FAMILY NO. 31 


GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 0.5 0.5
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%).......... > 3 >3
 
Solar Elevation Range (deg) ....... -

Image Interval .................... < 30 hrs I day
 
Time for % Coverage (days)........ 1
 
Coverage Interval.................. > 1/300 hr -


Distribution ....................... .. global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity........................ 81813 0
 
Periapse Alt. (ki).................. 340 33,809
 
Apoapse Alt. (km)................... 33,809 33,809
 
Inclination (deg).................. 90 90
 
Ascending Node (deg)................ 136.6 136.6
 
Arg. of Periapse (deg)............. 150
 

SELECTION RATIONALE:
 

An elliptical polar orbit of period I Mars day was selected
 
to give maximum possible coverage at minimum altitude. Only
 
I pass/day is possible for detailed coverage of randomly spaced
 
areas. Initial periapse is at-35 0N. latitude. A 2 impulse
 
AV of 1.234 km/sec total is required to move periapse to
 
another latitude. Stay time depends upon the number and detail
 
of areas to be covered for which no a priori information is
 
available.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images 1.......
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 24.62
 

340 to 370
Measurement Alt. Range (km)........ 

-20 to 20
Max. Measurement Arc (deg) 


Max. Sensor on Time (min/orb).... 9.6
 
1+ size adjustments
No. of Impulses (AV)................ 


Capture AV (km/sec)................ 1.437
 
Plane Change AV (km/sec)..........
 
Size Adjustment AV (km/sec)........ 1.234 (2 impulses)


1.437 + size adjustments
Total AV (km/seo) .................. 


MEASUREMENT ACHIEVEMENT:
 
1. See note 1, Data Sheet #28. 
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ORBIT SELECTION DATA SHEET NO. 44
 
Mars ( 198Z) FAMILY NO. 32 ORBIT NO. 8
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 0.3 0.3
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%)......... -

Solar Elevation Range (deg)........ 70-85 70-85
 
Image Interval ..................... <1 min 1 day
 
Time for % Coverage (days) .........
 
Coverage Interval --

Distribution........................ waves,poles, -37°to 60 lat.
 

mountains
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity........................61732 .9
 
Periapse Alt. (km.. ............ 383 383
 
Apoapse Alt. (km).................. 12,524 68,117
 
Inclination (deg).................. 124 36
 
Ascending Node (deg)............... 70 20.5
 
Arg. of Periapse (deg)............. 204 219.5
 

SELECTION RATIONALE:
 
A 3 revolution/day orbit is selected to minimize the periapse
 

altitude and AV while maintaining the solar precession rate
 
for the ascending node. Off-periapse insertion is used to
 
rotate the apseline 7.50 to the most favorable orbit periapse
 
location. The orbit plane is rotated 99' to obtain the correct
 
inclination. The orbit periapse moves in the same latitude
 
direction as the Sun with time. The stay time is dependent
 
upon the number and size of areas to be observed for which no
 
a priori information exists.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... 3
 
Measurement Orbit Frequency ....... 3 orbits
 
Orbit Period (hrs) ................. 8.21 1
 
Measurement Alt. Range (km)........ 383 to 485
 
Max. Measurement Arc (deg)......... -84 to-44
 
Max. Sensor on Time (min/orb)..... 17.2
 
No. of Impulses (AV).......... 3
 
Capture AV (km/sec).............. 1.362 (7.50)
 
Plane Change AV (km/sec) ................ 373 (99")
 
Size Adjustment AV (km/sec)...... .360
 
Total AV (km/sec) ............... 2.095
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage. The maximum solar elevation angle at the
 
poles is 250.
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ORBIT SELECTION DATA SHEET NO. 45
 

Mars (1984) 	 FAMILY NO. 33 ORBIT NO. 8
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)........... 1.0.3 0.3
 
Minimum Image Overlap (%........
 
Total Planet Coverage (%........
 
Solar Elevation Range (deg)........ 50-80 50r80
 
Image Interval.................... < I min 1 day

Time for % Coverage (days)........
 
Coverage Interval..................
 
Distribution.......................
 

ORBIT ELEMENTS: 

Eccentricity.......................
 
Periapse Alt. (km)................. 

Apoapse Alt. (km) .................. 

Inclination (deg) .................. 

Ascending Node (deg)........... 

Arg. of Periapse (deg)........ 


SELECTION RATIONALE:
 

wavespoles, -500to 3Olat.l
 
mountains
 

Final 

61732 


383 

12,524 


124 

80 


205 


Intermediate
 
.9
 

383
 
68,117
 

32
 
30
 

220.5
 

Detailed measurements are made at a maximum rate of 1
 
pass/day. Orbit precession is used to maintain the solar
 
elevation constraint. Maximum elliptical orbit (lowest periapse)
 
satisfying these factors has a period = 1/3 Mars day. A large
 
plane change establishes periapse in a desirabl position
 
Coverage initially extends from -50' to 3' latitude. The
 
stay time is dependent upon the number, size, and location
 
of the areas to be observed for which a priori information
 
does not exist.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 

Measurement Orbit Frequency ........ 

Orbit Period (hrs) ............... 

Measurement Alt. Range (km)...... 

Max. Measurement Arc (deg)....... 

Max. Sensor on Time (min/orb)..... 

No. of Impulses (AV)............... 

Capture AV (km/sec)................ 

Plane Change AV (km/sec)........... 

Size Adjustment AV (km/sec)........ 

Total AV (km/sec).................. 


MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
 

3
 
3 orbits
 

8.21 	 2
 
383 to 880
 
-29 to 47
 

23.4
 
3
 

1.340
 
.382 	 (102.50)
 
.360
 
2.082
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ORBIT SELECTION DATA SHEET NO. 46
 

Mars (1984) FAMILY NO. 34 ORBIT NO. 


GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 
Minimum Image Overlap (%).......... 
Total Planet Coverage (%).......... 

0.3 0.3 

681 

Solar Elevation Range (deg) ........ 
Image Interval ..................... 
Time for % Coverage (days) ......... 

30-60 
< I min 

30-60 
1 day 

Coverage Interval .................. 
Distribution....................... 

-
wavespoles, 

- I 
-470to 400 lat. 

mountains 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity....................... .61732 .9
 
Periapse Alt. (km). ................. 383 383
 
Apoapse Alt. (km).................. 12,524 68,117
 
Inclination (deg).................. 124.1 36
 
Ascending Node (deg)............... 253.5 71
 
Arg. of Periapse (deg).............356 184.5
 

SELECTION RATIONALE:
 

Detailed measurements can be made at a maximum rate of
 
one pass/day. The use of orbit precession to maintain polar
 
elevations is required. Maximum elliptical orbit (minimum
 
periapse satisfying these factors has a period of 1/3 Mars
 
day. A arge plane change is the cheapest way to center
 
periaese in the properly lighted areas. Coverage extends
 
to 55 from periapse along the orbit. Stay time is dependent
 
upon the number, size and location of the areas to be ob­
served for which no a priori information is available.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 3
 
Measurement Orbit Frequency ........ 3 orbits
 
Orbit Period (hrs) ................. 8.21 1
 
Measurement Alt. Range (km)......... 383 to 1115
 
Max. Measurement Arc (deg).... ".....
-55 to 55
 
Max. Sensor on Time (min/orb)..... 31
 
No. of Impulses (AV)............... 3
 
Capture AV (km/sec)............... 1.338
 
Plane Change AV (km/sec)........... .485 (1610)
 
Size Adjustment AV (km/sec)......... .361
 
Total AV (km/sec) .................. 2.184
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
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ORBIT SELECTION DATA SHEET NO. 47
 

Mars (1988) FAMILY NO. I 	 ORBIT NO. I
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 1000 1000
 
Minimum Image Overlap (%).......... 20 31.5
 
Total Planet Coverage ().......... > 70 100
 
Solar Elevation Range (deg)........ day day
 
Image Interval.................... 3 days I
 
Time for % Coverage (days) .............1 40 days1
 
Coverage Interval ................... 20/yr
 
Distribution ...................... poles global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... 0
 
Periapse Alt. (km)................. 931
 
Apoapse Alt. (km).................. 931
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 94.5
 
Arg. of Periapse (deg)............. 311
 

SELECTION RATIONALE:
 
A polar orbit is selected because the coverage requirement
 

include the poles and 70% of the planet. Polar orbits passing
 
through the VHP vector have periapse on the dark side of the
 
planet hence elliptical orbits are not possible. The sun
 
reaches the equator 36 days after the start of the mission,
 
after this the other pole may be observed in daylight. The
 
location of the ascending node was chosen to minimize
 
occultation.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 
Measurement Orbit Frequency ....... every orbit
 
Orbit Period (hrs) ............... .2.38
 
Measurement Alt. Range (km)........ 931
 
Max. Measurement Arc (de) ..... 180
 
Max. Sensor on Time (min/orb)....71.4
 
No. of Impulses (AV)............... I
 
CaptureAV (km/eec).................2.051
-
Plane Change AV (km/sec).......... 

Size Adjustment nV (km/sec).......
 
Total AV (km/sec) .................. 2.051
 

MEASUREMENT ACHIEVEMENT:
 

1. 	If it were not necessary to observe the 2nd pole, > 70%
 
coverage could be obtained in 3 days which is the time
 
required to obtain one longitudinal coverage of the
 
planet.
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ORBIT SELECTION DATA SHEET NO. 48
 

Mars (1988) FAMILY NO. 2 	 ORBIT NO. 6
 

GROUP MEASUREMENT SPECIFICATIONS: Reauired Obtained 
Minimum Image Size (km).............. O00 1000 
Minimum Image Overlap (%)......... 20 26.8 
Total Planet Coverage %)......... > 70 71 

-
Solar Elevation Range (deg)........ 

Image Interval..................... 6 days
 
Time for % Coverage (days) ........ I day c6 days 

Coverage Interval ................. 20/yr once/6 days
 
Distribution ....................... poles -90o to 250 lat.
 

ORBIT ELEMENTS: 	 Final Intermediate
 
Eccentricity.. .................. 3971
 
Periapse Alt. (km). ............. 440
 
Apoapse Alt. (km).................. 5473
 
Inclination (deg)................... 90
 
Ascending Node (deg)................ 95.1
 
Arg. of Periapse (deg)............. 309
 

SELECTION RATIONALE:
 

Because there is no solar elevation constraint, an
 
elliptical polar orbit through the VHP vector is selected
 
to maximize the coverage and to minimize the propulsion re­
quirements. Periapse is at -51' latitude. 70% coverage of
 
the planet surface can be obtained between the altitudes
 
440 to 1489 km. The direction of motion along the orbit is
 
picked by minimizing occultation of Earth, Canopus and Sun.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... 5
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hrs) ................. 4.25
 
Measurement Alt. Range (km)......... 440 to 1489
 

Max. Measurement Arc (deg)...... -39 to 76
 
Max. Sensor on Time (mn/orb).... 36.8
 
No. of Impulses (AV)...............
 
Capture AV (km/sec)................. 1.4841
 
Plane Change AV (km/sec ..........
 

Size Adjustment AV (km/sec)........ 1.4841
 
Total AV (km/sec)..................
 

MEASUREMENT ACHIEVEMENT:
 

1. 	To obtain 70% coverage of the planet surface, one com­
plete longitudinal coverage of the planet must be made.
 
This takes six days.
 

2. 	Only one pole is covered because of altitude restrictions
 
on the elliptical orbit.
 



ORBIT SELECTION DATA SHEET NO. 49
 

Mars (1988) FAMILY NO. 3 ORBIT NO.1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 
Minimum Image Overlap ()... ........ 60 

600 
61.1 

Total Planet Coverage (%)......... > 70 31.7 1 
Solar Elevation Range (deg) ....... 
Image Interval.....................-

70-85 70-85 
9 days 

Time for % Coverage (days) ......... 
Coverage Interval.................. 

-
- 22 

30 days 
to 150lat. 

Distribution...................... 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity...................... 0 .9
 
Periapse Alt. (km)................. 994 994
 
Apoapse Alt. (km).................. 994 79,726
 
Inclination (deg).................. 71 29
 
Ascending Node (deg) ............... 218.5 88.5
 
Arg. of Periapse (deg)............. 203 313.5
 

SELECTION RATIONALE:
 

Because of the respective locations of the VHP vector,
 
periapse and the area having desired sun elevation angles.
 
it is not possible to get orbits with much latitude coverage
 
at the time of arrival using insertion at periapse. This
 
orbit was selected so that is was outside the area having the
 
desired sun elevation angles at the time of arrival. Its
 
ascending node moves opposite the direction of the motion
 
of the sun, so that the desired coverage will be obtained
 
between 15 and 30 days after arrival.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 
Measurement Orbit Frequency ....... every orbit
 
Orbit Period (hrs).................. 2.44
 

994
Measurement Alt. Range (km)........ 

38
Max. Measurement Arc (deg)... 


Max. Sensor on Time (min orb)...... 3
 
No. of Impulses (AV)............... .860
 
Capture AV (km/sec)................ 8.0
 
Plane Change AV (km/sec) .... 08
 
Size Adjustment AV (km/sec)........ 2.366
 
Total AW (km/sec)..................
 

MEASUREMENT ACHIEVEMENT:
 

1. 	The area having desired sun elevation angles is small and
 
the sun is just ready to move into the northern hemisphere.
 
Because of this, even if a sun synchronous orbit were
 
used, it would take about 3/4 of a Mars year to obtain
 
> 70% coverage.
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6 
ORBIT SELECTION DATA SHEET NO. 50
 

Mars (1988) FAMILY NO. 3 	 ORBIT NO. 


GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 

Minimum Image Size (km)............ 600 600
 
Minimum Image Overlap (%)......... 60 60.2
 
Total Planet Coverage (%)......... > 70 1
 
Solar Elevation Range (deg)....... 70-85 70-85
 
Image Interval................... - 18 days
 
Time for % Coverage (days)........ 125 days
 
Coverage Interval.............. :28o t 3
 

Distribution .......................
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity........................ 4601 .9
 
Periapse Alt. (kn).................. 425 425
 
Apoapse Alt. (km).................. 6910 68,915
 

. 3106.5 29
Inclination (deg) .......... 

Ascending Node (deg)................. 352 88.5
 
Arg. of Periapse (deg)............... 190 313.5
 

SELECTION RATIONALE:
 

A sun synchronous elliptical orbit, with periapse located
 

near the bottom of the region with desired solar elevations,
 
that it stays in the solar constrained area
and advancing so 


for 125 days, is selected. This orbit requires both a plane
 

change and off-periapse insertion because both the ViiP vector
 
and periapse are poorly located in relation to the area having
 

desired solar elevation angles.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images	........ 5
 

........ every orbit
Measurement Orbit Frequency 

Orbit Period (hrs) ................. 4.98
 
Measurement Alt. Range (km)........ 425 to 697
 

Max. Measurement Arc (deg)........ -19 to 190
 
10.5
Max. Sensor on Time (min/orb) .... 


No. of Impulses (AV)............... 1.490 (57)
 
1.368 (980)
Capture AV (km/sec) ................ 
 .572
Plane Change AV (km/sec)......... 3 


........ .2430

Size Adjustment AV (km/se) 


Total AV (km/sec) ..................
 

MEASUREMENT ACHIEVEMENT:
 

1. Because measurements are 	made primarily in the northern hemi­

sphere, the mission time would have to be approximately
 
3/4 Mars year to obtain > 70% coverage.
 

70
 



ORBIT SELECTION DATA SHEET NO. 51
 

Mars (1988) FAMILY NO. 4 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Reuired Obtained 
Minimum Image Size (km) .......... 00 600 
Minimum Image Overlap (%).......... 60 61.1 
Total Planet Coverage ()........ > 70 100 
Solar Elevation Range (deg)........ -
Image Interval...................-
Time for % Coverage (days) ....... 
Coverage Interval ................ 
Distribution........................ 

-
-
-

9 days 
9 days 

once/9 days 
global 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... 0
 
Periapse Alt. (km)................. 994
 
Apoapse Alt. (km).................. 994
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 95.1
 
Arg. of Periapse (deg)............. 309
 

SELECTION RATIONALE:
 

Because there is no solar elevation constraint, 100% of
 
the planet surface can be covered most quickly by using
 
a circular polar orbit passing through the VHP vector.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 2.44
 
Measurement Alt. Range (km)........ 994
 
Max. Measurement Arc (deg)......... 180
 
Max. Sensor on Time (min/orb) .... 73.2
 
No. of Impulses (AV)............. I
 
Capture AV (km/sec)............. 2.046
 
Plane Change AV (km/sec).......... -


Size Adjustment AV (km/sec)........
 
Total AV (km/sec) ................. 2.046
 

MEASUREMENT ACHIEVEMENT:
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ORBIT SELECTION DATA SHEET NO. 52
 
Mars(1988) FAMILY NO. 4 ORBIT NO. 6
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 600
 
Minimum Image Overlap (%).......... 60 60.2
 
Total Planet Coverage (%) .......... > 70 71.13
 
Solar Elevation Range (deg) ........
 
Image Interval ...................... - 18 days
 
Time for % Coverage (days) .......... - 188 days
 
Coverage Interval ..................
 
Distribution .......................- -90O to 250 lat.
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity.. .................... 4601
 
Periapse Alt. (km)................425
 
Apoapse Alt. (km).................. 6910
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 95.1
 
Arg. of Periapse (deg).............. 309
 

SELECTION RATIONALE:
 

Measurements are made at periapse only along this ellipti­
cal polar orbit. One way of covering 70% of the Planet surface
 
is to cover all the latitudes between -90o and 25 . This
 
takes 188 days. Note the difference in mission time between
 
this data collection technique and that of the circular orbit
 
selected on orbit selection data sheet #35.
 

ORBIT/MEASUREMENT CHARACTERISTICS:,
 
Orbits to Contiguous Images ........ 5
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 4.98
 
Measurement Alt. Range (km)........ 425
 
Max. Measurement Arc (deg)......... -.462 to .462
 
Max.- Sensor on Time (min/orb) .. .25
 
No. of Impulses (AV)............... 1
 
Capture AV (km/sec)................ 1.396
 
Plane Change AV (km/sec)........... -

Size Adjustment AV (km/sec)........
 
Total AV (km/sec)..................... 1.396
 

MEASUREMENT ACHIEVEMENT:
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ORBIT SELECTION DATA SHEET NO. 53
 

Mars (1988) FAMILY NO. 5 ORBIT NO. 


GROUP MEASUREMENT SPECIFICATIONS: Reuired Obtained 
Minimum Image Size (km) ......... 
Minimum Image Overlap (%).......... 
Total Planet Coverage (.......... 

00 
20 

> 70 

600 
23 
431 

Solar Elevation Range (deg)........ 
Image Interval.......... .......... 
Time for % Coverage (days) ...... 
Coverage Interval................. 
Distribution........................ 

70-90 

-

. . 

70-90 
15 days 

235 days 

-l11 to 420 lat. 

ORBIT ELEMENTS: Final Intermediate 
Eccentricity.....,............... .6115 
Periapse Alt. (km) .............. 385 

.9 
385 

Apoapse Alt. (km).................. 12,236 
Inclination (deg).................. 123 

68,155 
9 

Ascending Node (deg)............... 350 255 
Arg. of Periapse (deg)............. 318.5 274 

SELECTION RATIONALE: 

Because periapse is spaced far from the area having the
 
desired sun elevation angles, an off-periapse insertion is
 
made into a sun synchronous elliptical orbit whose periapse
 
stays centered in the area having the desired sun elevation
 
for the next 235 days.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 3
 
Measurement Orbit Frequency ...... every orbit
 
Orbit Period (hrs) ............. 8.03
 
Measurement Alt. Range (km) ........ 385 to 434
 
Max. Measurement Arc (deg)......... -9 to 28
 
Max. Sensor on Time (min/orb)...... 9.6
 
No. of Impulses (tV)............... 3
 
Capture AV (km/sec).............. 1.310 (-44.50)
 
Plane Change AV (km/sec)........ .427 (1210)
 

Size Adjustment AV (km/sec).......... 368
 

Total AV (km/sec).................. 2.105
 

MEASUREMENT ACHIEVEMENT:
 

1. 	No additional coverage can be obtained for approximately
 
the next 235 days while the sun travels back to the
 
southern hemisphere.
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ORBIT SELECTION DATA SHEET NO. 54
 

Mars (1988) 	 FAMILY NO. 6 ORBIT NO. 8
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 600
 
Minimum Image Overlap (%)......... 20 23
 
Total Planet Coverage (7)........ > 70 68.8
 
Solar Elevation Range (deg)........ 50-80 50-80
 
Image Interval ..................... 1 day 15 daysI
 
Time for % Coverage (days) ......... 100 hrs 235 days2
 
Coverage Interval ............ ..... > 4/yr
 
Distribution ....................... Mare,poles -36o to 5201at.
 

ORBIT ELEMENTS: 	 Final Intermediate
 
Eccentricity ........................ 6115 .9
 
Periapse Alt. (km)................. 385 385
 
Apoapse Alt. (km).................. 12,236 68,155
 
Inclination (deg).................. 123 9
 
Ascending Node (deg)....... 350 255
 
Arg. of Periapse (deg)............. 318.5 274
 

SELECTION RATIONALE:
 

Because periapse is located far from the area having the
 
desired sun elevation angles, an off-periapse insertion is
 
made into a sun synchronous elliptical orbit whose periapse
 
stays centered in the area having desired sun elevations for
 
the next 235 days.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 

Measurement Orbit Frequency ........ 

Orbit Period (hrs) ................. 

Measurement Alt. Range (km)........ 

Max. Measurement Arc (deg)..... 

Max. Sensor on Time (min/orb)...... 

No. of Impulses (AV)............... 

Capture AV (km/sec)................ 

Plane Change AV (km/sec)........... 

Size Adjustment AV (km/sec) .........
 
Total AV (km/sec).................. 


3
 
every orbit
 
8.03
 
385 to 615
 
-28 to 48
 

20.8
 
3
 

1.310 	(-44.5 )
 
.427 (121)
 
368
 

2105
 

MEASUREMENT ACHIEVEMENT:
 
1. 	Obtaining the required % coverage depends upon the
 

motion of the sun.
 

2. Because one coverage takes 235 days, 4 coverages/year
 
are not possible.
 

3. The poles are never illuminated between 500 and 800.
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ORBIT SELECTION DATA SHEET NO. 55 

Mars (1988) FAMILY NO. 7 ORBIT NO. I 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 
Minimum Image Overlap ().... ...... 
Total Planet Coverage (A).........> 

Solar Elevation Range (deg)........ 

Image Interval ..................... 

Time for % Coverage (days) ..... 

Coverage Interval...................
 
Distribution....................... 


ORBIT ELEMENTS: 

Eccentricity ....................... 

Periapse Alt. (km)................. 

Apoapse Alt. (km).................. 

Inclination (deg).................. 

Ascending Node (deg)............... 

Arg. of Periapse (deg)............. 


SELECTION RATIONALE:
 

600 

20 

70 


30-60 

<2 hr 

-


> 4/yr 


Final 

0 


969 

969 

90 


40.5 

5.5 


600
 
30.6
 
75
 

30-60
 
5 days
 

45 daysl
 
-


-490 to 540 lat.
 

Intermediate
 
.9
 

969
 
79,251
 

7
 
305.5
 

96
 

Because of the location of the VHP vector relative to
 
the subsolar point, a plane change is necessary to obtain
 
much coverage in the areas having the desired sun elevation.
 
A polar orbit is chosen so that there is no precession of the
 
ascending node. The desired coverage is obtained by waiting
 
for the subsolar point to move toward the orbit. Elliptical
 
orbits cannot be used because of the fast regression of periapse
 
coupled with the 45 day mission time.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................ 2.41
 
Measurement Alt. Range (km)........969
 
Max. Measurement Arc (deg) ......... 104
 
Max. Sensor on Time (min/orb) .... 41.8
 
No. of Impulses (AV)............... 3
 
Capture AV (km/sec)................ .858
 
Plane Change AV (km/sec)............ .322 (90-)
 
Size Adjustment AV (km/sec)........ 1.190
 
Total WV (km/see). ................. 2.370
 

MEASUREMENT ACHIEVEMENT:
 

1. Using this orbit only 2 coverages/Mars years are
 
possible.
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ORBIT SELECTION DATA SHEET NO. 56
 

Mars ( 1988) 	 FAMILY NO. 8 ORBIT NO. 6
 

GROUP MEASUREMENT SPECIFICATIONS: Reguired Obtained 
Minimum Image Size (km) .. .. 00 600 
Minimum Image Overlap (%)......... 20 27.8 
Total Planet Coverage (%)......... > 70 78.3
 
Solar Elevation Range (deg) ....... 15-30 15-30
 
Image Interval ..................... < 1 day 10 days
 
Time for % Coverage (days)........... 100 hrs 10 days
 
Coverage Interval................... > 4/yr once/10 days
 
Distribution ....................... Mare,poles -40.5 0 to 66.50 1
 

ORBIT ELEMENTS: 	 Final Intermediate
 
Eccentricity...-.................. .4633 .9
 
Periapse Alt. (km)................. 425 425
 
Apoapse Alt. (km).................. 6995 68,915
 
Inclination (deg).................. 106.7 10
 
Ascending Node (deg)............... 44.5 295.5
 
Arg. of Periapse (deg)............. 9.5 106
 

SELECTION RATIONALE:
 
The location of the VHP vector relative to the subsolar
 

point necessitates a plane change in order to obtain 70%
 
coverage in the areas having proper solar elevations. Using
 
a sun synchronous elliptical orbit, it is possible to obtain
 
the 70% coverage in 10 days. 10 days is the time needed for
 
one complete longitudinal coverage of the planet. The
 
selection of orbits is limited by the possible locations
 
of periapse which lie far from the areas having the desired
 
illumination.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 5
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 5.03
 

425 to 1305
Measurement Alt. Range (km).... 

Max. Measurement Arc (deg)......
 
Max. Sensor on Time (min/orb). ... "" 36.43
 

.
No. of Impulses (AV)................ 

Capture AV (km/sec)................ .824
 
Plane Change AV (km/sec). ........ 567
 

Size Adjustment AV (km/spc)........ 7
 
Total AV (km/sec).................. 1.789
 

MEASUREMENT ACHIEVEMENT:
 

i. 	The poles are not illuminated between 150 - 300 at
 
the beginning of the mission.
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ORBIT SELECTION DATA SHEET NO. 57
 

Mars (1988) FAMILY NO. 9 ORBIT NO. 


GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 600 600 
Minimum Image Overlap (%)......... 20 30.6 
Total Planet Coverage (%)......... > 70 100 
Solar Elevation Range (deg)....... day day 
Image Interval ..................... < 15 min 5 days 
Time for % Coverage (days) ...... - 40 days 
Coverage Interval................ > 4/yr 
Distribution ........... ........... equator,poles global
 

ORBIT ELEMENTS: Final Intermediate
 
0
Eccentricity....................... 


Periapse Alt. (km).................. 969
 
Apoapse Alt, (km).................. 969
 
Inclination (deg) ................... 90
 
Ascending Node (deg)............. 94.5
 
Arg. of Periapse (deg)............ 311
 

SELECTION RATIONALE:
 

A polar orbit is selected because the coverage requirements
 
include the poles and > 70% of the planet. Polar orbits passing
 
through the VHP vector have periapse on the dark side of the
 

The sun reache
planet hence elliptical orbits are not suitable. 

the equator 36 days after the start of the mission. After
 

this time the north pole will be in daylight. The direction
 

of motion along the orbit is picked to minimize Sun, Earth
 

and Canopus occultation.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 

........ every orbit
Measurement Orbit Frequency 

2.41
Orbit Period (hrs) ................. 


Measurement Alt. Range (km)........ 180
 
7
Max. Measurement Arc (deg)............
 
72


Max. Sensor on Time (min/orb).° 

No. of Impulses (AV) ............... 2.051
 
Capture AV (km/sec) ............... -

Plane Change AV (km/sec)...........
 
Size Adjustment m(km/see) ....... 2.051
 
Total AV (km/sec) ..................
 

MEASUREMENT ACHIEVEMENT:
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ORBIT SELECTION DATA SHEET NO. 58
 

Mars (1988) FAMILY NO. 10 	 ORBIT NO. I
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km) ............ 600 600
 
Minimum Image Overlap (%).......... 20 30.6
 
Total Planet Coverage (A)........ > 70 100
 
Solar Elevation Range (deg)........night night
 
Image Interval................... < 2 hr 5 days
 
Time for % Coverage (days) ....... - 45 days
 
Coverage Interval.................. > 4/yr once/5 days
 
Distribution....................... poles global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity..................... 0
 
Periapse Alt. (km)............... 969
 
Apoapse Alt. (km).................. 969
 
Inclination (deg).................. 94.8
 
Ascending Node (deg)...... 95
 
Arg. of Periapse (deg)........ .. 310.5
 

SELECTION RATIONALE:
 

This orbit is selected so that the ascending node
 
precesses at the same rate as the antisolar point. The
 
orbit always stays in maximum darkness. The high inclination
 
permits coverage of the poles. After 35 days, the South
 
Pole enters darkness. A mission time of 45 days allows the
 
South Pole to move away from the terminator.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 

........ every orbit
Measurement Orbit Frequency 

Orbit Period (hrs).................. 2.41
 

969
Measurement Alt. Range (km)........ 

Max. Measurement Arc (de )........ .180
 
Max. Sensor on Time (minlorb) 72
 
No. of Impulses (AV)............... 2.048
 
Capture AV (km/sec) ........ 2...
 

-

Plane Change AV (km/sec)....... 

Size Adjustment AV (km/sec)......... 2.048
 
Total AV (km/sec) ..................
 

MEASUREMENT ACHIEVEMENT:
 

1. 	'>70% of the planet surface can be covered every
 
5 days, however only one pole is covered at a time.
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ORBIT SELECTION DATA SHEET NO. 59
 

Mars (1988) FAMILY NO.11 ORBIT NO. I
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 
Minimum Image Overlap (%).......... 

600 
20 

600 
30.6 

Total Planet Coverage (%).......... > 70 100 
Solar Elevation Range (deg)........
Image Interval...................... < 

-
30 hr 

-
5 days 

Time for % Coverage (days) ......... 
Coverage Interval .................. 
Distribution ....................... 

-
> 2/yr

equator,poles 

5 days
once/ 5 da3 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... 0
 
Periapse Alt. (km)................. 969
 
Apoapse Alt. (km).................. 969
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 275.1
 
Arg. of Periapse (deg)............. 122.8
 

SELECTION RATIONALE:
 

A circular polar orbit obtains the required coverage
 
(poles, equator) most easily. 100% coverage can be
 
obtained in 5 days. This is the lowest circular orbit
 
satisfying the constraints on image size and lifetime.
 

0 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 2.41
 
Measurement Alt. Range (km)........ 969
 
Max. Measurement Arc (deg) ......... 180
 
Max. Sensor on Time (min orb)..... 72
 
No. of Impulses (AV)................ .1
 
Capture AV (km/sec)................ 2.048
 
Plane Change AV (km/sec)..........
 
Size Adjustment AV (km/sec)........
 
Total AV (km/see) .................. 2.048
 

MEASUREMENT ACHIEVEMENT:
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ORBIT SELECTION DATA SHEET NO. 60
 

Mars(1988) FAMILY NO. 11 ORBIT NO. 


GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 600
 
Minimum Image Overlap ).......... 20 27.8
 
Total Planet Coverage ).......... > 70 71
 
Solar Elevation Range (deg) ........ -

Image Interval ..................... < 30 hrs -25 hrs
 
Time for % Coverage (days)......... - 163 days
 
Coverage Interval.................. > 2/yr once/163 days
 
Distribution....................... equator, poles -250to 900 lat.
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... . 4633
 
Periapse Alt. (km)................. 425
 
Apoapse Alt. (km).................. 6995
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 275.1
 
Arg. of Periapse (deg)............. 122.8
 

SELECTION RATIONALE:­

71% of the planet surface can be covered in 163 days
 
using an elliptical polar orbit when measurements are made
 
at periapse only. Measurements are duplicated in the northern
 
latitudes before they are made in the southern latitudes.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 5
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs)................. 5.03
 
Measurement Alt. Range (km).......... 425
 
Max. Measurement Arc (de)..........4562 to .4562
 
Max. Sensor on Time (min/orb)-..... .25
 
No. of Impulses (AV)........... 1
 
Capture AV (km/sec)................ 1.391
 
Plane Change AV (km/sec).....-

Size Adjustment AV (km/sec).....
 
Total AV (km/sec).................. 1.391
 

MEASUREMENT ACHIEVEMENT:
 

80
 



ORBIT SELECTION DATA SHEET NO. 61 
Mars (988 ) FAMILY NO. 12 ORBIT NO. 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 600
 
Minimum Image Overlap (%).......... 20 30.6
 
Total Planet Coverage (%)......... > 70 100
 
Solar Elevation Range (deg)........ -

Image Interval .................... < 2 min 5 days
 
Time for % Coverage (days) ..... - 5 days

Coverage Interval ................ > 10/yr once/5days
 
Distribution ...................... equator,poles, global
 

wave
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity....................... 0
 
Periapse Alt. (km)................ 1.969
 
Apoapse Alt. (km).................. 969
 
Inclination (deg).............. ..... 90
 
Ascending Node (deg).............. 275.1
 
Arg. of Periapse (deg)............. 122.8
 

SELECTION RATIONALE:
 

A circular polar orbit obtains the required coverage
 
(poles, equator,waves) most easily. 100% coverage can be
 
obtained in 5 days. This is the lowest circular orbit
 
satisfying the constraints on image size and lifetime.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 2.41
 
Measurement Alt. Range (km)........ 969
 
Max. Measurement Arc (deg)......... 180
 
Max. Sensor on Time (min/orb)..... 72
 
No. of Impulses (AV)............... 1
 
Capture AV (km/see)................ 2.048
 
Plane Change AV (km/sec)..........
 
Size Adjustment AV (km/sec)........2.
 
Total AV (km/sec) .................. 2.048
 

MEASUREMENT ACHIEVEMENT:
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ORBIT SELECTION DATA SHEET NO. 62
 

Mars (1988) FAMILY NO. 12 ORBIT NO. 6
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km). ........... 600 600 
Minimum Image Overlap (%).......... 20 27.8 
Total Planet Coverage ()......... 70 71
 
Solar Elevation Range (deg) ..... - I 
Image Interval ...................... < 2 min -25 hrs 
Time for % Coverage (days) ......... - 163 days 2 
Coverage Interval................. > 10/yr once/163 days 
Distribution........................ equator,poles,- 250 to 900 lat. 

wave 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity.. ............... .4633
 
Periapse Alt. (km)........... . .425
 
Apoapse Alt. (km).................. 6995
 
Inclination (deg).................. 90
 
Ascending Node (deg) ............... 275.1
 
Arg. of Periapse (deg)............. 122.8
 

SELECTION RATIONALE:
 

71% of the planet surface can be covered in 163 days using
 
an elliptical polar orbit when measurements are made at
 
periapse only. Measurements are duplicated in the northern
 
latitudes before they are made in the southern latitudes.
 
They are made in the northern latitudes in the late winter
 
and in the spring so that the waves of darkening may be ob­
served in the northern hemisphere at that time.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 5
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 5.03
 
Measurement Alt. Range (km)........ 425
 
Max. Measurement Arc (deg) .........-. 4562 to .4562
 
Max. Sensor on Time (min/orb)... .25
 
No. of Impulses (AV)........ 1..
 
Capture AV (km/sec)................1.391
 
Plane Change AV (km/sec)..........
 
Size Adjustment AV (km/sec)........
 
Total AV (km/sec) .................. 1.391
 

MEASUREMENT ACHIEVEMENT:
 

1. The tume between overlapping images of any area is approxi­
mately 25 hours. The same area is not imaged twice.
 

2. Approximately two coverages per year are possible.
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ORBIT SELECTION DATA SHEET NO. 63
 

Mars (1988) FAMILY NO. 13 ORBIT NO.
 

GROUP MEASUREMENT SPECIFICATIONS Required Obtained 
Minimum Image Size (km)............ . 00 100 
Minimum Image Overlap (%)........... 20 21.6 
Total Planet Coverage (%).......... > 70 81
 
Solar Elevation Range (deg)........ 50-80 50-80
 
Image Interval.......... ....... . . . . 27 days

Time'for % Coverage (days) ........ <Ki day 235 days
 
Coverage Interval ................ '".>4/yr
 

t Distribution...................... poleswave -45°to 65.60 lat.
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... 0 .9
 
Periapse Alt. (km). ................. 1016 1016
 
Apoapse Alt. (km).................. 1016 80,144

Inclination (deg).................. 95.0 8
 
Ascending Node (deg)................ 353.5 69.5
 
Arg. of Periapse (deg).............. 352 284.5
 

SELECTION RATIONALE:
 

In order to obtain the desired percentage coverage with
 
proper illumination, both a plane change and an off-periapse in­
sertion are necessary. A sun synchronous orbit is selected
 
so that measurement could be continued until the sun reaches
 
its maximum northern latitudes. A circular orbit is selected
 
because regression of periapse is too great for an elliptical
 
sun synchronous orbit to permit the long mission time.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 2.45
 
Measurement Alt. Range (km)........ 1016
 
Max. Measurement Arc (dee) ....... -38 to 38
 
Max. Sensor on Time (min/orb)...... 31
 
No. of Impulses (V) ............... 3
 
Capture AV (km/sec) ................ 1.360 (-47.50)
 
Plane Change AV (km/sec)........... .336 (95,50)
 
Size Adjustment AV (km/sec).......1.183
Total AXV (km/sec).................. 2.879
 

MEASUREMENT ACHIEVEMENT:
 

1. The time required to obtain the necessary % coverage depends
 
upon waiting for-the sun to reach its maximum northern
 
latitude.
 

2. The poles are never illuminated between 500 and 80° .
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ORBIT SELECTION DATA SHEET NO. 64
 

Mars (1988) FAMILY NO. 14 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 100 100
 
Minimum Image Overlap (%)........ 20 21.6
 
Total Planet Coverage ()....... > 70 70
"-


Solar Elevation Range (deg)........ 30-60 30-60
 
Image Interval....................... 27 days1
 
Time for % Coverage (days) .... ... < 1 day 54 days2
 
Coverage Interval ............... > 4/yr
 
Distribution....................... poleswave -490 to 55
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity...................... 0 .9
 
Periapse Alt. (ki)................ 1016 1016
 
Apoapse Alt. (km) .................. 1016 84,144
 
Inclination (deg).................. 90 7
 
Ascending Node (deg).............. 40.5 305.5
 
Arg. of Periapse (deg).............. 5 5 96
 

SELECTION RATIONALE:
 

Because of the location of the VHP vector relative to the
 
subsolar point, a plane change is necessary to obtain much
 
coverage in the areas having the desired solar elevations.
 
A polar orbit is chosen so that no precession of the ascending
 
node occurs. The desired coverage is obtained by waiting for
 
the subsolar point to move toward the orbit. Elliptical orbits
 
cannot be used because of the fast periapse regression rate.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs)................. 2.45
 
Measurement Alt. Range (km)........ 1016
 
Max. Measurement Arc (deg) ...... 1040
 

Max. Sensor on Time (min/orb)...... 42.5
 
No. of Impulses (AV)............... 3
 

Capture AV (km/sec) ................ .861
 

Plane Change AV (km/sec) ........... 1.183
 

Size Adjustment AV (km/sec)........ 2.365
 
Total AV (km/sec)..................
 

MEASUREMENT ACHIEVEMENT:
 

1. Obtaining the % coverage depends upon waiting for the motion
 
of the sun.
 

2. Using this orbit, at most 2 coverages/Mars year are possible.
 

2. The maximum solar elevation angle at the poles is 25%.
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ORBIT SELECTION DATA SHEET NO. 65
 

Mars (1988) FAMILY NO. 15 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 100 100
 
Minimum Image Overlap (%).......... 20 21.6
 
Total Planet Coverage (%).......... > 70 100
 
Solar Elevation Range (deg)....... - -

Image Interval.................. 27 days

Time for % Coverage (days)......... < 1 day 27 days

Coverage Interval................... - once/27 days

Distribution ....................... global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... 0
 
Periapse Alt. (km)................. 1016
 
Apoapse Alt. (km).................. 1016
 
Inclination (deg).................. 90
 
Ascending Node deg)............... 275.1
 
Arg. of Periapse (deg)........... 122.8
 

SELECTION RATIONALE:
 

In order to obtain maximum latitude coverage the orbit
 
is chosen to precess with the Sun. Because of the small
 
image size (100 kin) ,the time for longitudinal coverage is
 
long,being shortest (27 days)for the circular orbit. For
 
this reason elliptical orbits were not considered.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 10
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hrs)................. 2.45
 
Measurement Alt. Range (km)........ 1016
 
Max. Measurement Arc (de) ......... 180
 
Max. Sensor on Time (min orb)...... 73.2
 
No. of Impulses (tV)............... 1
 
Capture AV (km/sec)................ 2.044
 
Plane Change AV (km/sec)........... -

Size Adjustment AV (km/sec)...... -


Total AV (km/sec).................. 2.044
 

MEASUREMENT ACHIEVEMENT:
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ORBIT SELECTION DATA SHEET NO. 66
 

8
Mars (1988) FAMILY NO. 16 ORBIT NO. 


GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 100 100
 
Minimum Image Overlap )........... 60 201
 
Total Planet Coverage (%).......... > 10 27
 
Solar Elevation Range (deg) ........ 70-85 70-85
 

1 day
Image Interval ...................... 

