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FOREWORD 

This operational trajectory document contains the operational tra­
jectory data for an April 16, 1972, launch. It supersedes the Apollo 16 
documents MSC IN 71-FM-388, MSC IN 71-FM-401, and MSC IN 72-FM-14. The 
document comprises two volumes. Volume I contains a verbal and graphical 
description of the mission, and volume II contains the trajectory print­
out. 

At this time no revision to this trajectory document is planned. 
Any mission changes that occur subsequent to publication will be pub­
lished as changes notifications. 

iii 
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SPACECRAFT OPERATIONAL TRAJECTORY 

FOR APOLLO 16 (MISSION J-2 ) 

LAUNCHED APRIL 16, 1972 

VOLUME I - MISSION PROFILE 

By Mission Integration Branch, Flight Performance Branch, 
Systems Management Branch, and Guidance and Dynamics Branch 

1.0 SUMMARY AND INTRODUCTION 

1.1 Sunnnary 

The Spacecraft Operational Trajectory, published in two volumes, is 
a detailed description of the Apollo 16 trajectory ( for an April 16, 1972, 
launch date ) . The launch time for the nominal Apollo 16 mission is 

llh54m c.s.t., and the flight azimuth is approximately 72.0°. During 
the second revolution of the earth parking orbit, the translunar injec­
tion (TLI ) burn will place the spacecraft on a translunar trajectory with 
a 71.4-n. mi. perilune altitude. This trajectory meets the requirements 
that 

a. The spacecraft be earth-returnable within reaction control system 
(RCS ) capability up to TLI plus 5 hours 

b. The spacecraft be earth-returnable within descent propulsion 
system (DPS ) capability at perilune plus 2 hours in case of no lunar orbit 
insertion (LOI ) burn 

As on Apollo 15, the S-IVB performs an evasive maneuver before its liquid 
oxygen (LOX ) dump. This maneuver will place the S-IVB on a lunar impact 
trajectory. 

To shorten the period from LOI to lunar module (LM ) landing, one orbit 
has been deleted between CSM/ LM separation and LM landing. The lunar sur­
face time has been increased to 37 CSM revolutions (73 hr ) . After LM 
lift-off, rendezvous, and docking, the ascent stage is jettisoned and de­
orbited for lunar impact. After LM jettison, a plane change is performed, 
followed by a 1-day lunar orbit science period. Transearth injection is 
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at the beginning of revolution 76. The command module will land at 

14h30m c.s.t. in the Pacific Ocean on April 28. 

The mission duration is approximately 12 days, 3 hours. The trans­

lunar flight time is 7lh50m. The time spent in lunar orbit is approxi­

mately 147h46m, and the transearth flight time is 68hoom. 

1.2 Introduction 

Many aspects of mission operations require a foreknowledge of the 
spacecraft trajectory - both its shape and its schedule of events. This 
document is the best and most complete prelaunch estimate of that trajec­
tory. The trajectory event schedule presented will be followed as near 
as possible during the actual flight. This information will provide input 
data for preflight simulations and will be the basis for the preliminary 
ground station tracking schedule. Many other facets of the mission opera­
tions, however, also require these data. 

This trajectory reflects the .mission requirements as documented in 
reference 1 and all known constraints and guidelines, and is based on the 
spacecraft characteristics defined by the Spacecraft Operational Data 
Book (ref. 2 ). The launch portion of the trajectory, which is generated 
by the Marshall Space Flight Center, is omitted from this document. 

) 



Event 

Launch 

EPO insertion 

Translunar injectiona 
Burn initiation 

Burn termination 
(guidance cutoff signal) 

Post-TLI eventsa 
CSM/S- IVB separation 

Docking 

CSM/LM ejection 

Evasive maneuvera 
(performed by S- IVB) 

Translunar coast, midcourse 
correction maneuvers 

MCC-1 

MCC-2 

MCC-3 

MCC-4 

Time, 
hr:min:sec, 

g.e.t. 

00:00:00 

00:11:57.2 

02:33:15.1 

02:38:50.0 

03:03:50.0 

03:13:50.0 

03:58:50.0 

04:21:50.0 

TLI + 9 hr 

TLI + 28 hr 

LOI - 22 hr 

LOI - 5 hr 

I 

I 

-....__, 

TABLE 1-I. - SEQUENCE OF MAJOR EVENTS 

Time, 
hr:min:sec, 

c.s.t . 

