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ABSTRACT

This publication provides a list of times that the SeaSat A Satellite
Scatterometer (SASS) illuminated from directly above or directly abeam, selected
surface sites where insitu winds were measured. The Tist is ordered by the Greenwich
Mean Time (GMT) .of the midpoint of the illumination period (hit time) for a given
surface site. The list provides the site identification, the orbit number and the
direction from the subtrack_ih which the truth Ties.

The accuracy of these times depends in part upon the ascending node times, which
are eétimated to be within +.1 sec, and on the illumination time relative to the
ascending node, which is estimated to be within +6 seconds. The 1ist provides each
of these times also, to allow for more precise updates. The uncertainties in the
times provided were judged to be sufficiently small to allow efficient and accurate
extraction of SASS and in situ data at the selected surfa;e sites. The list contains

approximately six thousand hit times from 61 geographically dispersed sites.

1 NASA/Langley Research Center, Hampton, VA 23665
2 01d Dominion University, Norfolk, VA

3 Kentron Technical Center, Hampton, VA 23666

N§2-22 7557



Introduction

On July 10, 1978, thé NASA launched SeaSat A, a satellite designed to demonstrate
the utility of microwave remote sensors to measurement of the ocean surface parameters.
This satellite made systematic remote measurements of several parameters for one-
hundred days, until its premature failure on October 10, 1979. As a part of the
evaluation of the SeaSat A Satellite Scatterometer (SASS) wind sensor (Ref. 1-5),
corresponding colocated and contemporary surface insitu were sought in order to assess
and improve the accuracy of the satellite measurements. Small quantities of
colocated data have been successfully gathered for a series of workshops (Ref. 6, 7,
8) but these data were abbreviated in time and geographic area.

The effort described herein was to determine all times during the SASS
lifetime when SASS measurements were taken in the vicinity of selected high-quality
in situ measurement sites. This was accomplished by dfsp]aying the SeaSat orbit -
and measurement swath and the surface sites on an interactive graphics computer
terminal to determine when they overlayed each other; The times when the satellite
was in radar range and directly overhead or abeam of the site were recorded and have
been listed herein. These times correspond to the mean of the times that measurements
of normalized radar cross section (NRCS) were made at the site from the forward
and aft SASS beams, which are separated by 1.89 sec (at nadir) to about 3 minutes

(at 1350 km off the subtrack).



Procedure

The sites of this study were limited to stationary locations where for the

SeaSat period, quality calibrated surface measurements were made periodically.

These sites‘consist of the North American data buoys, weather stations, certain

petroleum and commercial research towers, 4 Japanese data buoys, and 13 Australian

buoys'(see Table I). Figures 1 and 2 show the location of these surface measure-

ment sites, which are most heavily concentrated in the region around the United

States. Other surface sites (such as moving oceanographic ships or ships of

opportunity) were.not investigated because of increased complexity.

The following steps describe the procedure for determining the times when

these sites were illuminated by SASS (the "hit times"):

1.

A1l SASS measurement orbits were screened for possible intersections within
specified off-subtrack distances with surface sites, using a coarse mapping
routine from Ref. 9. Orbital parameters and ascending node longitude.and

time were obtained from Reference 10. This process was done separately for the
Northern and Southern Hemispheres since a graphical polar plot is used for
mapping. This step yielded a condensed list of orbit segments for each site
which were potential hits.

For each site location and orbit of this condensed 1ist, finer resolution maps
of the SASS footprint swath were generated to determine on which side of the
subtrack SASS antennas were making the measurements. These directions were
compared with the SASS mode switching schedules (Ref. 11) to cull orbits where
the satellite swath was in the wrong direction from thé surface sité.

The time period of intercept of the SASS swath with the surface measurement site
was determined. Initially, this was done by generating a viewing schedule
(STPTRK subroutine of Ref. 9) for each site and orbit. However, since this

program required several iterations at higher resolution for each hit, it



proved to be very time consuming; also the maximum resolution of the hit time
was about .36 seconds.

To save time and achieve finer resolution, the procedure to find the time of

intercept was modified as follows:

a. A Mercator plot of the region in which one or more surface truth sites are
located was generated using the subroutine of Ref. 9 labeled GNDTRK, and
orbital data from Ref. 10. Figure 3 shows such a plot for the Gulf of
Alaska region. The two circles around each site are the locus of satellite
positibn required to intercept the site at the side swath (larger circle)
and nadir swéth (small circle). Segments for all orbits which intercept
these siteé are shown on this plot also, using the MPASS subroutine of
Ref. 9.

b. To determine the orbital time of intercept, one north-bound and one
south-bound orbit segment from figure 3 is transferred to an overlay
(Figure 4). Then, the geocentric satellite latitude is related to time
past ascending node (Appendix A), converted to geodetic latitude (Appendix B),

" and transferred to the orbit segments on this figure (Appendix C). When
the orbit segments of Figure 4 are aligned with those of Figure 3, the
times past ascending node can be determined. Figure 5 shows this alignment
for orbit 289. The hit time is taken as the mean of the time the orbit
Tocus intersects the circle around the sites; this is summed with the
ascending node timé. This method takes much less time than the earlier
one. (Severa] sites and multiple orbits can be handled with one plot).
Also, the precision is improved to approximately +6 seconds, which is

about 6 times better than the earlier method.



| Typical Example - Hit Time Determination
In this section, the hit time of ocean data buoys B13 and B19 for orbit 289
are calculated. For this case, the overlay (Figure 4) is superimposed upon the
Battelle surface truth site map so that the overlay orbit segment coincides with the
one on the map (see Fig. 5). Inspection of this figure shows fhat the satellite
illuminates B19 from 30.3 to 33.9 minutes (after the ascendihg node). The hit

time is recorded as the ascending node time (05:15:37, Ref. 10); plus (30.3 + 33.9)
-2

or 32.1 min, for a GMT of 05:47:43, The same procedure yields a hit time of
05:50:22 GMT for B13. Note that the orbital pass is a nadir hit for both sites and
the required looking direction is right. The hits are therefore identified as N-R

(nadir-right) in Table II.