Time for % Coverage (days)......... 4y
 
Coverage Interval.................. > -t 0 

lati
Distribution....................... 


Final Intermediate
ORBIT ELEMENTS: 
Eccentricity ........................ 61372 .9 
Periapse Alt. (km) ................. 383 383 

.. 121.4 68,117
Apoapse Alt. (km)................ .... 12,524 13.5
 

Inclination (deg) ............. . . 1
 
Ascending Node (deg) .................. 345 80.5
 

344 275.5
Arg. of Periapse (deg) ............. 


SELECTION RATIONALE:
 

For this specification the areas of interest are selected
 
on basis of prior measurements for which no a priori infor­
mation is available. Because image sizes are small, it is
 
necessary to have orbits with periapse altitudes as low as
 
possible but which are sun synchronous. A 3 orbit/day orbit
 
is selected. Both an off-periapse insertion and a plane
 
change are necessary in order to obtain the proper solar
 
elevations. 60% overlap is acquired along orbit path.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 3
 

3 orbits
Measurement Orbit Frequency ........ 

Orbit Period (hrs) ................. 8.21 1
 

383 to 572
Measurement Alt. Range (km)........ 

-10 to 29
Max. Measurement Arc (deg).......... 


Max. Sensor on Time (min/orb)...... 10.1
 
No. of Impulses (AV)............... 3
 

1.360 (-48-)Capture AV (km/sec)..... .......... 

.434 (124.50)
Plane Change AV (km/sec)........... 


Size Adjustment AV (km/sec)........ .360
 
2.154
Total AV (km/sec)............... 


MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
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ORBIT SELECTION DATA SHEET NO. 67
 

Mars(1988) FAMILY NO.17 ORBIT NO.10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)........ 0 1100 
Minimum Image Overlap (%).......... 60 60 
Total Planet Coverage (%)...... ... > 10 100 
Solar Elevation Range (deg) .... -
Image Interval .................. I day 
Time for % Coverage (days)........
 
Coverage Interval.................
 
Distribution ......................... global
 

ORBIT ELEMENTS: Final Intermediate
 
-Eccentricity.. 81813 0
 
Periapse Alt. (ki)................. 340 33,809
 
Apoapse Alt. (km).................. 33,809 33,809
 
Inclination (deg) .................. 90 90
 
Ascending Node (deg)............... 275.1 275.1
 
Arg. of Periapse (deg)............. 122.8
 

SELECTION RATIONALE:
 

An elliptical polar orbit of I Mars day was selected to
 
give maximum possible coverage at minimum altitude. Only I
 
pass/day is possible for detailed coverage of randomly spaced
 
areas. Initial periapse is at 57°N lat. A 2 impulse AV
 
of,1.234 km/sec total is required-to move periapse to another
 
latitude. The stay time depends upon the number and detail
 
of areas to be covered for which no a priori information
 
is available.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 

........ every orbit
Measurement Orbit Frequency 

Orbit Period (hrs) .............. 24.63
 

340 to 370
Measurement Alt. Range (km).........
 
20 to 20
Max. Measurement Arc (deg)..........-


Max. Sensor on Time (min/orb)....... 9.6
 

No. of Impulses (AV).................. 1+ adjustments
 

Capture AV (km/sec)................ .921
 
-


Plane Change AV (km/sec)........... 

921 +(2sizempadjustments
Size Adjustment AV (km/sec).........
 

Total AV (km/see) .................
 

MEASUREMENT ACHIEVEMENT:
 

1. See note 1, Data Sheet #28.
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ORBIT SELECTION DATA SHEET NO. 68
 

Mars (1988) FAMILY NO. 18 ORBIT NO. 8
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 100 100 
Minimum Image Overlap (%)......... 20 201 
Total Planet Coverage (%)....... > 10 271 
Solar Elevation Range (deg).... 70-85 70-85
 

day
Image Interval .......... 1....... 

-


Time for % Coverage (days)......... 

Coverage Interval...................
 
Distribution.......................
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity...................... 61732 .9
 
Periapse Alt. (km)............... 383 383
 
Apoapse Alt. (km)................ 12,524 68,117
 
Inclination (deg).................. 124.1 13.5
 
Ascending Node (deg)............... 345 80.5
 
Arg. of Periapse (deg)............. 344 275.5
 

SELECTION RATIONALE:
 

For this specification the areas of interest are selected
 
on basis of prior measurements for which no a priori infor­
mation is available, Because image sizes are small, it is
 

necessary to have orbits with periapse altitudes as low as
 
possible but which are sun synchronous. A 3 orbit/day orbit
 
is selected. Both an off-periapse insertion and a plane
 
change are necessary in order to obtain the proper solar
 
elevations.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
........
Orbits to Contiguous Images 3
 
....... 8.213 orbits
Measurement Orbit Frequency 


Orbit Period (hrs) ................. 383 to 5721
 
. -0 to 29
Measurement Alt. Range (km)........ 


Max. Measurement Arc 10..(deg)1....
 
Max. Sensor on Time (min/orb)...... 0.3
 
No. of Impulses (AV)................ 1.360 (-480)
 
Capture AV (km/seC)................ .434 (124.50)
 
Plane Change AV (km/sec).............360
 
Size Adjustment AV (km/sec).........2.154
 
Total AV (km/sec) ..................
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
 

88
 



ORBIT SELECTION DATA SHEET NO. 69
 

Mars (1988) FAMILY NO. 19 ORBIT NO. 8
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............. 100 100
 
Minimum Image Overlap (%).......... 20 20,
 
Total Planet Coverage (%).......... > 10 51
 
Solar Elevation Range (deg) ........ 50-80 50-80
 
Image Interval ..................... <1 day 1 day
 
Time for % Coverage (days).......... 100 hrs
 
Coverage Interval .................. >4/yr
 
Distribution ....................... -32.5°to 28.50 lat,
 

Intermediate
ORBIT ELEMENTS: Final 

Eccentricity ....................... . 61732 0.9
 
Periapse Alt. (km)................. 383 383
 
Apoapse Alt. (km).................. 12,524 68,117
 
Inclination (deg).................. 124 11
 
Ascending Node (deg)............... 351 78.5
 
Arg. of Periapse (deg).............. 347.5 279
 

SELECTION RATIONALE:
 
The measurement specifications include a small image size
 

coupled with solar elevation constraints. A highly elliptical
 
sun synchronous orbit, having a periapse altitude of 383 km
 
and a period of 3 orbits/Mars day is selected. Both
 
an off-periapse insertion and a plane change are used to place
 
the orbit within the area having proper sun elevation angles.
 
The stay time depends upon the areas to be observed about
 
which no a prioi information is available.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 3
 
Measurement Orbit Frequency ........ 3 orbits
 
Orbit Period (hrs) ................. 8.21
 
Measurement Alt. Range (km)........ 383 to 927
 
Max. Measurement Arc (deg)......... -28 to 48
 
Max. Sensor on Time (min/orb)...... 20.7
 
No. of Impulses (AV)............. 3
 
Capture AV (km/sec)............. 1.310 (-440)
 
Plane Change AV (km/sec).......... 429 (1220)
 
Size Adjustment AV (km/sec)...........
360
 
Total AV (km/sec).................. 2.099
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
 



ORBIT SELECTION DATA SHEET NO. 70
 

Mars (1988) FAMILY NO. 20 ORBIT NO. 8
 

GROUP MEASUREMENT SPECIFICATIONS: Recuired Obtained
 
Minimum Image Size (km)............ 100
00
 
Minimum Image Overlap (%).......... 20 201
 
Total Planet Coverage (A).......... >3 0 65
 
Solar Elevation Range (deg)....... 60 30-60
 
Image Interval ..................... < 2 min I day
 
Time for % Coverage (days)......... 4
 
Coverage Interval.................. > 4/yr
 
Distribution ....................... -340 to 48.5* lat.
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity...................... 61732 .9
 
Periapse Alt. (ki)............... 383 383
 
Apoapse Alt. (km)................ 12,524 68,117
 
Inclination (deg).................. 124 7
 
Ascending Node (deg)............... 15 303.5
 
Arg. of Periapse (deg)............. 6.5 67
 

SELECTION RATIONALE:
 

The small image size in the measurement specification 
requires an orbit with as low a periapse altitude as possible.
A 3 orbits/Mars day, sun synchronous orbit is selected ­
so that coverage can be continued as long as is desired. Both 
off-periapse insertion and a plane change are necessary to 
place the orbit within the proper sun elevation constraints. 
The location of periapse was selected so that it is approxi­
mately centered in latitude in the area with proper sun elevations.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images........ 3
 
Measurement Orbit Frequency ....... 3 orbits
 
Orbit Period (hrs) ................. 8.21 1
 
Measurement Alt. Range (km)........ 383 to 1271
 
Max. Measurement Arc (deg)......... -49 to 60
 
Max. Sensor on Time (min orb) ...... 31.4
 
No. of Impulses (AV)............... 3
 
Capture AV (km/sec) ............ ... 1.085.(-29.50)
 

)Plane Change AV (km/see) ........... .425 (120.5
 
Size Adjustment AV (km/sec)........ .360
 

Total AV (km/sec).................. 1.870
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage
 

90
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ORBIT SELECTION DATA SHEET NO. 71
 

Mars (1988) FAMILY NO. 21 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Imagd Size (km)............ 100 100 
,Minimum Image Overlap (%)........... 20Total Planet Coverage (%).......... > 10 20

7831 
Solar Elevation Range (deg) ........ 15-30 15-30 
Image Interval .......... I .......... 
Time for % Coverage (days) ........ 

I day
100 hrs 

1 day 
-

Coverage Interval .................. 
Distribution....................... 

> 4/yr 
marepoles -810 to 35%lat. 

ORBIT ELEMENTS: 
 Final Intermediate
 
Eccentricity ....................... 0 0.9
 
Periapse Alt. (km). ................ 1027 1027
 
Apoapse Alt. (km)................... 1027 80,353
 
Inclination (deg).................. 95 47
 
Ascending Node (deg)............... 226 278
 
Arg. of Periapse (deg).............. 142 126
 

SELECTION RATIONALE:
 
The small image size in the measurement specifications
 

calls for low measurement altitudes. A circular, sun
 
synchronous orbit was selected so that measurements could
 
be made along the entire orbit and so that the South Polar
 
region could be covered. A plane change is required to get

into this orbit. If the areas of interest are farther
 
North, then the orbit described on Orbit Selection Data
 
Sheet No. 56 could be used.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ...... 10
 
Measurement Orbit Frequency 1......
0 orbits
 
Orbit Period (hrs) ................. 2.46
 
Measurement Alt. Range (km)........ 1027
 
Max. Measurement Arc (deg)......... 1180
 
Max. Sensor on Time (min/orb)..... 48.4
 
No. of Impulses (AV)............... 3
 
Capture AV (km/sec)................ .862
 
Plane Change AV (km/sec) ........... .252 (67.50)
 
Size Adjustment AV (km/sec)........ 1.182
 
Total tV (km/sec) .................. 2.296
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
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ORBIT SELECTION DATA SHEET NO. 72
 

Mars (1988) FAMILY NO. 22 ORBIT NO.10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
100 1...........
00
Minimum Image Size (km) 

Minimum Image Overlap (%)......... 20 20 
Total Planet Coverage (%)..........> 10 > 97 

day
Solar Elevation Range (deg)........ day 

Image Interval ...................... < 2 hrs 1 day
 

Time for % Coverage (days).........
 
Coverage Interval.................. > 1/day
 

-90 to 71.50 lat.
Distribution.......................-


ORBIT ELEMENTS: Final Intermediate
 
Eccentricity...................... 81813 .9
 

33,809
Periapse Alt. (km)...............340 

Apoapse Alt. (km)................... 90 90
33,809 33,809 

Inclination (deg)................. 9 9 
Ascending Node (deg)............... •94.5 94.5 
Arg. of Periapse (deg)............. 311
 

SELECTION RATIONALE:
 

Because of the small image size, an orbit with low
 
An orbit with period one orbit/
periapse altitude is desired. 


Mars day is selected to pr6vide contiguous coverage.
 

900 inclination maximizes the latitude coverage, and the
 

orbit passes through the VHP vector to minimize the AV.
 

Because periapse is on the dark side, an apseline rotation
 

costing 1.234 km/sec is performed to place periapse in any
 

desired location.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 

every orbit
Measurement Orbit Frequency........ 

Orbit Period (hrs)................. 24.63
 
Measurement Alt. Range (km)........ 340
 
Max. Measurement Arc (deg)......... -063 to.063 

.028Max. Sensor on Time (min/orb) ..... 
3
No. of Impulses (AV)............... 


Capture AV (km/sec)................ 0.921
 
Plane Change AV (km/sec)..... ...
 

1.234 (2 impulses)
......
Size Adjustment AV (km/sec) 

Total AV (km/sec)................. 2.155
 

MEASUREMENT ACHIEVEMENT:
 

1. The time required to obtain one coverage of any area
 

depends upon the size of the area, but if more than
 

one -pass is required, the time will be more than
 

1 day.
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ORBIT SELECTION DATA SHEET NO. 73
 

Mars (1988) FAMILY NO. 23 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km) .... 00 1001 

Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%).......... > 10 100
 

-
Solar Elevation Range (deg)...... 

Image Interval..................... < 30 hrs I day
 
Time for % Coverage (days)........ -


Coverage Interval................... > 2/yr
 
Distribution....................... global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity........................ 81813 0

Periapse Alt. (k)................... 340 33,809
 

Apoapse Alt. (km).................. 33,809 33,809
 
Inclination (deg).................. 90 90
 
Ascending Node (deg)............... 275.1 275.1
 
Arg. of Periapse (deg)............. 122.8
 

SELECTION RATIONALE:
 

The small image size in the measurement specifications
 
calls for low measurement altitudes. A circular, sun synchron­
ous orbit was selected so that measurements could be made along
 
the entire orbit and so that the South Polar region could be
 
covered. A plane change is required to get into this orbit.
 
If the areas of interest are farther North, then the orbit
 
described is Orbit Selection Data Sheet No.5 6 could be used.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images .......
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs)................. 24.63
 
Measurement Alt. Range (km)........ 340 to 370
 

-20 to 20
Max. Measurement Arc (deg)........ 

Max. Sensor on Time (min/orb).... 9.6 
No. of Impulses (AV)............... 91 + size adjustments 
Capture AV (km/sec) .................. 921 
Plane Change AV (km/sec)...........
 

Size Adjustment AV (km/sec). .1.234 (2 impulses)

.921 + size adjustments
Total AV (km/sec)................ 


MEASUREMENT ACHIEVEMENT:
 

1. See note 1, Data Sheet M8. 
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ORBIT SELECTION DATA SHEET NO.74
 

Mars (1988) FAMILY NO. 24 ORBIT NO.10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 

Minimum Image Overlap (%). ........ 

Total Planet Coverage (%).......... 

Solar Elevation Range (deg)........ 

Image Interval..................... 

Time for % Coverage (days)......... 

Coverage Interval.................. 

Distribution....................... 


ORBIT ELEMENTS: 

Eccentricity ................. ......
 
Periapse Alt. (kmi).... .. ..
 
Apoapse Alt. (km)................. 

Inclination (deg).................. 

Ascending Node (deg)............... 

Arg. of Periapse (deg)............. 


SELECTION RATIONALE:
 

100 

20 


> 10 
-

< 2 min 
-

> I day 

Final 

81813 

340 

33,809 


90 

275.1 

122.8
 

[00
 
20
 

100
 

I day
 

global
 

Intermediate
 
0
 

33,809
 
33,809
 

90
 
275.1
 

The small image size in the measurement specifications
 
calls for low measurement altitudes. A circular, sun syn­
chronous orbit was selected so that measurements could be
 
made along the entire orbit and so that the South Polar region

could be covered. A plane change is required to get into
 
this orbit. If the areas of interest are farther North,
 
then the orbit described on Orbit Selection Data Sheet No.
 
56 could be used.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 24.63
 
Measurement Alt. Range (km)........ 340 to 370
 
Max. Measurement Arc (deg)......... -20 to 20
 
Max. Sensor on Time (min/orb)...... 9.6
 
No. of Impulses (AV)............... 1 + size adjustments1
 

Capture AV (km/eec).................... 921
 
Plane Change AV (km/see)..........
 
Size Adjustment AV (km/sec)......... 1.234 (2 impulses)
 
Total AV (km/sec) .................. .921 + size adjustments
 

MEASUREMENT ACHIEVEMENT:
 

I. See note 1, Data Sheet #28. 
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ORBIT SELECTION DATA SHEET NO. 75
 

Mars (1988) FAMILY NO. 25 ORBIT NO. 8
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 0.5 0.5
 
Minimum Image Overlap .......... 60 20
 
Total Planet Coverage (%)....... > 3 271
 
Solar Elevation Range (deg) ..... 70-85 70-85
 
Image Interval .................. - I day

Time for % Coverage (days)......... -

Coverage Interval................... > 1/300 hr
 
Distribution....................... - -210 to 10.50 lat.
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ........................ 61732 .9
 
Periapse Alt. (km)................. 383 383
 
Apoapse Alt. (km).................. 12,524 68,117
 
Inclination (deg).................. 124.1 13.5
 
Ascending Node (deg)............... 345 80.5
 
Arg. of Periapse (deg) ............. 344 275.5
 

SELECTION RATIONALE:
 

For these specifications the image size and the percent
 
coverage are small and the areas of interest are selected
 
on basis of prior measurements. It is necessary to have
 
sun-synchronous,orbits with periapse as low as possible. For
 
this an orbit having a period of 3 orbits/Mars day is
 
selected. An off-periapse insertion, coupled with a plane

change places the orbit in the area having proper sun eleva­
tion angles. 60% image overlap is acquired along orbit path.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... 3
 
Measurement Orbit Frequency .... 3 orbits
 
Orbit Period (hrs) ................ 8.21
 
Measurement Alt. Range (km)....... 383 to 572
 
Max. Measurement Are (deg)......... -10 to 29
 
Max. Sensor on Time (min/orb)....... 10.1
 
No. of Impulses (AV)...............
 
Capture AV (km/see) ................ 1.360 (-48-)
 
Plane Change AV (km/sec).... ...... 434 (124.50)
 
Size Adjustment AV (km/sec)........ .360
 
Total AV (km/sec) .................. 2.154
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
 

95
 



ORBIT SELECTION DATA SHEET NO. 76
 

Mars (1988) FAMILY NO. 26 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)......... 0.5 0.5 
Minimum Image Overlap ()...... 60 60 
Total Planet Coverage (%)....... > 3 100 
Solar Elevation Range (deg) .... -
Image Interval ................ I day 
Time for % Coverage (days) ..... -
Coverage Interval ............... > 1/300 hrs 
Distribution ...................... global 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity .................... . 81813 0
 
Periapse Alt. (km).............. 340 33,809
 
Apoapse Alt. (km)............... 33,809 33,809
 
Inclination (deg)............... 90 90
 
Ascending Node (deg)............ 275.1 275.1
 
Arg. of Periapse (deg).......... 122.8
 

SELECTION RATIONALE:
 
An elliptical polar orbit of period of 1 Mars day was
 

selected to give maximum possible coverage at minimum altitude.
 
Only 1 pass/day is possible for detailed coverage of randomly
 
spaced areas. Initial periapse is at 57°N lat. At 2 impulse
 
AV of 1.234 km/sec total is required to move periapse to another
 
latitude. The stay time depends upon the number and detail of
 
areas to be covered for which no a priori information is
 
available.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... 1
 
Measurement Orbit Frequency ..... every orbit
 
Orbit Period (hrs).............. 24.63
 
Measurement Alt. Range (km)..... 340 to 370
 
Max. Measurement Arc (deg)...... -20 to 20
 
Max. Sensor on Time (mn/orb).. 9.6
 
No. of Impulses (AV)............ 1 + size adjustmentsI
 

Capture AV (km/sec).............. .921
 
Plane Change AV (km/sec) .... -

Size Adjustment tV (kn/sec)...... 1.234 (2 impulses)
 
Total AV (km/sec)............... 921 + size adjustments
..


MEASUREMENT ACHIEVEMENT:
 

1. See note 1, Data Sheet '#28.
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ORBIT SELECTION DATA SHEET NO. 77
 

Mars (1988) FAMILY NO. 27 ORBIT NO. 8
 

GROUP MEASUREMENT SPECIFICATIONS: Reuired Obtained 
Minimum Image Size (km)............. 5 0.5 
Minimum Image Overlap (%)....... 20 20, 
Total Planet Coverage () .......... > 3 27
 

70-85
Solar Elevation Range (deg)........ 

Image Interval.......... I.......... I day
 

Time for % Coverage (days).........
 ° 
tat
Coverage Interval ................... 21°to i0.5
 
-
Distribution...................... 


Final Intermediate
 
Eccentricity ....................... .61732 .9
 
Periapse Alt. (km)................. 383 383
 
Apoapse Alt. (km).................. 12,524 68,117
 
Inclination (deg).................. 124.1 13.5
 
Ascending Node (deg)............... 345 80.5
 
Arg. of Periapse (deg)............. 344 275.5
 

ORBIT ELEMENTS: 


SELECTION RATIONALE:
 

For these specifications the image size and the percent
 
coverage are qnall and the areas of interest are selected on
 
basis of prior measurements. It is necessary to have sun­

low as possible.
synchronous orbits with periapse as For
 

this an orbit having a period of 3 orbits/Mars day
 
is selected. An off-periapse insertion, coupled with a
 

plane change places the orbit in the area having proper sun
 

elevation angles.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 3
 

........ 3 orbits
Measurement Orbit Frequency 

8.21
Orbit Period (hrs) ................. 

383 to 572
Measurement Alt. Range (km)........ 


Max. Measurement Arc (deg)......... -10 to 29
 

Max. Sensor on Time (min/orb)....... 10.1
 

No. of Impulses (AV) .............. 3
 
'".1.360 (-480)
Capture AV (km/sec)........ °
 .434 124.5


Plane Change AV (km/sec)....... .
 

Size Adjustment AV (km/sec ........ 360
 
Total AV (km/see) ................... 2.154
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
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ORBIT SELECTION DATA SHEET NO. 78
 

Mars (1988) FAMILY NO. 28 ORBIT NO. 
8
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............. 0.5 0.5
 
Minimum Image Overlap (%)......... 20 201
 
Total Planet Coverage (%)......... > 3 51
 
Solar Elevation Range (deg)........ 50-80 50-80
 
Image Interval...................... I 0day I day
 
Time for % Coverage (days).......... < 100 Ers
 
Coverage Interval .................. >4/yr
 

° 
Distribution ....................... -32.5 to 28.5°iat.
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... .61732 0.9
 
Periapse Alt. (km)................. 383 383
 
Apoapse Alt. (km).................. 12,524 68,117
 
Inclination (deg).................. 124 11
 
Ascending Node (deg)................ 351 78.5
 
Arg. of Periapse (deg)............. 347.5 279
 

SELECTION RATIONALE:
 

The measurement specifications include a small image size
 
coupled with solar elevation constraints. A highly elliptical
 
sun synchronous orbit, having a periapse altitude of 383 km
 
and a period of 3 orbits/Mars day is selected. Both
 
an off-periapse insertion and a plane change are used to
 
place the orbit within the area having proper sun elevation
 
angles. The stay time depends upon the areas to be observed
 
about which no a priori information is available.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... 3
 
Measurement Orbit Frequency ....... 3 orbits
 
Orbit Period (hrs) ................. 8.21
 
Measurement Alt. Range (km)........ 383 to 9271
 
Max. Measurement Arc (deg)......... -28 to 48
 
Max. Sensor on Time (min orb)....... 20.7
 
No. of Impulses (AV)............... 3
 
Capture AV (km/sec)................ 1.310 (-440
 

Plane Change AV (km/sec)........... .429 (1220
 
Size Adjustment AV (km/sec)......... .360
 
Total AV (km/sec) .................. 2.099
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
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ORBIT SELECTION DATA SHEET NO. 79
 

Mars (1988) FAMILY NO. 29 ORBIT NO. 8
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 0.5 0.5
 
Minimum Image Overlap (%).......... 20 201
 
Total Planet Coverage (%)......... > 3 65
 
Solar Elevation Range (deg)........ 30-60 30-60
 
Image Interval..................... - I day
Time for % Coverage (days)........ -


Coverage Interval..................
 
Distribution.......................-- 340 to 4850 lat.
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity........................ 61732 .9
 
Periapse Alt. (km)................. 383 383
 
Apoapse Alt. (km).................. 12,524 68,117
 
Inclination (deg).................. 124 7
 
Ascending Node (deg)............... 15 303.5
 
Arg. of Periapse (deg)............. 6.5 67
 

SELECTION RATIONALE:
 

The small image size in the measurement specification

requires an orbit with as low a periapse altitude as possible.

A 3 orbits/Mars day, sun synchronous orbit is selected
 
so that coverage can be continued as long as is desired.
 
Both off-periapse insertion and a plane change are necessary
 
to place the orbit within the proper sun elevation constraints.
 
The location of periapse was selected so that it is approxi­
mately centered in latitude in the area with proper Sun
 
elevations.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 3
 
Measurement Orbit Frequency ....... 3 orbits
 
Orbit Period (hrs) ................ 8.21
 
Measurement Alt. Range (km)........ 383 to 1271
 
Max. Measurement Arc (deg)......... -49 to 60
 
Max. Sensor on Time (min orb)....... 31.4
 
No. of Impulses (AV)............... 3
 
Capture AV? (km/see).................. 1.085 (-29.50)
 
Plane Change AV (km/sec)........... .425 (120.5)
 
Size Adjustment AV (km/sec)........ .360
 
Total AV (km/sec)................. 1.870
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
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ORBIT SELECTION DATA SHEET NO. 80
 

Mars (1988) FAMILY NO. 30 ORBIT NO. 


GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 
Minimum Image Overlap (A).......... 
Total Planet Coverage (7).......... 
Solar Elevation Range (deg) ........ 

0.5 
20 

> 3 
15-30 

0.5 
20 
781 

15-30 
Image Interval ................. 
Time for % Coverage (days)......... < 100 hrs 

Iday 

Coverage Interval.................. > 4/yr 
-Distribution............................ -810 to 350 lat. 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... 0 0.9
 
ReriapseAlt. (km)..................1027 1027
 
Apoapse Alt. (km).................. 1027 80,353
 
Inclination (deg).................. 95 47
 
Ascending Node (deg)................ 226 278
 
Arg. of Periapse (deg)............. 142 126
 

SELECTION RATIONALE:
 

The small image size in the measurement specifications
 
calls for low measurement altitudes. A circular, sun syn­
chronous orbit was selected so that measurements could be
 
made along the entire orbit and so that the South Polar region
 
could be covered. A plane change is required to get into
 
this orbit. If the areas of interest are farther North, then
 
the orbit described on Orbit Selection Data Sheet No. 56
 
could be used'.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images.........0
 
Measurement Orbit Frequency 1.......
0 orbits 
Orbit Period (hrs) ................ 2.46 
Measurement Alt. Range (km)........ 1027 
Max. Measurement Arc (deg)......... 118
 
Max. Sensor on Time (min/orb).... 48.4
 
No. of Impulses (AV)... 3
 
Capture AV (km/sec).............. .862
 
Plane Change AV (km/sec)... .252 (67.50)
 
Size Adjustment AV (km/see)........ 1.182
 
Total AV (km/sec).................... 2.296
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
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ORBIT SELECTION DATA SHEET NO. 81
 

Mars (1988) -FAMILY NO. 31 	 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............. .5 0.5 
Minimum Image Overlap (%).......... 20 20 
Total Planet Coverage (%).......... > 3 100 
Solar Elevation Range (deg)....... -

Image Interval..................... < 30 hrs 1 day

Time for % Coverage (days)........ -

Coverage Interval................... > 1/300 hr
 
Distribution........................ -	 global
 

ORBIT ELEMENTS: 
 Final Intermediate
 
Eccentricity....................... .81813 0
 
Periapse Alt. (km)................. 340 33,809

Apoapse Alt. (km).................. 33,809 33,809

Inclination (deg).................. 90 90
 
Ascending Node (deg)................ 275.1 275.1
 
Arg. of Periapse (deg).............. 122.8
 

SELECTION RATIONALE:
 

An elliptical polar orbit of one Mars day was selected
 
to give maximum possible coverage at minimum altitude. Only

1 pass/day is possible for detailed coverage of randomly

spaced areas. Initial periapse is at 570 N lat. A 2
 
impulse AV of 1.234 km/sec. total is required to move
 
periapse to another latitude. The stay time depends upon

the number and detail of areas to be covered for which no
 
a priori information is available.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... 

Measurement Orbit Frequency ...... 

Orbit Period (hrs) ............... 

Measurement Alt. Range (km)........ 

Max. Measurement Arc (deg)......... 

Max. Sensor on Time (min/orb)....... 

No. of Impulses (AV)...............
 
Capture AV (km/see)................. 

Plane Change AV (km/sec)........... 

Size Adjustment AV (km/sec) ....... 

Total AV (km/sec) ............. 


MEASUREMENT ACHIEVEMENT:
 

I
 
every orbit
 
24.63
 

340 to 370
 
-20 to 20
 
9.61 + size adjustments 1
 

.921
 
2 ­

1.234 	(2 impulses)
 
.921 + size adjustments
 

1. 	The total AV required depends upon the number of areas
 
to be covered and hence upon the number of maneuvers
 
required. Thus, total AV will equal capture AV +
 
whatever integer multiple of 1.234 km/sec is necessary.
 

101
 



ORBIT SELECTION DATA SHEET NO. 82
 

Mars (1988) FAMILY NO. 32 ORBIT NO. 8
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 0.3 0.3
 
Minimum Image Overlap (%).......... 60 201
 
Total Planet Coverage (%).......... - 27
 
Solar Elevation Range (deg)........ 70-85 70-85
 
Image Interval ..................,.. < I min 1 day
 
Time for % Coverage (days) ......... -

Coverage Interval.........
 
Distribution...................... wave,poles, -210 to 10.50lat.
 

mountains
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ........................ 61732 .9
 
Periapse Alt. (km)................. 383 383
 
Apoapse Alt. (km).................. 12,524 68,117
 
Inclination (deg).................. 124.1 13.5
 
Ascending Node (deg)............... 345 80.5
 
Arg. of Periapse (deg)............. 344 275.5
 

SELECTION RATIONALE:
 

These are specifications for which the image size and
 
the % coverage are small, and for which the areas of interest
 
are selected on basis of prior measurements. It is necessary
 
to have orbits with periapse altitudes as low as possible but
 
which are sun synchronous. A 3 orbit/day, sun synchronous
 
orbit is selected. Both an off-periapse insertion and a
 
plane change are necessary in order to cover the area with
 
proper sun elevation. % overlap is acquired along orbit
 
path.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 3
 
Measurement Orbit Frequency ....... 3 orbits
 
Orbit Period (hrs) ................. 8.21
 
Measurement Alt. Range (km)........ 383 to 572
 
Max. Measurement Arc (deg)......... -10 to 29
 
Max. Sensor on Time (min/orb)..... 10.1
 
No. of Impulses (AV)............... 3
 
Capture AV (km/sec)................ 1.360 (48o)
 
Plane Change AV (km/eec).............434 (124.50)
 
Size Adjustment AV (km/sec)........ .360
 
Total AV (km/sec).................. 2.154
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
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ORBIT SELECTION DATA SHEET NO. 83
 

Mars (988) FAMILY NO. 33 ORBIT NO. 8
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ .3 
 0.3
 
Minimum Image Overlap (%)......... ­

1
Total Planet Coverage (%)........ - 5
 
Solar Elevation Range (deg)....... 50-80 50-80
 
Image Interval .................... < 1 min 1 day
 
Time for % Coverage (days) ........ -

Coverage Interval................. -

Distribution....................... wavepoles, -32.5 0 to 28.5 0 lat.
 

mountain
 

ORBIT ELEMENTS: Final Intermediate 
Eccentricity........................ 61732 0.9 
Periapse Alt. (km)................. 383 383 
Apoapse Alt. (km).................. 12,524 68,117 
Inclination (deg).................. 124 11 
Ascending Node (deg)................ 351 78.5 
Arg. of Periapse (deg)............. 347.5 279 

SELECTION RATIONALE: 

The measurement specifications include a small image
 
size coupled with solar elevation constraints. A high

elliptical sun synchronous orbit, having a periapse al­
titude of 383 km and a period of 3 orbits/Mars day
 
is selected. Both an off-periapse insertion and a plane change
 
are used to place the orbit within the area having proper sun
 
elevation angles. The stay time depends upon the areas to
 
be observed about which no a priori information is available.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 3
 
Measurement Orbit Frequency ........ 3 orbits
 
Orbit Period (hrs) ................. 8.21
 
Measurement Alt. Range (km) ........ 383 to 927
 
Max. Measurement Arc (deg)......... -28 to 48
 
Max. Sensor on Time (min/orb)...... 20.7
 
No. of Impulses (AV)............... 3
 
Capture AV (km/sec)............... 1.310 (-44-)
 
Plane Change AV (km/sec)............. 429 (122 °)
 
Size Adjustment AV (km/sec)...........360
 
Total AV (km/sec).................. 2.099
 

MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage
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ORBIT SELECTION DATA SHEET NO. 84
 

Mars '(1988) 	 FAMILY NO. 34 ORBIT NO. 8
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 

Minimum Image Size (km).......... 0.3 0.3 
Minimum Image Overlap (%)........ - 65I 
Total Planet Coverage (%) .......... - 60 

30-60Solar Elevation Range (deg)....... 30-60 

Image Interval .......... I ..........: < I min 1 day


"
 

Coverage Interval.................
 
Time for % Coverage (days)......... 


-340to 48.50 at.
Distribution........................wave, poles 

mountains
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity........................ 61732 .9
 
Periapse Alt. (km).............. 383 383
 
Apoapse Alt. (km)................. 12,524 68,117
 
Inclination (deg).................. .124 7
 
Ascending Node (deg)............... 15 303.5
 
Arg. of Periapse (deg)............. 6.5 67
 

SELECTION RATIONALE:
 

The small image size in the measurement specifications
 
requires an orbit with as low a periapse altitude as possible.
 
A 3 orbits/Mars day, sun synchronous orbit is selected
 

so that coverage can be continued as long as is desired.
 
Both off-periapse insertion and a plane change are necessary
 
to place the orbit within the proper sun elevation constraints.
 
The location of periapse was selected so that it is approxi­
mately centered in latitude in the area with proper Sun
 
elevations.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
3
Orbits to Contiguous Images	........ 


....... 3 orbits
Measurement Orbit Frequency 

8.21
Orbit Period (hrs) ................ 


83 to 1271
Measurement Alt. Range (km)...... 

Max. Measurement Arc (deg)......... -49 to 60
 

Max. Sensor on Time (min/orb)...... 31.4
 

No. of Impulses (AV)................ 3
 

Capture AV (km/sec) ................ .085 (-29.50)
 
120.5
Plane Change AV (km/sec)....... .... 425 


Size Adjustment AV (km/sec)......... .360
 
1.870
Total AV (km/sec).................. 


MEASUREMENT ACHIEVEMENT:
 

1. Initial coverage.
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3. VENUS
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Table 6
 

VENUS OBSERVABLES, FAMILIES AND ORBITS
 

No. 
Observable 

Description 
Sensor 

Ref. Type 
Family
Number 

Orbit Data 
Sheet No. 

1977 
Other Family

Member Observables 

1 

2 

Surface Elevations 

Layering 

g 
i 
e 

Radar 
Radar Stereo 
Radar 

5 
6 

19 

93, 94 
95, 96 

114 

3, 6, 9, 12, 21 
6, 9 
5, 8, 11, 14, 20 

g Multifreq. Radar 19 114 5, 8, 11, 14, 20 

3 Contacts (Regional) 1 Radar 5 93, 94 1, 6, 9, 12, 21 

4 Contacts (Local) 1 Radar 12 107 7, 10, 13, 22, 25 

5 Contacts (Detailed) 1 Radar 19 114 2, 8, 11, 14, 20 

6 Structure of Features 
(Regional) 

j 

1 

Radar 

Radar Stereo 

5 

6 

93, 94 

95, 96 

1, 3, 9, 12, 

1, 9 

21 

7 Structure of Features 
(Local) 

j 

I 

Radar 

Radar Stereo 

12 

18 

107 

113 

4, 10, 13, 22, 25 

10 

8 Structure of Features 
(Detailed) 

j 

1 

Radar 

Radar Stereo 

19 

21 

114 

116 

2, 5, 11, 14, 20 

11, 20 

9 Surface Topography 
(Regional) 

g 

1 

Radar 

Radar Stereo 

5 

6 

93, 94 

95, 96 

1, 3, 6, 12, 

1, 6 

21 



Table 6 (Cont )
 

VENUS OBSERVABLES, FAMILIES,AND ORBITS
 

No. 

Obse vab e Se sorOrbit 
Observable Sensor 

Description Ref. Type 

Family 

Number 

Data 
Sheet No. 

1977 

Other Family 

Member Observables 

10 Surface Topography 
(Local) 

g 

i 

Radar 

Radar Stereo 

12 

18 

107 

113 

4, 7, 13, 22, 25 

7 

11 Surface Topography 
(Detailed) 

g 

i 

Radar 

Radar Stereo 

19 

21 

114 

116 

2, 5, 8, 14, 20 

8, 20 

12 Surface Appearance 
(Regional) 

h Radar 5 93, 94 1, 3, 6, 9, 21 

13 Surface Appearance 
(Local) 

h Radar 12 107 4, 7, 10, 22, 25 

14 Surface Appearance 
(Detailed) 

h Radar 19 114 2, 5, 8, 11, 20 

20 Topographic Changes g 
I 

Radar 
Radar Stereo 

19 
21 

114 
116 

2, 5, 8, 11, 
8, 11 

14 

2T Surtace Thermal 
Anomalies (Regional) d 

h 
Microwave 
Multiband 

5 
5 

93, 94 
93, 94 

1, 3, 6, 9, 12 
1, 3, 6, 9, 12 

22 Surface Thermal 
Anomalies (Local) d 

h 
Microwave 
Multiband 

12 
12 

107 
107 

4, 7, 10, 13, 25 
4, 7, 10, 13, 25 

F4 



Table 6 (Cont.)
 

VENUS OBSERVABLES, FAMILIESAND ORBITS
 

NO. 

Observable 

Description Ref. 

Sensor 

Type 
Family 

Number 

Orbit Data 
Sheet No. Other Family 

Member Observables 

23 Surface Thermal 
Anomalies (Detailed) d 

h 
Microwave 
Multiband 

20 
20 

115 
115 

24 Atmospheric Thermal 
Anomalies (Regional) a 

c 
e 

IR 
Microwave 
Multiband 

1 
1 
1 

85, 86 
85, 86 
85, 86 

25 Atmospheric Thermal 
Anomalies (Detailed) a 

c 
e 

IR 
Microwave 
Multiband 

12 
12 
12 

107 
107 
107 

4, 7, 10, 13, 22 
4, 7, 10, 13, 22 
4, 7, 10, 13, 22 

26 Global Cloud Coverage a 
b 
c 
d 
e 

UV 
Visible (BW&Color) 
IR 
IR 
Multiband 

3 
3 
2 
2 
4 

89 90 
89, 90 
87, 88 
87, 88 
91, 92 

27 Convective Cells and 
Turbulence (Regional) a 

b 
c 
d 
e 
f 

UV 
Visible 
IR 
IR 
Microwave 
Microwave 

9 
9 
7 
7 
7 
7 

101, 102 
101, 102 
97, 98 
97, 98 
97, 98 
97, 98 

29, 33, 40 
29, 33, 40 
29, 30, 33, 35 
29, 30, 33, 35 
29, 30, 33, 35 
29, 30, 33, 35 



Table 6 (Cont.)
 

VENUS OBSERVABLES, FAMILIESAND ORBITS
 

No 

Observable 

Description Ref. 

Sensor 
ObservableSensor 

Type 
Family 
Number 

Orbit Data 
Sheet No 

1977 
Other Family 

Member Observables 

28 Convective Cells and 
Turbulence (Detailed) a 

b 
c 
d 
e 
f 

UV 
Visible 
IR 
IR 
Microwave 
Microwave 

15 
15 
13 
13 
13 
13 

110 
110 
108 
108 
108 
108 

34, 39 
34, 39 
34, 39 
34, 39 

29 Cloud Formation a 
b 
c 
d 
f 

UV 
Visible (BW&Color) 
IR 
IR 
Multiband 

9 
9 
9 
7 

10 

101, 102 
101, 102 
101, 102 
97, 98 
103, 104 

27, 33, 40 
27, 33, 40 
27, 33, 40 
27, 30, 33, 35 
33 

30 Precipitation Rate b Radar 7 97, 98 27, 29, 33, 35 

31 Thunderstorms 
(Regional) a Passive RF 8 99, 100 

32 Thunderstorms 
(Detailed) a Passive RF 14 109 

33 Cyclone Formations 
(Regional) a 

b 
c 
d 

Visible 
IR 
IR 
Multiband 

9 
9 
7 

10 

101, 102 
101, 102 
97, 98 
103, 104 

27, 29, 40 
27, 29, 40 
27, 29, 30, 
29 

35 

C 
'0 



Table 6 (Cont.).
 

VENUS OBSERVABLES, FAMILIESAND ORBITS
 

No. 
Observable 

Description Ref. 

Sensor 

Type 
Family
Number 

Orbit Data 
Sheet No. 