April 16, 1972 
11:54:00.0 

12:05:57.2 

14:27:15.1 

14:32:50.0 

14:57:50.0 

15:07:50 . 0 

15:52:50.0 

16:15:50.0 

23:32:50.0 

April 17, 1972 
18:32:50.0 

April 18, 1972 
16:22:38.6 

April 19, 1972 
9:22:38.6 

Flight azimuth, deg 
Launch complex 

Geodetic latitude, deg 
Longitude, deg 
Geodetic altitude, n. mi. 
Velocity, fps 

Geodetic latitude, deg 
Longitude, deg 
Velocity, fps 
Apogee altitude, n. mi. 
Geodetic altitude, n. mi. 

Geodetic latitude, deg 
Longitude, deg 
Burn duration, sec 
Plane change, deg 
Apogee altitude, n. mi. 
Geodetic altitude, n. mi. 

I 6V, fps 

I Geodetic altitude, n. mi. 

Geodetic altitude, n. mi. 

Geodetic altitude, n. mi. 

Data summary 

Altitude above mean lunar radius, n. mi. 

~is information is approximate and is presented for information only. The official source is the MSFC LV 
operational trajectory (ref. 2). 

__., 

72.0 
39A 

32.7 
-- 52.1 

93.3 
25 603.7 

- 24.8 
137.3 

25 630.7 
95.8 
88.9 

- 12.5 
161. 7 
334.9 

0.0 
266 387.7 

154.6 

9.8 

.:::: 56 500 

~119 000 

~166 500 

~12 200 

f--' 
I 

--.;i 



Event 

SIM door jettison 

lunar orbit insertion (LOI) 
Burn initiation 

Burn termination 

S-IVB predicted l unar impact 

Descent orbit insertion (DOI) 
Burn initiation 

(_ l 

TABLE 1- I. - SEQUENCE OF MAJOR EVENTS - Continued 

Time, 
hr:min: sec, 

g.e.t. 

LOI - 4.5 hr 

74:28:38.6 

74:34:53.6 

74:30:08.0 

78:35:30.3 

Time, 
hr:min:sec, 

c.s.t. 

April 19, 1972 
9:52:38.6 

14:22:38.6 

Data summary 

Average /iV imparted to door, fps 

Mass, lb 
Altitude above·LLS radius, n. mi. 
Selenographic latitude, deg 
Selenographic longitude, deg 
Perilune altitude above LLS radi us, n. mi. 
Selenographic inclination, deg 
Velocity, fps 

14: 28: 53 . 6 I Altitude above LLS radius, n. mi. 

14:24:08.0 

18:29:30.3 

Selenographic latitude, deg 
Selenographic longitude, deg 
Selenographic inclination, deg 
Burn duration, sec 
Inertial burn arc, deg 
Plane change, deg 
liV, fps 
SPS propellant used, lb 
Velocity, fps 
Orbital period, hr:min:sec 
Perilline altitude above LLS radius, n. mi. 
Apolune altitude above LLS radius, n. mi. 

Selenographic latitude, deg 
Selenographic longitude, deg 

Mass, lb 
Altitude above LLS radius, n. mi. 
Selenographic latitude, deg 
Selenographic longitude, deg 
Perilune altitude above LLS radius, n. mi. 
Apolune altitude above LLS radius, n . mi. 
Velocity, fps 

"---'" 

13.7 

102 642.7 
95 . 1 
8.1 

- 166.9 
71.4 
8.1 

8104.o 

77 .5 
7.1 

169.2 
9.0 

375.0 
23.7 

2.3 
2807.0 

24 838 .4 
5388.4 

02:08:46 .4 
58.5 

170.6 

- 2.3 
- 31. 7 

77 770.4 
58.6 
8.7 

- 140.9 
58.6 

170.4 
5486 . 2. 

I-' 
I 

()'.) 

__./ 



Event 

DOI 
·· Burn termination 

CSM/IM undock and SEP 

Circularization (CSM) 
Burn initiation 

Burn termination 

Time, 
hr:min: sec 

g.e.t. 

78:35:54.4 

96:13:30.8 

97:41 :44.5 

97:41:50.4 

,.___.., 

TABLE 1- I. - SEQUENCE OF MAJOR EVENTS - Continued 

Time, 
hr:min:sec, 

c.s.t . 