Use of the Hit Table

The user enters the tables by GMT time or orbit number. For a given time
segment (column 2) or orbit (column 3), the table lists all sites illuminated by
SASS (column 4), the viewing direction relative to the subtrack (column 5), the
ascending node time for the given orbit (column 6), and the time past the ascending
node fér the particular site.

‘The direction is given as right or left for the side SASS swath sites within
1150 km of the subtrack. Nadir hits within 140 km of the subtrack are additionally
designated with N.
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Symbol
Bl
B2
B3
B4
B5
B6
B7
B8
B9
B10
Bll
B12
B13
B14
B15
B16
B17
B18
B19
S1

Type
Buoy (NDBO)*

Y

0i1/RES Tower

Table I.- Surface Truth Sites

Identification.

41001
41002
41004
42001
42002
42003
44001
44002
44003
44004
46001
46002
46003
46004
46005
46006
46007
46008 -
46009

Union/Conoco Exp. 8

* National Data Buoy Office
+ 5. Latitude is indicated as negative

N. Lat™ E. Long

35

.0

32.3

32.
26.
26.
26.
38.
40.
40.
39.
56.
42.
52.
51.
46.
41.
59.
57.

o o O O 00 o~ o O o o

o O O

.55
.07
.75
.13

288.
284.
282.
270.
266.
274.
286.
287.
291.
290.
212.
230.
204.
224.
229.
222.
207.
208.
213.

1.

1.

357.

o » O

0

O O 9~

58
72

.92

05

Comment



Symbol
S5

S6

S7

S8

S9

510
S11
S12
S13
P21
p22
P26
P30
WS1
WS?2
WS3
WS4
WS5
WS6
WS7
WS8
J3

J4

Type

0i1/RES Tower

Y

W. Station

Y

Buoy (Japan)

Y

Table I.- Continued.

Identification

ESSO Exp. 1
CONOCO Exp. 4
Getty Exp. 5

Deep Sea Vent. Exp. 6

Dome Exp. 1

Eastern Expl. - Exp. 2

ESSO Canada Exp. 2

0i1 Rig

AMI
Charlie
Keifumaru
Lima

Mike

Papa
Romeo
Tango

J3

J4

* National Data Buoy Office

+ S. Latitude is indicated as negative

N. Lat+ E. Long

70.
37.
37.
15.
15.
70.
58.
54.
- 61.
29.
29.

28.33

02
31
0
0
0
17
43
85
67

.30
.45

67

225.
13.
15.

125
235

227.
298.
304.
299.
271.
269.
267.
267.
19.
324.
130.
340.
02.
215.
343.
135.
| 135.
126.

68
54
0

.0
.0

25
23
27
42

o o W [} [en] 0]

o

93
08

7/29
8/15
9/3
9/27
9/12
7/8
7/22

10/2

Comment

thru 10/5
thru 9/14
thru 10/1
thru 10/1
thru 9/26
thru 10/9
thru 9/29
thru 10/10

-



Symbol
J6
J7
Al
A2

' A3
A4
A5
A6
A7
A8
A9
A10
All
Al2
Al13

Table I.- Concluded.

Type Identification

Buoy (Japan) J6

J7
Aust. Reef Sta. 94105
94103
94207
94210
94289
94290
94296
94299
94298
94371
94379
94393
Y 94394

* National Data Buoy Office
+ S. Latitude is indicated as negative

(Scott Reef)

(

(
(

Browse isl.)
Rowley Sh.)
Adele Isl.)

(Holmes Reef)

(
(

F]ihders Reef)
Lihou Reef)

(Willis Is1.)

(Marion Reef)

(
(

(
(

Creal Réef)
Gannet Cay)
Frederick Reef)

Cato Isl.)

11

N. Lat+ E. Long

37.

39

75

5
.03
.07
.30
.30
.29
.43
.07
.18
.06
.32
57
.57
.15

134.
145.
121.
123.
118.
123.
147.
148.
152.
149.
152.
150.
152.
154.
155.

4

5

48
30
54
09
53
29
01
59
23
23
28
25
32

Comment
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Figure l.- Location of surface truth sites of this study - Atlantic region.
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Figure 2.~ Location of surface truth sites of this study - Pacific region.



Orbit parameters
Apogee = 791.169 km

Perigee = 778.033 km
Inclination = 108.02 deg
Ascend node long. = 266.8 deg
Angle of perigee = 208.0

Launch time = 195 d: 12 h: 49 m:
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Figure 3.- Mercator plot showing locus of satellite
position required to intercept surface sites, and
all satellite subtracks in the vicinity of Buoy 13
and Buoy 19.

N. latitude, deg.
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Figure 4.- Relationship between time relative to ascending node
and geocentric’ latltude for an ascending and descending orbit,
between 45° and 68° N. latitude.
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Figure 5.- Overlay of figure 4 on figure 3.



Table II.