1977 
Other Family

Member Observables 

34 Cyclone Formations 
(Detailed) a 

b 
c 
d 

Visible 
IR 
IR 
Multiband 

16 
16 
13 
17 

ill 
ill 
108 
112 

28, 39 

35 Surface to Atmosphere
Transfer e 

f 
IR 
Microwave 

7 
7 

97, 98 
97, 98 

27, 29, 30, 33 
27, 29, 30, 33 

37 

38 

Auroras 

Animal Life 

a 
b 
e 

Visible 
Visible Color 
Radar 

11 
11 
22 

105, 106 
- 105, 106 

117 

f Radar Stereo 23 118 

39 Plant Life d Radar 13 108 28, 34 

40 Biochemical Systems b Multiband 9 101, 102 27, 29, 33 



TABLE 7 

HMASURDIENT FAMILIES FOR VENUS 

Family
humber 

Observable 
THiner(s) 

Sensor* 
Type(s) 

Minimum 
Image 

Overlap 
(%) 

Minimum 
(7) 

Solar ELev- Coverage 
v RtionRange Distribution 

Time for 
Coverage 

Image 
Interval 

Coverage 
Interval 

1 
2 
3 
4 

24 

26 
26 

26 

IR,,'M 
In 
u, V 
MB 

1500 

1500 
1500 

1500 

20 

20 
20 

20 

70 

70 
70 

70 

-

-

Day 

Day&light 

-

-

lOO hr 
< 100 hr 

< 100 hr 

-

-
-

-

> 2/yr 

> 10/yr 
> 10/yr 
> 10/yr 

5 1,3,6,9,12,21 R, ,MB 1000 20 70 - - < 30 hr 

6 1,6,9 R 1000 60 70 - - -

7 
8 
9 

10 
11 

27,29,30,33,35 
31 
27,29,33,40 

29.33 
37 

IRn,R 
RV 
UVV,IR,II3 

MB 
V 

500 
500 

500 
500 
500 

20 
20 
20 

20 
20 

70 
70 

70 

10 

70 

-

-

Day 

Day0ight 
Night 

Equator, Poles 
-

Equator, Poles 

Subsolar, Poles 

Poles 

< 100 hr 

-> 

-

-

< 15 mir 
< 2mi 

< 15 1i 
< 30 hr 

> 4/yr 
> 10/yr 

4/yr 

> 4/yr 
>4/yr 

12 

13 
14 

15 
16 
17 

4,7,10,13,22,2! R,11,IR 

28,34.39 RIR.n 
32 RF 
28 UWV 

34 V,IR 
34 MB 

100 

100 
100 
100 

100 
100 

20 

20 
20 
20 

20 
20 

10 

10 
10 
10 

10 
10 

Day 

Day 
Day&Might 

< 30 hr 

< 2 hr 
< 2 mIn 
< 100 h 

< 2 hr 
< 2 hr 

-

> 4/yr 
> 10/yr 

-

>4/yr 
> 4/yr 

18 7,10 R 100 60 10 - -

19 
20 

21 

2,5,8,11,14,20 
23 

8,11,20 

R 

R,ME 

R 

0 5 
0 5 
0 5 

20 

20 

60 

10 

10 

10 

-

-

-

-

< 30 hr 

> 1/300hr 

-
> 1/300hr 

22 

23 

38 

38 

R 

R 
0 3 
0 3 

-
60 

5000 
Images 

-
-

ountainsPoles 
Mountains,Poles 

-
-

< I mi. 
< 1 min 

-
-

* Sensor Type Deftnitions are V 
V 
IR 
i 
R 
RF 
MB 

Ultraviolet 
Visible 
Infrared 
Microwave 
Radar 
Radio Frequency 
nulti-band 

:i 



TABLE 8
 

VENUS INTERPLANETARY TRANSFER SELECTION
 

Launch Date ............................ January 10, 1977 

Flight Time ........................... 

Declination of Departure Asymptote (Ecliptic Plane) ............ 

Departure Hyperbolic Excess Speed ................... 

Arrival Hyperbolic Excess Speed .................... 

127 days (Type I) 

0.5 deg 

2.75 km/sec 

4.39 km/sec 

Total Hyperbolic Excess Speed................. . . 7.14 km/sec 

Declination of Arrival Asymptote (Venus Equatorial Plane) ........ 
 36.87 deg
 

Direction of Arrival Asymptote from Sun ................. 54.43 deg
 

Communication Distance at Arrival ..................... 0.48 AU
 

Days to Earth/Venus Superior Conjunction after Arrival ."....... 
 ... . 250 days
 



-5 

TABLE 9
 

VENUS CANDIDATE ORBIT SIZES
 

Orbit Eccen- Periapse* Maximum Orbit Lapse Rate Average**
 
No. tricity Altitude Altitude Period Per Orbit Capture AV
 

(km) Ratio,h/hp (hrs) (km) (km/sec)
 

1 0.0 454 0.0 1.608 10.5 3.902
 

2 0.1 327 5.3 1.829 11.9 3.574
 

3 0.2 305 11.4 2.171 14.2 3.244
 

4 0.3 294 19.5 2.645 17.2 2.925
 

5 0.4 285 30.7 3.326 21.7 2.618
 

6 0.5 277 46.7 4.364 28.5 2.321
 

7 0.6 269 71.5 6.087 39.7 2.033
 

8 0.7 261 113.9 9.354 61.0 1.754
 

9 0.8 255 199.0 17.160 111.9 1.483
 

10 0.9 248 458.5 48.456 316.0 1.219
 

* 	 Periapse altitude corresponds to 50-yr lifetime orbits. 

** 	 Capture AV Based on a Surveyed Average Hyperbolic Approach
 
Speed, VHP = 4.52 km/sec.
 

t 	The distance, measured along the equator, between subsequent
 
orbit ground traces.
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ORBIT SELECTION DATA SHEET NO. 85
 

Venus (1977) FAMILY NO. I ORBIT NO. 1
 

GROUP 	MEASUREMENT SPECIFICATIONS: Reuired Obtainid
 
Minimum Image Size (km)............ 
Minimum Image Overlap (%).......... 
Total Planet Coverage (%)......... 
Solar Elevation Range (deg)........ 

500 
20 

> 70 

13.1 
20 
100 
-

Image Interval..................... 
Time for % Coverage (days)......... . 
Coverage Interval.................. 
Distribution....................... 

/y. 
>2/yr 

1.6 hrs or 122 days 
122 days 

global 

ORBIT ELEMENTS: 	 Final Intermediate
 
Eccentricity....................... 0
 
Periapse Alt. (km)................. 454
 
Apoapse Alt. (km).................. 454
 
Inclination (deg)......... 90
 
Ascending Node (deg).............. 318
 
Arg. of Periapse (deg)............. 352
 

SELECTION RATIONALE:
 

A polar circular orbit is established to provide
 
maximum surface coverage using all parts of the orbit
 
(constant altitude) in a maximum time of 122 days. It
 
is not necessary to collect and transmit data simultan­
eously since consecutive swaths of coverage may be as
 
many as 145 orbits apart. (This is the case if the net
 
image size is 1200 km).
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ......... 11
 
Measurement Orbit Frequency........ every orbit1
 

Orbit Period (hrs) ................. 1.608
 
Measurement Alt. Range (km)........ 454
 
Max. Measurement Are (deg)......... 360
 
Max. Sensor on Time (min/orb)...... 96.5
 
No. of Impulses (AV)............... 1
 
Capture AV (km/sec)................ 3.848
 
Plane Change AV (km/sec)...........
 
Size Adjustment AV (km/sec)........
 
Total AV (km/sec).................. 3.848
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 This is the minimum net image size between consecutive
 
orbit images. Since this value is obviously much smaller
 
than the required minimum net image size of 1500 km
 
contiguous images may be as much as 145 orbits apart in
 
time.
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ORBIT SELECTION DATA SHEET NO. 86
 

Venus (1977) FAMILY NO. 1 	 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 1500 1580
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%).......... 70 71
 

-
Solar Elevation Range (deg)........ 

Image Interval .................... - 48.5 hr minimum
 
Time for % Coverage (days).......... - 243 days 1
 
Coverage Interval.................. - once/243 days
 
Distribution............................- -48.50 to 43.5 lat.
 

Final Intermediate
ORBIT ELEMENTS: 

Eccentricity....................... "9
 
Periapse Alt. (km)................. 248
 
Apoapse Alt. (km)................. 113,700
 
Inclination (deg).. ................ 90
 
Ascending Node (deg)............... 318
 
Arg. of Periapse (deg)............. 356.5
 

SELECTION RATIONALE:
 

This elliptical polar orbit was chosen to show the
 
increased altitude range needed with a smaller capture AV.
 
This is an extreme case with maximum eccentricity (e = .9).
 
A 4.5' off-periapse insertion places the periapse in the
 
Venus ecliptic so that during the 243 days of measurement,
 
solar perturbations raise h to 277 km and then back to
 
248 km. Measurements are restricted to the equator and
 
midlatitudes due to rapidly increasing altitude.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ 4 orbits
 
Orbit Period (hrs) ................. 48.456
 
Measurement Alt. Range (km)........ 248 to 1297
 
Max. Measurement Arc (deg)......... -45.3 to 45.3
 
Max. Sensor on Time (min/orb)....... 18.6
 
No. of Impulses (AV) .................. I
 
Capture AV (km/see).. .......... .... 1.191 (4.50)
 
Plane Change AV (km/sec)...........
 
Size Adjustment AV (km/sec)........
 

Total AV (km/sec).................. 1.191
 

MEASUREMENT ACHIEVEMENT:
 

I	Because measurements can be made only along the lower parts
 
of the elliptical orbit, one complete longitudinal coverage
 
of the planet requires 243 days.
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ORBIT SELECTION DATA SHEET NO. 87
 

Venus(1977) FAMILY NO. 2 ORBIT NO. 1
 

GROUP 	MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)........... 

13.
 

Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%).......... > 70 100
 
Solar Elevation Range (deg).......
 
Image Interval ..................- 1.6 hrs or 122 days

Time for % Coverage (days)......K 100 hrs 122 da~s2
 
Coverage Interval ............. > 10/yr 2/yr

Distribution....................... gloal
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity....................... 0
 
Periapse Alt. (km)................. 454
 
Apoapse Alt. (km).................. 454
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 318
 
Arg. of Periapse (deg)............. 352
 

SELECTION RATIONALE:
 

A polar circular orbit is established to provide maximum
 
surface coverage using all parts of the orbit (constant
 
altitude) in a maximum time of 122 days. It is not necessary
 
to collect and transmit data simultaneously since consecutive
 
swaths of coverage may be as many as 145 orbits apart.

(This is the case if the net image size is 1200 km).
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ I
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 1.605
 
Measurement Alt. Range (km)........ 454
 
Max. Measurement Arc (deg)......... 360
 
Max. Sensor on Time (min/orb) ... 96.5
 
No. of Impulses (AV)...............
 
Capture AV (km/sec) ................ 3.848
 
Plane Change AV (km/sec)... ....... -

Size Adjustment AV (km/sec)........ -

Total AV (km/sec) ................. 848
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 This is the minimum net image size between consecutive
 
orbit images. Since this value is obviously much smaller
 
than the required minimum net image size of 1500 km
 
contiguous images may be as much as 145 orbits apart in
 
time.
 

2. 	 At Venus the shortest time to achieve 100% coverage
 

of the planet is approximately 120 days.
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ORBIT SELECTION DATA SHEET NO. 88
 

Venus( 1977) FAMILY NO. 2 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 1500 1580
 
Minimum Image Overlap ().......... 20 20
 
Total Planet Coverage ().......... > 70 71
 
Solar Elevation Range (deg)....... -

Image Interval..........-.......... 48.5 hr minimum
 
Time for % Coverage (days) ....... 243 days
 
Coverage Interval.................. > 2/yr once/243 days
 
Distribution........................ - -48.5 0 to 43.50 lat.
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity....................... .9
 
Periapse Alt. (km)................. 248
 
Apoapse Alt. (km) .................. 113,700
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 318
 
Arg. of Periapse (deg)............. 356.3
 

SELECTION RATIONALE:
 

This elliptical polar orbit was chosen to show the in­
creased altitude range needed with a smaller capture AV.
 
This is an extreme case with maximum eccentricity (e = .9).
 
A 4.5' off-periapse insertion places the periapse in the
 
Venus ecliptic so that during the 243 days of measurement
 
solar perturbations raisd h to 277 km and then back to
 
248 km. Measurements are restricted to the equator and
 
midlatitude due to rapidly increasing altitude.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ...... I
 

4 orbits
Measurement Orbit Frequency...... 

Orbit Period (hrs) ................ 48.456
.


248 to 1297
Measurement Alt. Range (km)........ 

Max. Measurement Arc (deg) ......... 45.3 to 45.3
 

Max. Sensor on Time (min/orb) .. 18.6
 

No. of Impulses (AV).............. 1.191 (4.50)
 
Capture AV (km/see)...............
 
Plane Change AV (km/sec)..........
 
Size Adjustment AV (km/sec)......... 1.191
 
Total AV (km/sec).................
 

MEASUREMENT ACHIEVEMENT:
 

IBecause one complete longitudinal coverage requires 243
 
days, two or more coverages per year are not possible.
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ORBIT SELECTION DATA SHEET NO. 89
 

Venus (1977) FAMILY NO. 3 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)......... 1500 13.11
 
Minimum Image Overlap (%)....... 20 20
 
Total Planet Coverage (%)....... > 70 502 
Solar Elevation Range (deg)..... day day 
Image Interval .................. - 1.6hrs or 122 days 
Time for % Coverage (days) ...... < 100 hrs 122 days3 

Coverage Interval ............... > 10/yr once/122 days4 

Distribution ..................... - all latitudes 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity................... 0
 
Periapse Alt. (km).............. 454
 
Apoapse Alt. (km)............... 454
 
Inclination (deg)............... 90
 
Ascending Node (deg)............ 318
 
Arg. of Periapse (deg) .......... 352
 

SELECTION RATIONALE:
 

A polar circular orbit is selected to obtain maximum
 
coverage in a minimum time of 122 days using all orbit
 
altitudes. Of the 100% coverage obtained 50% is in
 
darkness and 50% in daylight. Furthermore, unless a plane
 
change is made to change the ascending node, the areas
 
covered are covered again after 122 days under the same
 
lighting constraints.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... 1
 
Measurement Orbit Frequency..... every orbit
 
Orbit Period (hrs).............. 1.608
 
Measurement Alt. Range (km) .... 454
 
Max. Measurement Arc (deg) ..... 1800
 
Max. Sensor on Time (min/orb).. 48.2
 
No. of Impulses (AV) ............ 1
 
Capture AV (km/sec)............. 3.848
 
Plane Change AV (km/sec).......
 
Size Adjustment AV (km/sec).....
[ 
Total AV (km/sec)............... 3.848
 

MEASUREMENT ACHIEVEMENT:
 
1. 	This is the minimum net image size between consecutive orbit images.
 

Since this value is obviously much smaller than the required minimum
 
net image size of 1500 km contiguous images may be as much as 145
 
orbits apart in time.
 

2. 	Without a plane change, only 50% of the planet can be covered in
 
daylight.
 

3. 	122 days are required for one complete longitudinal coverage of the
 

planet.
 or more
4. 	Because one coverage of the planet requires 122 days, 10 

coverages per year are not possible. 118
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ORBIT SELECTION DATA SHEET NO. 90
 

Venus (1977) FAMILY NO.3 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Re 1 d Obtained 
Minimum Image Size (km).............0 1580 
Minimum Image Overlap (7)..... 20 20 

Total Planet Coverage (%)..... .... > 70 38.21
 

Solar Elevation Range (deg)........ day day
 
48.5 hr minimum
Image Interval ..................-


Time for % Coverage (days).......... < 100 hrs 243 days4 

Coverage Interval .................. > 10/yr once/2 43 days
 

Distribution.......................
 

ORBIT ELEMENTS: Final Intermediate
 
.
Eccentricity................... 


Periapse Alt. (km)....... ....... 248
 
...... 113700
Apoapse Alt. (km)...... 


Inclination (deg) .................. 3
 
Ascending Node (deg)...............
 
Arg. of Periapse (deg)............. 356.5
 

SELECTION RATIONALE: See Orbit Selection Data Sheet No. 86 for the
 
The initial orbit is
basic characteristics of the orbit. 


longitudinal coverage
480 from the terminator permitting 440 

longitudinal
in daylight in 30 days. This is followed by 1670 


coverage in darkness in 113 days, followed again by 149' longi­

tudinal coverage in daylight in 101 days. Without a plane change
 

further coverage is repetitious. A plane change, costing
 
or 71% coverage
3.5 km/sec would permit either a total of 60% 


in daylight depending upon whether the ascending node were
 

rotated counter clockwise or clockwise. Mission times would
 

become 318 and 435 days respectively.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ I
 

....... 4 orbits
Measurement Orbit Frequency 

48.456
Orbit Period (hrs)................. 


248 to 1297
Measurement Alt. Range (kn)........ 

......... 45.3 to 45.3
Max. Measurement Arc (deg) 


Max. Sensor on Time (min/orb)..... 186
 
No. of Impulses (AV)............... 1.191 (45O)
 
Capture AV (km/see)................
 
Plane Change AV (km/sec)........... -

Size Adjustment AV (km/sec ........ 1.191
 
Total AV (km/sec)..................
 

MEASUREMENT ACHIEVEMENT:
 

iBecause only limited altitudes are used along the orbit,
 

only 38.2% of the planet surface can be covered 
in daylight
 

2243 days are required to obtain one cycle of daylight coverage.
 

or more coverages per year are not possible.
Because of this 10 
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ORBIT SELECTION DATA SHEET NO. 91
 

Venus (1977) FAMILY NO. 4 	 ORBIT NO, 


GROUP MEASUREMENT SPECIFICATIONS: Required Obtainred 
Minimum Image Size (km)............ 
Minimum Image Overlap (%).......... 

1500 
20 

13.1' 
20 

Total Planet Coverage ().......... > 70 100 
Solar Elevation Range (deg)........ day&night day&night 
Image Interval .................... 
Time for % Coverage (days) ....... 
Coverage Interval .................. 

< 
<100 hrs 
> 10/yr 

1.6 hrs or 122a 
122 days 2 

once/122 days3 

Distribution....................... global 

ORBIT ELEMENTS: 	 Final Intermediate
 
Eccentricity ....................... 0
 
Periapse Alt. (km)................. 454
 
Apoapse Alt. (km).................. 454
 
Inclination (deg).................. 90
 
Ascending Node (deg)................. 318
 
Arg. of Periapse (deg)............. 352
 

SELECTION RATIONALE:
 
A polar circular orbit is selected to obtain maximum
 

coverage in a minimum time of 122 days using all orbit
 
altitudes. Of the 100% coverage obtained, 50% is in
 
darkness and 50% is in daylight.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images........ I
 
Measurement Orbit Frequency........ ever orbit
 
Orbit Period (hrs)................. 1.608
 
Measurement Alt. Range (km)........ 454
 
Max. Measurement Arc (deg)......... 360
 
Max. Sensor on Time (min/orb)...... 96.5
 
No. of Impulses (AV)..... .. I
 
Capture AV (km/sec) .............. 3.848
 
Plane Change AV (km/sec)........... -

Size Adjustment AV (km/sec)........ -

Total AV (km/sec).................. 3.848
 

MEASUREMENT ACHIEVEMENT:
 
1. 	This 1-s the minimum net image size between consecutive orbit
 

images. Since this value is obviously much smaller than the re­
quired minimum net image size of 1500 km contiguous images may
 
be as much as 145 orbits apart in time.
 

2. 	122 days are required for one complete longitudinal coverage of
 
the planet.
 

3. 	Because one coverage of the planet requires 122 days, 10 or more
 
coverages per years are not possible.
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ORBIT SELECTION DATA SHEET NO.92
 

Venus (1977) FAMILY NO. 4 ORBIT NO.10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km) ......... 100 1580
 
Minimum Image Overlap (M).......... 20 20
 
Total Planet Coverage (M)........... > 70 71
 
Solar Elevation Range (deg) ........ day&night day&night
 
Image Interval ..................... - 48.5 hrs minimum
 
Time for % Coverage (days) ......... < 100 hrs 243 days1
 

> 10/yr once/243 days
Coverage Interval.................. 

-48.5 0to 43.50 lat.
Distribution .......................... 


ORBIT ELEMENTS: Final Intermediate
 
Eccentricity.. ................... .9
 
Periapse Alt. (km)................ 248
 
Apoapse Alt. (km).................. 113,700
 
Inclination (deg) .................. 90
 
Ascending Node (deg) ................ 318
 
Arg. of Periapse (deg)............. 356.5
 

SELECTION RATIONALE:
 
This elliptical polar orbit was chosen to show the in­

creased altitude range needed with a smaller capture AV.
 
This is an extreme case with maximum eccentricity (e = .9).
 
A 4.50 off-periapse insertion places the periapse in the
 
Venus ecliptic so that during the 243 days of measurement,
 
solar perturbations raise h to 277 km and then back to
 
248 km. Measurements are r~stricted to the equator and
 
midlatitudes due to rapidly increasing altitude.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ...... I
 

..... 4 orbits
Measurement Orbit Frequency 

Orbit Period (hrs)................. 48.456
 

248 to 1297
Measurement Alt. Range (km)........ 

-45.3 to 45.3
Max. Measurement Arc (de )......... 


Max. Sensor on Time (min orb)...... 18.6
 

No. of Impulses (AV). ............. I
 
1.191 (4,50)
Capture AV (km/sec) ................ 


Plane Change AV (km/sec)..........
 .....

Size Adjustment AV (km/sec). 

1
 
1.191
Total ANV (km/sec) ............... 


MEASUREMENT ACHIEVEMENT:
 
1Using an elliptical orbit, 243 days are required to cover
 
all longitudes of the planet. Because of this 10 or more
 
coverages per year are not possible.
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ORBIT SELECTION DATA SHEET NO. 93
 

Venus (1977) FAMILY NO.5 ORBIT NO. j
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 1000 13.1
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%).......... > 70 100
 
Solar Elevation Range (deg) ........ 7 day&night
 
Image Interval ..................... < 30 hrs 1.6 hrs or 122 day
 
Time for % Coverage (days) ......... 122 days
 
Coverage Interval................... - once/122 days
 
Distribution ........................ - global
 

ORBIT ELEMENTS: Final Intermediate 
Eccentricity...................... 
Periapse Alt. (km)................ 
Apoapse Alt. (km).................. 

0 
454 
454 

Inclination (deg).................. 
Ascending Node (deg)............... 
Arg. of Periapse (deg)............. 

90 
318 
352 

SELECTION RATIONALE: 

A polar circular orbit is established to provide maximum
 
surface coverage using all parts of the orbit (constant
 
altitude) in a maximum time of 122 days. It is not necessary
 
to collect and transmit data at the same time because con­
secutive swaths of coverage may be as many as 97 orbits apart.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 11
 

........ every orbitI
 Measurement Orbit Frequency 

Orbit Period (hrs) ................. 1.608
 
Measurement Alt. Range (km)........ 454
 
Max. Measurement Arc (de&)......... 360
 
Max. Sensor on Time (min/orb)....... 96.5
 
No. of Impulses (AV)............... 1
 
Capture AV (km/sec)......... 3.848
 
Plane Change AV (km/sec)..........-

Size Adjustment AV (km/sec)........
 
Total AV (km/sec).................. 3.848
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 This is the minimum net image size between consecutive orbit
 
images. Since this value is obviously much smaller than the
 
required minimum net image size of 1500 km contiguous images
 
may be as much as 97 orbits apart in time.
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ORBIT SELECTION DATA SHEET NO.94
 

Venus (1977) FAMILY NO. 5 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 000 1185 
Minimum Image Overlap ().......... 20 20 
Total Planet Coverage .)........ 70 71> 

Solar Elevation Range (deg)........ - day&night
 
Image Interval .................... < 30 hrs 48.5 hr minimum
 
Time for % Coverage (days)......... - 243 days
 
Coverage Interval .................. - once/243 days
 
Distribution ....................... - -48.5 0 to 43.5 0 lat.
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity.. .................. 9
 
Periapse Alt. (km)................. 248
 
Apoapse Alt. (km).................. 113,700
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 318
 
Arg. of Periapse (deg)............. 356.5
 

SELECTION RATIONALE:
 

See Orbit Selection Data Sheet No. 86 for the basic
 
description of this orbit. In addition note that the
 
a area is passed over 34 days after orbit capture and
 
the P area 267 days after orbit capture within the al­
titude range of 248 to 1297 km.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ I
 
Measurement Orbit Frequency......... 3 orbits
 
Orbit Period (hrs) ................. 48.456
 
Measurement Alt. Range (km) ........ .248 to 1297
 
Max. Measurement Arc (deg) ......... 45.3 to 45.3
 
Max. Sensor on Time (minlorb)....... 18.6
 
No. of Impulses (AV).................. I
 
Capture AV (km/sec)................ •1.191 (4.50)
 
Plane Change AV (km/sec) ...........
 

........
Size Adjustment AV (km/sec) 


Total AV (km/sec).................. 1.191
 

MEASUREMENT ACHIEVEMENT:
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ORBIT SELECTION DATA SHEET NO. 95
 

Venus (1977) FAMILY NO. 6 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 1000 26.21 
Minimum Image Overlap ().......... 
Total Planet Coverage ().......... 

60 
> 70 

60 
100 

Solar Elevation Range (deg)........ 
Image Interval................... 

-
.-

day&night 
1.6 hrs or 122 days 

Time for % Coverage (days) ....... 122 days 
Coverage Interval.................. . once/122 days 
Distribution........................ . . global 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity....................... 0
 
Periapse Alt. (km)................. 454
 
Apoapse Alt. (km).................. 454
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 318
 
Arg. of Periapse (deg)............. 352
 

SELECTION RATIONALE:
 

A polar circular orbit is established to provide maximum
 
surface coverage using all parts of the orbit (constant
 
altitude) in a maximum time of 122 days. It is not necessary
 
to collect and transmit data at the same time because con­
secutive swaths of coverage may be as many as 97 orbits apart.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ I
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................ 1.608
 
Measurement Alt. Range (km)........ 454
 

360
Max. Measurement Arc (deg)......... 

Max. Sensor on Time (min/orb)....... 96.5
 
No. of Impulses (AV)............... 81
 
Capture AV (km//sec) ................. 3.848
 
Plane Change AV (km/sec).... ..
 
Size Adjustment AV (km/sec)......3.


848
Total AV (km/sec) ...................
 

MEASUREMENT ACHIEVEMENT:
 

1. This is the minimum net image size between consecutive orbit
 
images. Since this value is obviously much smaller than the
 
required minimum net image size of 1000 km contiguous images
 
may be as much as 97 orbits apart in, time.
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ORBIT SELECTION DATA SHEET NO. 96
 

Venus (1977) FAMILY NO. 6 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 1000 1000
 
Minimum Image Overlap ().......... 60 68
 
Total Planet Coverage ().......... > 70 71
 
Solar Elevation Range (deg)........ - day and night
 
Image Interval ................. -. - 48.5 hr minimum
 
Time for % Coverage (days) ......... - 243 days
 
Coverage Interval.................. - 243 days
 
Distribution....................... - -48.50 to 43.50 lat.
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity...................... ..9
 
Periapse Alt. (km)................... 248
 
Apoapse Alt. (km).................. 113,700
 
Inclination (deg)..................... 90
 
Ascending Node (deg)................. 318
 
Arg. of Periapse (deg)............. 356.5
 

SELECTION RATIONALE:
 

See Orbit Selection Data Sheet No. 86 for the basic
 
description of this orbit. In addition note that the
 
a area is passed over 34 days after orbit capture and
 
the 0 area 267 days ofter orbit capture within the al­
titude range of 248-1297 km.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ....... every orbit
 
Orbit Period (hrs) ................ .48.456
 
Measurement Alt. Range (km)........ 248 to 1297
 
Max. Measurement Arc (de) ..... - 45.30 to 45.30 
Max. Sensor on Time (mm/orb)... 18.6 

No. of Impulses (AV).............. I 
Capture AV (km/sec).... ........ 1.191 (4.50) 

Plane Change AV (km/sec) ...... 
........
Size Adjustment AV (km/sec) 


Total AV (km/sec).................. 1.191
 

MEASUREMENT ACHIEVEMENT:
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ORBIT SELECTION DATA SHEET NO. 97
 

Venus (1977) FAMILY NO. 7 ORBIT NO.1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtainej
 
Minimum Image Size (km)......... 500 13.11
 

Minimum Image Overlap ()..... 20 20
 
Total Planet Coverage (%)....... > 70 100
 

-
Solar Elevation Range (deg) .. -

Image Interval.................. < 15 min 1.6hrs or 122 days2
 

Time for % Coverage (days)...... < 100 hrs 122 days3
 

Coverage Interval ............... > 4/yr 2/yri

Distribution.................... equator,poles global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity.................... 0
 
Periapse Alt. (km).............. 454
 
Apoapse Alt. (km)............... 454
 
Inclination (deg)............... 90
 
Ascending Node (deg) ............ 318
 
Arg. of Periapse (deg).......... 352
 

SELECTION RATIONALE:
 

A polar circular orbit is established to provide maximum
 
surface coverage using all parts of the orbit (constant
 
altitude) in a maximum time of 122 days. It is not necessary
 
to collect and transmit data simultaneously since consecutive
 
swaths of coverage are 48 orbits apart.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... I1
 
Measurement Orbit Frequency .....every orbit

I
 

Orbit Period (hrs).............. 1.608
 
Measurement Alt. Range (km) .... 454
 
Max. Measurement Arc (deg)...... 360
 
Max. Sensor on Time (min/orb) .. 96.5
 
No. of Impulses (AV)............ 1
 
Capture AV (km/sec) ............3.848
 
Plane Change AV (km/sec)........
 
Size Adjustment AV (km/sec)..... -

Total AV (km/sec)............... 3.848
 

MEASUREMENT ACHIEVEMENT:
 
1. This is the minimum net image size between consecutive orbit images.
 

Since this value is obviously much smaller than the required minimum
 
net image size of 500 km contiguous images may be as much as 48
 
orbits apart in time.
 

2. The time lapse between consecutive orbits is 1.6 hrs.
 
The time required for one complete coverage of the planet is 122
3. 
days, therefore 4 or more coverages per year are not possible.
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ORBIT SELECTION DATA SHEET NO.98
 

Venus (1977) FAMILY NO. 7 ORBIT NO. 9
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 500 560
 
Minimum Image Overlap (%)........... 20 20
 
Total Planet Coverage (%).......... > 70 58.7
 
Solar Elevation Range (deg)........ - day&night
 
Image Interval........................ < 15 mi 17.22rs minmum
 
Time for % Coverage (days) ....... 100 hrs 243 days 

Coverage Interval ................ 4/yr once/243 days­

-900 to 100 lat.
Distribution ....................... equator,poles 


ORBIT ELEMENTS: Final Intermediate
 
Eccentricity....................... .8
 
Periapse Alt. (2m)................. 255
 
Apoapse Alt. (km).................. 50,735
 
Inclination (deg)..................... 90
 
Ascending Node (deg)............... 318
 
Arg. of Periapse (deg) ............. 324.5
 

SELECTION RATIONALE: This orbit shows the tradeoff of lower AV's
 
versus higher altitudes using an elliptical orbit. Using an off­
periapse insertion of -32' the periapse is placed in the
 
southern hemisphere so that both the equator and pole can be
 
viewed at minimum altitude. The 1000 arc used for viewing
 
gives 59% coverage in 243 days. The .8 eccentricity orbit was
 
used to reduce solar perturbations on hn . Even so, h =840 km
 
at the end of 243 days. This orbit useB only .158 km9sec
 
additional AV over using a .9 eccentricity orbit with the
 
same off- periapse insertion. No coverage of the p area
 
occurs.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images........ I
 

4 orbits
Measurement Orbit Frequency........ 

17.16
Orbit Period (hrs).................. 


Measurement Alt. Range (km)........ 255 to 2125
 
(deg)..... "".-50 to 50
Max. Measurement Arc 


Max. Sensor on Time (Mnorb)......... 
21.5
 

No. of Impulses (AV)............... 1.975 (-320)

Capture AV (km/sec).................
 
Plane Change AV (km/sec)...........
 
Size Adjustment AV (km/sec)........ 1.975
 
Total AV (km/sec)..................
 

MEASUREMENT ACHIEVEMENT:
 

IThe time period between consecutive images of the same area 

equals the orbit period or 17.2 hours. 
2243 days are required for one complete longitudinal coverage 

Because of this 4 or more coveragesof the planet surface. 

per year are not possible.
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ORBIT SELECTION DATA SHEET NO. 99
 

Venus (1977) FAMILY NO. 8 	 ORBIT NO.-


GROUP MEASUREMENT SPECIFICATIONS: Required Obtainfd 
Minimum Image Size (km) .. 00 13.1 
Minimum Image Overlap (%).......... 20 20 
Total Planet Coverage (%) .......... > 70 100
 
Solar Elevation Range (deg)........-

Image Interval .................... < 2 min 1.6hrs or 122 day 2
 

Time for % Coverage (days) ....... 0/122 days
 
Coverage Interval .................... >10/yr 2/yr3
 

global
Distribution....................... 


ORBIT ELEMENTS: 	 Final Intermediate
 
0
Eccentricity....................... 


Periapse Alt. (km).................. 454
 
Apoapse Alt. (km).................. 454
 

3
Inclination (deg) .................. 

................
Ascending Node (deg) 	 318
 

Arg. of Periapse (deg)............. 352
 

SELECTION RATIONALE:
 

A polar circular orbit is established to proved maximum
 

surface coverage using all parts of the orbit (constant
 
It is not necessary
altitude) in a maximum time of 122 days. 


to collect and transmit data simultaneously since consecutive
 

swaths of coverage are 48 orbits apart.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs)................. 1.608
 

454
Measurement Alt. Range (km)........ 

360
Max. Measurement Arc (deg)......... 


Max. Sensor on Time (min/orb)...... 96.5
 

No. of Impulses (AV)............... 1
 

Capture AV (km/sec)............ 3.848
 

Plane Change AV (km/sec) .....
 
....... 48


Size Adjustment AV (km/sec). 

3.8
Total AV (km/sec) .................. 


MEASUREMENT ACHIEVEMENT:
 
1. 	This is the minimum net image size between consecutive orbit imaes.
 

Since this value is obviously much smaller than the required minimum
 
net image size of 500 km contiguous images may be as much as 48
 
orbits apart in time.
 

2. 	The time lapse between consecutive orbits is 1.6 hours.
 
3. 	Because one complete coverage of the planet requires 122 days,
 

10 or more coverages per year arenot possible.
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ORBIT SELECTION DATA SHEET NO. 100
 

Venus (1977) FAMILY NO. 8 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 500 395
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%).......... > 70 71
 
Solar Elevation Range (deg)........ 2 m
 
Image Interval ................... < 2 mi 48.Shrs or 243 days

Time for % Coverage (days) ......... - 243 days 2
 
Coverage Interval .................. > 10/yr once/243 days
 
Distribution....................... - -48.5 0to 43.5 lat.
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity....................... ..9
 
Periapse Alt. (km). ................. 248
 
Apoapse Alt. (kin) .................. 113,700
 
Inclination (deg)..................... 90
 
Ascending Node (deg)............... 318
 
Arg. of Periapse (deg)............. 356.5
 

SELECTION RATIONALE:
 

This elliptical polar orbit was chosen to show the
 
increased altitude range needed with a smaller capture AV.
 
This is an extreme case with maximum eccentricity (e = .9).
 
A 4.5' off-periapse insertion places the periapse in the
 
Venus ecliptic so that during the 243 days of measurement,
 
solar perturbations raise h to 277 kim and then back to
 
248 km. Measurements are rstricted to the equator and
 
midlatitudes due to rapidly increasing altitude.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ I
 
Measurement Orbit Frequency ........ 4 orbits
 
Orbit Period (hrs) ................. 48.456
 
Measurement Alt. Range (km)........ 248 to 1297
 
Max. Measurement Arc (deg) .......... -45.3 to 45.3
 
Max. Sensor on Time (min orb) ....... 18.6
 
No. of Impulses (AV)............... I
 
Capture AV (km/sec)................ 1.191 (4.50)
 
Plane Change AV (km/sec)........... -

Size Adjustment AV (km/sec)........
 
Total AV (km/sec)................... 1.191
 

MEASUREMENT ACHIEVEMENT:
 
1. The shortest time between images of the same area equals
 

the orbit period or 48.5 hours0
 
2. Because one complete longitudinal coverage of the planet
 

requires 243 days, 10 or more coverages per year are not
 
possible0
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ORBIT SELECTION DATA SHEET NO. 101 

Venus (1977) FAMILY NO. 9 ORBIT NO. I 

GROUP MEASUREMENT SPECIFICATIONS: Re uired Obtain 

Obaifd 
Minimum Image Size (km)............ 0 
Minimum Image Overlap (%).......20 
Total Planet Coverage (%)..........> 70 
Solar Elevation Range (deg) ....... day 
Image Interval ......................-
Time for % Coverage (days) .. 
Coverage Interval ................. > 4/yr 

13.1 
202 
50 

day 
1.6hrs or 122 days 

122 days
once/122 day,; 

Distribution ....................... equator,poles all latitudes
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... 0
 
Periapse Alt. (km)................... 454
 
Apoapse Alt. (km)................... 454
 
Inclination (deg).................. 90
 
Ascending Node (deg) .................. 318
 
Arg. of Periapse (deg)............. 356
 

SELECTION RATIONALE:
 

A polar circular orbit is selected to obtain maximum
 
coverage in a minimum time of 122 days using all orbit
 
altitudes. Of the 100% coverage obtained 50% is in
 
darkness and 50% in daylight. Furthermore, unless a plane
 
change is made to change the ascending node, the areas
 
covered are covered again after 122 days under the same
 
lighting constraints.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... I
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hrs)................. 1.608
 
Measurement Alt. Range (km)........ 454
 
Max. Measurement Arc (deg) ........ 180
 
Max. Sensor on Time (min/orb)...... 48.2
 
No. of Impulses (AV)............. 1
 
Capture AV (km/sec)........ 3.848
 

-
Plane Change AV (km/sec)........... 

Size Adjustment AV (km/sec)........ 3845
 
Total AV (km/sec)................. 3.
 

MEASUREMENT ACHIEVEMENT:
 

This is the minimum net image size between consecutive orbit images.
I. 

Since this value is obviously much smaller than the required minimum
 

net image size of 300 km contiguous images may be as much as 48
 

orbits apart in time.
 
Without a plane change only 50% of the planet can be covered 

in

2. 


daylight.
 
Because one coverage of the planet requires 122 days, four 

or more
 
3. 


coverages per year are not possible.
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ORBIT SELECTION DATA SHEET NO. 102
 

Venus (1977) FAMILY NO. 9 ORBIT NO. 9
 

GROUP MEASUREMENT SPECIFICATIONS: Reguired Obtained
 
Minimum Image Size (km) ........ 560
 
Minimum Image Overlap ()...... 20 20
 
Total Planet Coverage (%)......... > 70 31.21
 
Solar Elevation Range (deg)........ day day
 
Image Interval.......... I......... .. .17.2 hrs
 
Time for % Coverage (days) ..... - 243 days 2
 
Coverage Interval ................. >4/yr once/243 days
 
Distribution ...................... equator,poles -90' to 10 lat.
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity....................... .8
 
Periapse Alt. (km)................. 255
 
Apoapse Alt. (km).................. 50,735
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 318 
Arg. of Periapse (deg)............. 324.5 

SELECTION RATIONALE:
 

The initial orbit is 48' from the terminator permitting

440 longitude coverage in daylight in 30 days. This is
 
followed by 167' longitude coverage in darkness in 113 days,

followed again by 149* longitude coverage in daylight in 101
 
days. At this point coverage becomes repetitious without a
 
plane change. The total coverage in daylight is 31.2% and
 
at night is 27.1%. The coverage is in the southern hemi­
sphere.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images........ I
 
Measurement Orbit Frequency........ 4 orbics
 
Orbit Period (hrs)................. 17.16
 
Measurement Alt. Range (km)....... 255 to 2125
 
Max. Measurement Arc (deg)........ -50 to 50
 
Max. Sensor on Time (mmn/orb) .... 21.5
 
No. of Impulses (AV)............... I
 
Capture AV (km/sec)................1.975 (32-)
 
Plane Change AV (km/sec)..........
 
Size Adjustment AV (km/sec)......
 
Total V (km/sec).................. 1.975
 

MEASUREMENT ACHIEVEMENT:
 

1. At most 50% of the planet can be covered in daylight without
 
a plane change. Because of altitude restriction, this
 
coverage is reduced.
 

2. Because one coverage requires 243 days, 4 or more coverages
 
per year are not possible.
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ORBIT SELECTION DATA SHEET NO. 103
 

Venus (1977) FAMILY NO. 10 	 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km) ........... 00 13.1
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%)......... .10 100
 
Solar Elevation Range (deg).......day&night day&night
122 	days2
 Image Interval......................< 15 min 1.6hrs or 


Time for % Coverage (days)......... 122 days
 
Coverage Interval-.....>4y once/122 days3
 

Distribution ....................... subsolar point, global
 
poles
 

ORBIT ELEMENTS: Final Intermediate 
Eccentricity ......................
Periapse Alt. (km)...... .......... 454
 

Apoapse Alt. (km).................. 459
 
Inclination (deg).................. 318
 
Ascending Node (deg)............... 352
 

Arg. of Periapse (deg)............. 352
 

SELECTION RATIONALE:
 

A polar circular orbit is selected to obtain maximum
 
coverage in a minimum time of 122 days using all orbit
 
altitudes. Of the 100% coverage obtained, 50% is in
 
darkness and 50% is in daylight.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hrs) ................. 1.608
 
Measurement Alt. Range (km)........ 454
 
Max. Measurement Arc (deg)........ 360
 
Max. Sensor on Time (min/orb)...... 96.5
 
No. of Impulses (AV).............. 3.8481
 
Capture AV (1m/sec) ...............
 