April 19, 1972 
18:29:54."4 . 

April 20, 197~ 
12:07:30.8 

13:35:44.5 

13:35:50.4 

Data summary 

Altitude above LLS radius, n. mi. 
Selenographic latitude, deg 
Selenographic longitude, deg 
Selenographic inclination, deg 
Burn durationi sec 
Inertial burn arc, deg 
Plane change, deg 
6V, fps 
Velocity, fps 
SPS propellant used, lb 
Orbital period, hr:min:sec 
Perilune altitude above LLS radius, n. mi. 
Apolune altitude above LLS radius, n. mi. 
Revolution number 

Selenographic latitude, deg 
Selenographic longitude, deg 
Revolution number 

Mass, lb 
Selenographic latitude, deg 
Selenographic longitude, deg 
Selenographic inclination, deg 
Altitude above LLS, n. mi. 
Perilune ·altitude above LLS, n. mi. 
Velocity, fps 
Revolution number 

6V, fps 
Burn duration, sec 
Altitude above LLS, n. mi. 
Perilune altitude above LLS, n. mi. 
Apolune altitude above LLS, n. mi . 
Velocity, fps 
SPS propellant consumed, lb 
Burn arc, deg 
Orbital period, hr:min:sec 
Revolution number 

-__/ 

58.6 
8.8 

- 142.2 
9.0 

24.1 
1.2 
0.0 

206.0 
5280.2 
1566.2 

01:54:25.2 
10.9 
58.6 

2 

2.2 
121.0 

12 

39 318.1 
9.0 

- 159.8 
9.0 

59.8 
9.3 

5274.o 
12 

99.6 
5.9 

59.8 
51.8 
68.2 

5343.8 
384.7 

0.3 
01:58:54.4 

12 

_/ 

I-' 
I 

\J) 



Event 

PDI (DPS ignition time) 

High gate (P63 to P64) 

Low gate 

Vertical .descent (P64 to 
p65) 

LM landing 

CSM first pass over LLS 

First CSM plane change 
Burn initiation 

Burn termination 

TABLE 1- I. - SEQUENCE OF MAJOR EVENTS - Continued 

Time, 
I hr:min:sec, 

g.e.t. 

----- - ·---

98:34:40.9 

98:44:00.9 

98:45:22.9 

98:46:02.9 

98:46:42.4 

98:43:06.7 

152:28:48.1 

152:28:57 . 2 

Time, 
hr:min:sec, 

c.s.t. 

- ·-- -·- - -
April 20, 1972 
-- 14:28:40.9 

14:38:00.9 

14:39:22.9 

14:40:02.9 

14:40:42 .. 4 

14:37:06.7 

April 22, 1972 
20:22:48.1 

20:22:57.2 

-

Altitude above LLS, ft 
Velocity, fps 
Revolution number 

Altitude above j:,LS, :ft 
Velocity, fps 

Altitude above LLS, ft 
Velocity, fps 

Altitude above LLS, ft 
Velocity, fps 

6V, fps 
Burn duration, sec 

Data summary 

DPS propellant consumed, lb 
Revolution number 
Selenographic latitude, deg 
Selenographic longitude, deg 

Revolution number 

Mass, lb 
Selenographic latitude, deg 
Selenographic longitude, deg 
Altitude above LLS, n. mi. 
Perilune .altitude above LLS, n. mi. 
Apolune altitude above LLS, n. mi . 
Revolution number 
Velocity, fps 

SPS propellant consumed, lb 
6V, fps 
Burn duration, sec 
Selenographic latitude, deg 
Selenographic longitude, deg 
Altitude above LLS, n. mi. 
Perilune altitude above LLS, n. mi . 
Apolune altitude above LLS, n. mi. 
Plane change, deg 
Selenographic inclination, deg 
Velocity, fps 
Revolution number 

.____,,, 

52 707.3 
5571.1 

13 

7900.3 
355.0 

605.5 
79.6 

213.7 
10.3 

6696.3 
721.5 

18 100.3 I f-' 

13 
I 

f-' 
- 9.0 0 
15.5 

13 

38 752.8 
- 4.9 

-67.8 
57.4 
57.3 
62.2 

40 
5355.6 

602.3 
158.7 

9.1 
-4.9 

- 68.3 
57.4 
57.3 
62.0 
1.7 

10.5 
5355.4 

40 

.._/ 
_) 



Event 

CSM second pass over LLS 

Ascent 
IM lif't- of'f 

LM insertion 

Rendezvous 
TPI (APS ignition) 

Preceded by a 10- sec 
RCS ullage 
!iV = 21.8 fps 

Braking 

Docking 

.__/ 

TABLE 1- I. - SEQUENCE OF MAJOR EVENTS - Continued 

Time, 
hr:min:sec, 

g.e.t. 