SASS Illumination Times
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192:20: 0:17
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218
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A7
AB
A9
Al2
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Al0
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A4
A3
Al2
Al3
Al3
Al2
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Al10Q
A9
AT
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AB
A5
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A5
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Pioy

o | TIME PAST
SR N HIT TIME REV SITE SIDE ASC NODE  NODE

L 59 193: 8:46:51 219 A2 7:51:30 55120
SN 60 193: 8:47:21 219 Al 7:51:30 553250
i 61 193: 8:47:21 219 A4 7:51:30 55250
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R 64 1943 6:37: 1 232 A9 5:39:4] 57:20
3 65 194t 6:37: 1 232 Al2 5:39:41 573220
66 194: 62:37:31 232 Al3 5139341 57150
67 1948 6:37:46 232 A10 5:39:41 58: 5
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9:39:10

11:19:48

11:19:48

11:19:48

11:19:48

11:19:48

13: 0:26

132 0:26

13:.0:26

13t 0:26

14341 4

18: 2:19

18: 2:19

18: 2:19

18t 2:19

18: 2:19

18: 2:19

1832:. 219

182 2:19

18:.2:19

19:42:57

193423257
19342357

19142257

16:42:57

2332 4212
23: 4312

23¢% 4312

233, 4312

23:, 4212
2125328
2325328
2125328
2325328

TIME PAST
NODE

38:39
32342
35321
19325
30:24
55235
55:35
55:50
55350
55:50
56120
56220
56220
956320
17: 3
39: 0
55320
55:50
55150
56150
9:45
10: 6
10357
38: 0
41: O
7:12
7:33
8 0
8: 0
8: 0
12342
13t 6
13:37
183212
15¢ 3
G4:20
G5: 5
95: 5
95150
9550
96:20
96t50
96150
Q97:20
830
11: 6
31:54
97: 5
97320
33: 0
38316
39:27
40:24
433 3
18154
18:54
19: 9
38:16



: . TIME PAST
o N HIT TIME REV SITE SIDE ASC NODE NODE
ﬁég 175 197t 4:16:25 274 S7 4t 61 6 10:19
SRR 176 1973 4316136 274 Sé 4t 6% 6 10330
{ 177 197¢ 4:22:46 274 S3 43 6% 6 16:40
i 178 197t 4:23: 6 274 S1 4: 6t 6 17: 0O
179 1972 63:18: & 275 B19 5346343 31:21
180 197: 6:20:40 275 B13 5146143 33357
181 197: 6:44:18 275 A9 5846243 57235
182 197: 6:44:18 275 Al2 5146:43 57835
183 197: 6144248 275 Al3 5146t43 58: 5
184 197: 6345 3 275 All 5146143 58:20
185 197t 7:45: 9 276 S11 7:27:21 17:48
186 197: 9:18:56 277 B1 9: 7:59 10:57
187 197: 9:19:44 277 B10 9: 7159 11:45
188 1973 9:46341 277 Jé6 R 9t 73159 38:42
189 197: 9:49:59 277 J4 9: 7:59 42: 0
190 197:10: 2:19 277 A3 9: 7:59 54220
o i 191 197:10:56:15 278 B6 10:48:36 7339
I 192 197110156139 278 B4 10148136 81 3
EESRERREREE 193 197:10:57: 0 278  B5 10:48:36 8:24
j i 194 197:10:57:24 278 P21 R 10:48:36 8:48
Sy 195 197:10:57324 278 P22 10:48:36 8848
196 197:10357:24 278 P26 103148136 8148
o Lo 197 197:10:57:24 278 P30 10:48:36 8:48
RTINS 198 197:12:42:50 279 - B12 12:29:14 13136
e 199 197:12:43: 2 279 B15 12:29:14 13:48
B o 200 197:12:48:17 279 B19 12:29:14 19: 3
. s 201 197:14:21:28 280 B1l6 143 9352  11:36
202 197:14:25:37 280 B13 14 9:52 15:45
203 1973182 9:46 282 S? 17:31: 7 38:39
204 197:18s 9:55 282 Sé6 17:31: 7 38348
205 197:19:22:51 283 J7 19:11:45  11% 6
206 197:19:23:45 283 Jé6 19:11:45 12: 0
207 197:19:43:46 283 S2 19:11:45 32t 1
208 197:19:44312 283 S1 19:11:45 32327
209 197:19:44:39 283 S3 R 19:11:45 32:54
210 197:20:44:35 283 A1Q 19:11:45 92:50
. 211 197:20345:35 283 A6 19:11345 93:50
212 1973202463 5 283 AS 19211345 9413120
213 197:21: 5:11 284 Jé 20352:23  12:48
214 197:21:22: 0 284 S2 20852223 29:37
215 197:21:22:38 284 S4 20:52:23 -30315
216 197322:26843 284 A4 20452323 94119
217 197:22:26:58 284 A2 20252123 © Q41134
218 197:22:27:28 284 A3 20:52:23 953 4
216 197322327:28 284 Al 20:52:23 953 4
' - 220 197:23: 613133 285 S11 22333: 0 33:33
’ 221 197:23:12: 6 285 B10 ' 22:33: 0 39: 6
222 197:23:13:18 285 81 22:33: 0 40:18
223 197:23314:42 285 B2 22%33: 0 41142
224 198: 0145: 5 286 S11 0:13:38 31327
225 198: 0:53:38 286 P21 0:13:38 ~ 40: 0
226 198: 0:54:20 286 P26 0:13:38 40342
227 198: 0:54:32 286 p22 0:13:38 40:54
228 198t 0:54:50 286 P30 0813:38 41312
229 198: 0:55:50 286 B5 0t13:38 42:12
» 230 198: 2:14:22 287 S1 1:54:106 20: 6
R 231 198: 2:14:37 287 S2 1:54:156 20:21
- ' 232 198: 3:46: 1 288 S7 3134154 11 7

p.e)