Plane Change AV (km/sec)...... ....
 

Size Adjustment AV (km/see). ... .
 
Total AV (km/see)........... 3.848
 

MEASUREMENT ACHIEVEMENT:
 

1. 	This is the minimum net image size between consecutive orbit images.
 
Since this value is obviously much smaller than the required minimum
 
net image size of 500 km contiguous images may be as much as 48
 
orbits apart in time.
 

2. 	The image interval equals one orbit period of 1.6 hrs.
 
3. 	Because one complete coverage of the planet requires 122 days,
 

4 or more coverages per year are not possible.
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ORBIT SELECTION DATA SHEET NO. 104
 

Venus (1977) FAMILY NO. 10 ORBIT NO. 9
 

subsolar points,-900 to 10 lat.
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 500 560 
Minimum Image Overlap (%).......... 20 20 
Total Planet Coverage (%)......... > 10 58.3 
Solar Elevation Range (deg)....... day&night day&nightI 
Image Interval........................ < 15 min 17.2 hrs 
Time for % Coverage (days) ..... - 243 days 
Coverage Interval ................. > 4/yr once/243 days 
Distribution....................... 


poles
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ........... ........... ..8
 
Periapse Alt. (km)................... 255
 
Apoapse Alt. (km).................. 50,735
 
Inclination (deg)..................... 90
 
Ascending Node (deg).................. 318
 
Arg. of Periapse (deg)............. 324.5
 

SELECTION RATIONALE:
 

The initial orbit is 48 from the terminator permitting
 
440 longitude coverage in daylight in 30 days. This is
 
followed by 1670 longitude coverage in darkness in 113 days,
 
followed again by 149' longitude coverage in daylight in 101
 
days, At this point coverage becomes repetitious without a
 
plane change. The total coverage in daylight is 31.2%
 
and at night is 27.1%. The coverage is in the southern
 
hemisphere.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... I
 
Measurement Orbit Frequency ...... 4 orbits
 
Orbit Period (hrs)................. 17.16
 
Measurement Alt. Range (km)........ 255 to 2125
 
Max. Measurement Arc (deg)......... -50 to 50
 
Max. Sensor on Time (mmn/orb) ...... 21.5
 
No. of Impulses (AV)............... 1
 
Capture AV (km/sec)................ 1.975 (-32°)


-Plane Change AV (km/sec) .......... 

-
Size Adjustment AV (km/sec)........ 


Total AV (km/sec).................. 1.975
 

MEASUREMENT ACHIEVEMENT:
 

1. The shortest time between images of the same area is equal
 
to 1 orbit period or 17.16 hours.
 

2. Because one planet coverage requires 243 days, 4 or more
 
coverage per year are not possible.
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ORBIT SELECTION DATA SHEET NO. 105
 

Venus (1977) FAMILY NO. ii ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtaised
 
Minimum Image Size (km)............ 500 13.1
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%)......... > 70 502
 
Solar Elevation Range (deg)........ night night
 
Image Interval ..................... < 30 hrs 1.6hrs or 122 days
 
Time for % Coverage (days) ........ - 122 days
 
Coverage Interval ................. >4/yr once/122 days 3
 
Distribution ...................... poles all latitudes
 

ORBIT ELEMENTS: 	 Final Intermediate
 
Eccentricity...................... 0
 
Periapse Alt. (ki)................ 454
 
Apoapse Alt. (km).................. 454
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 318
 
Arg. of Periapse (deg)............. 352
 

SELECTION RATIONALE:
 

A polar circular orbit is selected to obtain maximum
 
coverage in a minimum time of 122 days using all orbit
 
altitudes. Of the 100% coverage obtained 50% is in
 
darkness and 50% in daylight. Furthermore, unless a plane
 
change is made to change the ascending node, the areas
 
covered are covered again after 122 days under the same
 
lighting constraints.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images........ 1
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hrs)................. 1.608
 
Measurement Alt. Range (km)........ 454
 
Max. Measurement Arc (deg)......... 180
 
Max. Sensor on Time (min/orb)...... 48.2,
 
No. of Impulses (AV)............... 1
 
Capture AV (km/sec)................ 3.848
 
Plane Change AV (km/sec).........
 
Size Adjustment AV (km/see).......
 
Total AV (km/sec).................. 3.848
 

MEASUREMENT ACHIEVEMENT:
 

1. 	This is the minimum net image size between consecutive orbit images.
 
Since this value is obviously much smaller than the required minimum
 

net image size of 50@ km contiguous images may be as much as 48
 
orbits apart in time.
 

2. 	Only 50% of the planet can be covered in darkness unless a plane
 
change is made after the initial 50% coverage.
 

3. 	Because one complete coverage takes 122 days, 4 or more coverages
 
per year are not possible.
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ORBIT SELECTION DATA SHEET NO.106
 

Venus (1977) 	 FAMILY NO. i1 ORBIT NO. 9
 

GROUP MEASUREMENT SPECIFICATIONS: Reured Obtped
 
Minimum Image Size (km)..........
 
Minimum Image Overlap (%).......... 20 20 1
 
Total Planet Coverage (%)......... > 70 27.1
 
Solar Elevation Range (deg)........ night night
 
Image Interval .................... < 30 hrs 17.2 hrs
 
Time for % Coverage (days) ...... - 243 days
 
Coverage Interval.................. > 4/yr once/243 days2
 
Distribution....................... poles -900 to 100 lat.
 

ORBIT ELEMENTS: 	 Final Intermediate
 
Eccentricity ...................... . .8
 
Periapse Alt. (km)................. 255
 
Apoapse Alt. (km).................. 50,735
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 318
 
Arg. of Periapse (deg)............. 324.5
 

SELECTION RATIONALE:
 

The initial orbit is 480 from the terminator permitting
 
440 longitude coverage in daylight in 30 days. This is
 
followed by 1670 longitude coverage in darkness in 113 days,
 
followed again by 1490 longitude coverage in daylight in 101
 
days. At this point coverage becomes repetitious without a
 
plane change. The total coverage in daylight is 31.2% and
 
at night is 27.1%. The coverage is in the southern hemisphere.
 

ORBIT/MEASUREMENT CHARACTERISTICS: 
Orbits to Contiguous Images ........ 1 
Measurement Orbit Frequency ........ 4 orbits 
Orbit Period (hrs) ................. 17.16 
Measurement Alt. Range (ki)........ 255 to 2125 
Max. Measurement Arc (deg) ........ -50 to 50 
Max. Sensor on Time (mn)..... 21.5 

No. of Impulses (AV)............... 
Capture AV (ki/sec)............... 
Plane Change AV (km/sec).......... 

975 (-32) 

Size Adjustment AV (km/sec) ......... 1.975 
Total AV (km/sec).................. 

MEASUREMENT ACHIEVEMENT: 

1. 	At most 50% of the planet can be covered in darkness.
 
Due to altitude restrictions, this is reduced to
 
27.1%.
 

2. 	 Because one coverage requires 243 days,4 or more coverages
 
per year are not possible.
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ORBIT SELECTION DATA SHEET NO. 107
 

Venus (1977) FAMILY NO. 12 ORBIT NO.1
 

GROUP 	MEASUREMENT SPECIFICATIONS: Required Obtained
 

Minimum Image Size (km)............ 100 13.1
 
Minimum Image Overlap (A).......... 20 20
 
Total Planet Coverage (%).......... > 10 100
 
Solar Elevation Range (deg) ...... - day&night
 
Image Interval ..................... < 30 hrs 1.6hrs or 122days
 
Time for % Coverage (days) ....... 122 days
 
Coverage Interval.................. once/122 days
 
Distribution........................ global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity..................... 0
 
Periapse Alt. (ki)...............454
 
Apoapse Alt. (km).................. 454
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 318
 
Arg. of Periapse (deg)............. 352
 

SELECTION RATIONALE:
 

Even though only about 10% of the planet need be covered,
 
a circular polar orbit assures 100% coverage in 122 days.
 
Since the specific area of interest is unknown until regional
 
and local experiments are complete, this orbit has the capa­
city of looking at any 10% area from a low orbit altitude of
 
454 km. Opportunities for viewing essentially the same planetary
 
area are provided once per orbital period and once per longitude
 
coverage.
 

ORBIT/MEASUREMENT CHARACTERISTICS: 1 1
 
Orbits to Contiguous Images........
 
Measurement Orbit Frequency........ every orbit1
 

" 1.608
Orbit Period (hrs).......... 	 454
...... .. .. 

Measurement Alt. Range (km)......... 360
 
Max. Measurement Arc (deg)......... 96.5
 
Max. Sensor on Time (min/orb)... 1
 
No. of Impulses (AV)............... 3.848
 
Capture AV (km/sec)................
 
Plane Change AV (km/sec)...........
 
Size Adjustment AV (km/sec).........3.848
 
Total AV (km/sec) ..................
 

MEASUREMENT ACHIEVEMENT:
 
1. 	 This is the minimum net image size between consecutive orbit
 

images. Since this value is obviously much smaller than the
 
required minimum net image size of 500 km contiguous images
 
may be as much as 9 orbits apart in time.
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ORBIT SELECTION DATA SHEET NO. 108
 
Venus (197b FAMILY NO, 13 ORBIT NO.1
 

GROUP 	MEASUREMENT SPECIFICATIONS: Required Obtair~d
 

Minimum Image Size (km)............ 100 13.1
 
Minimum Image Overlap (A).......... 20 20
 
Total Planet Coverage (7).......... > 10 100
 
Solar Elevation Range (deg)........ - day & night

Image Interval .................... < 2 hrs 1.6hrs or 122 days

Time for % Coverage (days) ......... - 122 days
 
Coverage Interval.................. > 4/yr once/122 days2
 

Distribution............................ .
-global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity....................... 0
 
Periapse Alt. (km)................. 454
 
Apoapse Alt. (km).................. 454
 
Inclination (deg).................. 90
 
Ascending Node (deg).............. 318
 
Arg. of Periapse (deg)............ 352
 

SELECTION RATIONALE:
 

Even though only about 10% of the planet need be covered,
 
a circular polar orbit assures 100% coverage in 122 days.

Since the specific areas of interest is unknown until regional

and local experiments are complete, this orbit has the capa­
city of looking at any 10% areas from a low orbit altitude
 
of 454 km.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ...... 1
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hrs)................. 1.608
 
Measurement Alt. Range (km)........ 454
 
Max. Measurement Arc (deg)......... 360
 
Max. Sensor on Time (min orb)...... 96.5
 
No. of Impulses (AV)............... 1
 
Capture AV (km/sec)................ 3.848
 
Plane Change V (km/sec) ..........
 
Size Adjustment AV (km/sec)........
 
Total AV (km/sec).................. 3.848
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 This is the minimum net image size between consecutive orbit
 
images. Since this value is obviously much smaller than the
 
required minimum net image size of 100 km contiguous images
 
may be as much as 9 orbits apart in time.
 

2. 	 Because coverage of any area can be obtained once/122 days,
 
4 or more coverages per year are not possible.
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ORBIT SELECTION DATA SHEET NO. 109
 

Venus (197) 	 FAMILY NO. 14 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 100 13.1' 
Minimum Image Overlap (%).......... 20 20 
Total Planet Coverage (%).......... > 10 100 
Solar Elevation Range (deg)...... - day&night 
Image Interval .................. < 2 min 1.6hrs or 122day 2 

Time for % Coverage (days).......- 122 days
> 10/yr once/122 days3
 

Distribution....................... global
 
Coverage Interval ................. 


ORBIT ELEMENTS: 	 Final Intermediate
 
Eccentricity....................... 0
 
Periapse Alt. (km).................. 454
 
Apoapse Alt. (km).................. 454
 
Inclination (deg).................. 90
 
Ascending Node (deg)................ 318
 
Arg. of Periapse (deg).............. .352
 

SELECTION RATIONALE:
 

Even though only about 10% of the planet need be covered,
 
a circular polar orbit assures 100% coverage in 122 days.
 
Since the specific areas of interest is unknown until regional
 
and local experiments are complete, this orbit has the capa­
city of looking at any 10% areas from a low orbit altitude
 
of 454 km.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 1.608
 
Measurement Alt. Range (km)........ 454
 

360
Max. Measurement Arc (deg)..... 

Max. Sensor on Time (min/orb)..: 96.5
 
No. of Impulses (AV).............. 3.848
 
Capture AV (km/sec)................
 
Plane Change AV (km/sec) ...........
 
Size Adjustment AV (km/sec)........
 
Total AV (km/sec)................... 3.848
 

MEASUREMENT ACHIEVEMENT:
 
1. 	This is the minimum net image size between consecutive orbit images.
 

Since this value is obviously much smaller than the required minimum
 
net image size of 100 km contiguous images may be as much as 9
 
orbits apart in time.
 

2. 	The shortest time between images of the same area is equal to one
 
orbit period of 1.6 hrs.
 

3. 	Because coverages of any area can be obtained once/122 days, 10
 
or more coverages per year are not possible.
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ORBIT 	SELECTION DATA SHEET NO. 110
 

Venus (1977) 	 FAMILY NO. 15 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Reuired Obtained
 
Minimum Image Size (km) .......... 13.11
 

Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage ().........> 10 50
 
Solar Elevation Range (deg)........ day day
 
Image Interval ................... < 100 hrs 1.6hrs or 122 days
 
Time for % Coverage (days) ....... - 122 days
 
Coverage Interval.................. once/122 days
 
Distribution ......................... all latitudes
 

ORBIT 	ELEMENTS: Final Intermediate
 
Eccentricity..................... 0
 
Periapse Alt. (km)...............454
 
Apoapse Alt. (km)..................... 454
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 318
 
Arg. of Periapse (deg) .............. 352
 

SELECTION RATIONALE:
 

This orbit provides the maximum daylight coverage (50%)
 
in the shortest possible time (122 days) at a low altitude
 
of 454 km. Since the specific areas of interest depend
 
upon prior regional and local experiments, this orbit has
 
the capacity of looking at any 10% area which is located
 
in the region of possible daylight coverage.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images 1.....
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 1.68
 
Measurement Alt. Range (km)........ 454
 
Max. Measurement Arc (deg)......... 180
 
Max. Sensor on Time (min/orb)....... 48.2
 
No. of Impulses (AV)............... 1
 
Capture AV (km/sec)................. 3.848
 

Plane Change AV (km/sec)..........
 
Size Adjustment AV (km/sec) ........ 3.848
 
Total AV (km/sec)..................
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 This is the minimum net image size between consecutive orbit
 
images. Since this valueis obviously much smaller than the
 
required minimum net image size of 100 km contiguous images
 
may be as much as 9 orbits apart in time.
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ORBIT SELECTION DATA SHEET NO. Ill
 

Venus (1977) FAMILY NO. 16 ORBIT NO. I
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 100 13.11 
Minimum Image Overlap (%)..........20 20 
Total Planet Coverage (%).........> 10 50 
Solar Elevation Range (deg) ........ day day 
Image Interval ..................... < 2 hrs 1.6hrs or 122 days 
Time for % Coverage (days).......... 
Coverage interval...... ... 

-
/yr. 

122 days 
once/122 days2 

Distribution........................... - . all latitudes 

ORBIT ELEMENTS: Final Intermediate 
Eccentricity ....................... 0 
Periapse Alt. (km)................. 454 
Apoapse Alt. (km).................. 454 
Inclination (deg) .................. 90 
Ascending Node (deg)............... 318 
Arg. of Periapse (deg) ............. 352 

SELECTION RATIONALE: 

This orbit provides the maximum daylight coverage (50%)
 
in the shortest possible time (122 days) at a low altitude
 
of 454 km. Since the specific areas of interest depend
 
upon prior regional and local experiments, this orbit has
 
the capacity of looking at any 10% areas which is located
 
in the region of possible daylight coverage.
 

ORBIT/MEASUREMENT CHARACTERISTICS: 
Orbits to Contiguous Images ........ 1 
Measurement Orbit Frequency ....... every orbit 
Orbit Period (Ers) ................ 1.608 
Measurement Alt. Range (km) ........ 454 
Max. Measurement Arc (deg)......... 180 
Max. Sensor on Time (min/orb)...... 48.2 
No. of Impulses (AV)........ 
Capture AV (km/sec).............. 
Plane Change AV (km/sec)........... 

I 
. 3.848 

Size Adjustment AV (km/sec)........ 
Total AV (km/sec) .................. 

8 
3.848 

MEASUREMENT ACHIEVEMENT: 

1. 	 This is the minimum net image size between consecutive orbit
 
images. Since this value is obviously much smaller than the
 
required minimum net image size of 100 km contiguous images
 
may be as much as 9 orbits apart in time.
 

2. 	 Because coverage of any area occurs once/122 days, 4 or more
 
coverages per year are not possible.
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ORBIT SELECTION DATA SHEET NO. 112
 

Venus (1977) 	 FAMILY NO. 17 ORBIT NO. I
 

GROUP MEASUREMENT SPECIFICATIONS: Required ObtAined
 
Minimum Image Size (km)............ 100 13.11
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (7).......... > 10 100
 
Solar Elevation Range (deg) ........ day&night day&night
 
Image Interval ..................... < 2 hrs 1.6hrs or 122 days
 

Time for % Coverage (days) ......... - 122 days
 
Coverage Interval.................. > 4/yr once/122 days 2
 

Distribution ....................... global
 

ORBIT 	ELEMENTS: Final Intermediate
 
0
Eccentricity................ 


Periapse Alt. (kin)...................45
 
Apoapse Alt. (km).................... 454
 
Inclination (deg).................. 90
 

Ascending Node (deg)................. 318
 

Arg. of Periapse (deg)............. 352
 

SELECTION RATIONALE:
 

Even though only about 10% of the planet need be covered,
 
a circular polar orbit assures 100% coverage in 122 days.
 
Since the specific area of interest is unknown until regional
 
and local experiments are complete, this orbit has the capa­

city of looking at any 10% area from a low orbit altitude of
 
454 km.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images........ I
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hrs) ..... ........ 1.608
 

Measurement Alt. Range (km)....454
 
360
Max. Measurement Arc (deg)......... 


Max. Sensor on Time (mmn/orb) .. 96.5
 

No. of Impulses (AV)...............
 
Capture AV (km/sec)................ 3.848
 

Plane 	Change AV (km/sec)...........
 

Size Adjustment AV (km/sec) ........ 3848
 
Total AV (km/sec)..................
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 This is the minimum net image size between consecutive orbit
 
images. Since this value is obviously much smaller than the
 
required minimum net image size of 100 km contiguous images
 
may be as much as 9 orbits apart in time.
 

2. 	 Because coverage of any one area occurs once/122 days, 4 or
 
more coverages per year are not possible.
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ORBIT SELECTION DATA SHEET NO. 113
 

Venus (1977) FAMILY NO.18 ORBIT NO. I
 

GROUP MEASUREMENT SPECIFICATIONS: Reuired Obtained 
Minimum Image Size (km) .... 26.2' 
Minimum Image Overlap (%).......... 60 60 
Total Planet Coverage (%).......... > 10 100
 
Solar Elevation Range (deg) ....... day&night
 
Image Interval ...................... - 1.6hrs or 122 days
 
Time for % Coverage (days) ........ 122 days
 
Coverage Interval ................... - once/122 days
 
Distribution ......................... global
 

ORBIT 	ELEMENTS: Final Intermediate
 
Eccentricity....................... 0
 
Periapse Alt. (km).................. 454
 
Apoapse Alt. (km) .................. 454
 
Inclination (deg).................. 90
 
Ascending Node (deg)........... .318
 
Arg. of Periapse (deg).... . .. 352
 

SELECTION RATIONALE:
 

Even though only about 10% of the planet need be covered,
 
a circular polar orbit assures 100% coverage in 122 days.
 
Since the specific areas of interest is unknown until regional

and local experiments are complete, this orbit has the capa­
city of looking at any 10% area from a low orbit altitude of
 
454 km. -

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ I
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs)................. 1.608
 
Measurement Alt. Range (km)........ 454
 
Max. Measurement Arc (deg)......... 360
 
Max. Sensor on Time (min/orb). ..... 96.5
 
No. of Impulses (AV)............. I
 
Capture AV (km/sec).............. 3.848
 
Plane Change AV (km/sec)..........
 
Size Adjustment AV (km/sec)....... 8
 
Total AV (km/sec)................. 3.
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 This is the minimum net image size between consecutive orbit
 
images. Since this value is obviously much smaller than the
 
required minimum net image size of 100 km contiguous images
 
may be as much as 9 orbits apart in time.
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ORBIT SELECTION DATA SHEET NO. 114
 

Venus (197 	 FAMILY NO. 19 ORBIT NO. I
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 0.5 13.11
 
Minimum Image Overlap () .......... 20 20
 
Total Planet Coverage (%).......... > 10 L00
 
Solar Elevation Range (deg)........ day&night
 
Image Interval..................... - 1.6hrs or 122 days
 
Time for % Coverage (days) ....... 122 days
 

> l/300hr once/122 days2 Coverage Interval.................. 

global
Distribution....................... 


ORBIT 	ELEMENTS: Final Intermediate
 
Eccentricity.. ................... 0
 
Periapse Alt. (ki)................454
 
Apoapse Alt. (km).................. 454
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 318
 
Arg. of Periapse (deg)............. 352
 

SELECTION RATIONALE:
 

The lowest circular orbit having a 50 year lifetime at
 
Venus has a 454 km altitude. For this orbit the lapse rate
 
at the equator is 10.483 km per orbit. (i.e., the smallest
 
lapse rate obtainable within the lifetime constraint is
 
10.483 km.) The 900 inclination is selected to maximize
 
latitude coverage. When an image size less than 10.483 km
 
is used consecutive coverage from orbit is not possible. One
 
way of satisfying the image size, % coverage requirements
 
would be to begin with a field of view of approximately


at sized strips from this.RI AkuRflA
ORBIT AbfEff
 

Orbits to Contiguous Images........ 1
 
........ every orbit
Measurement Orbit Frequency 


1.608
Orbit 	Period (hrs)..................... .... 454
..... 

3
Measurement Alt. Range (km)...........
 

(deg)......... 360
Max. Measurement Arc 
 96.5

Max. Sensor on Time (min/orb) .... 
 3.848I
..............
No. of Impulses (WV) 

Capture L\V (kmlsec) ..............
 
Plane Change 6V (km/sec)...........
 
Size Adjustment AV (km/sec)........
 

3.848
Total 	AIV (km/sec)..................... 


MEASUREMENT ACHIEVEMENT:
 

1. 	 This is the minimum image lapse rate (with 20% overlap) of
 
any 50-yr, lifetime orbit.
 

2. 	 Coverage of any area can be obtained once/122 days so that
 
more than 1 coverage per 300 hours is not possible.
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ORBIT SELECTION DATA SHEET NO. 115
 

Venus 	(1977) FAMILY NO. 20 


GROUP MEASUREMENT SPECIFICATIONS: Required 

Minimum Image Size (km)............. 0.5 

Minimum Image Overlap (%).......... 20 

Total Planet Coverage (%)......... > 10 

Solar Elevation Range (deg) ....... 

Image Interval ..................... < 30 hrs 

Time for % Coverage (days) ........ 

Coverage Interval .................. 

Distribution ....................... 


ORBIT ELEMENTS: Final 

Eccentricity....................... 0
 
Periapse Alt. (ki).................. 454
 
Apoapse Alt. (km).................. 454
 
Inclination (deg).................. 90
 
Ascending Node (deg) ..... .. 318
 
Arg. of Periapse (deg)......... .352
 

ORBIT 	NO. 1
 

Obtained
 
13.11
 
20
 

100
 
day&night
 

1.6hrs or 122 days
 
122 days
 

once/122 days
 
global
 

Intermediate
 

SELECTION RATIONALE:
 
The lowest circular orbit having a 50 year lifetime at
 

Venus has a 454 km altitude. For this orbit the lapse rate at
 
the equator is 10.483 km. per orbit. (i.e., the smallest
 
lapse rate obtainable within the lifetime constrain is 10.483
 
km.) The 90 inclination is selected to maximize latitude
 
coverage. When an image size less the 10.483 km is used,
 
consecutive coverage from orbit is not possible. One way of
 
satisfying the image size, % coverage requirements would be
 
to begin with a field of view of approximately 21 km and to
 
use the appropriate sized strips from this.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... I
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hra)................. 1.608
 
Measurement Alt. Range (km)........ 454
 
Max. Measurement Arc (deg)......... 360
 
Max. Sensor on Time (min/orb)...... 96.5
 
No. of Impulses (AV)............... I
 
Capture AV (km/sec)................ 3.848
 

-Plane Change AV (km/sec)........... 

.......-
Size Adjustment AV (km/sec) 


Total AV (km/see) ................... 3.848
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 This is the minimum image lapse rate (with 20% overlap) of
 
any 50-yr. lifetime orbit.
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ORBIT SELECTION DATA SHEET NO. 116
 

Venus (1977) 	 FAMILY NO. 21 ORBIT NO. I
 

GROUP MEASUREMENT SPECIFICATIONS: Reguired Obtained
 
Minimum Image Size (km)............ _5 26.21
 
Minimum Image Overlap (7).......... 60 60
 
Total Planet Coverage (%)......... > 10 100
 
Solar Elevation Range (deg) ....... - day&night
 
Image Interval..................... - 1.6hrs or 122 days
 
Time for % Coverage (days) ........ 122 days I
 
Coverage Interval ................. > 1/300hr once/122 days
 
Distribution....................... global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... 0
 
Periapse Alt. (km)................. 454
 
Apoapse Alt. (km) .................. 454
 
Inclination (deg).................. 90
 
Ascending Node (deg)................ 318
 
Arg. of Periapse (deg).............. 352
 

SELECTION RATIONALE:
 

The lowest circular orbit having a 50 year lifetime at
 
Venus has a 454 km altitude. For this orbit the lapse rate
 
at the equator is 10.483 km per orbit. (i.e., the smallest
 
lapse rate obtainable within the lifetime constraint is
 
10.483 km.) The 900 inclination is selected to maximize
 
latitude coverage. When an image size less than 10.483
 
km is used consecutive coverage from orbit is not possible.
 
One way of satisfying the image size % coverage requirements
 
would be to begin with a field of view of approximately
 
21 km and to use the appropriate sized strips from this.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs)................. 1.608
 
Measurement Alt. Range (km)........ 454
 
Max. Measurement Arc (deg)......... 360
 
Max. Sensor on Time (min/orb)...... 96.5
 
No. of Impulses (AV)............... I
 
Capture AV (km/sec)................ 3.848
 
Plane 	Change AV (km/sec).......... ­

-
Size Adjustment AV (km/sec) ....... 

Total AV (km/see).................. 3.848
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 This is the minimum image lapse rate (with 20% overlap) of
 
any 50-yr. lifetime orbit.
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ORBIT SELECTION DATA SHEET NO. 117
 

Venus (1977) FAMILY NO.22 	 ORBIT NO. 
 1 

GROUP 	MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 0.3 10.51 
Minimum Image Overlap (%).. ..... 
Total Planet Coverage (%)........5000 images 100 
Solar 	Elevation Range (deg) . day&night
 
Image Interval ..................< i min < 1 min or 1.6hrs 
Time for % Coverage (days) ...... 122 days 
Coverage Interval.................. . once/122 days 
Distribution....................... mountains, global
 

poles
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity........................ 0
 
Periapse Alt. (km)................. 454
 
Apoapse Alt. (km).................. 454
 
Inclination (deg) .................. 90
 
Ascending Node (deg)............... 318
 
Arg. of Periapse (deg)............. 352
 

SELECTION RATIONALE:
 
The lowest circular orbit having a 50 year lifetime at
 

Venus has a 454 km altitude. For this orbit the lapse rate
 
at the equator is 10.483 km per orbit. (i.e., the smallest
 
lapse 	rate obtainable within the lifetime constraint is
 
10.483 km.) The 900 inclination is selected to maximize
 
latitude coverage. When an image size less than 10.483 km
 
is used consecutive coverage from orbit is not possible.
 
One way of satisfying the image size % coverage requirements
 
would be to begin with a field of view of approximately
 
21 km and to use the appropriate sized strips from this.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images........ 1
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hrs)................. 1.608
 
Measurement Alt. Range (km)........ 454
 
Max. Measurement Arc (deg)......... 360
 
Max. Sensor on Time (min/orb)...... 96.5
 
No. of Impulses (AV).......... I
 
Capture AV (km/sec)............. 3.848
 

-
Plane 	Change AV (km/sec) ........... 

Size Adjustment AV (km/sec)..........
 
Total AV (km/sec).................. 848
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 This is the minimum image lapse rate (with 20% overlap) of
 
any 50-yr. lifetime orbit.
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ORBIT SELECTION DATA SHEET NO. 118
 

Venus( 197) FAMILY NO. 23 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 0.3 26.21
 
Minimum Image Overlap (%).......... 60 60
 
Total Planet Coverage (%)......... 5000 images 100
 
Solar Elevation Range (deg) ........ -

Image Interval ..................... < I min < 1 min or 1.6hrs
 
Time for % Coverage (days) ........ 122 days
 
Coverage Interval.................. once/122 days

Distribution ....................... mountains, global
 

poles
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity............ ........ 0
 
Periapse Alt. (km)................. 454
 
Apoapse Alt. (km).................. 454
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 318
 
Arg. of Periapse (deg)............. 352
 

SELECTION RATIONALE:
 

This orbit provides 100% coverage in 122 days if all paths
 
of the circular orbit are used. The intrinsic lapse rate
 
is too large to provide 60% side overlap at a minimum image

size of 300 meters. If 60% side overlap is essential some
 
kind of variable aspect angle antenna will probably be re­
quired. The alpha feature (possibly mountains) is crossed
 
about 34 days after orbit insertion.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... I
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs)................. 1.608
 
Measurement Alt. Range (km)........ 454
 
Max. Measurement Arc (deg)......... 360
 
Max. Sensor on Time (min orb) .. 96.5
 
No. of Impulses (AV)............... 3
 
Capture AV (km/sec)............... 3.848
 
Plane Change AV (km/sec)..........
 

Size Adjustment AV (km/sec)...... .8
 

Total AV (km/sec)..................
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 This is the minimum image lapse rate (with 20% overlap) of
 
any 50-yr. lifetime orbit.
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Table 10 

MERCURY OBSERVABLE S , FAMILIE S. AND ORBITS 

No. 

1 

2 

3 

4 

5 

Observable 

Desc r ip t i on  

Surface E leva t ions  

Layering 

Contacts  (Regional) 

Contacts  (Local) 

Contacts  (Deta i led)  

Ref. 

b 
d 
g 
i 

b 
e 
g 

b 
d 
g 
j 
1 
o 

b 
d 
g 
j 
1 
o 

b 
d 
g 
j 
1 
o 

Family 
Number 

4 
7 
6 
8 

2 0 
22 

.. 22 

. 1  
4 

,- 4 
1 
6 
3 

I1 
14 
14 
11 
15 
13  

18 
21 
21  
18 
2 2 
20 

Sensor 

Type 

V i s i b l e  
V i s i b l e  S te reo  
Radar 
Radar S te reo  

V i s i b l e  
Radar 
Mul t i f req .  Radar 

U l t r a v i o l e t  
V i s i b l e  
, I n f r a r e d  
I n f r a r e d  
Radar 
Mu1 t i band  

U l t r a v i o l e t  
V i s i b l e  
I n f r a r e d  
I n f r a r e d  
Radar 
Multiband 

U l t r a v i o l e t  
V i s i b l e  
I n f r a r e d  
I n f r a r e d  
Radar 
Mu1 t i band  

Orb i t  Data 
Sheet No. 

1984 

125, 126 
131 

129, 130 
132 

144 
14 6 
14 6 

119, 120 
125, 126 
125, 126 
119, 120 
129, 130 
123, 124 

135 
138 
138 
13 5 
139 
13 7 

142 , . 
14 5 
145 
142 
14 6 
144 

Other Family 
Member Observables 

3 ,  6 ,  9 ,  12 
6 ,  9 
3 ,  6 ,  9 ,  12 ,  21  
6 ,  9 

5 
5 ,  8 ,  11, 14,  20, 23 
5 ,  8 ,  11, 14 ,  20, 23 

1, 6,  9, 12 
1, 6,  9 ,  12 

1, 6, 9 ,  12,  21  
18 

7 ,  10,  13 
7,  10, 13 

7 ,  10 ,  13 ,  22 
19  

8 ,  11, 14, 20 
8 ,  11, 14 ,  20 . 

2 ,  8 ,  11, 14,  20, 23 
2 



Table 10 (Cont )
 

MERCURY OBSERVABLE S. FAMILIES AND ORBITS
 

No. 

Observable 

Description Ref 

Sensor 

Type 
Family 
Number 

Orbit Data 
Sheet No. 
19 

Other Family 
Member Observables 

6 Structure of Features 
(Regional) b 

d 
g 
j 
1 

Visible 
Visible Stereo 
Visible Color 
Radar 
Radar Stereo 

4 
7 
2 
6 
8 

125, 126 
131 

121, 122 
129, 130 

132 

1, 3, 9, 13 
1, 9 
12 
1, 3, 9, 12, 
1, 9 

21 

7 Structure of Features 
(Local) b 

d 
g 
i 
1 

Visible 
Visible Stereo 
Visible Color 
Radar 
Radar Stereo 

14 
16 
12 
15 
17 

138 
140 
136 
139 
141 

4, 10, 
10 
13 
4, 10, 
10 

13 

13, 22 

8 Structure of Features 
(Detailed) b 

d 
g
j 
1 

Visible 
Visible Stereo 
Visible Color 
Radar 
Radar Stereo 

21 
23 
19 
22 
27 

145 
147 
143 
146 
148 

5, 11, 14, 20 
11, 20 
14 
2, 5, 11, 14, 20, 23 
11, 20 

9 Surface Topography 
(Regional) b 

d 
g 
i 

Visible 
Visible Stereo 
Radar 
Radar Stereo 

4 
7 
6 
8 

125, 126 
131 

129, 130 
132 

1, 3, 6, 12 
1, 6 
1, 3, 6, 12, 
1, 6 

21 

HA 
FH 



r') Table 10 (Cont.)
 

MERCURY OBSERVABLES. FAMILIESAND ORBITS
 

No. 

Observable 
Description Ref. 

Sensor 

Type 
Family 
Number 

Orbit Data 
Sheet No. 

1984 
Other Family 

Member Observables 

10 Surface Topography 
(Local) 

b 
d 
g 
i 

Visible 
Visible Stereo 
Radar 
Radar Stereo 

14 
16 
15 
17 

138 
140 
139 
141 

4, 7, 13 
7 
4, 7, 13, 
7 

22 

11 Surface Topography 
(Detailed) b 

d 
g 
i 

Visible 
Visible Stereo 
Radar 
Radar Stereo 

21 
23 
22 
24 

145 
147 
146 
148 

5, 8, 14, 20 
8, 20 
2, 5, 8, 14, 20, 23 
8, 20 

12 Surface Appearance 
(Regional) b 

e 
h 

Visible 
Visible Color 
Radar 

4 
2 
6 

125, 126 
121, 122 
129, 130 

1, 3, 6, 9 
6 
1, 3, 6, 9, 21 

13 Surface Appearance 
(Local) b 

e 
h 

Visible 
Visible Color 
Radar 

14 
12 
15 

138 
136 
139 

4, 7, 10 
7 
4, 7, 10, 22 

14 Surface Appearance 
(Detailed) b 

e 
h 

Visible 
Visible Color 
Radar 

21 
19 
22 

145 
143 
146 

5, 8, 11, 20 
8 
2, 5, 8, 11, 20, 23 

18 Surface Winds 
(Regional) a Visible 3 123, 124 3 



Table 10 (Cont )
 

MERCURY OBSERVABLES, FAMILIES,AND ORBITS
 

Observable Sensor Family 
Orbit Data 
Sheet No. Other Family 

No. Description Ref. Type Number P98 Member Observables 

19 Surface Winds 
(Local) a Visible 13 137 4 

20 Topographic Changes b 
d 
g 
i 

Visible 
Visible Stereo 
Radar 
Radar Stereo 

21 
23 
22 
24 

145 
147 
146 
148 

5, 8, 11, 14 
8, 11 
2, 5, 8, 11, 
8, 11 

14, 23 

21 Surface Thermal 
Anomalies (Regional) b 

d 
g 

Infrared 
Microwave 
Multiband 

6 
6 
6 

129, 130 
129, 130 
129, 130 

1, 3, 6, 9, 12 
1, 3, 6, 9, 12 
1, 3, 6, 9, 12 

22 Surface Thermal 
Anomalies (Local) b 

d 
g 

Infrared 
Microwave 
Multiband 

15 
15 
15 

139 
139 
139 

4, 7, 10, 13 
4, 7, 10, 13 
4, 7, 10, 13 

23 Surface Thermal 
Anomalies (Detailed) b 

d 
g 

Infrared 
Microwave 
Multiband 

22 
22 
22 

146 
146 
146 

2, 5, 8, 11, 14, 20 
2, 5, 8, 11, 14, 20 
2, 5, 8, 11, 14, 20 

35 Surface to Atmosphere 
Transfer b 

d 
Visible 
Visible Color 

10 
9 

134 
133 

41 Hydrocarbons a Multiband 5 127, 128 



TABEI11 

MEASURENI FAMILIES FOR MRCURY 

Family 
Number 

1 
2 
3 
4 

5 
6 

Observable 
fumbar(s) 

3 
6,12 
3,18 

1,3,6,9,12 
41 
1,3,6,9,12,21 

Sensor* 
Type(s) 

UV,IR 
V 
MBV 

V,IR 

MB 
RIR,,,HB 

Minimum 
Imze) 
Si(ki) 

600 
600 
600 

600 

600 
600 

Overlap 
() 

20 
20 
20 

20 

20 
20 

Minimum 
Coverage 
Cu(7) 

70 
70 
70 

70 

70 
70 

Solar Elev, 
stion Range 

(deg) 

70-90 
50-80 
30-60 

15-30 

Day 
--

Coverage 
Distribution 

-
-
-
-

-

Time fot 
Coverage 

-
-
-
-

-
-

Image 
Interval 

-
-

< 2 hr 

-

-
30 hr 

Coverage 
Interval 

> 2/yr 

7 1,6,9 
1,6,9 

V 
R 

600 
600 

60 
60 

70 
70 

70-85 
-

-
-

-
-

-
-

9 
10 

35 
35 

V 
V 

300 
300 

20 
20 

70 
70 

50-80 
30-60 

-
-

< I day 
< I day 

-
-

>10/yr 
>10/yr 

11 

12 
13 
14 
15 

4 

7,13 
4,19 

4,7,10,13 
4,7,10,13,22 

UV,IR 
V * 
MBv 
V,1R 
R, IR,,MB 

100 

100 
100 
100 
100 

20 

20 
20 

20 
20 

10 
10 
10 
10 
10 

70-90 

50-80 
30-60 

15-30 
-

-

-

< 30 hr 

16 
17 

7,10 
7,10 

v 100 
O100 

60 
60 

10 
10 

70-85 
-­

18 
19 

20 
21 
22 

5 
8,14 

2,5 
5,8,11,14.20 
2,5,8.11A3.20, 

UV,IR 
V 
V, B 
VIR 

3RIR.pM 

0 5 
0 5 
0 5 
0 5 
0 5 

20 
20 

20 
20 
20 

3 
3 
3 
3 
3 

70-90 
50-80 

30-60 
15-30 

-
-

- - (30 hr 
> 1/300hr 
> 1/300hr 

23 

24 

811,20 
8.1120 

V 
R 

0 5 
0 5 

60 
60 

3 
3 

70-85 

--

- -

-

-

-

> 1/300hr 
> 1/300hr 

*Sensor Type Definitions are UV 
V 
I 
P 
R 
MB 

Ultraviolet 
Visible 
Infrared 
Microwave 
Radar 
Multi-band 
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TABLE 12
 

MERCURY INTERPLANETARY TRANSFER SELECTIONS
 

Launch Date ....................... May 7, 1984 

Flight Time .................... 130 days (direct) 

Declination of Departure Asymptote (Ecliptic Plane) ......- 7.5 deg 

Departure Hyperbolic Excess Speed ............ 11.44 km/sec 

nArrival Hyperbolic Excess Speed ............. 8.31 km/sec 

Total Hyperbolic Excess Speed .............. 19.75 km/sec 

Declination of Arrival Asymptote (Mercury's Ecliptic Plane). .-3.67 deg 


Earth/Sun Separation Angle at Arrival ............ 90.9 deg 


Communication Distance at Arrival .............. 0.95 AU 


Days to Earth/Mars Conjunction after Arrival ......... 26 days 


June 2, 1989
 

242 days (Swingby)
 

-28.8 deg
 

8.72 km/sec
 

10.96 km/sec
 

19.68 km/sec
 

14.44 deg
 

86.0 deg
 

0.94 AU
 

48 days
 



TABLE 13
 

MERCURY CANDIDATE ORBIT SIZES
 

Orbit Eccen- Periapse* Maximum Orbit Lapse Rate Average**
 
No. tricity Altitude Altitude Period Per Orbit Capture AV
 

(km) Ratio,h/hp (hrs) (km) (km/sec)
 

1 0.0 500 1.0 1.889 20.5 6.462
 

2 0.1 500 2.3 2.213 24.0 6.329
 

3 0.2 500 3.9 2.640 28.6 6.202
 

4 0.3 500 6.0 3.226 34.9 6.081
 

5 0.4 500 8.8 4.065 44.0 5.964
 

6 0.5 500 12.8 5.344 57.9 5.851
 

7 0.6 500 18.6 7.468 80.9 5.742
 

8 0.7 500 28.4 11.498 124.5 5.636
 

9 0.8 500 48.Q 21.123 228.7 5.534
 

10 0.9 500 106.8 59.746 646.8 5.434
 

* 	 Periapse altitude set at 500 km to maintain positive orbit 
altitudes despite solar perturbations. 