171:46:10.3 

171 :45:08.6 

171:52:22.9 

172:39:22.9 

173:20:16.4 

173:40:00.0 

·Time, 
hr:min:sec, I Data summary 

c.s.t. 

April 23, 1972 
15:40:10.3 I Revolution number 

15:39:08.6 I Mass, lb 
Selenographic latitude, deg 
Selenographic longitude, deg 
Revolution number 

15:46:22.9 I Mass, lb 
!iV, fps 
Burn duration, sec 
Latitude, deg 
Longitude, deg 
Altitude above LLS, ft 
Perilune altitude above LLS, ft 
Apolune altitude above LLS, ft 

16:33:22.9 I Burn duration, sec 
!iV, fps 
Propellant used, lb 
Resultant h /h , n. mi. . a P 
Range at cutoff, n. mi. 
Range rate at cutoff, fps 
Propulsion system 
Revolution number 

17:14:16.4 I Burn duration, sec 
!iV, fps 

17:34:00.0 

Propellant used, lb 
Range at final braking, n. mi. 
Range rate at final braking, fps 
h /h at final braking, n. mi. 

a p 
Propulsion system 
Revolution number 

J _/ 

50 

10 892.2 
-9.0 
15.5 

50 

5923.9 
6047.9 

434.3 
- 9.8 

5.3 
59 889.1 
54 783 . 9 

276 088.1 I f-J 
I 

f-J 
f-J 

2.5 
50.3 
30.0 

61.9/44.o 

32.0 
-132.5 

APS 
50 

30.2 
33.4 
21.6 
0.02 

.,-0.23 
59.8/59.3 

LM RCS 
51 



Event 

LM jettison 

CSM/LM separation 
Burn initiation 

Burn termination 

LM deorbit 

IM impact 

Second CSM plane change 
Burn initiation 

TABLE 1- 1.- SEQUENCE OF MAJOR EVENTS - Continued 

Time, 
hr:min:sec, 

g.e.t. 

177:31:15.0 

177:36:15.0 

177:36:28.2 

179:16:29.2 

179:39:28.6 

193:13:46.2 

Time, 
hr:min:sec, 

c.s . t. 

April 23, 1972 
21:25:15.0 

21:30:15.0 

21:30:28.2 

23:10:29.2 

23:33:28 .6 

April 24, 1972 
13:07:46.2 

Data summary 

Selenographic latitude, deg 
Selenographic longitude, deg 
Revolution number 

Revolution number 

Mass, lb 
l!.V, fps 
Burn duration, sec 
Selenographic latitude, deg 
Selenographic longitude, deg 
Altitude above LLS radius, n. mi. 
Perilune altitude above LLS radius, n. mi. 
Apolune altitude above LLS radius, n. mi. 
Plane change , deg 
Selenographic inclination, deg 
Velocity, fps 
Revolution number 

Mass, lb 
l!.V, fps 
Burn duration, sec 
Selenographic latitude, deg 
Selenographic . longitude, deg 

Mass, lb 
Selenographic latitude, deg 
Selenographic longitude, deg 
Velocity, fps 
CSM revolution number 

Mass, lb 
Selenographic latitude, deg 
Selenographic longitude, deg 
Altitude above LLS , n . mi. 
Perilune altitude above LLS, n. mi. 
Apolune altitude above LLS, n. mi. 
Velocity, fps 
Revolution number 

..__,, 

- 4.5 
46.7 

53 

53 

38 514.8 
2.0 

13.2 
-6.9 
30.9 
59.6 
59.5 

61. 7 I I-' 
0.0 

I 

I-' 
10.4 f\) 

5346.o 
53 

5253.9 
229.6 
95.5 
2.7 

86.2 

5122.2 
-9.5 
15.0 

5550.l 
54 

38 433.2 
0.1 

65.0 
58.0 
57.9 
62.9 

5354.5 
61 

__../ 
j 



Event 

SeEond CSM plane change 
.Burn termination 

Shaping burn 
Burn initiation 

Burn termination 

Subsatellite jettison 

TABLE 1- I. - SEQUENCE OF MAJOR EVENTS - Continued 

Time, 
hr:min:sec, 

g.e . t. 