T OO RN VDD RIOOZO0O O O~ ZrrZCR0ZC~Z 000000 0000



N
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290

PR X I N I P S

HIT TIME
1983 33146212
198: 4:10:57
198t 43111:39
198t 43112352
198t 5347337
198: 5:50:16
198: 7:14:45
1982 7350329
198t 7250129
198: 7:50:29
198: 7:50:59
198: 7:51:14
198: 7:51:14
198: 9:14:59
198: 9:19:29
198: 9:31: 7
198: 93131: 7

198: 9:31:22-

1983 9:132:22
198:10226227
198112317156
198:13:50:46
198:13:51: 4
198213351343
198113:155:22
198:13:56:19
198:17:39:28
198:17239:32
1983183521333
198:19:13:15
198:19:13:37
198:19:14: 6
198:120:13:53
168:20:14:53
198:20:14:53
198:20:15:24
198:20:15:38
198220316224
198:20:116:24
198:20:16:39
1982120216154
198:20:28:11
198:20:29:59
198:21157:16
198:21:57:31
198221357346
198:21:57:46
199: 0:14:50
199: 0:23:56
199 0:124326
199: 0:24:26
199: 03124338
1993 0324145
199¢ 0:25: 8
199: 0:25:30
199: 3:21:49
199: 3122t 9
1993 3:22:27

REV
288
288
288
288

289

289
290
290
290
290
290
290
290
291
291
291
291
291
291
292
293
294
294
294
294
294
296
296
297
297

297

297
297
297
297
297
297
297
297
297
297
298
298
298
298
298
298
300
300
300
300
300
300
300
300
302
302
302

SITE
Sé
B15
Bl2
Blé
Bl9
B13
S11
A5
A7
A8
AQ
Ab
AlO
J7
J3
A2
Al
A4
A3
B2
B19
Bl2
Bl6
B15
B13
Bl9
ST
Sé6
J7
S2
51
S3
A13
Al2
All
Al0
A7
AS
Ab
A8
AS
J3
J4
A4
A2
A3
Al
511
P21
P22
P26
P30
B6
Ba
B5
S3
S1
S2

ZErC VO ODZrrZZr A rZroro 0222000080000 reoZrerecrrer e

ASC NODE
3134354
3134:54
3:34:54
3134354
5t15:31
5:15:31
61562
6256
63563
6156
6:56:
6:56¢
6156
8236247
8:362:47
8136247
8136147
8:36:47
8:36:47

10:17:24

11:58: 2

13:38:40

13:38:40

13:38:40

13:38:40

13:38%40

16:59:55

16:59:55

183402833

18:40:33

18:40:33

183401233

18240233

18:40:33

18:40:33

18:40:33

18:40:33

18:40433

18:40:33

18:40:33

18:40:33

20:21:11

20221311

20:21:11

20821311

20321211

20:21:11

233421226

23342126

23:42:26

23242126

233142126

23342226

23342:26

233142226

OO0 O0OO0OOVO 0

383342

31 3142
31 3142

TIME PAST
NODE
11:18
36 3
36345
37:58
32t 6
34145
18236
54:20
54220
54320
54350
55: 5
55: 5
38:12
42342
54119
54319
54234
55234

9: 3
19:54
12¢ 6
12:24
13: 3
16:42
17:39
39:33
39:37
12: 0
32:42
33: 4
33:33
G3:19
94:19
94319
94150
95t 4
95:50
95:50
96 5
96320

7¢: 0

83148
96¢ &
96219
96234
96234
32:24
41830
42: 0
422 0
42212
42119
423142
433 4
18: 7
18327
18345



N

291
292

293

294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348

1993

1992

-1993

. 1993

et AR e

HIT TIME

1992 3:22:40
199: 3:40:36
3141:21
3142327
5817 5
5:19:47
6144227
6t55:27
7:20:32
7:20:32
7:20:47
7:20:47
7120:47
T:121:17
T321:17
7121117
T:21:17
8122147
199: 8:44t47
199: 9t 0156
199: 9: 1:26
199: 9: 1:26
1992 9: 2:26
1993 931568 4
199: 9:56:25
199: 9:57:1¢6
199:10:24:13
199110:272:25
199:11:34:11
199:11134:32
199211234250
199211134150
199:11:34:50
199:13:20:16
199:13:21:13
1991132125149
199:15¢ 3:12
199:20: 1: 5
199:20:21:59
199¢23: 4327
199223244224
199:23349:38
199:23:50:50
199:23:51150
199:23:54:23
200: 3:10:54
2008 6851120
200: 6:51:20
200 6251250
200: 6352: 5
200t 9:54: 1
2002 9:57: 1
200:14:28:37
200:14:33:39
200:14:34:12

1993
19913 .
199

199
199
199

199
199:
199:

199:
199:
199:

. 200119329:53

200:19:50:56
200:19:51:18

REV
302
302
302
302
303
303
304
304
304
304
304
304
304
304
304
304
304
305
305
305
305
305
305
306
306
306
306

306

307
307
307

307

307
308
308
308
309
312
312
313
314
314
314
314
314
316
318
318
318
318
320
320
323
323
323
326
326

326

SITE
S4
B15
Bl2
B16
B19

- B13

S11
B19
A7
A8
A5
AG
Al2
A6
Al0
All
Al3
s1i
J7
A2
Al
A4
A3
B2
Bl
B10O
Jé
J4
B4
B5
pa22
P26
P30
Bl12
B15
Bl9
B13
Jé
S4
A3
si1
810
Bl
B2
B6
R12
A9
Al2
Al3
All
Jé
J4
Blé
B18
B17
J7
S2
s1

SID

E

x

x

P

n .