** 	 Capture AV Based on a Surveyed Average Hyperbolic Approach 
Speed of Direct Mercuty Transfers, VHP = 8.34 km/sec. 
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ORBIT SELECTION DATA SHEET NO. 119
 

Mercury (1984) FAMILY NO. I 	 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 25.6f
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%).......... > 70 14.92
 
Solar'Elevation Range (deg)........ 70-90 70-90
 
Image Interval..........--...... 180 days
 
Time for % Coverage (days)......... 163 days
 
Coverage Interval.................. 180 days
 
Distribution....................... Equatorial
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... 0
 
Periapse Alt. (km)- ................ 500
 
Apoapse,Alt. (km)............... .. 500
 
Inclination (deg) .................. 90
 
Ascending Node (deg)............... 60.7
 
Atg. of-Periapse (deg)..... I....... -88 7
 

SELECTION RATIONALE:
 

A circular polar orbit is selected to provide maximum
 
coverage at restricted solar elevations of 70'-90' from
 
minimum altitude without solar perturbation's. Coverage is
 
obtained in four segments and is limited to the equatorial
 
region since it is assumed that Mercury's axis of rotation
 
is perpendicular to its orbit plane.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
........
Orbits to Contiguous Images 	 11
 

Measurement Orbit Frequency ........ every orbit
1
 

Orbit 	Period (hrs) ................. 1.89
 
500
Measurement Alt. Range (km)....... 


Max. Measurement Arc (deg)....... 41
 
Max. Sensor on Time (min/orb).... 12.9
 

No. of Impulses (AV).............. 6 i438
 
CaptureAV (kn/sec)...........
 
Plane Change AV (km/sec)......... -

Size Adjustment AV (km/sec).........6.438
 
Total AV (km/sec)................. .
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 Lapse rate between consecutive orbits yields minimum image size
 
of 25,6 km with 20% overlap. Larger images may be used with
 
same overlap by conducting measurements every n-th orbit.
 

2. 	 Only 34.2% of the planet surface is ever illuminated at 70-90'
 
elevation. Only 15% of this can be seen from an inertial orbit.
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ORBIT SELECTION DATA SHEET NO. 120
 

Mercury (1984) FAMILY Nb. 1 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 808
 
Minimum Image Overlap (%).......... 20 20.1
 
Total Planet Coverage (%).......... > 70 7.4
 
Solar Elevation Range (deg) ........ 70-90 70-90
 
Image Interval.......... ....... 180 days
 
Time for % Coverage (days) ........ 180 days
 
Coverage Interval .................. 180 days
 
Distribution....................... Equatorial
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity..................... 9
 
Periapse Alt. (ki)............... 500
 
Apoapse Alt. (km).................. 53,420
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 325
 
Arg. of Periapse (deg)............. 173
 

SELECTION RATIONALE:
 
A low inclination capture and subsequent plane change
 

establish this elliptical polar orbit with its periapse just
 
above the equator. Solar perturbation raises the periapse to
 
1050 km as periapse is perturbed across the equator. By the end
 
of 180 days, periapse has been brought back to the original 500 km
 
altitude. Initial coverage begins in the middle of a restricted
 
solar elevation area. The reduced capture and plane change AV from
 
the circular orbit case are obtained at the expense of increasing
 
measurement altitudes and only 2 restricted illumination area
 
passes at "minimized altitudes."
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 59.7
 

500-1150
Measurement Alt. Range (km)........ 

Max. Measurement Arc (deg)..........-200to 200
 

Max. Sensor on Time (min/orb)....... 9 24
 

No. of Impulses (AV)............... 2
 
Capture AV (km/sec) .............. 5 41
 

Plane Change AV (km/sec)............... 27 (860)
 

Size Adjustment AV (km/sec)........
 5.68
Total AV (km/sec).................. 


MEASUREMENT ACHIEVEMENT:
 

Only 15% of the planet surface can ever be seen
 
from an inertial orbit under solar elevation of
 
70'-90'. This percentage is reduced because of
 
altitude restrictions on the elliptical orbit
 
used.
 

1 
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,ORBIT SELECTION DATA SHEET NO. 1 2 1  

.Mercury . . (1984) FAMILY NO. 2 ORBIT NO. 1 

GROUP -MEASUREMENT SPECIFICATIONS : Required . obta ined  
.. Minimum Image S ize  (km) ............. 600 ~ 5 . 6 ~  .......... Minimum Image Ov-erlap (%) 2 0 ' 20 .......... T o t a l  Planet  Coverage(%) ' 7 0  48.42 ....... 'Solqr  Elev.atibn Range (deg). 50-80 50,80 

Image I n t e r v a l  ...:........ ;.....,.. - 180 days .......... Time f o r  .% Coverage (days) - 167 days 
C,over.age I n t e r v a l . .  ................ - 180 days 
Di 's t r ibut ion ......................... - Equator ia l  

:ORBIT ELEMENTS: . ' , Fina l  Intermediate 
. Eccentr i .c i ty. .  . .  ; ... ; ................ 0 ...... ,Pe r iapse-Al t .  '(km) '. ......... ; 500 

Apogpse. Ale. (km)'. ....,............. 500 
I n c l i n a t i o n .  (deg) .................. 90 ................. As-cendirng Node (deg) 60.7 ............. Arg: of  Per iapse  (deg) -88.7 

SELECTION RATION~LE : 
A c:ircul-ar polar. o r b i t . y i e l d s  maximum coverage a t  r e s t r i c t e d  

e l eva t ions ' o f  50" to, 80' from minimum a l t i t u d e  without so l a r  pe r - .  
turb 'at ions. .  Coverage i s  obtained i n  4 segments l imi ted  t o  l a t i t u d e s  
between +'40° of the .equa tor .  Surface illuminat2on i s  c y c l i c a l  
with a period of 1 Mercury day o r  approximately 180 Earth days. 
O r b i t a l  -cqverage i s  a l so  c y c l i c a l  with the same period i f .  the 
0 rb i . t  i s  i n e r t i a l  ,and Mer.curyfs o r b i t  per turbat ions  a re  neglected.  

. . 

ORBIT/MEASURE~NT,  CHARACTERISTICS: 
Orb i t s  t o  Contiguous Images ........ ........ Measur,ement Orb i t  Frequency ................. , O r b i t  Period (hrs)  
Measuremen,t Alf.. Range (km) .. !. .... 

. Max. Measurement Arc (de )......... ...... ,Max.. Sensor on-Time (min 7 orb) .............. No. of Impulses (AV), ................ Capture AV (km/sec) ........... Plane Change AV (km/sec) ........ S i z e  Adjustment 'AV (km/sec) ................... ?rota1 AV .(km/sec) 

1 
every o r b i t  

1.89 
500 

7 8 
24.6 

MEASUREMENT ACHIEVEMENT,: 

1.. L ~ p s e  r a t e  between consecutive o r b i t s  y i e ld s  minimum image s i z e  
o'f 25.6 km ~ 5 t h  20% overlap. Larger images may be used with 
same ov.erlap b,y conducting measurements every n-th o r b i t .  

2. Only 64% of Ehe p lane t  i s  ever  i l luminated between 50" and 80," 
s o l a r  e levat ions .  About 49% of t h i s  can be seen from an 
i n e r t i a l  o r b i t  . 



ORBIT SELECTION DATA SHEET NO. 122
 

Mercury (1984) FAMILY NO. 2 	 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 600 808 
Minimum Image Overlap (%).......... 
Total Planet Coverage (%).......... 

20 
'70 

20 
26.21 

Solar Elevation Range (deg) ........ 50-80 50-80 
Image Interval.......... ....... 
Time for % Coverage (days) ......... 

180 days 
180 days 

Coverage Interval................... 180 days 
Distribution.................................... Equatorial 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity....................... 9
 
Periapse Alt. (ki).................. 500
 
Apoapse Alt, (km).................. 53,420
 
Inclination (deg) .................. 90
 
Ascending Node (deg).......... 325
 
Arg. of Periapse (deg)................ 173
 

SELECTION RATIONALE:
 

A low inclination capture and subsequent plane change
 
establish this elliptical polar orbit with its periapse just
 
above the equator. Solar perturbation raises the periapse to
 
1050 km as periapse is perturbed across the equator. By the
 
end of 180 days, periapse has been brought back to the original
 
500 km altitude. Initial coverage begins in the middle of a
 
restricted solar elevation area. The reduced capture and plane
 
change AV from the circular orbit case are obtained at the expense
 
of increasing measurement altitudes and only 2 restricted illum­
ination area passes at "minimized altitudes.'
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ I
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 59.7
 

500-1480
Measurement Alt. Range (km)........ 

Max. Measurement Arc (deg).......... 390 to 390
.
 

Max. Sensor on Time (min/orb) .. 24.8
 
... . 2
No. of Impulses (AV)...... ..... 5.41
 

.
Capture AV (km/sec) ........... 

.27 (860 ) 

Plane 	Change AV (km/sec)........... 

Size Adjustment AV (km/sec)........ 

-8
 
5.68
Total 	AV (km/sec).................. 


MEASUREMENT ACHIEVEMENT:
 

1. 	 only 49% of the planet surface can ever be viewed from 
an inertial orbit under sun elevation angles 500 to 800. 
This percentage is reduced because of altitude restrictions 
on the elliptical orbit used.
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ORBIT SELECTION DATA SHEET NO. 123
 
Mercury (i984) 	 FAMILY NO. 3 


GROUP MEASUREMENT SPECIFICATIONS: 

Minimum Image Size (km)............ 

Minimum Image Overlap (%).......... 

Total Planet Coverage (%).......... 

Solar Elevation Range (deg)........ 

Image Interval .................... 

Time for % Coverage (days) ...... 

Coverage Interval.................. 

Distribution ....................... 


ORBIT ELEMENTS: 

Eccentricity....................... 

Periapse Alt. (km)................. 

Apoapse Alt. (km).................. 

Inclination (deg).................. 

Ascending Node (deg)................ 

Arg. of Periapse (deg)............. 


SELECTION RATIONALE:
 

ORBIT NO. 1
 

Required Obtained
 
600 25.61
 
20 20
 
70 69 5
 

30-60 30-60
 
< 2 hr 1.89 hrs
 

- 171 days
 
> 2/yr. 180 days
 

Equator to
 
mid-latitudes
 

Final Intermediate
 
0
 

500
 
500
 
90
 
60 7
 

-88.1
 

A circular polar orbit yields maximum coverage at restricted
 
elevations of 30* to 600 from a minimum altitude without solar
 
perturbations. Coverage is obtained in 4 segments limited to
 
latitudes between + 559 of the equator. Surface illumination is
 
cyclical with a period of I Mercury day or approximately 180 Earth

days Orbital coverage is also cyclical with the same period if the

orbit 	is inertial and Mercury's orbit perturbations are neglected.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images........ 

Measurement Orbit Frequency........ 

Orbit 	Period (hrs)................. 

Measurement Alt. Range (km)........ 

Max. Measurement Arc (deg)......... 


I
 
every 	orbit
 

1.89
 
500
 
110
 
34.6
Max. Sensor on Time (min/orb) .... 


No. of Impulses (AV)............... 1
 
Capture AV (km/sec)................ 6.348
 
Plane 	Change AV (km/sec).......... -

Size Adjustment AV (km/sec)........ -

Total 	AV (km/sec).................. 6.438
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 Lapse rate between consecutive orbits yields minimum image size
 
of 25.6 km with 20% overlap. Larger images may be used with
 
same overlap by conducting measurements every n-th orbit.
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ORBIT SELECTION DATA SHEET NO. 124
 

Mercury (1984) FAMILY NO. 3 	 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 808
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%).......... > 70 	 44.91
 
Solar Elevation Range (deg)........ 30-60 30-60
 
Image Interval..................... < 2 hrs 180 days
 
Time for % Coverage (days) ....... 	 180 days
 
Coverage Interval .................. > 2/yr. 180 days
 
Distribution................................... Euator to
 

mid-latitudes
 

ORBIT ELEMENTS: 

Eccentricity....................... 

Periapse Alt. (km)................. 

Apoapse Alt. (km).................. 

Inclination (deg).................. 

Ascending Node (deg)............... 

Arg. of Periapse (deg)............. 


Final Intermediate
 
.9
 

500
 
53,420
 
90
 

325
 
173
 

SELECTION RATIONALE:
 
A low inclination capture and subsequent plane change
 

establish this elliptical polar orbit with its periapse just
 
above the equator. Solar perturbation raises the periapse to
 
1050 km as periapse is perturbed across the equator. By the
 
end of 180 days, periapse has been brought back to the original
 
500 km altitude. Initial coverage begins in the middle of a
 
restricted solar elevation area. The reduced capture and plane
 
change AV from the circular-orbit case are obtained at the expense
 
of increasing measurement altitudes and only 2 restricted illumina­
tion area passes at "minimized altitudes."
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ......... .
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 59.7
 

500-2120
Measurement Alt. Range (km)........ 

to 540
Max. Measurement Arc (deg)......... .540 


Max. Sensor on Time (min/orb)..... 28.8
 

No. of Impulses (AV)............... 2
 
Capture AV (km/sec)................ 5.41
 

Plane Change AV (km/sec)........... 27 (860)
 

Size Adjustment AV (km/sec)........
 
Total AV (km/sec) ................... 5.68
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 Only 70% of the planet surface can be viewed from an
 
inertial orbit at solar elevation angles 30-60'. This
 
percentage is reduced because of altitude restrictions on
 
the elliptical orbit used.
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ORBIT SELECTION DATA SHEET NO. 125
 

Mercury (1984) FAMILY NO. 4 	 ORBIT NO. 1
 

GROUP 	MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 25.61
 
Minimum Image Overlap (%)......... 20 	 20
 
Total 	Planet Coverage (%).......... > 70 62.72
 
Solar Elevation Range (deg)........ 15-30 15-30
 
Image Interval...................... - 180 days
 
Time for % Coverage (days) ......... .- 174 days
 
Coverage Interval ...................- 180 days
 
Distribution ........................- all but poles
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... 0
 
Periapse Alt. (km).................500
 
Apoapse Alt. (km).................. 500
 
Inclination (deg).................. 90
 
Ascending Node (deg)................ 60.7
 
Arg. of Periapse (deg)............. -88.1
 

SELECTION RATIONALE:
 
A circular polar orbit yields maximum coverage at restricted
 
elevations of 150 to 30' from minimum altitude without solar
 
perturbations. Coverage is obtained in 4 segments limited
 
to latitudes between + 58' of the equator. Surface illum­
ination is cyclical with a period of I Mercury day of
 
approximately 180 Earth days. Orbital coverage is also
 
cyclical with the same period if the orbit is inertial
 
and Mercury's orbit perturbations are neglected.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs)................. 1.89
 
Measurement Alt. Range (km) ........ 500
 
Max. Measurement Arc (deg)......... 116
 
Max. Sensor on Time (min/orb)...... 36.5
 
No. of Impulses (AV)............... 1
 
Capture AV (km/sec)................ 6.438
 

-
Plane 	Change AV (km/sec)........... 
 -
Size Adjustment AV (km/sec)........ 

Total 	AV (km/sec) .................. 6.438
 

MEASUREMENT ACHIEVEMENT:
 

1, 	 Lapse rate between consecutive orbits yields minimum image size
 
of 25.6 km with 20% overlap. Larger images may be used with
 
same overlap by conducting measurements every n-th orbit.
 

2. 	 Although 97% of the planet is ever illuminated between 150
 
and 30 , only 63% of this can be seen from an inertial orbit.
 

7f;-4 



ORBIT SELECTION DATA SHEET NO. 126
 

Mercury (1984) FAMILY NO. 4 	 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (k6)1........ 600 808
 
Minimum Image Overlap (%).........20 201
 
Total Planet Coverage () .......... >70 31.7
 

Solar Elevation Range (deg)........ 15-30 15-30
 
Image Interval ...................... -.. 180 days
 
Time for % Coverage (days) ......... - 180 days
 
Coverage Interval ................... - 180 days
 
Distribution...................... all but poles
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity........................ 9
 
Periapse Alt. (k5)*.................. 500
 
Apoapse Alt. (km).................. 53,420
 
Inclination (deg).............. .. 90
 
Ascending Node (deg)............... 325
 
Arg. 	of Periapse (deg)................ 173
 

SELECTION RATIONALE:
 
A low inclination capture and subsequent plane change
 

establish this elliptical polar orbit with its periapse just
 
above the equator. Solar perturbation raises the periapse to
 
1050 km as periapse is perturbed across the equator. By the
 
end of 180 days, periapse has been brought back to the original
 
500 km altitude. Initial coverage begins in the middle of a
 
restricted solar elevation area. The reduced capture and plane
 
change 6V from the circular orbit case are obtained at the
 
expense of increasing measurement altitudes and only 2 restricted
 
illumination area passes at "minimized altitudes."
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... I
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 59.7
 
Measurement Alt. Range (km)........ 500-2910
 
Max. Measurement Arc (deg).......... 590 to 590
 
Max. Sensor on Time (min/orb)...... 32.4
 
No. of Impulses (tV) ............... 2
 
Capture AV (km/sec) ................ 5.41
 
Plane Change AV (km/sec)............. 27 (860)
 
Size Adjustment AV (km/sec).......
 
Total AV (km/sec).................. 5.68
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 63% of the planet surface can be viewed from an inertial
 
orbit with solar elevation angles of 150 to 300. This
 
percentage is reduced with the use of this orbit because
 
of altitude restrictions.
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ORBIT SELECTION DATA SHEET NO. 127
 

Mercury (1984) FAMILY NO. 5 	 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 25.61
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%).......... > 10 68
 
Solar Elevation Range (deg)........ day day
 
Image Interval.................. 180 days
 
Time for % Coverage (days) ....... 40
 
Coverage Interval ................. 45 days

Distribution ....................... 	 global
 

ORBIT 	ELEMENTS: Final Intermediate
 
Eccentricity ....................... 0
 
Periapse Alt. (km)................. 500
 
Apoapse Alt. (km).................. 500
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 60.7
 
Arg. of Periapse (deg)............. -88.1
 

SELECTION RATIONALE:
 
All latitudes are observed in sunlight from this circular
 

polar orbit. About 68% (2460 in longitude) can be observed in
 
about 40 days. Coverage is repetitious for 30 days thereafter.
 
An additional 25% is covered in the next 14 days. The final 7%
 
is not covered until 114 days after orbit insertion. This coverage
 
profile depends upon the location of the ascending node relative to
 
the terminator and assumes coverage from anywhere in orbit. The
 
1988 Venus swingby transfer selection will have a different profile
 
(see general discussion).
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images........ 1
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hrs)................. 1.89
 
Measurement Alt. Range (km)........ 500
 

180
Max. Measurement Arc (deg)....... .
 
Max. Sensor on Time (min/orb)...... 56 7
 

No. of Impulses (AV)............... 1
 
Capture AV (km/sec)................ 6.438
 
Plane Change AV (km/sec)..........
 -

Size Adjustment AV (km/sec)........ 


6.438
Total 	AV (km/sec) .................. 


MEASUREMENT ACHIEVEMENT:
 

1. 	 Lapse rate between consecutive orbits yields minimum image size
 
of 25.6 km with 20% overlap. Larger images may be used with
 
same overlap by conducting measurements every n-th orbit.
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ORBIT SELECTION DATA SHEET NO. 128
 
Mercury (1984) FAMILY NO. 5 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 600 808 
Minimum Image Overlap (%).......... 20 20 
Total Planet Coverage (%).......... > 10 78
 
Solar Elevation Range (deg) ........ day day

Image Interval .....................- 180 days

Time for % Coverage (days) ........ 106 days
 
Coverage Interval .................. -

Distribution .......................- all latitudes
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... .9
 
Periapse Alt. (km)................. 500
 
Apoapse Alt. (km).................. 53,420
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 325
 
Arg. of Periapse (deg)............. 173
 

SELECTION RATIONALE:
 
See description on Orbit Selection Data Sheet No. 120
 

for a general description of this orbit. 1040 longitude at all
 
latitudes is covered in daylight during the first 18 days of the
 
mission. This represents 29% of the planet surface. No view
 
coverage is added to this for the next 59 days. Then 49% new
 
coverage is possible in the next 29 days. The total coverage is
 
78% in 106 days.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ I
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 59.7
 
Measurement Alt. Range (km)........ 500-4130
 
Max. Measurement Arc (deg)......... 180
 
Max. Sensor on Time (min/orb)...... 67.0
 
No. of Impulses (AV)............... 2
 
Capture AV (km/sec) ................ 5.41
 
Plane Change AV (km/sec)....... 27 (860)
 
Size Adjustment AV (km/sec)........ . -

Total AV (km/sec) .................. 5.68
 

MEASUREMENT ACHIEVEMENT:
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ORBIT SELECTION DATA SHEET NO. 129
 

Mercury (1984) FAMILY NO. 6 	 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtaid
 
Minimum Image Size (km)............ 600 6
 
Minimum Image Overlap ).......... 20 20
 
Total Planet Coverage (%).......... > 70 100
 
Solar Elevation Range (deg) .... - day and night
 
Image Interval..................... < 30 brs 1.89 hrs
 
Time for % Coverage (days) ..... 30 days
 
Coverage Interval -- 30 days
 
Distribution....................... global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity............. ...... 0
 
Periapse Alt. (kn)................ 500
 
Apoapse Alt. (km)..................... 500
 
Inclination (deg)..................... 90,
 
Ascending Node (deg)............... 60.7
 
Arg. of Periapse (deg)............. -88.1
 

SELECTION RATIONALE:
 

A circular polar orbit provides 100% coverage in 1/2
 
a Mercury rotation or 30 days if all parts of the orbit are
 
used at all surface illumination conditions. This is the
 
fastest possible consecutive coverage from an inertial orbit.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs)................... 1.89
 
Measurement Alt. Range (km)........ 500
 
Max. Measurement Arc (deg)......... 360
 
Max. Sensor on Time (min/orb) ...... 113.4
 
No. of Impulses (AV)................. I
 

Capture AV (km/sec)................ 6.438
 
Plane Change AV (km/sec)...........
 -
Size Adjustment AV (km/sec)........ 

Total AV (km/sec).................. 6 438
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 Lapse rate between consecutive orbits yields minimum image size
 
of 25.6 km with 20% overlap. Larger images may be used with
 
same overlap by conducting measurements every n-th orbit.
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ORBIT SELECTION DATA SHEET NO. 130
 

Mercury (1984) FAMILY NO. 6 ORBIT NO. 10 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 600 808 
Minimum Image Overlap ()......... 
Total Planet Coverage (%).......... 

20 
> 70 

20 
100 

Solar Elevation Range (deg).........- day and night 
Image Interval ..................... < 30 hrs 59.7 hrs 
Time for % Coverage (days) ......... 
Coverage Interval .................. 
Distribution........................ -

60 days 
60 days 
global 

ORBIT ELEMENTS: Final Intermediate 
Eccentricity...................... 
Periapse Alt. (km)................ 

.9 
500 

Apoapse Alt. (km).................. 53,420 
Inclination (deg).................. 
Ascending Node (deg)............... 
Arg. of Periapse (deg)............. 

90 
325 
173 

SELECTION RATIONALE:
 

See Orbit Selection Data Sheet No. 120 for the basic
 
description of this orbit. This elliptical polar orbit provides
 
100% coverage at "minimized altitude" in 60 days. Only the lowest
 
altitude 1800 segment of the orbit is used for coverage. Lower
 
capture AV than for the circular orbit is paid for by higher
 
measurement altitudes and twice as long an orbit duration for
 
the initial 100% coverage
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs)................. 59 7
 

500-40251
Measurement Alt. Range (km)........ 

Max. Measurement Arc (deg)......... 180
 
Max. Sensor on Time (min/orb)...... 67 0
 
No. of Impulses (AV).............. 2
 
Capture AV (km/sec)............... 5.41
 
Plane Change AV (km/see)..... .. .. 27 (860)
 

-
Size Adjustment AV (km/sec)........ 

Total AV (km/sec).................. 5.68
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 The upper limit could be reduced to 1540 km if just 70%
 
coverage and maximum latitude of 450 is all right.
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ORBIT SELECTION DATA SHEET NO. 131
 

Mercury (1984) FAMILY NO. 7 	 ORBIT NO. I
 

GROUP 	MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 51.21
 
Minimum Image Overlap ().......... 60 60 2
 
Total Planet Coverage (%).......... > 70 14.9
 
Solar 	Elevation Range (deg)........ 70-85 70-903
 
Image Interval.....................- 180 days

Time for % Coverage (days) ....... - 163 days
 
Coverage Interval................... - 180 days
 
Distribution.......................- Equatorial
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ............ 0
 
Periapse A]t. (ki)... .......... 500
 
Apoapse Alt. (km).................. 500
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 60.7
 
Arg. of Periapse (deg)............. -88.1
 

SELECTION RATIONALE:
 

A circular polar orbit is selected to provide maximum
 
coverage at restricted solar elevations of 70O-90' from minimum
 
altitude without solar perturbations Coverage is obtained in
 
four segments and is limited to the equatorial region since it
 
is assumed that Mercury's axis of rotation is perpendicular to
 
the orbit plane.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 1.89
 
Measurement Alt. Range (km)........ 500
 
Max. Measurement Arc (deg)....... . 40
 
Max. Sensor on Time (min/orb).... 12 6
 
No. of Impulses (AV)................ 81
 
Capture AV (km/sec) ............... 6.438
 
Plane Change AV (km/see)...........
 
Size Adjustment AV (km/sec).........
 

6 438
Total 	AV (km/sec) .................. 


MEASUREMENT ACHIEVEMENT:
 

1. 	 Lapse rate between consecutive orbits yields minimum image size
 
of 51.2 km with 60% overlap. Larger images may be used with
 
same overlap by conducting measurements every n-th orbit.
 

2. 	 Only 34.2% of the planet surface is ever illuminated between 700
 
and 90'. Only 15% of this can be seen from an inertial orbit.
 

3. 	 The difference in coverage between 85' and 900 illumination is
 
insignificant.
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ORBIT SELECTION DATA SHEET NO. 132
 

Mercury (1984) FAMILY NO. 8 	 ORBIT NO. I
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 600 51.21
 
Minimum Image Overlap (%).......... 60 60
 
'Total Planet Coverage (%.......... > 70 I00
 
Solar Elevation Range (deg) .........- day and night
 
Image Interval ..................... - 30 days
 
Time for % Coverage (days)........... 30 days
 
Coverage Interval ...................- 30 days
 
Distribution....................... - global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity...................... 0
 
Periapse Alt. (km)................. 500
 
Apoapse Alt. (km).................. 500
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 60.7
 
Arg. of Periapse (deg).............. -88.7
 

SELECTION RATIONALE:
 

A circular polar orbit provides 100% coverage in half
 
a Mercury rotation (30 days) if all parts of the orbit are
 
used at all surface illumination conditions. This is the
 
fastest possible consecutive coverage from an inertial orbit.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 1.89
 
Measurement Alt. Range (km)........ 500
 
Max. Measurement Ar (deg).......... 360
 
Max. Sensor on Time (min/orb)...... 113.4
 
No. of Impulses (AV)................ 1
 
Capture AV (km/sec) ................ 6.438
 
Plane Change AV (km/sec)...........
 

-
Size Adjustment AV (km/sec)........ 

Total AV (km/sec).................. 6.438
 

MEASUREMENT ACHIEVEMENT:
 

1. 	Lapse rate between consecutive orbits yields minimum image size
 
of 51.2 km with 60% overlap. Larger images may be used with
 
same overlap by conducting measurements every n-th orbit
 

170
 



ORBIT SELECTION DATA SHEET NO. 133
 

Mercury (1984) FAMILY NO. 9 	 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtainid 
Minimum Image Size (km)............ 300 25.6 
Minimum Image Overlap ().......... 20 20 
Total Planet Coverage (%).......... > 70 48.82 
Solar Elevation Range (deg)........ 50-80 50-80 
Image Interval.......... ......... . 180 days 
Time for % Coverage (days)........ < 1 day 167 days 
Coverage Interval.................. > 10/yr 180 days 
Distribution....................... - Equatorial 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... 0
 
Periapse Alt. (km)................. 500
 
Apoapse Alt. (km) .................. 500
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 60.7
 
Arg. of Periapse (deg)............. -88.1
 

SELECTION RATIONALE:
 

A circular polar orbit yields maximum coverage at restricted
 
elevations of 50' and 800 from minimum altitude without solar per­
turbations. Coverage is obtained in 4 segments limited to latitudes
 
between + 400 of the equator. Surface illumination is cyclical
 
with a period of 1 Mercury day of approximately 180 Earth days.
 
Orbital coverage is also cyclical with the same period if the
 
orbit is inertial and Mercury's orbit perturbations are neglected.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs)................. 1 89
 

500
Measurement Alt. Range (km)...... .. 

.. 78
Max. Measurement Arc (deg)....... 


Max. Sensor on Time (min/orb) ..... 24.6
 

No. of Impulses (AV)................I
 

Capture AV (km/sec)................ 6.438
 

Plane Change AV (km/sec)..........
 

Size Adjustment AV (km/sec)........ 64
 
6.438
Total 	AV (km/sec) .................. 


MEASUREMENT ACHIEVEMENT:
 

1. 	 Lapse rate between consecutive orbits yields minimum image size
 
of 25.6 km with 20% overlap. Larger images may be used with
 
same overlap by conducting measurements every n-th orbit.
 

2. 	 Only 64% of the planet is ever illuminated between 50' and 80'.
 
About 49' of this can be seen from an inertial orbit.
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ORBIT SELECTION DATA SHEET NO.134
 

Mercury (1984) 	 FAMILY NO. 10 ORBIT NO. I
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 300 25.61 
Minimum Image Overlap (%).......... 20 20 
Total Planet Coverage (%)......... > 70 69.5 
Solar Elevation Range (deg)...... 30-60 30-60 
Image Interval...................- 180 days 
Time for % Coverage (days) 	 < 1 day17ds days2
 

> 10/yr 180 days3
 
Coverage Interval .................. 

Distribution....................... - Equator to
 

mid-latitude
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity......................... 0
 
Periapse Alt. (km)................. 500
 
Apoapse Alt, (km).................. 500
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 60.7
 
Arg. of Periapse (deg)............. -88.1
 

SELECTION RATIONALE:
 

A circular polar orbit yields maximum coverage at restricted
 
elevations of 300 to 60 from a minimum altitude without solar
 
perturbations. Coverage is obtained in 4 segments limited to
 
latitudes between + 550 of the equator. Surface illumination is
 
cyclical with a peiod of 1 Mercury day'or approximately 180 Earth
 
days. Orbital coverage is also.cyclical with the same period if the
 
orbit is inertial and Mercury's orbit perturbations are neglected.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 

........ every orbit
Measurement Orbit Frequency 

Orbit Period (hrs)................. 1.89
 

500
Measurement Alt. Range (km)........ 

Max. Measurement Arc (deg)......... 110
 

Max. Sensor on Time (min/orb)... "".34.6
 

No. of Impulses (AV)............ 6.438
 

Capture AV (km/sea)................
 
Plane Change AV (km/sec) ........... -

Size Adjustment AV (km/sec)....... 6.438
 

Total AV (km/sec) ..................
 

MEASUREMENT ACHIEVEMENT:
 
1. Lapse rate between consecutive orbits yields minimum image size of
 

25.6 km with 20% overlap. Larger images may be used with same
 
overlap by conducting measurements every n-th orbit.
 

2. 171 days is required to obtain the desired coverage because the
 
length of I Mercury day is approximately 180 Earth days which is
 
the length of-time required for all longitudes to get the proper
 
illumination.
 

3. Because the coverage interval is 180 days, 10,or more coverage
 
per year are not possible.
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y
ORBIT SELECTION DATA SHEET NO. 135
 

Mercury (1984) FAMILY NO. 11 	 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 100 25.61
 
Minimum Image Overlap ).......... 20 20
 
Total Planet Coverage (%).......... > 10 14.9
 
Solar-Elevation Range (deg) ........ 70-90 70-90
 
Image Interval ................... - 180 days
 
Time for % Coverage (days) ...... - 163 days
 
Coverage Interval.................. - 180 days
 
Distribution....................... - Equatorial
 

ORBIT 	ELEMENTS: Final Intermediate
 
Eccentricity....................... 0
 
Periapse Alt. (km)................. 500
 
Apoapse Alt. (km) .................. 500
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 60.7
 
Arg. of Periapse (deg).............. -88.1
 

SELECTION RATIONALE:
 

A circular polar orbit is selected to provide maximum
 
coverage at restricted solar elevations of 70'-90' from
 
minimum altitude without solar perturbations. Coverage is
 
obtained in four segments and is limited to the equatorial
 
region since it is assumed that Mercury's axis of rotation
 
is perpendicular to its orbit plane
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... I
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs)................. 1.89
 
Measurement Alt. Range (km)........ 500
 
Max. Measurement Arc (deg)......... 41
 
Max. Sensor on Time (min/orb)...... 12.9
 
No. of Impulses (AV) .................. 1
 
Capture AV (km/sec)................ 6.438
 
Plane 	Change AV (km/sec).......... ­

-
Size Adjustment AV (km/sec)....... 


Total AV (km/sec) .................. 6.438
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 Lapse rate between consecutive orbits yields minimum image size
 
of 25.6 with 20% overlap. Larger images may be used with
 
same overlap by conducting measurements every n-th orbit.
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ORBIT SELECTiON DATA SHEET NO. 136
 

Mercury (1984) FAMILY NO. 12 	 ORBIT NO. I
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtaind 
Minimum Image Size (km)............ 100 25.6 
Minimum Image Overlap (%).......... 
Total Planet Coverage (%).......... 

20 
> 10 

20 
48.82 

Solar Elevation Range (deg) ........ 50-80 50-80 
Image Interval.......... .......... . . 180 days 
Time for % Coverage (days) ......... 167 days 
Coverage Interval .................. -- . 180 days 
Distribution........................ Equatorial 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity...................... 0
 
Periapse Alt. (km)................ 500
 
Apoapse Alt. (km).................. 500
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 60.7
 
Arg. of Periapse (deg)............. -88.1
 

SELECTION RATIONALE:
 

A circular polar orbit yields maximum coverage at restricted
 
elevations of 500 to 800 from minimum altitude without solar per­
turbations Coverage is obtained in 4 segments limited to latitudes
 
between + 400 of the equator. Surface illumination is cyclical
 
with a period of I Mercury day or approximately 180 Earth days.
 
Orbital coverage is also cyclical with the same period if the
 
orbit is inertial and Mercury's orbit perturbations are neglected.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ...... I
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hrs)................. 1.89
 
Measurement Alt. Range (km). ...... 500
 
Max. Measurement Arc (deg)......... 78
 
Max. Sensor on Time (min/orb)...... 24.6
 
No. of Impulses (AV)............. I
 
Capture AV (km/sec).............. 6.438
 

-Plane Change AV (km/sec)........... 

Size Adjustment AV (km/see)........ -

Total AV (km/sec).................. 6.438
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 Lapse rate between consecutive orbits yields minimum image size
 
of 25.6 km with 20% overlap. Larger images may be used with
 
same overlap by conducting measurements every n-th orbit.
 

2. 	 Only 64% of the planet is ever illuminated between 50' and
 
800. 	 About 490 of this can be seen from an inertial orbit.
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ORBIT SELECTION DATA SHEET NO. 137
 

Mercury (1984) FAMILY NO. 13 	 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 100 25.61
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%)........ > 0 69.5
 
Solar Elevation Range (deg)........ 30-60 30-60
 
Image Interval..................... - 180 days
 
Time for % Coverage (days) ..... 171 days 
Coverage Interval.................. .. 180 days 
Distribution........................ - Equator to 

mid-latitudes
 

ORBIT 	ELEMENTS: Final Intermediate
 
-Eccentricity ..................... 0
 
PeriapseAlt. (ki)............... 500
 
Apoapse Alt. (km).................. 500
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 60.7
 
Arg, of Periapse (deg)............. -88.1
 

SELECTION RATIONALE:
 

A circular polar orbit yields maximum coverage at restricted
 
elevations of 300 to 600 from ,aminimum altitude without solar
 
perturbations. Coverage is obtained in 4 segments limited to
 
latitudes between 4 550 of the equator. Surface illumination is
 
cyclical with a period of I Mercury day or approximately 180 Earth
 
days. Orbital coverage is also cyclical with the same period if the
 
orbit is inertial and Mercury's orbit perturbations are neglected.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ I
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 1.89
 

500
Measurement Alt. Range (km)........ 

Max, Measurement Arc (deg)......... 110
 

Max, Sensor on Time (min/orb)...... 34.6
 

No. of Impulses (V) ............... I
 

Capture AV (kim/sec) ................ 6.438
 

Plane Change AV (ki/sec)...........
 

Size Adjustment AV (ki/sec)..........6438
 
Total iV (km/sec)................
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 Lapse rate between consecutive orbits yields minimum image size
 
of 25.6 km with 20% overlap. Larger images may be used with
 
same overlap by conducting measurements every n-th orbit.
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ORBIT SELECTION DATA SHEET NO. 138
 

Mercury (1984) FAMILY NO. 14 	 ORBIT NO. I
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km) ............ 100 25.61 
Minimum Image Overlap (4).......... 20 20 
Total Planet Coverage (4).......... > 10 62.7 
Solar Elevation Range (deg)........ 15-30 15-30 
Image Interval.......... ...... 180 days 
Time for % Coverage (days) ......... 174 days 
Coverage Interval .................. 180 days 
Distribution ....................... all but poles 

ORBIT 	ELEMENTS: Final Intermediate"
 
Eccentricity.......... .. 0
 
Periapse Alt. (kin)............500
 
Apoapse Alt. (km).................. 500
 
Inclination (deg) .................. 90
 
Ascending Node (deg)............... 60 7
 
Arg. of Periapse (deg)............. -88.1
 

SELECTION RATIONALE:
 

A circular polar orbit yields maximum coverage at restricted
 
elevations of 150 to 300 from minimum altitude without solar
 
perturbations. Coverage is obtained in 4 segments limited to
 
latitudes between + 580 of the equator. Surface illumination
 
is cyclical with a-period of I Mercury day or approximately
 
180 Earth days Orbital coverage is also cyclical with the
 
same period if the orbit is inertial and Mercury's orbit per­
turbations are neglected.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs)................. 1.89
 
Measurement Alt. Range (km)........ 500'
 
Max. Measurement Arc (deg)......... 116
 
Max. Sensor on Time (min/orb)...... 36.5
 
No. of Impulses (AV)............... I
 
Capture AV (km/sec) ................ 6.438
 
Plane Change AV (km/sec)...........
 -
Size Adjustment AV (km/sec)........ 

Total AV (km/sec) .................. 6.438
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 Lapse rate between consecutive orbits yields minimum image size
 
of 25.6 km with 20% overlap. Larger images may be used with
 
same overlap by conducting measurements every n-th orbit.
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ORBIT SELECTION DATA SHEET NO. 139
 

Mercury (1984) FAMILY NO. 15 	 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 100 25.6
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%).......... > 10 100
 
Solar Elevation Range (deg)........ - day and night
 
Image Interval.................. < 30 hrs 1.89 hrs
 
Time for % Coverage (days).. .. - 30 days
 
Coverage Interval.................. -. 30 days
 
Distribution....................... global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... 0
 
Periapse Alt. (km)................. 500
 
Apoapse Alt. (km).................. 500
 
Inclination (deg) .................. 90
 
Ascending Node (deg)............... 60.7
 
Arg. of Periapse (deg)............. -88.1
 

SELECTION RATIONALE:
 

A circular polar orbit provides 100% coverage in 1/2
 
a Mercury rotation or 30 days if all parts of the orbit are
 
used at all surface illumination conditions. This is the
 
fastest possible consecutive coverage from an inertial orbit.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ...... 1.1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 1.89
 
Measurement Alt. Range (km)......... 500
 

360
Max. Measurement Arc (deg). ...... 

Max. Sensor on Time (min/orb)...... 113.4
 
No. of Impulses (&V)............... 1
 

6.438
Capture AV (km/sec) ................ 

plane Change AV (km/sec)..........
 