193:14:02.0 

Time, 
hr:min:sec, 

c.s.t. 

April 24, 1972 
13:08:02.0 

April 25, 1972 
216:49: 11.7 I 12:43:11.7 

216:49:13.9 12:43:13.9 

218:02:08.3 13:56:08.3 

SPS propellant consumed, lb 
!::.V, fps 
Burn .. duration, sec 

Data. summary 

Selenographic latitude, deg 
Selenographic longitude, deg 
Altitude above LLS, n. mi. 

·Perilune altitude above LLS, n. mi. 
Apolune altitude above LLS, n. mi. 
Plane change, deg 
Selenographic inclination, deg 
Velocity, fps 
Revolution number 

Mass, lb 
Altitude above LLS radius, n. mi. 
Selenographic latitude, deg 
Selenographic longitude, deg 
Perilune altitude above LLS, n. mi. 
Apolune altitude above LLS, n. mi. 
Selenographic inclination, deg 
Velocity, fps 
Revolution number 

Selenographic latitude, deg 
Selenographic longitude, deg 
Perilune altitude above LLS, n. mi. 
Apolune altitude above LLS, n . mi. 
Burn duration, sec 
Inertial burn arc, deg 
Plane change , deg 
!J.V, fps. 
SPS propellant used, lb 
Velocity, fps 

Altitude above LLS radius, n. mi. 
Selenographic latitude, deg 
Selenographic longitude, deg 
Velocity, fps 
Perilune altitude above LLS, n. mi. 
Apolune altitude above LLS, n. mi. 
Revolution number 

J 

1056.8 
282.5 
15.8 
0.0 

64.2 
58.0 
57.9 
62.9 
3.0 

13.4 
5354.5 

61 

37 305.3 
55.8 
7.8 

87.6 
55,7 
65.2 
13.4 

5366.4 
73 

7,7 
87.5 
55 ,0 
85.0 
2.2 
0.1 
0.0 

38.o 
139.6 

5391.6 

78,5 
0.0 

- 128.0 
5272 .0 

55 . 4 
85.0 

73 

___,/ 

f-' 
I 
f-' 
w 



Event 

Transearth injection 
Burn initiation 

Burn termination 

Transearth coast midcourse 
correction maneuvers 

MCC-5 

MCC- 6 

MCC- 7 

CM/SM sep 

Entry interface 

CM landing 

(_ 

TABLE 1- I.- SEQUENCE OF MAJOR EVENTS - Concluded 

Time, 
hr:min:sec, 

g . e.t. 

Time, 
hr :min : sec , 

c.s . t. 

April 25, 1972 
222:20: 32. 8 I 18 :14: 32. 8 

222:23:03.3 18 :17:03.3 

April 26 , 1972 

Data summary 

Mass, lb 
Altitude above LLS radius, n. mi. 
Selenographic latitude, deg 
Selenograph],c longitude, deg 
Perilune altitude above LLS, n. mi. 
Selenographic inclination , deg 
Velocity, fps 
Revolution number 

Altitude above LIS radius, n. mi. 
Selenographic latitude, deg 
Selenographic longitude, deg 
Perilune altitude above LLS, n. mi. 
Selenographic inclination, deg 
Burn duration , sec 
Inertial .burn arc, deg 
Plane change, deg 
flV, fps 
SPS propellant used, lb 
Velocity, fps . 

TEI + 17 br I 11:17:03.3 I Geodetic altitude, n . mi . 

April 27, 1972 
EI - 22 hr I 16:16: 45.4 I Geodetic altitude, n. mi. 

April 28, 1972 
EI - 3 hr I 11:16 : 45 . 4 I Geodetic altitude, n. mi. 

EI - 15 min I 14 : 01 : 45.4 I Geodetic altitude, n. mi . 