ASC NODE
3¢ 32342
3: 3:142
3: 33142
3% 3142
4344:20
4144220
6224357
6124857
6324257
6:124:57
6324:57
653243157
6124:57
6124:57
612457
63124157
6224:57
3: 5:35
8: 5:35

" 83 5135

8: 5:35
8: 5:35
8: 5:35
9246113
9146213
9146313
9:146:13
93146313
11:26:50
11:26:50
11:26:50
11:26150
11326:50
13: 7:28
13: 7:28
13t 7:28
14:48: 6
19:49:59
19:49:59
21330137
23311:1¢4
23:11:14
23:11:1¢4
23311314
2331114
2432:30
51532145
5153145
5353145
5153145
9315 1
9t115¢: 1
14316:5¢4
14:16:54
l14:16:54
19:181t147
19:18:47

19:18:47

TIME PASIgiﬂ
NDDE e
18:58
36254
37:39
38145
32:45
35:27
19:30
30130
55135
55135
55850
55350
55:50
56220
56120
56320
56:20
17:12
39:12
55:20
55:50
55:50
56250

9:51
10:12
11: 3
38: 0
41312

7:21

7242

8: 0

8: 0

B: O
12348
13:45
18321
15¢ 6
11: 6
32: 0
93:50
33:10
38:24
39336
40236
43: 9
38224
57¢35
57135
58: 5
58220
39: 0
42: 0
11:43
16:45
17:18
11: 6
32: 9
32:31



N
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391

392

393
394
395
396
397
398
399
400
401
402
403
404
405
406

HIT TIME
200:19:51:32
200:19:51:45
200:20351:23
200:20:52: 8
200:201:52: 8
200:20:521:38
200:20:53: 8
200:20:53:23
200:20353:38
200:21s 7:25
200322333145
20022221342 0
2003:22834:30
200:22:34:30
200:23318:39
200:23:19:17
200:23220:29
201: 3:53:11
201: 3:53:23
201: 4320 2
201: 5:54:45
201t 5:55:24
201t 5:5535]1
201t 93 0:25
201: 9:22:19
2013 G:26:37
201: 9138:38
201t 9:39:53
201:13:57:51
201:13:58:48
201:14: 3:30
201214 3:42
2013217246140
201:17:46:42
201:19:20:20
201:19:20:47
201:19:21:14
201:20:20t55
201:20221:55
201120321355
201:20:22:40
201:20:23:26
201320223141
201:20:35:31
201:20:38:43
2023 0:31:10
202t 0331:28
202 0:31:28
202t 0:31:58
202: 0:132:22
202: 0:32:40
202% 3128357
202% 3:29:17
202: 3:29:36
202t 3:29:51
2021 3:47:44
202 3:48:32
202 3149:32

REV
326
326
326
326
326
326
326
326
326
327
327
327
327
327

328

328
328
331
331
331
332
332
332
334
334
334
334
334
337
337
337
337
339
339
340
340
340
340
340
340
340
340
340
341
341
343
343
343
343
343
343
345
345
345
345
345
345
345

SITE
S4
33
All
Al10
A9
A7
A6
AB
A5
J4
A4
A2
A3
Al
g
B10O
Bl
S7
Sé
B16
B19
B17
B18
511
J7
J3
Al
A3
B12
815
819
817
S?
Sé
S2
S1
S3
Al3
Al2
All
A7
A9
A8
J3
Jé
P21
P26
p22
P30
B4
BS
S3
S1
52
S4
B15
B12
Bl6

SIDE

xR

ASC NODE

19:18:47
19:18:47

19:18:47

19:18:47
19:18:47
19:18347
19218247
19:18:47
19:18:47
203590125
20359325
203159225
20:59:25
20159125
223408 2
22:40: 2
223140 2
3141256
3341256
3:41:56
5:22:33
53822:33
5122133
B2:43:49
8143849
8§:143:49
B:143349
8243249
13:45342
13:145:42
133145242
13:45:42
17 6:57
173 63157
18:47:35
18:47:35
18:47:35%
18247235
18:47:35
18247235
18:47:35
18347:35
18:47235
20328313
20:28:13
2349:28
23449328
233149328
23349328
23:49:28
23:149:28
321044
3:10:144
3210244
3:10%44
3310344
3310344
3210244

A

TIME PAST
NODE

32245
32:58
92336
93:21
93321
93:51
94121
94:36
94:51
8¢ 0
94:19
Q41334
953 4
953 4
38337
36:15
4Q:27
11:15
11327
38t 6
32:12
3251
33:18
16236
38:30
42242
54349
56 4
12: 9
133 6
17:48
18¢: 0
39343
39145
32345
33:12
33:39
93:19
94119
94319
95¢ 4
95:50
96: 5
7:18
10:30
41:42
42 0
42: 0
42330
42254
43212
18113
18:33
18:52
19: 7
37: 0
37:48
38t48

,/’4‘

}
4 «/



N
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428

- 429

430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
4648
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464

HIT TIME
202: 5324:13
202: 5:25:19
2028 7127:49
202: 73127149
202t 7128:19
2023 7328319
2021 7128:49
202: 7:28:49
202: 7:28:149
202t 8129155
202t 9t B8:26
202: 9: B:56
202t 9: B8:56
202:10: 3:39
202310: 4:28
202:10: 4343
202310 4:51