Size Adjustment AV (km/sec).........4
 

6.438
Total 	AV (km/sec) ................. 


MEASUREMENT ACHIEVEMENT:
 

1. 	 Lapse rate between consecutive orbits yields minimum image size
 
of 25.6 km with 20% overlap. Larger images may be used with
 
same overlap by conducting measurements every n-th orbit.
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ORBIT SELECTION DATA SHEET NO. 140
 

Mercury (1984) FAMILY NO. 16 	 ORBIT NO.
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtaingd
 
Minimum Image Size (km)............ 100 51.21
 
Minimum Image Overlap (%).......... 60 60
 
Total Planet Coverage (%).......... > 10 14.92
 
Solar Elevation Range (deg) ........ 70-85 70-902
 
Image Interval ..................... - 180 days
 
Time for % Coverage (days) ........ - 163 days
 
Coverage Interval .................. - 180 days
 
Distribution ........................ - Equatorial
 

ORBIT ELEMENTS: 	 Final Intermediate
 
Eccentricity ....................... 0
 
Periapse Alt. (km)................. 500
 
Apoapse Alt. (kn).................. 500
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 60.7
 
Arg. of Periapse (deg)............. -88.1
 

SELECTION RATIONALE:
 

A circular polar orbit is selected to provide maximum
 
coverage at restricted solar elevations of 70'-90' from minimum
 
altitude without solar perturbations. Coverage is obtained in
 
four segments and is limited to the equatorial region since it
 
is assumed that Mercury's axis of rotation is perpendicular to
 
the orbit plane
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ I
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hrs)................. 1.89
 
Measurement Alt. Range (km)........ 500
 
Max. Measurement Arc (deg)......... 40
 
Max. Sensor on Time (min/orb)....... 12.6
 
No. of Impulses (AV)............ 1
 
Capture AV (km/sec)............. 6.438
 

-Plane 	Change AV (km/sec)........... 


Size Adjustment AV (km/sec)........
 
Total 	AV (km/sec).................. 6.438
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 Lapse rate between consecutive orbits yields minimum image size
 
of 51.2 km with 60% overlap. Larger images may be used with 
same overlap by cnducting measurements every n-th orbit. 

2. 	 The difference in coverage between 85' and 900 illumination
 
is isignificant.
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ORBIT SELECTION DATA SHEET NO. 141
 

Mercury (1984) FAMILY NO. 17 ORBIT NO.1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtainfd
 
Minimum Image Size (km)............ 100 51.2
 
Minimum Image Overlap (%).......... 60 60
 
Total Planet Coverage (%).......... > 10 100
 
Solar Elevation Range (deg).........- day and night
 
Image Interval .....................-	 30 days
 
Time for % Coverage (days)......... - 30 days
 
Coverage Interval .................. - 30 days
 
Distribution ....................... - global
 

ORBIT 	ELEMENTS: Final Intermediate
 
Eccentricity ....................... 0
 
Periapse Alt. (km)................. 500
 
Apoapse Alt. (km).................. 500
 
Inclination (deg) .................. 90
 
Ascending Node (deg)............... 60.7
 
Arg. of Periapse (deg) ............. -88.1
 

SELECTION RATIONALE:
 

A circular polar orbit provides 100% coverage in 1/2
 
a Mercury rotation or 30 days if all parts of the orbit are
 
used at all surface illumination conditions. This is the
 
fastest possible consecutive coverage from an inertial orbit.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images........ 1
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hrs) ................. 1.89
 
Measurement Alt. Range (km) ........ 500
 
Max. Measurement Arc (de&)......... 360
 
Max. Sensor on Time (min/orb).... 113.4
 
No. of Impulses (AV)..............1
 

6 438
Capture AV (km/sec) .................
 -
Plane Change AV (km/sec)........... 

Size Adjustment AV (km/see)......4
 

6.438
Total 	AV (km/sec) ................ 


MEASUREMENT ACHIEVEMENT:
 

1. 	 Lapse rate between consecutive orbits yields minimum image size
 
of 51.2km with 60%overlap. Larger images may be used with
 
same overlap by conducting measurements every n-th orbit.
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ORBIT SELECTION DATA SHEET'NO. 142
 

Mercury (1984) 	 FAMILY NO. 18 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 0.5 25.61 
Minimum Image Overlap (%).......... 
Total Planet Coverage (%).......... 

20 
> 3 

20 
14.9 

Solar Elevation Range (deg) ........ 70-90 70-90 
Image Interval..........-....-
Time for % Coverage (days)....... -

180 days 
163 days 

Coverage Interval.................. - 180 days 
Distribution ....................... - Equatorial 

ORBIT 	ELEMENTS: Final Intermediate
 
Eccentricity ....................... 0
 
Periapse Alt. (km)................. 500
 
Apoapse Alt. (km).................. 500
 
Inclination (deg) .................. 90
 
Ascending Node (deg)................ 60.7
 
Arg. of Periapse (deg).............. -88.1
 

SELECTION RATIONALE:
 

See Orbit Selection Data Sheet No. 119 for the coverage
 
characteristics of this orbit. The extremely small image size 
of.5 km infers high resolution data as does the small coverage 
requirement of > 3%. Such a small image (i.e., if lapse rate/ 
orbit = image size) is not possible even if the orbit altitude 
were reduced to 0. An image size of approximately twice the 
orbit lapse rate, i.e., 41 km, will be necessary to provide 
anything like .5 km image segments with 20% overlap 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images........
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs)................. 1.89
 
Measurement Alt. Range (km)........ 500
 
Max. Measurement Arc (deg)......... 41
 
Max. Sensor on Time (mmn/orb)...... 12.9
 
No. of Impulses (LV)............... I
 
Capture AV (km/sec)................ 6.438
 
Plane Change AV (km/sec)..... . ­

........
Size Adjustment AV (km/sec) 

Total AV (km/sec).................. 6.438
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 This is the smallest contiguous orbit lapse rate (including
 
20% overlap) that can be generated by the smallest candidate
 
orbit, hp = 500 km, e = 0.
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ORBIT SELECTION DATA SHEET NO. 143
 

Mercury (1984) FAMILY NO. 19 ORBIT NO. I
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtain d
 
Minimum Image Size (km) ............ 0.5 25.6'
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage ().......... > 3 48.8
 
Solar Elevation Range (deg)........ 50-80 50-80
 
Image Interval.....................- 180 days

Time for % Coverage (days) ....... 167 days
 
Coverage Interval .................. 180 days
 
Distribution....................... Equatorial
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ....................... 0
 
Periapse Alt. (km) ................. 500
 
Apoapse Alt. (km).................. 500
 
Inclination (deg).................. 90
 
Ascending Node (deg)................ 60.7
 
Arg. of Periapse (deg)............. -88.1
 

SELECTION RATIONALE:
 
See Orbit Selection Data Sheet No. 121 for the coverage
 

characteristics of this orbit. The extremely small image size
 
of .5 km infers high resolution data as does the small coverage
 
requirement of > 3%. Such a small image (lapse rate) is not
 
possible even if the orbit altitude were reduced to zero An
 
image size of approximately twice the lapse rate, i.e., 41 km,
 
will be necessary to provide anything like .5 km image segments
 
with 20% overlap
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 1 89
 
Measurement Alt, Range (km)........ 500
 
Max. Measurement Arc (deg)......... 78
 
Max. Sensor on Time (min/orb)...... 24.6
 
No. of Impulses (AV)................. 1
 
Capture AV (km/sec)................ 6.438
 
Plane Change AV (km/sec)..........
 

-
Size Adjustment AV (km/sec)........ 

Total AV (km/sec) .................. 6.438
 

MEASUREMENT ACHIEVEMENT:
 

1. This is the smallest contiguous orbit lapse rate (including
 
20% overlap) that can be generated by the smallest candidate 
orbit, h = 500 km, e = 0.P
 



ORBIT SELECTION DATA SHEET NO. 144
 

Mercury (1984) FAMILY NO. 20 	 ORBIT NO. i
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ '0.5 25.61 
Minimum Image Overlap (%).......... 
Total Planet Coverage (%) .......... 

20 
> 3 

20 
69.5 

Solar Elevation Range (deg)........ 30-60 30-60 
Image Interval..........-.........- 180 days 
Time for % Coverage (days).......... - 171 days 
Coverage Interval................... - 180 days 
Distribution....................... - Equator to 

mid-latitudes 

ORBIT 	ELEMENTS: Final Intermediate
 
Eccentricity...................... 0
 
Periapse Alt. (km)................. 500
 
Apoapse Alt. (km).................. 500
 
Inclination (deg)................. 90
 
Ascending Node (deg)............... 60.7
 
Arg. of Periapse (deg)............. -88.1
 

SELECTION RATIONALE:
 

See Orbit Selection Data Sheet No. 123 for the coverage
 
characteristics of this orbit. The extremely small image size
 
of 5 km infers high resolution data as does the small coverage
 
requirement of > 3%. Such a small image (lapse rate) is not
 
possible even if the orbit altitude were reduced to zero. An
 
image size of approximately twice the lapse rate, i.e., 41 km,
 
will be necessary to provide anything like 5 km image segments
 
with 20% overlap.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ I 

Measurement Orbit Frequency ........ every orbit
 
Orbit Period (hrs) ................. 1.89
 
Measurement Alt. Range (km)........ 500
 
Max. Measurement Arc (deg)......... 110
 
Max. Sensor on Time (min/orb)....... 34.6
 
No. of Impulses (AV)............... 1
 
Capture X (km/sec)................ 6.438
 
Plane Change AV (km/sec)........... -

Size Adjustment AV (km/sec)........ -


Total AV (km/sec) .................. 6.438
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 This is the smallest contiguous orbit lapse rate (including
 
20% overlap) that can be generated by the smallest candidate
 
orbit, hp = 500 km, e = 0.'
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ORBIT SELECTION DATA SHEET NO. 145
 

Mercury (1984) FAMILY NO. 21 	 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 0.5 25.61
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%) .......... > 3 62.7
 
Solar Elevation Range (deg)........ 15-30 15-30
 
Image Interval .................... .. - 180 days
 
Time for % Coverage (days) ........ .- 174 days2
 
Coverage Interval .................. > 1/300 hr 180 days
 
Distribution ......................-


ORBIT 	ELEMENTS: Final Intermediate
 
Eccentricity....................... 0
 
Periapse Alt. (km)................. 500
 
Apoapse Alt. (km).................. 500
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 60.7
 
Arg. of Periapse (deg)............. -88.1
 

SELECTION RATIONALE:
 

See Orbit Selection Data Sheet No. 125 for the coverage
 
characteristics of this orbit. The extremely small image size
 
of .5 km infers high resolution data as does the small coverage
 
requirement of > 3%. Such a small image (lapse rate) is not
 
possible even if the orbit altitude were reduced to zero. An
 
image size of approximately twice the lapse rate, i.e., 41 km,
 
will be necessary to provide anything like .5 km image segments
 
with 20% overlap.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... 1
 

every orbit
Measurement Orbit Frequency........ 

Orbit Period (hrs) ................. 1 89
 

500
Measurement Alt. Range (km)........ 

Max. Measurement Arc (deg)......... 116
 

Max. Sensor on Time (min/orb)....... 36.5
 

No. of Impulses (AV) ............ 16
 

Capture AV (km/sec).............. .
 
Plane Change AV (km/sec)...........
 
Size Adjustment AV (km/sec)........
 

6.438
Total 	AV (km/sec).................. 


MEASUREMENT ACHIEVEMENT:
 

1. This is the smallest contiguous orbit lapse rate (including
 
20% overlap) that can be generated by the smallest candidate
 
orbit, hp = 500 km, e = 0.
 

2. 	 The coverage interval is one coverage per 180 days because
 
this is the length of Mercury's period of revolution.
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ORBIT SELECTION DATA SHEET NO. 146
 

Mercury (1984) FAMILY NO. 22 	 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 0.5 25.61
 
Minimum Image Overlap (A).......... 20 20
 
Total Planet Coverage (7).......... > 3 100
 
Solar Elevation Range (deg) ....... - day and night
 
Image Interval .................... < 30 hrs 180 days
 
Time for % Coverage (days) ........ - 30 days
 
Coverage Interval .................. > 1/300 hrs 30 days2
 

Distribution....................... - global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity.. .................. 0
 
Periapse Alt. (ki). .............. 500
 
Apoapse Alt. (km).................. 500
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 60.7
 
Arg. of Periapse (deg)............. -88.1
 

SELECTION RATIONALE:
 

See Orbit Description Data Sheet No. 129 for the coverage
 
characteristics of this orbit The extremely small image size
 
of .5 km infers high resolution data as does the small coverage
 
requirement of > 3%. Such a small image (lapse rate) is not
 
possible even if the orbit altitude were reduced to zero. An
 
image size of approximately twice the lapse rate, i.e., 41 km,
 
will be necessary to provide anything like .5 km image segments
 
with 20% overlap.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images........ 1
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period (hrs)................. 1.89
 
Measurement Alt. Range (km)........ 500
 
Max. Measurement Arc (deg)......... 360
 
Max. Sensor on Time (min/orb)...... 113.4
 
No. of Impulses (AV)............. . 1
 
Capture AV (km/sec)............... 6.438
 
Plane Change AV (km/sec)...........
 

-
Size Adjustment AV (km/sec)........ 


Total AV (km/sec) .................. 6.438
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 This is the smallest contiguous orbit lapse rate (including
 
20% overlap) that can be generated by the smallest candidate
 
orbit, hp = 500 km, e = 0.
 

2. 	 Because one coverage requires 30 days, the coverage interval
 
cannot be less than 30 days.
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ORBIT SELECTION DATA SHEET NO. 147
 

Mercury (1984) 	 FAMILY NO. 23 


GROUP MEASUREMENT SPECIFICATIONS: 

Minimum Image Size (km)............ 

Minimum Image Overlap (.......... 

Total Planet Coverage ).......... 

Solar Elevation Range (deg) ........ 

Image 	Interval ................... 

Time for % Coverage (days)......... 

Coverage Interval.................. 

Distribution....................... 


ORBIT ELEMENTS: 

Eccentricity....................... 

Periapse Alt. (km)................. 

Apoapse Alt. (km) .................. 

Inclination (deg).................. 

Ascending Node (deg)............... 

Arg. of Periapse (deg)............. 


SELECTION RATIONALE:
 

ORBIT 	NO. I
 

Required Obtained
 
0.5 	 51.21
 
60 60
 
> 3 14.9
 
70-85 70-9(9
 
..- 180 days
 
.- 163 days
 

> 1/300 hrs 180 days
 
- Equatorial
 

Final Intermediate
 
0
 

500
 
500
 
90
 

60.7
 
-88.1
 

See Orbit Description Data Sheet No. 131 for the coverage
 
characteristics of this orbit. The extremely small image size of
 
.5 km infers high resolution data as does the small coverage
 
requirement of > 3%. Such a small image (lapse rate) is not
 
possible even if the orbit altitude were reduced to zero. An
 
image size of approximately twice the lapse rate, i e., 41 km,
 
will be necessary to provide anything like 0.5 km image segments
 
with 60% overlap.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 

Measurement Orbit Frequency ........ 

Orbit Period (hrs)................. 

Measurement Alt. Range (km)........ 

Max. Measurement Arc (deg)......... 

Max. Sensor on Time (mmn/orb)..... 

No. of Impulses (AV)............. 

Capture AV (km/sec) ................ 

Plane Change AV (km/sec)..........
 

1
 
every 	orbit
 

1.89
 
500
 
40
 

12.6
 
1
 

6.438
 

Size Adjustment LV (km/sec)........
 
Total LV (km/sec) .................. 6.438
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 This is the smallest contiguous orbit lapse rate (including
 
60% overlap) that can be generated by the smallest candidate
 
orbit, h = 500 km, e = 0.
P 

2. 	 The difference in coverage between 850 and 90' illumination
 
angles is insignificant.
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ORBIT SELECTION DATA SHEET NO. 148
 

Mercury (1984) FAMILY NO. 24 


GROUP MEASUREMENT SPECIFICATIONS: 
Minimum Image Size (km)............ 
Minimum Image Overlap ).......... 
Total Planet Coverage (%).......... 

Solar Elevation Range (deg) ........ 

Image Interval ..................... 

Time for % Coverage (days) ......... 

Coverage Interval ................. 

Distribution ...................... 


ORBIT ELEMENTS: 

Eccentricity.................... 

Periapse Alt. (km)...............500
 
Apoapse Alt. (km)............... 

Inclination (deg).................. 

Ascending Node (deg)............... 

Arg. of Periapse (deg) ............. 


SELECTION RATIONALE:
 

See Orbit Description Data Sheet No 


ORBIT NO. 1
 

days2 

Required Obtaid 
.5 51.2 
60 60 
> 3 100 
- day and night 
--. 
-

30 days
30 days, 

> 1/300 hrs 30 
- global 

Final Intermediate
 
0
 

500 
90 

60.7 
-88.1
 

129 for the coverage
 
characteristics of this orbit. The extremely small image size
 
of .5 km infers high resolution data as does the small coverage

requirement of > 3%. Such a small image (lapse rate) is not
 
possible even if the orbit altitude were reduced to zero. An
 
image size of approximately twice the lapse rate, i.e., .41 km,
 
will be necessary to provide anything like 

with 60% overlap.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 

Measurement Orbit Frequency ........ 

Orbit Period (hrs) ................. 

Measurement Alt. Range (km)........ 

Max. Measurement Arc (deg)......... 

Max. Sensor on Time (min/orb)...... 

No. of Impulses (AV)............... 

Capture AV (km/sec)................ 

Plane Change AV (km/sec)........... 

Size Adjustment AV (km/sec)........ 


Total AV (km/sec).................. 


MEASUREMENT ACHIEVEMENT:
 

.5 km image segments
 

1
 
every orbit
 

1.89
 
500
 
360
 

113.4
 
I
 

6.438
 
-

-


6.438
 

1. This is the smallest contiguous orbit lapse rate (including

60% overlap) that can be generated by the smallest candidate
 
orbit, hp = 500 km, e = 0.
 

2. Because one coverage requires 30 days, the coverage interval
 
cannot be less than 30 days.
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Table 14 

0JUPITER OBSERVABLES, FAMILIES AND ORBITS
 

o. 

Observable 

Description Ref. 

Sensor 

Type 

Family 

Number 

Orbit Data 
Sheet No. 

197W 

Other Family 

Member Observables 

I Surface Elevations h Radar 2 151, 152 6, 9, 12, 24 

j Radar Stereo 6 160, 161 6, 9 

2 Layering h Multifreq. Radar 27 196 

3 Contacts (Regional) m Radar 11 170, 171 

6 Structure of Features 
(Regional) 

k 
m 

Radar 
Radar Stereo 

2 
6 

151,152 
160,161 

1,9,12,24 
1,9 

9 Surface Topography 
(Regional) h 

j 
Radar 
Radar Stereo 

2 
6 

151, 152 
160, 161 

1, 6, 12, 24 
1, 6 

12 Surface Appearance 
(Regional) i Radar 2 151, 152 1, 6, 9, 24 

20 Topographic Changes h 
j 

Radar 
Radar Stereo 

25 
26 

194 
195 

21 Surface Thermal 
Anomalies (Regional) e Microwave 7 162, 163 27, 33 

24 Atmospheric Thermal 
Anomalies (Regional) a 

c 
e 

IR 
Microwave 
Multiband 

2 
2 
2 

151, 152 
151, 152 
151, 152 

1, 6, 9, 12 
1, 6, 9, 12 
1, 6, 9, 12 



Table 14 (Cont.)
 

JUPITER OBSERVABLES, FAMILIES, AND ORBITS
 

Observable Sensor Family Orbit DataSheet No. Other Family 

No. Description Ref. Type Number 1978 Member Observables 

25 Atmospheric Thermal 
Anomalies (Detailed) a 

c 
e 

IR 
Microwave 
Multiband 

17 
17 
17 

183, 184 
183, 184 
183, 184 

26 Global Cloud Coverage a 
b 
c 
d 
e 

UV 
Visible (BW&Color) 
IR 
IR 
Multiband 

4 
4 
3 
3 
5 

155,156,157 
155,156,157 
153, 154 
153, 154 
158, 159 

27 Convective Cells and 
Turbulence (Regional) a 

b 
c 
d 
e 
f 

UV 
Visible 
IR 
IR 
Microwave 
Microwave 

12 
12 
7 
7 
7 
7 

172,173,174 
172,173,174 
162, 163 
162, 163 
162, 163 
162, 163 

33 
33 
21, 33 
21, 33 
21, 33 
21, 33 

28 Convective_ Cells and 
Turbulence (Detailed) a 

b 
c 
d 
e 
f 

UV 
Visible 
IR 
IR 
Microwave 
Microwave 

22 
22 
20 
20 
20 
20 

191 
191 
189 
189 
189 
189 

34 
34 

%0 
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Table 14 (Cont.)
 

JUPITER OBSERVABLES, FAMILIES AND ORBITS
 

No. 

Observable 

Description Ref. 

Sensor 

Type 
Family 
Number 

Orbit Data 
Sheet No. 

1978 
Other Family 

Member Observables 

29 Cloud Formation a 
b 
c 
e 
f 

UV 
Visible (BW&Color) 
IR 
IR 
Multiband 

13 
13 
13 
8 

14 

175, 176 
175, 176 
175, 176 
164, 165 
177, 178 

30 Precipitation Rate b Radar 9 166, 167 

31 Thunderstorms 
(Regional) b Passive RF 10 168, 169 

32 Thunderstorms 
(Detailed) b Passive RF 24 193 

33 Cyclone Formations 
(Regional) a 

b 
c 
d 

Visible 
IR 
IR 
Multiband 

12 
12 
7 

15 

172,173,174 
172,173,174 
162, 163 
179, 180 

27 
27 
21, 27 

34 Cyclone Formations 
(Detailed) a 

b 
c 
d 

Visible 
IR 
IR 
Multiband 

22 
22 
21 
23 

191 
191 
190 
192 

28 
28 



Table 14 (Cont.) 

JUPITER OBSERVABLES, FAMILIESAND ORBITS 

No. 

Observable 

Description Ref. 

Sensor 

Type 

Family 

Number 

Orbit DataSheet No. 

1978 

Other Family 

Member Observables 

35 

36 

37 

40 

Surface to Atmosphere 
Transfer 

Radio Bursts 

Auroras 

Biochemical Systems 

e 
f 

a 

a 
b 

b 

IR 
Microwave 

Passive RF 

Visible 
Visible Color 

Multiband 

19 
19 

1 

16 
16 

18 

- 187, 188 
187, 188 

149, 150 

181, 182 
181, 182 

185, 186 



TABLE 15 

MSEAU FAMILIES FOR JUPITER 

Faily 
Numser 

Observable 
Number(s) 

Sensor* 
Type(s) 

'Minimum 
Image

Size(k.) 

Overlap 
() 

Minimum 
Coverage
(7) 

Solar Elev-
ation Range

(deag) 

Coverage 
Distribution 

Time for 
Coverage 

Image
Interval 

Coverage
Interval 

36 RF 30,000 20 70 - Subsatellite Points - < 2 min -

2 
3 
4 
5 

1,6,9,12,24 
26 

26 

26 

R,IRp,M 
IR 

UV,V 
MB 

15,000 
15,000 

15,000 

15,000 

20 
20 

26 

20 

70 
70 

70 

70 

-
--

Day 

Day&Night 

Cloud Balts,Red Spot 

-I 

-1 

-
1day 

day 

day 

-
-

-

-

> 2/yr 
> 10/yr 
> 10/yr 

> 10/yr 

6 1,6,9 R 15,000 60 70 - - - > 2/yr 

7 
8 
9 

10 
11 
12 
13 
14 

15 
16 

21,27,33 

29 
30 
31 
3 

27,33 

29 
29 

33 
37 

IR,± 

IR 
R 
RE 
R 

UV,V,IR 
UV,V,IR 
M 
M 
V 

5,000 

5,000 
5,000 

5,000 
5,000 

5,000 
5,000 
5,000 
5,000 
5,000 

20 
20 
20 

20 
20-

20 
20 
20 

20 
20 

70 
10 
70 

70 
3 

70 
10 
10 

70 
70 

-

-

-

-

Day 
Day 

DaysNight 

Day&1ight 
Night 

Cloud Belts,Rea Spot 
Belts,Red SpotTrapios 

-
Global 

Cloud Belts,Red Spot 
Belts,Red Spot,Tropics 
BeltsRed SpotTropics 

Cloud Belts,Red Spot 
Polar Regions 

-
-

-

-
-

-
-
-

-

- > 4/yr 
< 2 min -

< 15 min > 4/yr 
< 2 min > 10/yr 
-- -

- - > 4/yr 
< 2 min -
< 2 min -

- > 4/yr 
< 1 hr > 4/yr 

17 
18 

25 
40 

IR,P,M 
MB 

1,500 
1,500 

20 
20 

10 

3 Day 

Cloud BeltsRed Spot 
Random 

< 1 day 
- > 4tyr 

19 
20 
21 

22 
23 

35 
28 

34 

28,34 
34 

IR, 
IRp 

IR 

UV,V,IR 
MR 

1,000 
1,000 

1,000 
1,000 
1,000 

20 
20 

20 

20 
20 

70 
10 
10 
10 
10 

-
-

-
Day 

Day&dight 

Red Spot,Tropics < 1 day 
Cloud Belts,Red Spot -

Cloud BeltsRed Spot -

Cloud Belts,Red Spot -
Cloud Belts,Red Spot -

- > 10/yr 
< lPday -

< 15 min > 4/yr 
< 15 aLn > 4/yr 
< 15 min > 4/yr 

24 32 RE 300 20 10 - < 2 in > 10/yr 

25 20 R 3 20 1> 1/300hr 

26 20 R 3 60 1- > 1/3OOhr 

27 2 R 5 20 3 

*Sensor Type Definitions are UV 
V 
IR 
M,
R 
RF 
MB 

Ultraviolet 
Visible 
Infrared 
Microwave 
Radar 
Radio Fr eney
Multi-ban 

y 
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TABLE 16
 

JUPITER INTERPLANETARY TRANSFER SELECTION
 

Launch Date ............................. October 5, 1978
 

Flight Time ............................ 700 days (Type I)
 

Declination of Departure Asymptote (Ecliptic Plane) ............. 36.5 deg
 

Departure Hyperbolic Excess Speed .................... 9.64 km/sec
 

Arrival Hyperbolic Excess Speed ..................... 7.85 km/sec
 

Total Hyperbolic Excess Speed ..................... 17.49 km/sec
 

Declination of Arrival Asymptote (Jupiter's Equatorial Plane) .-....... 3.64 deg
 

Earth/Sun Separation Angle at Arrival .................... 1.21 deg
 

Communication Distance at Arrival ...................... 6.43 AU
 

Days to Earth/Jupiter Conjunction After Arrival........ ..... . .. 9 days
 



TABLE 17
 

JUPITER CANDIDATE ORBIT SIZES
 

)rbit No. 	 Jupiter Periapse* Eccen- Maximum Orbit Average**
 
Days/ Altitude tricity Altitude Period Capture AV
 
Orbit (km/pl.radii) Ratio,h/hp (hrs) (km/see)


(N) 
1 4 178375/2.5 0.3772 2.70 39.36 6.325
 

2 5 178375/2.5 0.4633 3.42 49.20 5.511
 

3 6 178375/2.5 0.5247 4.09 59.05 4.945
 

4 7 178375/2.5 0.5711 4.73 68.89 4.525
 

5 8 178375/2.5 0.6076 5.34 78.73 4.199
 

6 9 178375/2.5 0.6373 5.92 88.57 3.937
 

7 10 178375/2.5 0.6619 6.48 98.41 3.121
 

8 11 178375/2.5 0.6827 7.02 108.25 3.539
 

9 12 178375/2.5 0.7006 7.55 118.09 3.385
 

10 5 249725/3.5 0.3099 2.15 49.20 6.378
 

11 7 356750/5.0 0.2648 1.86 68.89 6.154
 

Min. periapse altitude = 2.5 R to avoid radiation belt hazard.
 
p 

1* Capture AV Based on Surveyed Average Hyperbolic Approach Speed, 
VHP = 7.64 km/sec, for 700 Day Jupiter Transfers. 
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ORBIT SELECTION DATA SHEET NO. 149
 

Jupiter (1978) FAMILY NO. 1 	 ORBIT NO. NA1
 

Obtained2
 GROUP MEASUREMENT SPECIFICATIONS: Required 
Minimum Image Size (km)......... 30,000 30,000 
Minimum Image Overlap ( .... 20 21.3 
Total Planet Coverage (%)....... > 70 100% Longitude3
 

Solar Elevation Range (deg) ....
 
Image Interval................. < 2 min 48.5 hrs4
 
Time for % Coverage (days).......- 36.4 days
 
Coverage Interval ................- 40 days
 
Distribution .................... Subsatellite To Subsatellite
 

Points Points
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ................. 0
 
Periapse Alt. (km)............. 1 725,330
 
Apoapse Alt. (km)............... 1,725,330
 
Inclination (deg) ............... 3.64
 
Ascending Node (deg) ............ 81.5
 
Arg. of Periapse (deg) .......... -213
 

SELECTION RATIONALE:
 

A circular minimum inclination orbit is selected to observe
 
Io's meridian plane as it passes by every 48.5 hrs. This
 
timing is selected so that after 19 passes all Jupiter
 
longitudes have been observed with Io centered in each image.
 
Every fifth image overlaps a previous image by 21.3% during
 
the coverage interval there are also 8 Europa passes and
 
3 Ganymede passes which may be observed.
 

ORBIT/MEASUREMENT CHARACTERISTICS:2 
Orbits to Contiguous Images ...... < 1(10.1 days) 
Measurement Orbit Frequency ..... 7/orbit 
Orbit Period (hrs).............. 338 (14 days) 
Measurement Alt. Range .......... 23 Jupiter radii5 

Max. Measurement Arc ... c ..... 1 image/Io pass 
Max. Sensor on Time ............ 1 image/Io pass 
No. of Impulses (AV) ............ 1 
Capture AV (km/sec) ............. 5.87
 
Plane Change AV (km/sec).........-

Size Adjustment AV (km/sec). .....-

Total AV (km/sec)............... 5.87
 

MEASUREMENT ACHIEVEMENT:
 

1. 	Special orbit selected to sychronize Io's motion with Jupiter's
 
rotation to obtain contiguous coverage including Io's SSP.
 

2. 	Obtained parameters are for Io's subsatellite ground trace.
 
3. 	Coverage refers to Io's ground trace.
 
4. 	Time between contiguous images (every 5th image) is 10.1 days.
 
5. 	This is distance to Jupiter's visible surface; the RF source is
 

generally associated with Io, but the location of its origin is
 
unknown.
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ORBIT SELECTION DATA SHEET NO. 150
 
ORBIT NO. NA1
 Jupiter (1978) 	 FAMILY NO. 1 


GROUP MEASUREMENT SPECIFICATIONS: Required Obtained2
 
Minimum Image Size (km)......... 30,000 30,000
 
Minimum Image Overlap (%)....... 20 21.3
 
Total Planet Coverage (%)....... > 70 100% longitude 
Solar Elevation Range (deg) .... ­

< 2 	min -60.7 hrs3
 
Image Interval......... 

Time for % Coverage (days)...... - 45.5 days
 
Coverage Interval - -48 days
 
Distribution.................... Subsatellite Io Subsatellite
 

Points Points
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ................... 0
 
Periapse Alt. (km).............. 940,100
 
Apoapse Alt. (km)............... 940,100
 
Inclination (deg). .........3.64
 
Ascending Node (deg).............. 81.5
 
Arg. of Periapse (deg) .......... 223
 

SELECTION RATIONALE:
 

A circular minimum inclination orbit is selected to observe
 
Io's meridian plane as it passes by every 60.7 hrs. This
 
timing is selected so that after 19 passes all Jupiter longitudes
 
have been observed with lo centered in each image. Every
 
fourth image overlaps an earlier image by 21.3%. During the
 
coverage interval there are also 5 Europa passes and 1 or 2
 
Ganymede passes (outside the S/C orbit) which may be observed.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... 1.7 (10.1 days)
 
Measurement Orbit Frequency..... 3/orbit
 
Orbit Period (hrs).............. 141 (5.9 days) L
 
Measurement Alt. Range .......... 12 Jupiter radii4
 
Max. Measurement Arc° ..... ,... I image/To pass
 
Max. Sensor on Time ....... I image/lo pass
 
No. of Impulses (AV)..............
 
Capture AV (km/see).............. 6.595
 
Plane Change AV (km/sea)........
 
Size Adjustment AV (km/sec)......-

Total AV (km/sec) ................ 6.59
 

MEASUREMENT ACHIEVEMENT:
 
1. 	Special orbit selected to systematically monitor Jo's motion in
 

Jupiter Space.
 
2. 	Obtained parameters are for lo's subsatellite ground trace.
 
3. 	Time between contiguous images (every 4th image) is 10.1 days.
 
4. 	Distance to Jupiter's surface but not necessarily RF source.
 

AV is slightly above 6.5 km/sec limit. In fact this selection is less
5. 	
favorable than previous page because 1) higher AV, 2) longer
 
coverage time, and 3) less additional satellite passes.
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ORBIT SELECTION DATA SHEET NO. 151
 

Jupiter (1978) FAMILY NO. 2 ORBIT NO. 11
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)......... 15,000 15,000
 
Minimum Image Overlap (%)....... 20 20
 
Total Planet Coverage (%)....... > 70 100
 
Solar Elevation Range (deg).. - Night 
Image Interval ................. 1
 

231
Time for % Coverage (days).......-

Coverage Interval............... > 2/yr 9 orbits (-2 6d)
 

Distribution .................... Cloud belts, Global
 
red spots
 

ORBIT ELEMENTS: Final Intermediate 
Eccentricity.................. .2648 
Periapse Alt. (km)............. 356,750 
Apoapse Alt. (km) ............... 665,059
 
Inclination (deg)............... 90
 
Ascending Node (deg)............ 351.5
 
Arg. of Periapse (deg).......... 322.2
 

SELECTION RATIONALE:
 

A small eccentricity orbit is chosen to minimize altitude
 
variations over a maximum measurement arc of 1800. An inclination
 
of 900 assures complete latitude coverage. During one complete
 
measurement pass (1800 including periapse) the planet rotates
 
-2.5 times beneath the S/C yielding a 'longitudinal" ground trace.
 
The subsequent orbit is displaced normal to this ground trace
 
by 12000 km giving 20% image overlap.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images...
 
Measurement Orbit Frequency ..... every orbit
 
Orbit Period ................... 7 Jupiter days2
 

Measurement Alt. Range .......... 5 to 8.06 Jupiter radii
 
Max. Measurement Arc (deg)...... -52 to 128
 
Max. Sensor on Time ............. 25.3 hrs/orb
 
No. of Impulses (AV)............ I
 
Capture AV (km/sec)............. 6.22
 
Plane Change AV (km/see) .........-

Size Adjustment AV (km/sec) ......-

Total AV (km/sec)............... 6.22
 

MEASUREMENT ACHIEVEMENT:
 
1. 	 This coverage time is about 25% of an original estimate of 107d
 

based on longitudinal image displacement for contiguous coverage.
 
The shorter coverage time is achieved by a primarily latitude image
 
displacement normal to the highly "longitudinal" ground trace
 
caused by the combination of Jupiter's rapid rotation rate and the
 
slow S/C motion (orbit period almost 3 days).
 

2. 	 Actual period should be about 1 hr less than 7 Jupiter days for 
correct 	image displacement.
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ORBIT SELECTION DATA SHEET NO. 152
 

Jupiter (1978) FAMILY NO. 2 ORBIT NO. 7
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)......... 15,000 15,000 
Minimum Image Overlap (%)....... 20 20 
Total Planet Coverage (%)....... > 70 94 
Solar Elevation Range (deg)... - Night 
Image Interval .................. - 2 
Time for % Coverage (days)...... - 621 d 
Coverage Interval ............... 2/yr 16 orbits (-66
 
Distribution..................... Cloud belts -90 to 620 lati-


Red spot tude, all longi­
tudes
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity .................... . 6619
 
Periapse Alt. (km).............. 178,375
 
Apoapse Alt. (km)............... 1,156,020
 
Inclination (deg)............... 90
 
Ascending Node (deg)............ 351.5
 
Arg. of Periapse (deg).......... 329.4
 

SELECTION RATIONALE:
 

A higher eccentricity orbit is chosen for comparison with
 
Data Sheet No. 151. The capture AV is less by 2.50 km/sec.
 
The time for coverage however has almost tripled to 62 days.
 
Also a restriction of max. h/he = 2 prohibits measurement above
 
620 N. latitude even though an inclination of 900 is chosen
 
to maximize latitude coverage. The % coverage is only 6% less
 
but the North Pole is not covered.
 

ORBIT/MEASUREMENT CHARACTERISTICS: 
Orbits to Contiguous Images ..... 1 
Measurement Orbit Frequency ..... every orbit 2 
Orbit Period .................... 10 Jupiter days 
Measurement Alt. Range .......... 2.5 to 5 Jupiter radii 
Max. Measurement Arc (deg)...... -59 to 93 
Max. Sensor on Time............ 8.7 hrs/orb 
No. of Impulses (AV)............ 1 
Capture AV (km/sec) ............ 3.72 
Plane Change AV (km/sec) ........ 
Size Adjustment AV (km/sec) ..... -
Total AV (km/see) ............... 3.72 

MEASUREMENT ACHIEVEMENT: 

1. 	 Same comment as Note 1 on Data Sheet No. 151 except coverage time 
is shortened by only about 60% of original estimate (153 ) since
 
the ground trace is more "diagonal".
 

2. 	 Actual period should be about 45 min. less than 10 Jupiter days
 
for correct image displacement.
 

3. 	 Max. altitude range arbitrarily limited to h/hp = 2.
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ORBIT SELECTION DATA SHEET NO. 153
 
Jupiter (1978) FAMILY NO. 3 ORBIT NO. II
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)......... 15,000 15,000
 
Minimum Image Overlap (%)....... 20 20
 
Total Planet Coverage (%)....... > 70 100
 
Solar Elevation Range (deg)..... - Night
 
Image Interval .................. -

Time for % Coverage (days) ...... < 1 day 231,3
 
Coverage Interval ............... > 10/yr > 10/yr
 
Distribution ................... - Global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity .................... .2648
 
Periapse Alt. (km).............. 356,750
 
Apoapse Alt. (km)............... 665,059
 
Inclination (deg)............... 90
 
Ascending Node (deg)............ 351.5
 
Arg. of Periapse (deg).......... 322.2
 

SELECTION RATIONALE:
 

A small eccentricity orbit is chosen to minimize altitude
 
variations over a maximum measurement arc of 1800. An inclination
 
of 900 assures complete latitude coverage. During one complete
 
measurement pass (1800 including periapse) the planet rotates
 
2.5 times beneath the S/C yielding a 'longitudinal" ground
 
trace. The subsequent orbit is displaced normal to this ground
 
trace by 12000 km giving 20% image overlap.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... 1 
Measurement Orbit Frequency..... every orbit 2 
Orbit Period.................... 7 Jupiter days 
Measurement Alt. Range .......... 5 to 8.06 Jupiter radii 
Max. Measurement Arc (deg) ....... -52 to 128 
Max. Sensor on Time ............. 25.3 hrs/orbit 
No. of Impulses (AV)...... I.......1 
Capture AV (km/sec)............ 6.22 
Plane Change AV (km/sec)........ -

Size Adjustment AV (km/sec)......-

Total AV (km/sec) ............... 6.22
 

MEASUREMENT ACHIEVEMENT:
 
1 * -See Orbit Data Sheet No. 151
 
2.­

3. 	If scanning normal to the ground trace were used the coverage time
 
could be reduced to -25 hrs. Viewing the entire planet disc from
 
a great distance (-.50 R-) would decrease coverage time to < 1 day,
 
but 	resolution may alsA be decreased.
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ORBIT SELECTION DATA SHEET NO. 154
 

Jupiter (1978) FAMILY NO. 3 ORBIT NO. 7
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)......... 15,000 15,000
 
Minimum Image Overlap ().... 20 20
 
Total Planet Coverage (%)....... > 70 94
 
Solar Elevation Range (deg) .... Night
 
Image Interval.................. -21
 

,4
Time for % Coverage (days)...... < I day 

Coverage Interval ............... > 10/yr > 10/yr
 
Distribution -90 to 620 

latitude 
all longitude 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity .................... .6619
 
Periapse Alt. (km)............. 178,375
 
Apoapse Alt. (km).............. 1,156,020
 
Inclination (deg)................ 90
 
Ascending Node (deg) ............ 351.5
 
Arg. of Periapse (deg) .......... 329.4
 

SELECTION RATIONALE:
 

A higher eccentricity orbit is chosen for comparison with
 
Data Sheet No.' 153. The capture AV is less by 2.50 km/sec.
 
The time for coverage however has almost tripled to 62 days.
 
Also a restriction of max. h/hr = 2 prohibits measurement above
 
620 N. Latitude even though an inclination of 90' is chosen
 
to maximize latitude coverage. The % coverage is only 6% less
 
but the North Pole is not covered.
 

ORBIT/MEASUREMENT CHARACTERISTICS: 
Orbits to Contiguous Images ..... I 
Measurement Orbit Frequency ..... every orbit 2 
Orbit Period (hrs).............. 10 Jupiter days3

2.5 to 5 Jupiter radii 3 
Measurement Alt. Range (km).....
 
Max. Measurement Arc (deg) ...... -59 to 93
 
Max. Sensor on Time (min/orb).. 8.7 hrs
 
No. of Impulses (AV)............ I
 
Capture AV (km/sec)............. 3.72
 
Plane Change AV (km/sec) ........ -

Size Adjustment AV (km/sec)..... -

Total AV (km/sec) ............... 3.72
 

MEASUREMENT ACHIEVEMENT: 

2. See Orbit Data Sheet No. 152 
3.
 

4. Scanning normal to the ground trace at nadir angles up to 9.6°
 
(poor resolution near this limit) would permit complete coverage
 
in one pass, i.e., 8.7 hrs.
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ORBIT SELECTION DATA SHEET NO. 155
 

Jupiter (1978) FAMILY NO. 4 


GROUP MEASUREMENT SPECIFICATIONS: 
Minimum Image Size (km)......... 
Minimum Image Overlap (%). ..... 
Total Planet Coverage (%)....... 
Solar Elevation Range (deg)... 
Image Interval .................. 
Time for % Coverage (days) ...... 