1 202t112:41: 1

2021112:41t19
202311241:52
2023:11:41:52
202311241252
202:11:41:52
202:20:29:10
202123:11:29
202:23:51:31
202:23157:13
203:
203t 6:158:36
203t 6:59: 6
203t 6159t 6
2032102 1: 3
203:10% 4:33
203:14:35:47
203214138232
203314340347
203:14841:12
203:142:41:20
203219:37: 7
203:19:54:19
203:19:56:49
203:19:58: 4
203:19158:28
203:19:58340
203:19:58:58
203:20: 2:49
203:20:58: 8
203:20:58:138
203:20:58:53
203:20:59:23
203320159323
203:21: 0:23
203:21t 0:38
203321: 0:53
203:21:12:15
203221314333
203:21:35: 9
203221:36:22

6:33: 3

REV
346
346
347
347
347
347
347
347
347
348
348
348
348
349
349
349
349
350
350
350
350
350
350
355
356
357
357
361
361
361
361
363
363
366
366
366
366
366
369
369
369
369
369
369
369
369
369
369
369
369
369
369
369
369
370
370
370
370

SITE
B19
Bls
A7
A8
AS
AG
A6
Al0Q
All
S11
A2
Al
A4
B1
B10O
B7
B9
B6
B4
P21
P22
P26
P30
S4
A3
S11
B7
B17
Al2
Al3
All
Jé
Jé
Blé6
WS6
Bl1l8
B19
B17
J7
WSl
WSS
S2
S1
S4
$3
WS?
Al3
Al2
All

" AlO

AQ
Ab
A8
AS
WS3
J &4
WS5
S2

SIDE

X

P

P

=

ASC NODE
4:151:22
4351222
6231259
6:31:59
6:31:59
6:31:59
6331859
6231:59
6331159
8212337
B:1l2:37
8:12:37
811237
9153815
9:53:15
9153115
9:53:15

11:33:52

11:33:52

11:33:52

11:33:52

11:33:52

11333252

19:57: 1

21:37:3¢9

23:18¢%16

23118816
6t 0347
6: 0147
63 047
6% 0147
9:22: 3
9:22¢ 3

14:23156

14323156

14:23:56

14:23:56

14:23:56

19:125:49

19:25:49

19:25:49

19125249

192125149

19:25:49

19:25:49

192251249

19125149

19:125:49

13:25:49

19325149

19325349

19:25:49

19:25:49

19:25:49

21l: 6127

21s 6327

21: 6227

21: 6327

TIME PAST
NODE

32:51
33:57
55249
55849
56:19
56119
56149
56249
56349
17:18
55849
56219
56219
10:24%
11313
11:28
11:36
7: 9
7327

83

83
8

8t
32
93:50
33:15
38:57
32:16
57249
58:19
58:19
39: 0
42330
11:51
14:36
1651
17216
17:2¢4
11318
28:30
31+ 0
32:15
32:39
32:51
33: 9
37: 0
G2:19
92249
933 4
93:3¢4
93134
94134
94149
952 &

5148

8s 6
28242
29155

VOO0 O0Oo



N
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512

513

514
515
516
517
518
519
520
521
522

HIT TIME
203:21136136
203321137t 3
203:21:39: @9
203122141147
203122141147
20331221421 2
203122142117
203123111146
203123125149
203123126125
203:23:27:37
204t 0150118
204t 4% 0Q:25%
2041 4% 0:37
2043 43 H129
204t 41 7122
2048 4:27:10
2043 5146123
2041 Hh3 1t53
2041 Ht 2132
204t H1 2:59
204 7125113
204t B8t B:137
2041 93123133
2041 9:33:21
204% 9133151
2042 9145140
2042 Q145340
204t 9145:55
2041 9314K355
204210141110
2041101422113
2041121191213
204:14t 51 0
2041142 5:56
204114110139
204:17:53:50
204117153150
20431912749
204119328:22
204:20:28:27
204120129312
204:120:30:27
204320:42:39
204:20:43:21
2043120145145
2063121 2333
206218 4:57
204121 8127
204122242:58
204122:148:52
206t 0119142
205t 0129: 6
205t D138:124
205t 0:38:130
2051 0:39: &
205: 0:139:30
2051 1158126

REY
370
370
370
370
370
370
370
71
37
371
371
372
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31248
32:55
12216
12:36
18:18
542 5
54320
54335
38: 0
42312
53135
543 5
54 5
54320
8318
9:36
19:39
39318
11%48
6: 0
8:30
29 0
30:15%
30:33
30854
95:35
26842
31249
41 0
41:30
423 0
423124
21:12
11:45
11:54
171145
18:12
18242
37121
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30:57
55:20
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55835
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57220
57320
40:54
12:57
15348
18:10
18:25
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10:48
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210:21:161:59
210:21:19: 5
210121122147
210:22:155:137
211: Dt34: 3
211: 03:43:27
211t 0:153:27
211: 0253148
2112 2112:53
211t 3350:33
211: 3:50:48
211t 3:51: O
21¥: 3:51:18
211t 43 9: 4
211t 43 9:57
211: 5122:48
211: 53128:59
2i1: 5:29:50
211l: 5:47:56
211t 7: 6% 4
211 7:50: 9
211: 7:50:24
211t 7:50:24
211t 7150:54
211: 7151: 9
211: 7:51: 9
211: 8:511:20
211:110:25:52
211:10126:10
211:10:56119
211t12s 2:30
211:12: 3:33
211115127142
211:15:30:12
211:15:32:42
211:15:33:18
211:20:29t 5
211:20t46:11
211:20:48:4]1
211:20t50: 2
211220150124
211:20:50:35
211:20154:47
211:221: 3:43
211:22% 6313
211:22:27: 1
211:22:281:10
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211: Ot 3:33
212 0:12:52
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3331348
3:31:48
5:12:26
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5:12:26
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61531
GERES
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63i53:
813314
10314:19
10:14:19
10t14:19
111543157
11:54:57
15t]16:12
15:116:12
15:16:12
15¢16:12
2011813
20:1861:
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203181
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201183
202183
21+58143
21:58:43
21:58:43
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21158143
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23139:21
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29:48
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25142
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18:45
19 O
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193130
37:18
38: 9
10:22
16133
17:24
35130
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571 5
57120
57120
57150
581 5
58t 5
17:39
11:33
11:51
423 0

7:33
8134
11:30
14 0
16130
17: &
11: O
28: 6
30136
3157
32319
32:13Q0
36242
5: 0
7130
28:18
29127
30t 6
32t 0
93:50
Q4:50
94:50
24112
33:31
3gs:21l
418154
39:21
40: 9
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IR TIME PAST
EEREE AR N HIT TIME REV SITE SIDE ASC NODE' NODE
ol 871 212: 1:42:58 487 WSS 1:19:58 23: 0
g 872 212: 1:3151:19 487  S11 1119358  31:21
SRR 873 212t 2: 0:40 487 P26 1:19:58 40342
IR 874 212: 2: 0:52 487 P22 1:19:58 40:5¢4
! 875 212: 2t 0:58 487 P30 1:19:58 41t 0
: ‘ 876 212% 23 2: 1 487 B85 1:19:58 42: 3
IRRE P 877 212: 4352112 489  S7 4141114, 10:58
SRR 878 212: 4152:23 489  S6 41413164 113 9
TR 879 212: 5:17: 6 489  B15 4341814 353152
o 880 212: 5:17:44 489  B12 43141214  36:30
b g 881 212: 5:19: 0 489  B16 4141316 37146
e 882 212: 6:35:40 490  WS7 6121352 13348
0 ¥ 883 212t 6:138:28 490 WS4 6:121:52  16:36
5 884 212%: 7:202:27 490  Al3 63121352 58335
L 885 212t B8:120:56 491 s11 8: 2:29 18:27
: BB6 212 B8:56:35 491 A8 8: 2:29 54t 5
P 887 212: 8156147 491 A5 8t 2129 543120
. 888 212: B157: 2° 491 A6 8% 23129  54:35

=

~

o 889 212: 9155337 492 B10O 9:43: 7 = 12:30
SR 890 212: 9:55:52 492 B9 9:43: 7 12:45
| ; 891 212:10:21: 7 492 J7 9:43: 7 38: 0
CoL 892 212:10:23: 1 492 Jé6 9:43: 7 39:54

893 212:10:25: 1 492 WS8 91433 7 41154
894 212:10:25:31 492 J3 L 9:43: 7 42:24
895 212:10:27:37 492 WS3 9:43: 7 44230
896 212:10:36:43 492 A2 . 9:43: 7 53:35
897 212:210337:13 492 Al 93438 7 54t 5
898 212:10:37:13 492 A4 9:43% 7 543 5
899 212:10:37:28 492 A3 9:43: 7 54120

900 212:11:32: 9 493 R6
901 212:11:33:33 493 P21
902 212:13:24:10 494 B19
903 212:14:57: 0 495 Bl12

11323245 8124
11823245 9248
13: 4:22 19:48
14:45: O 12: 0

904 212:14:57:12 495 B16 142458 0 12:12
905 2121:15: 0: O 495 WS6 14245: 0 153 0
906 212:15: 2:13 495 B1l8 R 14:45: 0 17:13
907 212:15: 2:33 495 B19 14:45: O 17:33

908 212:15% 2:48 495 B17
909 212:18:45340 497 S7
910 212:18:45:43 497 Sé6
911 212:19:58:53 - 498 - J7
912 212:20:11:35 498 WS1
913 212:20319:27 498 S2
914 212:20:19:50 498 S1
915 212:20:20: 5 498 S4
916 212:20:20:23 4968 S3
. 917 212:21:19:59 498 Al3
918 212:21:20:42 498 Al2
919 212:21:20:42 498 All
920 212:21:21:29 498 Al0
921 212:21:121:29 498 AQ
922 212:21:21:59 498 AT
923 212:21:22:14 498 A6
924 212:21:22:29 498 A8
925 212:21:22:144 498 AD
926 212:21:33:19 499 J4
927 212:21:33:55 499 WS3
928 212:21:34:31 499 J3

14:45¢ 0 17:48
183 6116 3G:124
18: 6216 39327
19:46:53 12: 0
19:46:53 24142
19:46:53 32134
19:46:53 32357
19:46:53 33:12
19846:53 33:30
19346153 93: 5
19246:53 93:48
19:46:53 93:48
19:46:53 94131135
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21:127:31 5148
21:27:31 6224
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212221154137
212:21:58:34
212123 2:52
212323: 2:52
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2132 1:21: 1
213t 1:30:55
213: 1:31:19
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213: 4:28: 2
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213:12:40319
213:12:401:40
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213:14:132:21
213:20:50: 1
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2133120150846
213:20:50:46
213:20:51:31