Coverage Interval ............... 

Distribution .................... 


ORBIT ELEMENTS: 

Eccentricity.................... 

Periapse Alt. (km).............. 

Apoapse Alt. (km).............. 

Inclination (deg)............... 

Ascending Node (deg)............ 

Arg. of Periapse (deg).......... 


SELECTION RATIONALE:
 

Required 

15,000 

20 

> 70 

day 


< 1 day 

> 10/yr 


Final 

.2648
 
356,750
 
665,059
 
90
 
351.5
 
322.2
 

ORBIT NO. 11
 

Obtained
 
15,000
 
20
 
100
 
day
 

107 days1
 

> 10/yr
 
global
 

Intermediate
 

A low eccentricity orbit is selected to image in daylight

from minimum altitudes with minimum altitude variations (apoapse
 
is on daylight side). During one measurement pass (North to
 
South Pole including apoapse) the planet rotates almost 4.5
 
times beneath the spacecraft.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... 

Measurement Orbit Frequency ..... 

Orbit Period (hrs) .............. 

Measurement Alt. Range (km)..... 

Max. Measurement Arc (deg)...... 

Max. Sensor on Time (mn/orb).. 

No. of Impulses (AV)............ 

Capture AV (km/sec)............. 

Plane Change AV (km/sec)........
 
Size Adjustment AV (km/sec).... 

Total AV (km/sec)............... 


MEASUREMENT ACHIEVEMENT:
 

1
 
every orbit 2
 
7 Jupiter days
 
5.53 to 9.32 Jupiter radii
 
128 through 180 to -52
 
43.6 hrs
 
1
 
6.22
 

-

6.22
 

1. 	Coverage time is based on longitudinal image displacement of
 
12000 km between consecutive orbits, In fact, displacing images
 
12000 km in latitude on consecutive orbit should reduce the
 
coverage time by more than 75%.
 

2. 	The orbit period should be reduced by several hours to obtain
 
proper image displacement on consecutive orbits.
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ORBIT SELECTION DATA SHEET NO. 156
 

Jupiter (1978) FAMILY NO. 4 ORBIT NO. 7
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)......... 
Minimum Image Overlap CA)....... 
Total Planet Coverage (%)....... 

15,000 
20 
> 70 

15,000 
20 
503 

Solar Elevation Range (deg)... day day 
Image Interval .................. 
Time for % Coverage (days)...... < 1 day 1531 

Coverage Interval ............... 
Distribution 

> 10/yr 
-

> 10/yr 
Southern 
Hemisphere 

ORBIT ELEMENTS: Final Intermediate 
Eccentricity.................... 
Periapse Alt. (km).............. 
Apoapse Alt. (km)............... 
Inclination (deg)............... 

.6619 
178,375 
1,156,043 
90 

Ascending Node (deg)............ 
Arg. of Periapse (deg).......... 

351.5 
272.7 

SELECTION RATIONALE:
 

Chosing a high eccentricity orbit requires 
a maximum4
 

off-periapse insertion (OPI) of 570 to move periapse from
 
the night side to within 3' of daylight terminator. This
 
permits maximum daylight measurement arc within h/ho limit
 
of 2. Even so, latitudes of coverage are 0-900 (Southern
 
Hemisphere) yielding only 50% coverage of the planet.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... I
 
Measurement Orbit Frequency ..... every orbit 2
 
Orbit Period (hrs).............. 10 Jupiter days
 
Measurement Alt. Range (km)..... 2.5 to 5 Jupiter radii3
 

Max. Measurement Arc (deg) ....... -92.7 to -2.7
 
Max. Sensor on Time (min/orb)... 5.7 hrs/orbit
 
No. of Impulses (AV)............ I
 
Capture AV (km/sec)............. 6.59 (-56.8°)
 
Plane Change AV (km/sec)........
 
Size Adjustment AV (km/sec)......-

Total AV (km/sec)............... 6.594
 

MEASUREMENT ACHIEVEMENT:
 
1. 	A coverage time of 153 days is based on longitudinal image dis­

placement. Image displacement hormal to the ground trace on
 
consecutive orbits is more efficient and should result in
 
shortening the coverage time by about 30%.
 
Orbit period should be shortened by-'l hr for good image displacement,
2. 
 .
 = 2, even with OPT = 570
3. 	Coverage limited by max. h/h, 


4. 	Capture AV for 57' OPI is slightly above limit of 6.5 km/sec.
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ORBIT SELECTION DATA SHEET NO. 157
 

4 	 ORBIT NO. 9
Jupiter (1978) FAMILY NO. 


GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)......... 15,000 15,000
 
Minimum Image Overlap (%)....... 20 20
 
Total Planet Coverage (%...... > 70 	 99
 
Solar Elevation Range (deg) .... day 	 day
 

1
Image Interval 184 1................. 

Time for % Coverage (days) ...... < 1 day 184 days
 
Coverage Interval .............. > 10/yr > 10/yr
 
Distribution 
 -90 to 830
 

latitude
 
All longitudes
 

ORBIT ELEMENTS" Final Intermediate
 
Eccentricity.................... .70056 .95
 
Periapse Alt. (kmn)................178,375 178,375
 
Apoapse Alt. (km)............... 1,346,922 135.5 Jupiter radii
 
Inclination (deg).............. 90 9
 
Ascending Node (deg)............ 114 142
 
Arg. of Periapse (deg).......... 177 153
 

SELECTION RATIONALE:
 

Daylight coverage is required. Because periapse is on the
 

dark side, an off-periapse insertion is used on an orbit having
 
low inclination and high eccentricity to move periapse to the
 

light side. A plane change is made to a polar orbit and the
 
that the orbit period becomes 12
eccentricity is reduced so 


Jupiter rotation periods.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... 1 
Measurement Orbit Frequency ..... every orbit I 
Orbit Period.. 12 Jupiter days 2 

Measurement Alt. Range..:........ 2.5 to 5.3 Jupiter radii 
Max. Measurement Arc (deg)...... -80 to 94 
Max. Sensor on Time............ 10.7 hrs/orbit
 
No. of Impulses (AV)............ 3
 
Capture AV (km/sec)............. 3.47 (-29.7-)
 
Plane Change 6V (km/sec)......... 1.09 (850)
 
Size Adjustment AV (km/sec).... 2.08
 

6.643

Total AV (km/sec).............. 


MEASUREMENT ACHIEVEMENT:
 

184 days are required for one complete longitudinal coverage of the
1. 

the 	ground trace should reduce
planet. Displacing images normal to 


The 	orbit period should be shortened
the 	coverage time by 50%. 

-1 hr to accomplish this.
 

2. 	The altitude range is slightly in excess of the limit h/h0 = 2
 

used in previous selections.
 
3. 	The total AV exceeds the ground rule limit of 6.5 km/sec.
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ORBIT SELECTION DATA SHEET NO. 158
 

Jupiter ( 197E FAMILY NO. 5 ORBIT NO. 11 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 15,000 15 000
 
Minimum Image Overlap (%).......... 20 H
 
Total Planet Coverage ( .......... > 70 100
 
Solar Elevation Range (deg)........ day and night day and night
 
Image Interval.....................
 
Time for % Coverage (days).......... < 1 day 107 daysl
 
Coverage Interval.................. >10/yr > 10/yr
 
Distribution....................... global
 

ORBIT ELEMENTS: Final Intermediate
 
EccentrLcity....................... 26475
 
Periapse Alt. (km)................ 356,750
 
Apoapse Alt. (km).................. 665,059
 
Inclination (deg) .................. 90
 
Ascending Node (deg)............... 351.47
 
Arg. of Periapse (deg)............. 322.2
 

SELECTION RATIONALE:
 
The eccentricity and periapse altitude of this orbit
 

were chosen so that the ratio of apoapse altitude to
 
periapse altitude would be less than 2 while maintaining
 
a capture AV < 6.5 km/sec. The inclination was set at 90*
 
to maximize the latitude coverage.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ I
 
Measurement Orbit Frequency ........ every orbit3
 
Orbit Period ........................ 7 J2ter days
 
Measurement Alt. Range.............. .to9.3- Jupiter radii
 
Max. Measurement Arc (deg)............. 36to
 
Max. Sensor on Time ......... s...... 68.89 hrs/orbit
 
No. of Impulses (AV)............... 1
 
Capture AV (km/sec) ................ 6.22
 
Plane Change AV (km/sec) .....
 
Size Adjustment AV (km/sec).......
 
Total AV (km/sec) .................. 6.22
 

MEASUREMENT ACHIEVEMENT:
 
1. 107 days are required to obtain complete longitudinal coverage
 

(100%) of the planet. Displacing images normal to the ground
 
trace will reduce the minimum coverage time to 23 days as
 
indicated on Data Sheet No. 151.
 

2. Actual period should be about 1 hr less than 7 Jupiter days
 
for correct image displacement.
 

3. Continuous imaging on every orbit will definitely present a
 
data handling problem.
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ORBIT SELECTION DATA SHEET NO. 159
 

Jupiter (1978) FAMILY NO. 5 	 ORBIT NO. 7
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)........ 15,000 15,000
 
Minimum Image Overlap (%)....... 20 20
 
Total Planet Coverage (%)....... > 70 503
 

Solar Elevation Range (deg) .. day and night day and night
 
Image Interval ....... ........ - -5 1
 
Time for % Coverage (days) .... < 1 day 153
 
Coverage Interval ............... > 10/yr > 10/yr
 
Distribution - Southern
 

Hemisphere
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ................... ..6619
 
Periapse Alt. (km)............. 178,375
 
Apoapse Alt. (km)............... 1,156,043
 
Inclination (deg) ......... ...... 90
 
Ascending Node (deg)............. 351.5
 
Arg. of Periapse (deg).......... 272.7
 

SELECTION RATIONALE:
 4
 
Choosing a high eccentricity orbit requires 

a maximum
 

off-periapse insertion 570 to move periapse from the night
 
side to within 30 of the terminator A 900 inclination thus
 
permits maximum day and night latitude coverage within an h/h
 
limit of 2. Even so, latitudes of coverage are 0-90* (Southepn
 
Hemisphere) yielding only 50% coverage of the planet. This
 
is the same orbit selection as orbit data sheet No. 156.
 

ORBIT/MEASUREMENT CHARACTERISTICS: 
Orbits to Contiguous Images... 1 
Measurement Orbit Frequency ..... every orbit.lO ..............
Orbit Period (hrs) 


2.5 	to 53
Measurement Alt. Range (km)..... 


Max. Measurement Arc (deg)......- 92.7 to 87.3
 
Max. Sensor on Time (min/orb) 11
 
No. of Impulses (AV) ............ 1
 
Capture AV (km/sec)............ 6 59 (-56 8)
 
Plane Change AV (km/sec)........
 
Size Adjustment AV (km/sec) .... .54
 
Total AV (km/sec)................ 6.59
 

MEASUREMENT ACHIEVEMENT:
 
1. 	A coverage time of 153 days is based on longitudinal image dis­

placement. Image displacement normal to the ground trace on
 
consecutive orbits is more efficient and should result in
 
shortening the coverage time by about 30%.
 

Orbit period should be shortened by lIhr for good image displacement.
 
.
3. 	Coverage limited by max. h/hP = 2, even with OPI = 57*
 

4. 	 Capture AV for 570 OPI is slightly above limit of 6.5 km/sec.
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ORBIT SELECTION DATA SHEET NO. 160
 

Jupiter (1978) FAMILY NO. 6 	 ORBIT NO. 4
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 15,000 15,000 
Minimum Image Overlap )........... 60 60 
Total Planet Coverage (%).........> 70 	 100
 
Solar Elevation Range (deg) ...... - night
 
Image Interval ..................... 
 -


1231
Time 	for % Coverage (days) ....... 


Coverage Interval.................. > 2/yr > 2/yr
 
Distribution....................... 	 global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity ............. ......... .37715
 
Periapse Alt. (km)................ 178,375
 
Apoapse Alt. (km).................. 480,812
 
Inclination (deg).................. 90
 
Ascending Node (deg)................ 351 47
 
Arg. 	of Periapse (deg)............. 329
 

SELECTION RATIONALE:
 

Using this orbit, complete longitudinal coverage of the 
planet can be obtained in the shortest possible time under 
the constraints that the periapse radius be 3.5 Jupiter 
radii to avoid the radiation belts and that the capture 6V 
be < 6.5 km/sec. The inclination was selected to be 90' to 
maximize the latitude coverage. 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 

42
Orbit Period ...................... 

Measurement Alt. Range ............. 2.5 to 4.98 Jupiter radii
 

Max. Measurement Arc (deg)..........- 59 to 121
 
Max. 	Sensor on Time ................ 11.5 hrs/orbit
 

No. of Impulses (AV)............... I
 
Capture AV (km/sec)................ 6.38
 
Plane Change AV (km/sec)... ......
 
Size Adjustment AV (km/sec) .
 
Total AV (km/sec).................. 6.38
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 Coverage time is based on longitudinal image displacement.
 
Displacing images normal to the ground trace should reduce
 
the coverage time by about 50%.
 

2. 	 Orbit period should be about 1 hr less than 4 Jupiter days 
for best image displacement. 
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ORBIT SELECTION DATA SHEET NO. 161
 

Jupiter (1978) FAMILY NO. 6 ORBIT NO. 7
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 15,000 15,000
 
Minimum Image Overlap (.......... 60 60
 
Total Planet Coverage ().......... > 70 93
 
Solar Elevation Range (deg) .... night
 
Image Interval ............... ..
 
Time for % Coverage (days)......... 306 daysl
 

Coverage Interval.................. > 2/yr > 2/yr
 
Distribution....................... - -90 to 620
 

Latitude
 
All longitudes
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity.. .................... 66187
 
Periapse Alt. (ki)............... 178,375
 
Apoapse Alt. (km).................. 1,156,043
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 351 47
 
Arg. of Periapse (deg)............. 329
 

SELECTION RATIONALE:
 
This orbit was selected to show the trade off in mission
 

time versus capture AV. This orbit has a longer period than
 
the orbit in Orbit Selection Data Sheet No 160 but a lower
 
capture AV. Again the 900 inclination provides maximum
 
latitude coverage
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ I
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period ...................... 10 Jupiter days
 
Measurement Alt. Range ............ 2.5 to 5 Jupiter radii
 
Max. Measurement Arc (deg).......... 59 to 93
 
Max. Sensor on Time ................ 8.7 hrs/orbit
 
No. of Impulses (AV)............... I
 
Capture AV (km/sec)................ 3 771
 

-Plane Change AV (km/sec)............ 

-Size Adjustment AV (km/sec)......... 


Total AV (km/see) .................. 3.771
 

MEASUREMENT ACHIEVEMENT:
 

1. Coverage time is based on longitudinal image displacement.
 
Displacing contiguous images normal to the ground trace should
 
reduce the coverage time by as much as 50%.
 

2. orbit period should be shortened by 1 hour for best image
 
displacement between contiguous orbits.
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ORBIT SELECTION DATA SHEET NO. 162
 

Jupiter (1978) FAMILY NO. 7 	 ORBIT NO. 11
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)........ 5,000 5,000
 
Minimum Image Overlap ()...... 20 20
 
Total Planet Coverage (%)....... > 70 100
 
Solar Elevation Range (deg)......- night


751
Image Interval ...... 

Time 	for % Coverage (days).....
 

Coverage Interval................ > 4/yr > 4/yr
 
Distribution.................... Cloud belts Global
 

Red spot
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity .................... . 2648
 
Periapse Alt. (km)............. 356,750
 
Apoapse Alt. (km)............... 665,059
 
Inclination (deg)............... 90
 
Ascending Node (deg)............ 351,5
 
Arg. 	of Periapse (deg).......... 322.2
 

SELECTION RATIONALE:
 

A small eccentricity orbit is chosen to minimize altitude
 
variations over a maximum measurement arc of 1800. An
 
inclination of 90' assures complete latitude coverage. During
 
one complete measurement pass (1800 including periapse) the
 
planet rotates -2.5 times beneath the spacecraft resulting in
 
a "longitude" ground trace. The subsequent orbit is displaced
 
normal to this ground trace by 4000 km giving 20% image
 
overlap.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... 1
 
Measurement Orbit Frequency..... every orbit
 
Orbit Period (hrs)......... 72
 
Measurement Alt. Range (km)..... 5 to 8.06
 
Max. Measurement Arc (deg)...... -52 to 128
 
Max. Sensor on Time (min/orb)... 25.3
 
No. of Impulses (AV)............ 1
 
Capture AV (km/sec)............ 6.22
 
Plane Change AV (km/sec).........-

Size Adjustment AV (km/sec)......-

Total AV (km/see) ............... 6.22
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 Coverage time is based on image displacement normal to the ground
 
trace. An early estimate of coverage time based on longitudinal
 
image displacement resulted in a much larger value of-322 days.
 

2. 	 The orbit period should be shortened by -20 min. to acheive
 
"normal" image displacement.
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ORBIT SELECTION DATA SHEET NO. 163
 

Jupiter (1978) FAMILY NO. 7 	 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)..... .. 5,000 5,000 
Minimum Image Overlap (%)....... 20 20 
Total Planet Coverage (%)....... > 70 100 
Solar Elevation Range (deg)......- night
Image Interval................. - 230 daysi 

Time for % Coverage (days) .... > 4/yr > 4/yr 
Coverage Interval............... cloud belts global 
Distribution..................... red spot 

ORBIT ELEMENTS Final Intermediate
 
Eccentricity .................... . 30989
 
Periapse Alt. (km).............. 249,725
 
Apoapse Alt. (km)............... 538,083
 
Inclination (deg) ............... 90
 
Ascending Node (deg)............ 351.47
 
Arg. of Periapse (deg).......... 326
 

SELECTION RATIONALE:
 

This orbit was selected because in comparison to the orbit
 
described on the orbit selection data sheet immediately pre­
ceeding which satisfies the same measurement specifications,
 
this orbit has a slightly higher capture AV in return for
 
shorter mission times and lower measurement altitudes.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... 1
 
Measurement Orbit Frequency..... every orbit
 
Orbit Period................... 5 Jupiter days
 
Measurement Alt. Range ......... 3.5 to 6.2 Jupiter radii
 
Max. Measurement Arc (deg)...... -56 to 124
 
Max. Sensor on Time ............. 16.6 hrs/orb
 
No. of Impulses (LV).......... 1
 
Capture AV (km/sec)............. 6.435
 
Plane Change LV (km/sec)........
 
Size Adjustment AV (km/sec). .. -

Total AV (km/sec) .............. 6.435
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 230 days coverage time is based on longitudinal image displace­
ment. In comparing this with Data Sheet No. 162, the original
 
coverage time of 322 days should be used for the latter. It is
 
expected that the 230 day coverage time could be reduced by
 
more than 50% if contiguous images are displaced normal to the
 
groand trace.
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ORBIT SELECTION DATA SHEET NO. 164
 

Jupiter (1978) FAMILY NO. 8 	 ORBIT NO.1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 5,000 5,000
 
Minimum Image Overlap (%).......... 20 20 
Total Planet Coverage (%).......... > 10 100 
Solar Elevation Range (deg) ...... - night I 
Image Interval..................... < 2 mmn 1.64 days2days

Time for % Coverage (days)......... -184 


Coverage Interval.......
 
Distribution ....................... belts, red global
 

spot, tropics
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity........................ 37715
 
Periapse Alt. (km).................. 178,375
 
Apoapse Alt. (km).................. 480,812
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 351.47
 
Arg. of Periapse (deg)............. 329
 

SELECTION RATIONALE:
 
Even though the percentage coverage required is small and
 

restricted to specific areas whose location will depend upon
 
results of prior imaging, this orbit was selected so that the
 
entire planet surface could be covered in 184 days. This is
 
the shortest time to obtain 100% coverage of the planet sur­
face 	under the constraints that the capture 6V be less than
 
6.5 km/sec and the periapse radius be 3.5 Jupiter radii.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images........ 1
 
Measurement Orbit Frequency........ every orbit
 
Orbit Period ....................... 4 Jupiter days
 
Measurement Alt. Range ............. 2.5 to 4.98 Jupiter radii
 
Max. Measurement Arc (deg)......... -59 to 121 
Max. Sensor on Time ................ 11,5 hrs/orbit 
No. of Impulses (AV)............... 1 
Capture AV (km/sec)................ 6.38 
Plane Change AV (km/see)...... 
Size Adjustment AV (km/see). ..... 
Total AV (km/see).................. 6.38 

MEASUREMENT ACHIEVEMENT:
 

1. 	 The shortest time between coverages of the same area is
 
equal 	to one orbit period or 1.64 days. If image motion
 
compensation were possible, several images of the same surface
 
area might be feasible at intervals of < 2 min.
 

2. 	 Coverage time based on longitudinal image displacement. Dis­
placing images normal to the ground trace should decrease
 
the coverage time by more than 50%.
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ORBIT SELECTION DATA SHEET NO. 165
 
Jupiter (1978) FAMILY NO. 8 
 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km).......... 5,000 5,000

Minimum Image Overlap (%)....... 20 20
Total Planet Coverage (.)....... > 10 100

Solar Elevation Range (deg)
..... ­ night
Image Interval ................ < 2 min 2.05 days
Time for % Coverage (days) ...... -
 23O
 
Coverage Interval .............. 
 .
 
Distribution.................... 
 Cloud belts, Global
 

red spot,
 
tropics
ORBIT ELEMENTS: 
 Final Intermediate
 

Eccentricity.................... .3099
 
Periapse Alt. (km)............. 249,725

Apoapse Alt. (km)............... 538,083

Inclination (deg).................90
Ascending Node (deg)............ 351.5
Arg. of Periapse (deg).......... 326
 

SELECTION RATIONALE:
 

This selection demonstrates the penalties of minimizing

altitude variation. Compared to Data Sheet No. 164 the h/h 
= 1.77 instead of 2, the result of a lower eccentricity orbit.
 
Yet the measurement altitudes themselves 
are larger, the
 coverage time is longer (both these factors a result of keeping

AV < 6.5 km/sec) and the capture AV is higher.
 

ORBIT/MEASUREMENT CHARACTERISTICS: 
Orbits to Contiguous Images ..... I

Measurement Orbit Frequency
..... every orbit
 
Orbit Period (hrs).............. 5

Measurement Alt. Range... 
...... 3.5 to 6.2 Jupiter radii

Max. Measurement Arc (deg) ....... -56 to 124
 
Max. Sensor on Time .............. 16.6 brs/orbit
No. of Impulses (AV)........
 
Capture AV (km/see).............. 6.44
Plane Change AV (km/sec)........-

Size Adjustment AV (km/sec)......-

Total AV (km/sec) ............... 6.44
 

MEASUREMENT ACHIEVEMENT:
 
1. Several images of the same area might be imaged on any single
 

pass at intervals of< 2 min, instead of only one/orbit.
 

2. 
 Coverage time based on longitudinal image displacement.
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ORBIT SELECTION DATA SHEET NO. 166
 

Jupiter (1978) FAMILY NO. 9 	 ORBIT NO. 11
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)........ 5,000 5,000 
Minimum Image Overlap (%)....... 20 20 
Total Planet Coverage (%)....... > 70 100 
Solar Elevation Range (deg)... night 
Image Interval .................. < 15 min 2.87 days 
Time for % Coverage (days)... 75 daysL 
Coverage Interval ............. > 4/yr > 4/yr 
Distribution .................... global 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity...................26475
 
Periapse Alt. (1m................356,750

Apoapse Alt. (km)................ 665,059
 
Inclination (deg)............... 90
 
Ascending Node (deg)............ 351.47
 
Arg. of Periapse (deg).......... 322
 

SELECTION RATIONALE:
 

A small eccentricity orbit is chosen to minimize altitude
 
variations over a maximum measurement arc of 1800. An
 
inclination of 900 assures complete latitude coverage. During
 
one complete measurement pass (1800 including periapse) the
 
planet rotates -2.5 times beneath the spacecraft resulting in
 
a "longitude" ground trace. The subsequent orbit is displaced
 
normal to this ground trace by 4000 km giving 20% image
 
overlap.
 

ORBIT/MEASUREMENT CHARACTERISTICS: 
Orbits to Contiguous Images ..... 1
 
Measurement Orbit Frequency ..... every orbit 3
 
Orbit Period .................... 7 Jupiter days
 
Measurement Alt. Range .......... 5 to 8.06 Jupiter radii
 
Max. Measurement Arc (deg)...... -52 to 128
 
Max. Sensor on Time ............. 25.3 hrs/orbit

No. of Impulses (tV)............I
 
Capture AV (km/sec)............. 6.22
 
Plane Change LV (km/sec)........
 
Size Adjustment AV (km/sec).
 
Total AV (km/see)............... 6.22
 

MEASUREMENT ACHIEVEMENT: 

1. 	The image interval, or shortest time between coverages of the
 
same area, equals one orbit period of 2.87 days.
 

2. 	Coverage time is based on image displacement normal to the ground
 
trace. An early estimate of coverage time based on longitudinal
 
image displacement resulted in a much larger value of-322 days.
 

3. 	The orbit period should be shortened by-20 min. to achieve
 
"normal" image displacement.
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ORBIT SELECTION DATA SHEET NO. 167
 

ORBIT NO. 10
Jupiter (1978) FAMILY NO. 9 


GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)......... 5,000 5,000
 
Minimum Image Overlap (%)....... 20 20
 
Total Planet Coverage (%)....... > 70 100
 
Solar Elevation Range (deg) ......- night
 
Image Interval.................. < 15 min 2.05 day§
 
Time for % Coverage (days) ...... - 230 days
 
Coverage Interval ............. > 4/yr > 4/yr
 
Distribution - global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity .................... 30989
 
Periapse Alt. (km)............ 249,725
 
Apoapse Alt. (kmn)........... ..... 538,083
 
Inclination (deg) .............. 90
 
Ascending Node (deg)............ 351.47
 
Arg. of Periapse (deg)....... ... 326
 

SELECTION RATIONALE:
 

This orbit was selected because in comparison to the
 
orbit described on the orbit selection data sheet immediately
 
preceeding which satisfies the same measurement specifications,
 
this orbit has a slightly higher capture AV in return for
 
shorter mission times and lower measurement altitudes.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images..... 1
 
Measurement Orbit Frequency ..... every orbit
 
Orbit Period ................... 5 Jupiter days
 
Measurement Alt. Range ......... 3.5 to 6.2 Jupiter radii
 
Max. Measurement Arc (deg)....... -56 to 124
 
Max. Sensor on Time............. 16.6 brs/orb
 
No. of Impulses (AV)............ I
 
Capture AV (km/sec)............. 6.435
 
Plane Change AV (km/sec)........
 
Size Adjustment AV (km/sec)..... -

Total AV (km/sec)............... 6.435
 

MEASUREMENT ACHIEVEMENT:
 
1. 	The shortest time between coverages of the same area is equal to
 

one orbit period of 2.05 days.
 
2. 	230 days coverage time is based on longitudinal image displacement.
 

In comparing this with Data Sheet No. 162, the original coverage
 

time of 322 days should be used for the latter. It is expected that
 

the 230 day coverage time could be reduced by more than 50% if
 
contiguous images are displaced normal to the ground trace.
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ORBIT SELECTION DATA SHEET NO. 168
 

Jupiter (1978) FAMILY NO. 10 	 ORBIT NO. 11
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)........ 5,000 5,000
 
Minimum Image Overlap (%)...... 20 20
 
Total Planet Coverage (%)....... > 70 100
 
Solar Elevation Range (deg)... - night
 
Image Interval ................ < 2 min 2.87 dais
 
Time for % Coverage (days) ..... - 75 days
 
Coverage Interval ............... > 10/yr > 10/yr
 
Distribution - global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity.................... 26475
 
Periapse Alt. (ki)..............356,750
 
Apoapse Alt. (km)............... 665,059
 
Inclination (deg) ............... 90
 
Ascending Node (deg)............ 351.47
 
Arg. of Periapse (deg).......... 322
 

SELECTION RATIONALE:
 
A small eccentricity orbit is chosen to minimize altitude
 

variations over a maximum measurement arc of 1800. An
 
assures complete latitude coverage. During
inclination of 90* 


one complete measurement pass (1800 including periapse) the
 

planet rotates -2.5 times beneath the spacecraft resulting in
 

a "longitude" ground trace. The subsequent orbit is displaced
 
this ground trace by 4000 km giving 20% image
normal to 


overlap.
 

ORBIT/MEASUREENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... I 
Measurement Orbit Frequency ..... every orbit 3 
Orbit Period....., .............. 7 Jupiter days 
Measurement Alt. Range........... 5 to 8.06 Jupiter radii 
Max. Measurement Arc (deg)...... -52 to 128 
Max. Sensor on Time............. 25.3 hrs/orbit
 

No of Impulses (AV)............ 1
 
Capture AV (km/sec)............. 6.22
 
Plane Change AV (km/sec) ........
 
Size Adjustment AV (km/sec) ...... -

Total AV (km/sec).............. 6.22
 

MEASUREENT ACHIEVEMENT:
 
I. 	Several images of the same area might betimaged on any single
 

pass at intervals of <2 min, instead of only one/orbit.
 

2. 	 trace. 
An early estimate of coverage time based on longitudinal
 
days.
image displacement resulted in a much larger value of -322 


3. 	The orbit period should be shortened by-20 min. to acheive
 
"normal" image displacement.
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ORBIT SELECTION DATA SHEET NO. 169
 

Jupiter (1978) FAMILY NO. 10 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km). 5,000 5,000 
Minimum Image Overlap (%) .. 
Total Planet Coverage (%)..... 

20 
> 70 

20 
100 

Solar Elevation Range (deg).. night 
Image Interval,............ 
Time for % Coverage (days)..... 

< 2 min 2.05 day@1 
230 daysi 

Coverage Interval ............ > 10/yr > 10/yr 
Distribution .. global 

ORBIT ELEMENTS 	 Final Intermediate
 
Eccentricity....... ........ .. .30989 
PerLapse Alt. (km) ..... 249,725 
Apoapse Alt (km) .... 538,083 
[nclLnation (deg) ...... 90 
Ascending Node (deg)........... 351.47 
Arg of Periapse (deg) ..... 326 

SELECTION RATIONALE-


This orbit was selected because in comparison to the
 
orbit described on the orbit selection data sheet immediately
 
preceeding which satisfies the same measurement specLfications,
 
this orbit has a slightly higher capture AV in return for
 
shorter mission times and lower measurement altitudes.
 

ORBIT/MEASUREMENT CHARACTERISTICS-
Orbits to Contiguous Images.. 1 
Measurement Orbit Frequency. every orbit 
Orbit Period. ......... 5 Jupiter days
Measurement Alt. Range ........ 3.5 to 6.2 Jupiter radii 
Max. Measurement Arc (deg)... -56 to 124 
Max. Sensor on Time . 16 6 hrs/orbit 
No of Impulses (V)...... 1 
Capture AV (km/sec) ........... 6 435 
Plane Change AV (km/sec)...... 
Size Adjustment AV (km/sec) .. 

Total AV (km/sec)......... .. 6.435 

MEASUREMENT ACHIEVEMENT:
 
1. 	 Several images of the same area might be imaged on any single
 

pass at intervals of 2 min, instead of only one/orbit.
 

2. 	230 days coverage time is based on longitudinal image displacement.
 
In comparing with Data Sheet No. 162, the original coverage time of
 
322 days should be used for the latter. It is expected that the
 
230 day coverage time could be reduced by more than 50% if contiguous
 
images are displaced normal to the ground trace.
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ORBIT SELECTION DATA SHEET NO. 170
 

_
Jupiter (1978) FAMILY NO. 11 ORBIT NO. 


GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 5,000 5,000
 
Minimum Image Overlap (%)......... 20 20
 

Total Planet Coverage (%)........ > 3 00
 

Solar Elevation Range (deg).......... night
 
Image Interval.....................
 
Time for % Coverage (days) ......... - 184 days
 
Coverage Interval ..................
 
Distribution........................ global global
 

Final Intermediate
ORBIT ELEMENTS: 

Eccentricity............. 37715
 
Periapse Alt. (km).......... 178,375
 
Apoapse Alt. (km).................. 480,812
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 351.47
 
Arg. of Periapse (deg) ............. 329
 

SELECTION RATIONALE:
 
Even though the percentage coverage required is small
 

and restricted to specific areas whose location will depend
 
upon results of prior imaging, this orbit was selected so
 
that the entire planet surface could be covered .in184 days.
 
This is the shortest time to obtain 100% coverage of the
 
planet surface under the constraints that the capture AV
 
be less than 6.5 km/sec and the periapse radius be 3.5
 
Jupiter radii.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ I
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period ....................... 4 Jupiter radii
 
Measurement Alt. Range ............. 2.5 to 4.98 Jupiter radii
 
Max. Measurement Arc (deg).......... -59 to 121
 
Max. Sensor on Time ................ 11.5 hrs/orbit
 
No. of Impulses (AV)............... I
 
Capture AV (km/sec)................ 6.38
 
Plane Change AV (km/sec).....I.......-

Size Adjustment AV (km/sec)......-

Total AV (km/sec).................. 6.38
 

MEASUREMENT ACHIEVEMENT:
 

Coverage time based on longitudinal image displacement. Dis­1. 

placing images normal to the ground trace should decrease
 
the coverage time by more than 50%.
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ORBIT SELECTION DATA SHEET NO. 171
 

Jupiter (1978) FAMILY NO. 11 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)......... 
Minimum ImAge Overlap ( ..... 
Total Planet Coverage (.) ..... 
Solar Elevation Range (deg)..... 

5,000 
20 
> 3 
-

5,000 
20 
100 
night 

Image Interval................ 
Time for % Coverage (days) ...... - 230 day 
Coverage Interval.............. 
Distribution .................... global global 

ORBIT ELEMENTS: Final Intermediat
 
Eccentricity ........ ............ 30989
 
Periapse Alt (km).............. 249,725
 
Apoapse Alt. (km) ............... 538,083
 
Inclination (de ..............90
 
Ascending Node (deg).............351.47
 
Arg. of Periapse (deg) .......... 326
 

SELECTION RATIONALE:
 

This selection demonstrates the penalties of minimizir
 
altitude variation. Compared to Data Sheet No. 170, the hi
 
1.77 instead of 2, the result of a lower eccentricity orbit
 
Yet the measurement altitudes themselves are larger, the
 
coverage time is longer (both these factors a result of keE
 
AV < 6.5 km/sec) and the capture AV is higher.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... I
 
Measurement Orbit Frequency ..... every orbit
 
Orbit Period ..................... 5 Jupiter days
 
Measurement Alt. Range .......... 3.5 to 6.2 Jupiter radi
 
Max. Measurement Arc (deg) ...... -56 to 124
 
Max. Sensor on Time ............. 16.6 hrs/orbit
 
No. of Impulses (AV) ............ 1
 
Capture AV (km/sec)............. 6.435
 
Plane Change AV (km/sec)........
 
Size Adjustment AV (km/sec)..... -

Total AV (km/sec)............... 6.435
 

MEASUREMENT ACHIEVEMENT:
 

1. Coverage time based on longitudinal image displacement.
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ORBIT SELECTION DATA SHEET NO. 173
 

Jupiter (1978) FAMILY NO. 12 


GROUP MEASUREMENT SPECIFICATIONS: 
Minimum Image Size (km) ... 

Minimum Image Overlap (%)....... 
Total Planet Coverage (...... 
Solar Elevation Range (deg)... 
Image Interval .... ... 
Time 	for % Coverage (days)...... 

Coverage Interval............. 

Distribution................. 


ORBIT ELEMENTS- 

Eccentricity .................... 

Periapse Alt. (km)...... .... 

Apoapse Alt. (km)............... 

Inclination (deg)............ 

Ascending Node (deg) ............ 

Arg 	of Periapse (deg)......... 


SELECTION RATIONALE,
 

Required 

5,000 

20 

> 70 

day 


-
> 4/yr 

cloud belt, 

red spot
 

Final 

.30989
 
249,725
 
538,083
 
90
 
351.47
 
326
 

ORBIT NO. 10
 

Obtained
 
5,000
 
20
 
100
 
day
 

230 days
 
-

global
 

Intermediate
 

This orbit was selected because in comparison to the
 
orbit described on the orbit selection data sheet immediately
 
preceeding which satisfies the same measurement specifications,
 
this orbit has a slightly higher capture AV in return for
 
shorter mission times and lower measurement altitudes.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images... 

Measurement Orbit Frequency... 

Orbit Period ................. 

Measurement Alt. Range ......... 

Max. 	 Measurement Arc (deg)....... 

Max. Sensor on Time ............. 

No of Impulses (AV) ............ 

Capture AV (km/sec)............. 

Plane Change AV (km/sec)........
 

I
 
every orbit
 
5 Jupiter days
 
4 to 7.55 Jupiter radii
 
124 through 180 to -56 
32.6 	hr/orbit
 
I
 
6.435
 

Size Adjustment AV (km/sec)......-

Total AV (km/sec).............. 6.435
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 Based on longitudinal image displacement. Displacing the image
 
normal to the ground trace on consecutive orbits should reduce
 
the coverage time by approximately 75%.
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ORBIT SELECTION DATA SHEET NO. 174
 

Jupiter (1978) 	 FAMILY NO. 12 


GROUP MEASUREMENT SPECIFICATIONS: 
Minimum Image Size (km)......... 
Minimum Image Overlap )....... 
Total Planet Coverage ()....... 
Solar Elevation Range (deg)..... 
Image Interval ............... 
Time for % Coverage (days)... 
Coverage Interval ............... 
Distribution .................... 

ORBIT ELEMENTS: 

Eccentricity.. ................ 

Periapse Alt. (ki) ............ 

Apoapse Alt. (kcm) ............ 

Inclination (deg)............... 

Ascending Node (deg)............ 

Arg. of Periapse (deg) .......... 


SELECTION RATIONALE:
 
Daylight coverage is required. 


ORBIT NO. 9
 

Required 

5,000 

20 

> 70 

day 


-

> 4/yr 

cloud belts, 

red spot 


Final 

70056 


178,375 

1,346,922 

90 

114 

177 


Obtained
 
5,000
 
ZO­
99
 
day
 

552 days'
 
> 4/yr
 
-90 to 830
 
latitude
 
All longitudes
 

Intermediate
 
.95
 
178,375
 
135.5 Jupiter radii
 
9
 
142
 
153
 

Because periapse is on
 
the dark side, an off-periapse insertion is used on an orbit
 
having low inclination and high eccentricity to mover periapse
 
to the light side. A plane change is made to a polar orbit
 
and the eccentricity is reduced so that the orbit period
 
becomes 12 Jupiter rotation periods.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... 

Measurement Orbit Frequency..... 

Orbit Period.................... 

Measurement Alt. Range .......... 

Max. Measurement Arc (deg)...... 

Max. Sensor on Time............. 

No. of Impulses (AV)............ 

Capture AV (km/sec)............ 

Plane Change AV (km/see)....... 

Size Adjustment AV (km/sec) ..... 

Total AV (km/sec)............... 


MEASUREMENT ACHIEVEMENT:
 

1 
every orbit
 
12 Jupiter days1 2
 
2.5 to 5.3 Jupiter radii
 
-80 to 94
 
10.7 hr/orbit
 
3
 
3.47 (-29.7)
 
1.09 (850)
 
2.08
 
6.643
 

1. 	Displacing images normal to the ground trace rather than longitudinally
 
should reduce the coverage time by about 50%. The orbit period
 
should be shortened-15 min to accomplish this.
 

2. 	The altitude range is slightly in excess of the limit h/bo = 2
 
used in previous selections.
 

3. 	The total AV exceeds the ground rule limit of 6.5 km/sec.
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ORBIT SELECTION DATA SHEET NO. 175
 

Jupiter( 1978) FAMILY NO. 13 	 ORBIT NO.1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)........... 000 5000 
Minimum Image Overlap (7)....... 20 20 
Total Planet Coverage (%).........> 10 100 
Solar Elevation Range (deg)........ day day
 
Image Interval ..................... <2 min 1.641
 
Time for % Coverage (days)......... 184 days
 
Coverage Interval ..................
 
Distribution .......................beltsred global
 

spot, tropics
 

Final Intermediate
ORBIT ELEMENTS: 

Eccentricity ....................... .37715
 
Periapse Alt. (km).................178,375
 
Apoapse Alt. (km)..................480,812
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 351.47
 
Arg. of Periapse (deg)............. 329
 

SELECTION RATIONALE:
 

Even though the percentage coverage required is small
 
and restricted to specific areas whose location will depend
 
upon results of prior imaging, this orbit was selected so
 
that the entire planet surface could be covered in 1842 days.
 
This is the shortest time to obtain 100%,coverage of the
 
planet surface under the constraints that the capture AV
 
be less than 6.5 km/sec and the periapse radius be 3.5 Jupiter
 
radii.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period ....................... 4 Jupiter days
 
Measurement Alt. Range ............ 3.0 to 6.74Jupiter radii
 

121 	through 180 to -59'
Max. Measurement Arc (deg)......... 

27.8 hrs/orbit
Max. Sensor on Time ................ 


No. of Impulses (AV)............... I
 

Capture AV (km/sec)................ 6.38
 
-


Plane Change AV (km/sec)........... 

Size Adjustment AV (km/sec)........
 

6.38Total AV (km/sec).................. 


MEASUREMENT ACHIEVEMENT:
 
1. 	 Several images of the same area might be imaged on any single
 

pass at intervals of< 2 min, instead of only one/orbit.
 