213:120:51:31
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213:20:52:31
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213:20:53: 1
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213:21: 5:19
213:21: 7:19
213:21324: 1
213121226319
213:21:31: 1
213:22:33:10
213:22:33:40
2133122134356
213:23: 3:38
213:23: 8: 8
213:23:10:38
214 03423134
214: 0:55:14
214: 0:55:50
214t 0t56:14
2142 0:56t58
214: 1: 0:37
214: 2119:54
2143 3357341
2143 3:157:59
2143 3:58:12
214t 3:58:32
214t 4:17: 8
214t 5129246
2143 5:129:55
214 5:37:33
2143 5:154:57
214 7313:11
214% 7:31:20
214 7:32: 3
214: 73132:23
214¢ 7:157:10
214 7:157:25
2l4: 7:57:25
214: T7:57:55
2143 7:58310
7:58:10
214: B8:58:131
214:10:32:17
214310:33: 2
214:10:333:23
214211: O:14
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214312:10:10
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39:24
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18:51
19: 9
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38:18
10:19
10:28
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32:18
57: 5
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17248
10:57
11342
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214312310246
214312:10:58
214112:10:58
214313:56¢ 9
214213357: 6
214t14: 1:36
214:143 1:40
2141143 2t 6
214215134247
214:15:37:20
2143151391253
214115140327
214:19:23: 8§
214319:23:14
214:20:36:13
214220137: 7
214:20:48:19
214:20:155:55

2164320257 7 -

214220857¢:31
214:20357:46
214:20:57:55
214:21: 2: 7
214121157357
214221:58:57
214:21:59:27
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21412231332
214:22332:20
214322134 2
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214322136 O
214:22:37:56
214:23:40: 4
214323140219
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214323:401:49
215 0:12:10
215% 0:19:58
215t 0324219
215% 0:25:26
215: 0:25:50
2153 0:26:40
2153 1:150: 6
215¢ 2¢: 7:12
215: 2: 7:54
215% 23 8: 0
2158 2t 8112
215 2% 9:10
215¢ 4:59:19
215% 4:59:33
2158 5124:18
215% 5:25: 0
215 5126t 9
2153 73 0:54
215% 73 1:38
215¢: 7: 2: 2
215 7% 3:147
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12: 1:58
123 1:58
13342:36
13:42:36
13:42:36
13:42:36
131421336
15:233:14
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2153 8:39:49
215: 9:30:951
2151 '9:30:51
2152 9:30:51
2158 9:140:21
215: 9140136
2152 9:40:36
215:10: 3: 2
215:10:28:20
215:110:32: 8
215110132:50
215:103:34:50
215:10t44:28
215310:44:28
215110244143
21521045143
215:13:31:21
2152158 43 4
215115 53 1
215815¢ 9:25
215:15: 9:43
215:15: 9:56
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2203 7:46:41
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2208 B8:11:42
220t 8t112:12
220t B312:27
220t 9348:132
220110346238
220210247128
220:10:47: 4]
220:10247:41
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220311214:23
220311216235
2202111717
220:11:17:53
220:11:319:17
220211328242
22031112957
220212223357
2203121241219
2203:12:25: 6
220:12:25¢ 6
22031231253 &
220314111129
220214216227
220215:49: ¢4
2203153151152
220215154 8
220315354229
2202:15354:40
220:19:37:28
220119137834
2203:20:50:27
220121 7:39
220:21:10: 9
220121111224
2201212111245
220321:11:57
220:21:12:12
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220122112143
220122312143
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1625 222: B149:42 634 AlO T:521:121 57:20
1626 222t 8143142 634 411 7152121 57120
1627 222t 93150:23 6135 Si1 9r32:58 17:25
1628 222:10:29:19 635 A2 9132158 56120
1629 222:10:29134 635 Ad G:32:58 56335
1630 222111124154 636 810 1113338 11118
1631 222:11:2%5:13 636 B9 11:13:38 11:37
1632 222:11:151:48 636 J6& 11:13:30 38:12
1633 22211131558 ¢ b3e J& 11:13:36 41:30
16434 2221131 1114 637 Bb6 12354314 73 0
1635 222t13: 1:50 6137 B4 12:54114 7:36
1636 2221131 2:20 637 P2l 12:54:14 B: 6
1637 222t13: 2:20 637 PZ6 12154114 Rt &
1638 222313t 23132 637 pz2 12156214 8118
1639 222:14147:54 638 R1? 14334351 13: 3
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1686 223t11:37:15 650 A3 10242224 54350
1687 223312:31:32 651 Bé 12:23¢: 2 8330
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Appendix A

Determination of Geocentric Latitude o as a function

of Time after Ascending Hode.

‘//,,orbita] plane

d .
/é‘\-equator1a1 plane

Earth center7

C /

INERTIAL NODE ;;\\

l_inertia] node

.

§ = sin"](sin<wsin n) A.T.
where
180 x t
o = A.2

(descending node time - ascending node time)

o
]

time after ascending node

=
1]

angle between orbital plane and equatorial plane



Appendix B

Geocentric to Geodetic Latitude Conversion

. tan (laty)

laty = tan (]_f)Z B.1.
where:
laty = geocentric latitude
laty = geodetic latitude
1 A
f = ———— = oblateness of the Earth
298.257
Appendix C
Mercator Latitude Ticks
The Mercator "“projection" modifies the cylindrical projection to allow
latitudinal distortion to equal longitudinal distortion. Thus, map distances
represented by latitude in Mercator are found by integration:
hi lat hi lat
k J/.sec 6do = k|In(sec6 + tang) C.1.
1o lat To lat

vihere 8 = latitude
Using this relationship, and k obtained from the dimensions of the graphics

Mercator outline of fig. 4, precise latitudes are located on the plot.
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