2. 	Coverage time based on longitudinal image displacement.
 
3. 	The altitude range is slightly in excess of the limit h/ho = 2
 

used in previous selections.
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ORBIT SELECTION DATA SHEET NO. 176
 

Jupiter (1978) FAMILY NO. 13 	 ORBIT NO.10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)......... 5,000 5,000 
Minimum Image Overlap (%)....... 20 20 
Total Planet Coverage (%)....... > 10 100 
Solar Elevation Range (deg)..... day day 
Image Interval .................. < 2 min 2.05 dayj

230 daysi
-
Time for % Coverage (days) ...... 

Coverage Interval...............
 
Distribution ................... belts, red global
 

spot,tropics
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity .................... .30989
 
Periapse Alt. (km).............. 249,725
 
Apoapse Alt. (km)................ 538,083
 
Inclination (deg)........ ........ 90
 
Ascending Node (deg)............ 351.47
 
Arg. of Periapse (deg) .......... 326
 

SELECTION RATIONALE:
 

While the AV and coverage time are both larger for this
 
orbit than Data Sheet No. 175, the altitude ratio is within
 
a limit h/ho = 2. The altitudes themselves are, however,
 
higher than the previous selection. All in all, this is a
 
rather poor selection compared to Data Sheet No. 175.
 

ORBIT/MEASUREMENT CHARACTERISTICS: 
Orbits to Contiguous Images ..... 1 
Measurement Orbit Frequency..... every orbit 
Orbit Period .................... 5 Jupiter days 
Measurement Alt. Range .......... 4 to 7.55 Jupiter radii 
Max. Measuremeiit Arc (deg) ...... 124 though 180 to -56 
Max. Sensor on Time .............. 32.6 hr/orbit 
No. of Impulses (AV) ............ 1 
Capture AV (km/sec)............. 6.435 
Plane Change AV (km/sec) ........
 
Size Adjustment AV (km/sec).....
 
Total AV (km/sec) ............... 6.435
 

MEASUREMENT ACHIEVEMENT: 

1. 	 Several images of the same area might be imaged on any single 
pass at intervals of <2 min, instead of only one/orbit. 

2. 	 Coverage time based on longitudinal image displacement.
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ORBIT SELECTION DATA SHEET NO. 177
 

Jupiter (1978) 	 FAMILY NO. 14 ORBIT NO.
 

Periapse Alt. (ki)................178,375
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)........... 5000 5000 
Minimum Image Overlap (%)....... 
Total Planet Coverage (%).......... 

20 
> 10 

20 
100 

Solar Elevation Range (deg)........ day&night day&night I 
Image Interval..................... < 2 min 1.64 day§ 
Time for % Coverage (days)......... - 184 dayst 
Coverage Interval.................. 
Distribution....................... belts,red 

-
global 

spot,tropics 

ORBIT ELEMENTS: Final Intermediate 
Eccentricity..................... .37715 

Apoapse Alt. (km).................. 480,812
 
Inclination (deg).................. 90
 
Ascending Node (deg)................ 351.47
 
Arg. of Periapse (deg)............. 329
 

SELECTION RATIONALE:
 

Even though the percentage coverage required is small and
 
restricted to specific areas whose location will depend upon
 
results of prior imaging, this orbit was selected so that the
 
entire planet surface could be covered in 184 days. This is
 
the shortest time to obtain 100% coverage of the planet
 
under the constraints that the capture AV be less than 6.5
 
km/sec and the periapse radius be 3.5 Jupiter radii.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ....... 1
 
Measurement Orbit Frequency ........ every orbit 3
 
Orbit Period........................ 4 Jupiter days
 
Measurement Alt. Range ............. 2.5 to 6.74 Jupiter radii
 

360 	3
Max. Measurement Are (deg)......... 

Max. Sensor on Time................. 39.36 hrs/orbit
 
No. of Impulses (6V)............... 1
 
Capture AV (km/sec) ................ 6.38
 
Plane Change AV (km/sec).........
 
Size Adjustment AV (km/sec)........
 
Total AV (km/sec).................. 6.38
 

MEASUREMENT ACHIEVEMENT:
 

1. The shortest time between images of the same area is equal
 
to one period or 1.64 days.
 

2. 	Coverage time based on longitudinal image displacement.
 
3. 	Continuous imaging on every orbit will definitely present
 

a data handling problem.
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ORBIT SELECTION DATA SHEET NO. 178
 

Jupiter (1978) FAMILY NO. 14 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)......... 5,000 5,000
 
Minimum Image Overlap (%)....... 20 20
 
Total Planet Coverage (%)....... > 10 100 
Solar Elevation Range (deg)..... day & night day & nigt
Image Interval.................. < 2 min 2.05 day z 

Time for % Coverage (days)...... - 230 days5
 
Coverage Interval...............
 
Distribution.................... belts, red global
 

spot,tropics
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity .................... .30989
 
Periapse Alt. (km).............. 249,725
 
Apoapse Alt. (km)............... 538,083
 
Inclination (deg)............... 90
 
Ascending Node (deg)............. 351.47
 
Arg. of Periapse (deg).......... 326
 

SELECTION RATIONALE:
 

This selection demonstrates the penalties of minimizing
 
altitude variation. Compared to Data Sheet No. 177 the h/he
 
2.7 	instead of 2.2, the result of a lower eccentricity orbit.
 
Yet the measurement altitudes themselves are larger, the
 
coverage time is longer (both these factors a result of keeping

AV < 6.5 km/sec) and the capture AV is higher.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... I
 
Measurement Orbit Frequency..... every orbit
 
Orbit Period.................... 5 Jupiter days3
 

Measurement Alt. Range.......... 3.5 to 7.54 Jupiter radii
 
Max. Measurement Arc (deg) ...... 3603
 
Max. Sensor on Time ............... 49.20 hrs/orbit
 
No. of Impulses (AV)............ 1
 
Capture AV (km/sec)............. 6.435
 
Plane Change AV (km/sec)........ -

Size Adjustment AV (km/sec)......-

Total AV (km/sec)............... 6.435
 

MEASUREMENT ACHIEVEMENT:
 
1. 	The shortest rime between coverages of the same area is equal to
 

one orbit period or 2.05 days.
 
2. 	Coverage time based on longitudinal image displacement.
 
3. 	Continuous imaging on every orbit will definitely present a data
 

handling problem.
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ORBIT SELECTION DATA SHEET NO. 179
 

Jupiter (1978) FAMILY NO. 15 	 ORBIT NO. ii
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 5000 5000
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%).......... > 70 	 100
 
Solar Elevation Range (deg)........ day&night day&night
 
Image Interval .....................
 
Time for % Coverage (days).......... - 322 daysI
 
Coverage Interval .................. > 4/yr
 
Distribution ....................... cloud belts, global
 

red spot
 

ORBIT ELEMENTS: 	 Final Intermediate
 
Eccentricity....................... .26475
 
Periapse Alt. (ki)..................356,750
 
Apoapse Alt. (km).................. 665,059
 
Inclination (deg).................. 90
 
Ascending Node (deg)................ 351.47
 
Arg. of Periapse (deg) ............. 322
 

SELECTION RATIONALE:
 

This orbit was selected because with it, it is possible to
 
image over the entire orbit so that both the light side and
 
dark sides of the planet can be covered. The required coverage

is obtained in 3221 days.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit 2
 
Orbit Period ....................... 7 Jupiter days

Measurement Alt. Range .............. 5 to 9.32Jupiter radii
 
Max. Measurement Arc (deg).......... 3602
 
Max. Sensor on Time ................ 68.89 hrs/orbit
 
No. of Impulses (AV)............... I
 
Capture AV (km/sec) ................ 6.22
 
Plane Change AV (km/sec)...
 
Size Adjustment AV (km/sec)........
 
Total AV (km/sec) .................. 6.22
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 Coverage time is based on longitudinal image displacement. If
 
images are displaced normal to the ground trace the required
 
coverage time is expected to decrease to -75 days
 

2. 	 Continuous imaging on every orbit will definitely present a
 
data handling problem.
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ORBIT SELECTION DATA SHEET NO. 180
 

Jupiter (1978) 	 FAMILY NO. 15 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 5000 5000
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%)......... > 70 100
 
Solar Elevation Range (deg)........ day&night day&night
 

1
Image Interval 	 -30-days
 
Time for % Coverage (days).......... 

Coverage Interval.................. > 4/yr > 4/yr
 
Distribution....................... cloud belts, global
 

red 	spot
 

ORBIT ELEMENTS: 	 Final Intermediate
 
Eccentricity.............. 	 .. 309
 
Periapse Alt. (km). 2 .2 7.......... 

Apoapse Alt. (km).................. 538,083
 
Inclination (deg).................. 90
 
Ascending Node (deg)............. 351.47
 
Arg. of Periapse (deg)........ ... .26
 

SELECTION RATIONALE:
 

This orbit was selected because it has the following
 
characteristics: 1) the rather low eccentricity allows imaging
 
over the entire orbit so that coverage is obtained both during
 
daytime and night. 2) in comparison to the orbit described on
 
the 	orbit selection data sheet immediately preceeding which
 
satisfies the same measurement specifications, this orbit has
 
a slightly higher capture AV in return for shorter mission times
 
and lower measurement altitudes.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ I
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period .......................... 5 Jupiter days2
 

Measurement Alt. Range ............. 3.5 o 7.54Jupiter radii
 
Max. Measurement Arc (de&)......... 360
 
Max. Sensor on Time ...... ......... 49.20 hrs/orbit
 
No. of Impulses (AV)........... i...I
 
Capture AV (km/sec)................. 6.435
 
Plane Change tV (km/sec)..........
 
Size Adjustment AV (km/see)........
 

Total AV (km/sec)..................... 6.435
 

MEASUREMENT ACHIEVEMENT:
 

1. 	Based on longitudinal image displacement. Displacing the
 
image normal to the ground trace on consecutive orbits should
 
reduce the coverage time by approximately 50%.
 

2. 	Continuous imaging on every orbit will definitely present a
 
data handling problem.
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ORBIT SELECTION DATA SHEET NO. 181
 

Jupiter (1978) FAMILY NO. 16 	 ORBIT NO. 11
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)......... 5,000 5,000 
Minimum Image Overlap (%)....... 20 20 
Total Planet Coverage (%)....... > 70 100 
Solar Elevation Range (deg) ..... night night
 
Image Interval .. ......... < 1 hr 2.87 dais
 
Time for % Coverage (days) ....... 75 days

Coverage Interval................ > 4/yr

Distribution .................... polar regions global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity.................... .26475
 
Periapse Alt. (km).............. 356,750
 
Apoapse Alt. (km).............. 665,059
 
Inclination (deg)............... 90
 
Ascending Node (deg) ............ 351.47
 
Arg. of Periapse (deg).......... 322
 

SELECTION RATIONALE:
 

A small eccentricity orbit is chosen to minimize altitude
 
variations over a maximum measurement arc of 180'. An
 
inclination of 900 assures complete latitude coverage. During
 
one complete measurement pass (1800 including periapse) the
 
planet rotates "2.5 times beneath the spacecraft resulting in
 
a "longitude" ground trace. The subsequent orbit is displaced

normal to this ground trace by 4000 km giving 20% image

overlap.
 

ORBIT/MEASUREMENT CHARACTERISTICS: 
Orbits to Contiguous Images ..... 1 
Measurement Orbit Frequency ..... every orbit 
Orbit Period.................... 7 Jupiter days 3 

Measurement Alt. Range .......... 5 to 8.06 Jupiter radii 
Max. Measurement Arc (deg) ...... -52 to 128 
Max. Sensor on Time ............. 25.3 hours/orbit
No. of Impulses (6V)............ 1 
Capture AV (km/see) ............. 6.22 
Plane Change AV (km/sec) ....... -
Size Adjustment AV (km/sec)......-
Total AV (km/sec)................ 6.22 

MEASUREMENT ACHIEVEMENT:
 

1. 	The shortest time between coverages of the same area is equal
 
to one orbit period or 2.87 days.
 

2. 	Coverage time is based on image displacement normal to the ground
 
trace. An early estimate of coverage time based on longitudinal
 
image displacement resulted in a much larger value ofr--322 days.
 

3. 	The orbit period should be shortened by-20 min. to achieve
 
"normal" image displacement.
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ORBIT SELECTION DATA SHEET NO. 182
 

Jupiter (1978) FAMILY NO. 16 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)......... 5,000 5,000 
Minimum Image Overlap (%)....... 20 20 
Total Planet Coverage (%)....... > 70 100 
Solar Elevation Range (deg) ..... 
Image Interval .......... 

night 
< I hr 

night 
2.05 day I 

Time for % Coverage (days) ...... 
Coverage Interval................ > 4/yr 

230 days' 
-

Distribution .................... polar regions global 

ORBIT ELEMENTS: 	 Final Intermediate
 
Eccentricity.......................30989
 
Periapse Alt. (km) ............. 249,750
 
Apoapse Alt. (km)............... 665,059
 
Inclination (deg)............... 90
 
Ascending Node (deg).............. 351.47
 
Arg. 	of Periapse (deg).......... 326
 

SELECTION RATIONALE:
 

This orbit was selected because in comparison to the orbit 
described on the orbit selection data sheet immediately pre­
ceeding which satisfies the same measurement specifications, this 
orbit has a slightly higher capture AV in return for shorter 
mission times and lower measurement altitudes. 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... I
 
Measurement Orbit Frequency ..... every orbit
 
Orbit Period .................... 5 Jupiter days
 
Measurement Alt. Range .......... 3.5 to 6.2 Jupiter radii
 
Max. Measurement Arc (deg)...... -56 to 124
 
Max. Sensor on Time ............. 16.6 hours/orbit
 
No. of Impulses (AV) ............ 1
 
Capture AV (km/see)............. 6.435
 
Plane Change AV (km/sec).......
 
Size Adjustment AV (km/sec)......-

Total AV (km/sec)............... 6.435
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 The shortest time between images of the same area is equal
 
to one orbit period or 2.05 days.
 

2. 	 230 days coverage time is based on longitudinal image displacement.
 
In comparing this with Data Sheet No. 162, the original coverage
 
time of 322 days should be used for the latter. It is expected that
 
the 230 day coverage time could be reduced by more than 50% if
 
contiguous images are displaced normal to the ground trace,
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ORBIT SELECTION DATA SHEET NO. 183
 

Jupiter (1978) 	 FAMILY NO. 17 ORBIT NO. 11
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 
Minimum Image Overlap (%).......... 

1,500 
20 

1,500 
20 

Total Planet Coverage ().......... > 10 1001 
Solar Elevation Range (deg) .... - night 2 
Image Interval..................... < 1 day 2.87 days 
Time for % Coverage (days)......... 
Coverage Interval.................. 
Distribution....................... cloud belts, global 

red spot 

ORBIT ELEMENTS: 	 Final Intermediate
 
Eccentricity..................... .26475
 
Periapse Alt. (km)................. 356,750
 
Apoapse Alt. (km).................. 665,059
 
Inclination (deg).................. 90
 
Ascending Node (deg)....	 351.47
 
Arg. 	of Periapse (deg)........... 322
 

SELECTION RATIONALE:
 

Because the desired percentage coverage is small and its
 
location is not known until results of prior measurements
 
are available, the final orbit selected is arrived at by a
 
small change in the period of an intermediate orbit which is
 
similar to the final orbit but which has a lapse rate of
 
about 200 per orbit. This adjustment is made when the area
 
of interest is in the correct position relative to the orbit.
 
The 900 inclination is chosen to maximize latitude coverage.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ....... '.everyorbit
 
Orbit Period ..................... 7 Jupiter days
 

Measurement Alt. Range ............. 5 to 8.06 Jupiter radii
 
Max. Measurement Arc (deg).......... -52 to 128
 
Max. Sensor on Time ................ 25.3 hrs/orbit
 
No. of Impulses (AV)................ 2
 
Capture AV (km/sec) ................ 6.218
 
Plane Change AV (km/sec)..........
 
Size Adjustment AV (km/sec)....... + small amount
 
Total AV (km/sec).................. 6 218+
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 Using this orbit, 1007 coverage of the planet surface could
 
be obtained in 1076 days based upon longitudinal image displace­
ment. If image displacement normal to the ground trace is
 
considered, the coverage can be obtained in a shorter amount
 
of time.
 

2. 	 The shortest time between coverages of the same area is equal
 
to one orbit period of 2.87 days.
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ORBIT SELECTION DATA SHEET NO. 184
 

Jupiter (1978) FAMILY NO. 17 	 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 1,500 1,500 
Minimum Image Overlap (%).......... 20 20 
Total Planet Coverage ()......... > 10 100 
Solar Elevation Range (deg) ..... - night
 
Image Interval..................... < 1 day 2.05 days1
 

Time for % Coverage (days)......... 769 days2
 
Coverage Interval................... - once/769 days 
Distribution ....................... cloud belts, global 

red spot 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity....................... 30989
 
Periapse Alt. (km)................249,725
 
Apoapse Alt. (km).................. 538,083
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 351.47
 
Arg. of Periapse (deg)............. 326
 

SELECTION RATIONALE:
 
Because the percentage of the planet to be imaged is
 

small and because it depends upon prior measurements, an
 
initial orbit is selected which is very similar to the
 
final orbit but which differs from the final orbit in
 
having a larger lapse rate, say 200 /orbit. In this way
 
it is possible to get to the area of interest quickly and
 
then to change the lapse rate to the desired rate.
 
Imaging can be done over the entire orbit.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period ....................... 5 Jupiter days
 
Measurement Alt. Range............. 3.5 to 7.54 Jupiter radii
 
Max. Measurement Arc (deg)......... .-56 to 124
 
Max. Sensor on Time................ 16.6 hrs/orbit
 
No. of Impulses (AV)............... 2
 
Capture AV (km/sec)................ 6.43
 
Plane Change AV (km/sec)........
 
Size Adjustment AV (km/sec). .... + small amount
 
Total AV (km/sec).................. 6.43 +
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 The shortest time between coverages of the same area is
 
equal to one orbit period or 2.05 days.
 

2. 	 The amount of time required for obtaining the percentage
 
coverage is based upon longitudinal image displacement. If
 
displacement normal to the ground trace is considered, the
 
coverage can be obtained in a shorter amount of time.
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ORBIT SELECTION DATA SHEET NO. 185
 

Jupiter (1978) FAMILY NO. 18 ORBIT NO. 11
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)......... 1 500 1,500
 
Minimum Image Overlap ( ..... 26 20
 
Total Planet Coverage (%)....... > 3 	 100
 
Solar Elevation Range (deg) .... day day
 
Image Interval ................. 2.87 days

Time for % Coverage (days) ........ -

Coverage Interval ............... > 4/yr about 4/yr
 
Distribution .................... random global
 

ORBIT ELEMENTS- Final Intermediate
 
Eccentricity................... .26475
 
Periapse Alt. (km)........... .. 356,750
 
Apoapse Alt. (km)............... 665,059
 
Inclination (deg)............... 90
 
Ascending Node (deg)............ 351.47
 
Arg 	of Periapse (deg).......... 322
 

SELECTION RATIONALE:
 

Because the desired percentage coverage is small and its
 
location is not known until results of prior measurements
 
are available, the final orbit selected is arrived at by a
 
small change in the period of an intermediate orbit which is
 
similar to the final orbit but which has a lapse rate of
 
about 200 per orbit. This adjustment is made when the area
 
of interest is in the correct position relative to the orbit.
 
The 90' inclination is chosen to maximize latitude coverage.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ..... 1
 
Measurement Orbit Frequency ..... every orbit
 
Orbit Period.................... 7 Jupiter days

Measurement Alt. Range.......... 5 53 to 9.32 Jupiter radii
 
Max. Measurement Arc (deg) ...... -


Max. Sensor on Time............. 43.6 hrs/orbit
 
No. of Impulses (AV) ............ I
 
Capture AV (km/sec)............. 6.218
 
Plane Change AV (km/sec)........
 
Size Adjustment AV (km/sec)..... + small amount
 
Total AV (km/sec)............... 6.218+
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 The amount of time required for obtaining the percentage
 
coverage is based upon longitudinal image displacement. If
 
displacement normal to the ground trace is considered, the
 
coverage can be obtained in a shorter amount of time.
 

2. 	 The range of true anomalies for daylight coverage is -180'
 
to 	-52' and 1280 to 1800.
 

231
 



ORBIT SELECTION DATA SHEET NO. 186
 

Jupiter (1978) FAMILY NO. 18 	 ORBIT NO. 10
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 1,500 1,500
 
Minimum Image Overlap (7).......... 20 20
 
Total Planet Coverage (%).......... > 3 100
 
Solar Elevation Range (deg) ........ day day
 
Image Interval ................... 2.05 days
 
Time for % Coverage (days) .........
 
Coverage Interval.................. > 4/yr > 4/yr1
 

Distribution.......................... random global
 

ORBIT ELEMENTS: 	 Final Intermediate
 
Eccentricity....................... 30989
 
Periapse Alt. (km)................. 249,725
 
Apoapse Alt. (km).................. 538,083
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 351.47
 
Arg. 	of Periapse (deg) ............. 326
 

SELECTION RATIONALE:
 

Because the percentage of the planet to be imaged is
 
small and because it depends upon prior measurements, an
 
initial orbit is selected which is very similar to the
 
final orbit but which differs from the final orbit in
 
having a larger lapse rate, say 20°/orbit. In this way
 
it is possible to get to the area of interest quickly and
 
then to change the lapse rate to the desired rate.
 
Imaging can be done over the entire orbit.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period ....................... 5 Jupiter days
 
Measurement Alt. Range ............. 4.08 to 7.54 Jupiter radii
 
Max. Measurement Arc (deg).........
 
Max. Sensor on Time................ 32.6 hrs/orbit
 
No. of Impulses (AV)............... 1
 
Capture AV (km/sec) ................ 6.43
 
Plane Change AV (km/sec)........... .-

Size Adjustment AV (km/sec)........ + small amount
 
Total AV (km/sec).................. 6.43+
 

MEASUREMENT ACHIEVEMENT:
 
1. 	 The amount of time required for obtaining the percentage
 

coverage is based upon longitudinal image displacement. If
 
displacement normal to the ground trace is considered, the
 
coverage can be obtained in a shorter amount of time.
 

2. 	 The range of-true anomalies for daylight coverage is -180o
 
to -56o and 124* to 1800.
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ORBIT SELECTION DATA SHEET NO. 187
 

Jupiter (1978) FAMILY NO. 19 	 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 1,000 1,000
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%)......... > 70 501
 
Solar Elevation Range (deg)......... - day and night
 
Image Interval ..................... 1.64 days
 
Time for % Coverage (days)......... < 1 day 922 days2
 

Coverage Interval.................. > 10/yr once/922 days2
 

Distribution....................... red spot, -30 to 300 lat.
 
tropics
 

ORBIT ELEMENTS: 	 Final Intermediate
 
Eccentricity........................ 37715
 
Periapse Alt. (km)................. 178,375
 
Apoapse Alt. (km).................. 480,812
 
Inclination (deg).................. 30
 
Ascending Node (deg)............... 357.8
 
Arg. of Periapse (deg)............. 326
 

SELECTION RATIONALE:
 

Because the areas of interest are the red spot and the
 
tropics an orbit having 300 inclination was selected. The
 
period of the orbit was selected so that the lapse rate from
 
one orbit to the next is 0.67' (this is the lapse rate
 
required by the image size, percent overlap combination)
 
when the regression of the ascending node is taken into
 
account.
 

ORBIT/MEASUREMENT CHARACTERISTICS: 
Orbits to Contiguous Images ........ I 
Measurement Orbit Frequency........ every orbit 
Orbit Period................. 4 Jupiter days 
Measurement Alt. Range... .... 2.5 to 4.98 Jupiter radii 
Max. Measurement Arc (deg)...." .-121 to 121 
Max. Sensor on Time ...............17.2 hrs/orbit 
No. of Impulses (AV)............... I 
Capture AV (km/sec) ................ 6.38 
Plane Change AV (km/sec)........... -

Size 	Adjustment AV (km/sec)...... -

Total AV (km/sec)................... .6.38
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 The areas of interest (tropics and red spot) compose
 
approximately 5'0% of the planet surface.
 

2. 	 To obtain complete longitudinal coverage of the planet
 
using this orbit, 922 days are required.when obtaining the de­
sired percentage overlap is based upon longitudinal image dis­
placement. Displacing the image normal to the ground trace on
 

consecutive orbits would reduce the time required for coverage.
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ORBIT SELECTION DATA SHEET NO. 188
 

Jupiter (1978) FAMILY NO. 19 	 ORBIT NO, 2
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 1,000 1,000 
Minimum Image Overlap ).......... 20 20 
Total Planet Coverage (%).......... > 70 98.3 
Solar Elevation Range (deg) .... day and night 
Image Interval .................. 2.05 day 
Time for % Coverage (days)....... < 1 day 1153 daysi 
Coverage Interval................ > 10/yr once/ll53 days1 

Distribution....................... red spot, -90' to 75' lat. 
tropics 

,ORBIT	ELEMENTS: Final Intermediate
 
Eccentricity....................... .46324
 
Periapse Alt. (km)................. 178,375
 
Apoapse Alt. (km).................. 609,433
 
Inclination (deg)................... 90
 
Ascending Node (deg)............... 351.47
 
Arg. of Periapse (deg)............. 329
 

SELECTION RATIONALE:
 

This orbit was selected because it has the lowest capture 
AV of orbits having periapse radius > 3.5 Jupiter radii and an 
orbit period equal to an integral number of Jupiter rotation 
periods. The periapse lies at the southern extremity of the 
south tropical region so that the red spot and the tropical 
regions can be imaged at fairly low altitudes. 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period....................... 5 Jupiter days
 
Measurement Alt. Range ............... 2.5 to 4.87 Jupiter radii
 
Max. Measurement Arc (deg)......... -106 to 106
 
Max. Sensor on Time ................ 14.2 hrs/orbit
 
No. of Impulses (AV)............... I
 
Capture AV (km/sec)................ 5.561
 
Plane Change AV (km/sec)..........
 
Size Adjustment AV (km/sec)........
 
Total AV (km/sec).................. 5.561
 

MEASUREMENT ACHIEVEMENT:
 
1. The time required to obtain complete longitudinal coverage
 

of the planet is equal to 1153 days when the desired percentage 
overlap is based upon longitudinal image displacement. Dis­
placing the image normal to the ground trace on consecutive
 
orbits would reduce the time required for coverage.
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ORBIT SELECTION DATA SHEET NO. 189
 

Jupiter (1978) FAMILY NO.20 	 ORBIT NO. I
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km) ............ 1,000 1,000
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%).........> 10 100
 
Solar Elevation Range (deg) .... - day and night
 
Image Interval .................... < I day 1.64 days1
 

Time for % Coverage (days).........
 
Coverage Interval..................
 
Distribution....................... cloud belts, global
 

red spot
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity....................... 37715
 
Periapse Alt. (km).................178,375
 
Apoapse Alt. (km).................. 480,812
 
Inclination (deg).................. 90
 
Ascending Node (deg).............. 351.47
 
Arg. of Periapse (deg)............. 329
 

SELECTION RATIONALE:
 

For this measurement specification, the total percent
 
of the planet to be covered is small and the areas of
 
interest depend upon prior measurements For this reason,
 
an intermediate orbit, quite similar to the final orbit
 
except that it has a much bigger lapse rate, say 20°/orbit,
 
is selected. This orbit is used to get the areas of interest
 
into proper position quickly. At that time a small change
 
in the orbit period is made to obtain the orbit described
 
above
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ I
 
Measurement Orbit Frequency ........ every Orbit
 
Orbit Period........................ 4 Jupiter days
 
Measurement Alt. Range.......... 2 5 to 6.74 Jupiter radii
 

.......... 3602

Max. Measurement Arc (deg) 


Max. Sensor on Time ................ 39.36 hrs/orbit
 
No. of Impulses (AV)................ 2
 
Capture AV (km/sec) ................ 6.38
 

-
Plane Change AV (km/sec)........... 


Size Adjustment AV (km/sec)........ + small amount
 

Total AV (km/sec).................. 6.38+
 

MEASUREMENT ACHIEVEMENT:
 
1. 	 The shortest time between coverages of the same area is
 

equal to one orbit period of 1.64 days.
 

2. 	 Continuous imaging on every orbit will definitely present a
 
data handling problem.
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ORBIT SELECTION DATA SHEET NO. 190
 

Jupiter (1978) FAMILY NO. 21 	 ORBIT NO.
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 1,000 1,000 
Minimum Image Overlap (%).......... 20 20 
Total Planet Coverage )......... > 0 100 
Solar Elevation Range (deg)....... day and night
 
Image Interval................. .:.< 15 min 1.64 days1
 

Time for % Coverage (days) ........
 
Coverage Interval................. .> 4/yr > 4/yr
 
Distribution...................... cloud belts, global
 

red spot
 

ORBIT ELEMENTS: 	 Final Intermediate
 
Eccentricity ....................... .37715
 
Periapse Alt. (km). ............... 178,375
 
Apoapse Alt. (km).................. 480,812
 
Inclination (deg).................. 3.90
 
Ascending Node (deg)................ 351.47
 
Arg. of Periapse (deg)............. 329
 

SELECTION RATIONALE:
 

For this measurement specification, the total percent
 
of the planet to be covered is small and the areas of
 
interest depend upon prior measurements. For this reason
 
an intermediate orbit, quite similar to the final orbit
 
except that it has a much bigger lapse rate, say 20°/orbit,
 
is selected. This orbit is used to get the areas of
 
interest into proper position quickly. At that time a
 
small change in the orbit period is made to obtain the
 
orbit described above.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period ....................... 4 Jupiter days
 
Measurement Alt. Range............ 2.5 to 6.74 Jupiter radii
 

3602
Max. Measurement Arc (deg)...........
 
Max. Sensor on Time ................ 39.36 hrs/orbit
 
No. of Impulses (AV)................ 2
 
Capture AV (km/sec)................ 6.38
 
Plane Change AV (km/seC).......... 
 -


Size Adjustment AV (km/sec)......... + small amount
 

Total AV (km/sec) .................. 6.38+
 

MEASUREMENT ACHIEVEMENT:
 

1. The shortest time between coverages of the same area is equal
-

to one orbit period or 1.64 days.
 

2. 	 Continuous imaging on every orbit will definitely present a
 
data handling problem.
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ORBIT SELECTION DATA SHEET NO. 191
 

Jupiter (1978) FAMILY NO. 22 	 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 1,000 1,000 
Minimum Image Overlap ().......... 20 20 
Total Planet Coverage (%).......... 
Solar Elevation Range (deg)........ 

10 
day 

100 
day 1 

Image Interval ..................... <15 min 1.64 days 
Time for % Coverage (days)......... 
Coverage Interval .................. > 4/yr > 4/yr 
Distribution....................... cloud belts, global 

red spot 

ORBIT ELEMENTS: 	 Final Intermediate
 
Eccentricity....................... 37715
 
Periapse Alt. (ki)*................178,375
 
Apoapse Alt. (km) .................. 480,812
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 351.47
 
Arg. of Periapse (deg)............. 329
 

SELECTION RATIONALE:
 

For this measurement specification, the total percent
 
of the planet to be covered is small and the areas of
 
interest depend upon prior measurements. For this reason,
 
an intermediate orbit, quite similar to the final orbit
 
except that it has a much bigger lapse rate, say 20°/orbit,
 
is selected. This orbit is used to get the areas of interest
 
into proper position quickly. At that time a small change
 
in the orbit period is made to obtain the orbit described
 
above.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images......... i
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period....................... 4 Jupiter days
 
Measurement Alt. Range ............. 3.0 to 6.74 Jupiter radii
 

......... 2
Max. Measurement Arc (des) 

Max. Sensor on Time................ 27.8 hrs/orbit
 
No. of Impulses (AV)............... 2
 
Capture AV (km/sec)................ 6.38
 
Plane Change AV (km/sec)...........
 
Size Adjustment AV (km/sec)........ + small amount
 
Total AV (km/sec).................. 6.38+
 

MEASUREMENT ACHIEVEMENT:
 
1. 	 The shortest time between coverages of the same area is equal
 

to one orbit period or 1.64 Earth days.
 

2. 	 The range of true anomaly for daylight coverage is -180' to
 
-59' and 1210 to 1800.
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ORBIT SELECTION DATA SHEET NO. 192
 

Jupiter (1978) 	 FAMILY NO. 23 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 1,000 1,000
 
Minimum Image Overlap (%).......... 20 20
 
Total Planet Coverage (%).......... > 10 100
 
Solar Elevation Range (deg) ........ day and night day and nigyt
 
Image Interval ..................... <15 min 1.64 days
 
Time for % Coverage (days) ......... 4 
Coverage Interval.................. > 4/yr > 4/yr 
Distribution ....................... cloud belts, global 

red spot 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity...........................37715
 
Periapse Alt. (km)................. 178,375
 
Apoapse Alt. (km) ................... 480,812
 
Inclination (deg)...................... 90
 
Ascending Node (deg)............... 351.47
 
Arg. of Periapse (deg)............. 329
 

SELECTION RATIONALE:
 

For this measurement specification, the total percent
 
of the planet to be covered is small and the areas of
 
interest depend upon prior measurements. For this reason,
 
an intermediate orbit, quite similar to the final orbit
 
except that it has a much bigger lapse rate, say 20°/orbit,
 
is selected. This orbit is used to get the areas of interest
 
into proper position quickly. At that time a small change
 
in the orbit period is made to obtain the orbit described
 
above.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ I
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period ....................... 4 Jupiter days
 
Measurement Alt. Range .............. 2.5 to 6.74 Jupiter radii
 
Max. Measurement Arc (deg)......... 3602
 

Max. Sensor on Time ................ 39.36 hrs/orbit
 
No. of Impulses (AV).................... 2
 
Capture AV (km/sec)................ 6.38
 

+ sal...a
Plane Change AV (km/sec) .l 

Size Adjustment AV (km/sec)........ + small amount
 
Total AV (km/sec) .................. 6.38+
 

MEASUREMENT ACHIEVEMENT:
 
1. 	 The shortest time between coverages of the same area is equal
 

to one orbit period or 1.64 days.
 

2. 	 Continuous imaging on every orbit will definitely present a
 
data handling problem.
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ORBIT SELECTION DATA SHEET NO. 193
 

Jupiter (1978) FAMILY NO. 24 	 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km) ............. 300 300
 
Minimum Image Overlap (%)...........20 20
 
Total Planet Coverage (%)......... > 10 _1
 
Solar Elevation Range (deg) ........ -

Image Interval ...................... <2 min 1.64 days2
 

Time for % Coverage (days) .........
 
Coverage Interval.................. > 10/yr
 
Distribution............................. . global
 

ORBIT ELEMENTS: 	 Final Intermediate
 
Eccentricity....................... .37715
 
Periapse Alt. (km).................178,375
 
Apoapse Alt. (km).................. 480,812
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 351.47
 
Arg. of Periapse (deg)............. 329
 

SELECTION RATIONALE:
 

For these specifications the areas to be imaged compose
 
a small percentage of the planet surface and their location
 
depends upon results of prior measurements. The orbit
 
selected will be obtained from an initial orbit which is
 
similar to the final orbit in all respects except that it
 
has a slightly different period and hence a large lapse
 
rate, say 200 per orbit, so that the areas of interest can
 
be reached fast. At that time a small change in the period
 
changes the lapse rate to the proper rate.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period ....................... 4 Jupiter days
 
Measurement Alt. Range........... 2.5 to 5.00 Jupiter radii
 
Max. Measurement Arc (deg)......... -59 to 121
 
Max. Sensor on Time ................ 11 6 hrs/orbit
 
No. of Impulses (AV)............... 2
 
Capture AV (km/sec).............. 6.38
 
Plane Change AV (km/sec)..........
 
Size Adjustment AV (km/sec) ........ + small amount
 
Total AV (km/sec) .................. 6.38+
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 The percent coverage and the time required to obtain this
 
coverage cannot be determined now because the size and location
 
of areas of interest is not known.
 

2. 	 The shortest time between images of the same area is equal
 
to one orbit period or 1.64 days.
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ORBIT SELECTION DATA SHEET NO. 194
 

Jupiter (1978) FAMILY NO. 25 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 
Minimum Image Overlap (%).......... 
Total Planet Coverage (%)........ 
Solar Elevation Range (deg)....... 

3 
20 
1 

3 
20 

Image Interval .................... 
Time for % Coverage (days)........ -
Coverage Interval .................. >1/300 hr 
Distribution....................... .. 

1.64 %ays 

global 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity........................ 37715
 
Periapse Alt. (km). ............... 178,375
 
Apoapse Alt. (km).................. 480,812
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 351.47
 
Arg. of Periapse (deg)............ 329
 

SELECTION RATIONALE:
 
The final swath width desired is so small that the area
 

of interest is reached by an orbit similar to the final
 
orbit but having a large lapse rate. Then at the appropriate
 
time, a change is made to the desired orbit. Side by side
 
coverage occurs every 4 Jupiter days. Imaging may be done
 
over the entire orbit.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period...................... 4 Jupiter days
 
Measurement Alt. Range ............ 2.5 to 5.00 Jupiter radii
 
Max. Measurement Arc (deg)......... -59 to 121
 
Max. Sensor on Time................ 11.6 hrs/orbit
 
No. of Impulses (AV)............. 2
 
Capture AV (km/sec) ........ ...... 6.38
 
Plane Change AV (km/sec)..........
 
Size Adjustment AV (kr/sec)........ + small amount
 
Total AV (km/sec) .................. 6.38+
 

MEASUREMENT ACHIEVEMENT:
 

1. The percent coverage and the time required to obtain it
 
cannot be determined now because the size and location of
 
areas of interest is not known.
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ORBIT SELECTION DATA SHEET NO. 195
 

ORBIT NO. 1
Jupiter (1978) 	 FAMILY NO. 26 


GROUP MEASUREMENT SPECIFICATIONS: Required Obtained 
Minimum Image Size (km)............ 3 3 

Minimum Image Overlap (%).......... > 60I 601 
Total Planet Coverage ..........
 

164.ay
Solar Elevation Range (deg) ..
 
Image Interval..................... 1
 
Time for % Coverage (days).........
 
Coverage Interval .................. >1/300 hr
 

- global
Distribution........................ 


Final Intermediate
ORBIT ELEMENTS: 

Eccentricity ....................... .37715
 
Periapse Alt. (km)........... ..... 178,375
 
Apoapse Alt. (km).................. 480,812
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 351 47
 
Arg. of Periapse (deg).............. 329
 

SELECTION RATIONALE:
 
The final swath width desired is so small that the area
 

of interest is reached by an orbit similar to the final orbit
 
Then 	at the appropriate time,
but having a large lapse rate. 


a change is made to the desired orbit. Side by side coverage
 

occurs every 4 Jupiter days. Imaging may be done over the
 

entire orbit.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ I
 

........ every orbit
Measurement Orbit Frequency 

Orbit Period ....................... 4 Jupiter days
 

2.5 to 5.00 Jupiter radii
 .............
Measurement Alt. Range 

. 59 to 121
Max. 	Measurement Arc (deg)......... 


11.6 	hrs/orbit
Max. Sensor on Time ................ 

No. of Impulses (AV)............... 2
 

6 38
V (km/sec)................
Capture 

Plane Change AV (km/sec)............. small amount
 
Size Adjustment AV (km/sec)........ +
 
Total AV (km/sec) ................... 6.38+
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 The percentage coverage and the time required to obtain it
 

cannot be determined now because the size and location of
 
areas of interest is not known.
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ORBIT SELECTION DATA SHEET NO. 196
 

Jupiter (1978) FAMILY NO. 27 	 ORBIT NO. 1
 

GROUP MEASUREMENT SPECIFICATIONS: Required Obtained
 
Minimum Image Size (km)............ 0.5 0.5
 
Minimum Image Overlap (%.......... 20 20
 
Total Planet Coverage (%)......... > 3
 
Solar Elevation Range (deg) .....-

Image Interval..................... - 1.64jays
 
Time for % Coverage (days)......... -

Coverage Interval .................. -

Distribution ....................... - global
 

ORBIT ELEMENTS: Final Intermediate
 
Eccentricity.. .................. 37715
 
Periapse Alt. (km)..............178,375
 
Apoapse Alt. (km) .................. 480,812
 
Inclination (deg).................. 90
 
Ascending Node (deg)............... 351.47
 
Arg. of Periapse (deg)............. 329
 

SELECTION RATIONALE:
 

This final orbit is obtained from an intermediate orbit
 
which is similar to the final orbit but which has a large
 
lapse rate so that the areas of interest will rotate into
 
position quickly. At the appropriate time, a change is
 
made in the orbit period so that the period becomes almost
 
identical to 4 Jupiter revolution periods. In this way
 
successive images lie almost on top of each other. Imaging
 
can be done over all latitudes.
 

ORBIT/MEASUREMENT CHARACTERISTICS:
 
Orbits to Contiguous Images ........ 1
 
Measurement Orbit Frequency ........ every orbit
 
Orbit Period ....................... 4 Jupiter days
 
Measurement Alt. Range ............. 2.5 to 5.00 Jupiter radii
 
Max. Measurement Arc (deg)......... -59 to 121
 
Max. Sensor on Time ................ 11.6 hrs/orbit
 
No. of Impulses (AV).............. 2
 
Capture AV (km/sec)............... 6.38
 

s
Plane Change AV (km/sac)........... 

+ small amount
Size Adjustment AV (km/sec) ..... 


Total AV (km/sec) .................. 6.38+
 

MEASUREMENT ACHIEVEMENT:
 

1. 	 The percent coverage obtained and the time required to
 
obtain it cannot be determined at this time because the
 
size 	and location of areas of interest is not known.
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