290:22:45.4 I 14 :16:45 . 4 I Transearth coast time, hr 
Inertial velocity, fps 
Geodetic altitude, n . mi. (~) 
Inertial flight-path angle, deg 
Geodetic latitude, deg 
Longitude, deg 
Equatorial inclination (ascending), deg 

290:36:03 I 14:30:03 . 0 I Geodetic latitude, deg 
Longitude, deg 

-~ 

37 025.0 
65.7 
10.3 

179.7 
54 .7 
13.4 

5339.3 
76 

67.3 
11.9 

170.0 
64.7 
15.5 

150.5 
9.7 
3.3 

32i2.2 
10 059.7 

8521.2 

:::::181 000 

:::::106 500 

:::::25 500 

1971.0 

68 
36 175.8 

65.8 (399 681 . 0) 
- 6.5 

-13.0 
- 167.2 

61.8 

5. 0 
- 158 .7 

I-' 
I 
I-' 
+::""" 



) 

1-15 

TABLE 1-II.- LAUNCH WINDOW SUMMARY 

Launch date 

Site . 

Flight azimuth, deg 

Launch time, hr:min, c.s.t. 

Translunar flight time, hr:min 

Lunar orbit inclination, deg 

Approach azimuth at landing, deg 

Sun elevation at landing, deg 

Goldstone landing coverage, hr:min 

Lunar surface stay time, hr 

Total lunar orbit stay time 

Transearth flight time, hr . 

Total mission time, hr .. 

April 16, 1972 

Descartes 

72 to 100 

11:54 to 15:43 

71:50 to 66:43 

9.0 

-90.0 

11.9 

12:20 

73.0 

147:46, 75 revs 

68 

290:36 to 286:47 



1- 16 

TABLE 1-III.- LUNAR ORBIT ACTIVITIES 

Activity 

LOI 

DOI 

Begin rest period 

End rest period 

Begin IVT to LM 

Undocking and separation 

CSM circularization 

PDI 

Landing 

Begin first EVA 

Terminate first EVA 

Begin second EVA 

Terminate second EVA 

Begin third EVA 

First CSM plane change 

End third EVA 

LM ascent 

Docking 

LM jettison 

CSM separation 

Revolution 
number 

Beginning of 
1 

End of 
2 

4 

9 

10 

12 

12 

13 

13 

15 

18 

26 

30 

38 

40 

42 

50 

51 

53 

53 

Time, 
hr:min, g.e.t. 

74:35 

78:36 

82:30 

91:30 

93:45 

96:14 

97:42 

98:35 

98:47 

102:25 

109:30 

124:50 

131:40 

148:25 

152:29 

155:25 

171:45 

173:40 

177:31 

177:36 

) 



1-17 

TABLE 1-III.- LUNAR ORBIT ACTIVITIES - Concluded 

Activity Revolution Time, 
number hr:min, g .e. t. 

) 
LM deorbit burn 54 179:16 

LM lunar impact 54 179:39 

Second CSM plane change 61 193:14 

Shaping burn 73 216:49 

Subsatellite jettison 73 218:02 

TEI Beginning of 222:21 
76 

) 



----.. 

I 

Evasive S-IVB CSM/ LM CSM CSM first 
Event Launch EOI TLI TLI SIM door LOI predicted LOI DOI undock and circular- PDI LM CSM plane LM LM CSM L maneuver pass TPI Braking Docking i nitiation cutoff (S- I VB ) jett i son initiation lunar cutoff separat ion ization over LLS landing change 1 l ift - off jettison separation deo 

impact 

Launch 

EOI 00: 11: 57 
TLI i ni t iation 02:33:15 02:21 :18 
TLI cutoff 02 :38:50 02 :26 : 53 00: 05:35 I 
Evas i ve maneuver (S- IVB ) 04: 21:50 04 : 09:53 01: 48 :35 01 :43 :00 I 
SIM door j ettison 69:58:39 69 :46 :42 67 :25 :24 67 :19 :49 65 :36:49 
LOI initiation 74 :28 :39 74:16:42 71 : 55:24 71 :49 :49 70:06:49 04 :30 :00 
S- IVB predicted l unar impact 74 :30 :08 74 :18 :11 71 :5p:53 71 :51: 18 70 :08 :18 04 :31 :29 00 :01 :29 
LOI .cutoff 74: 34 : 54 74:22 : 57 72 : 01 :39 71 : 56:04 70 :13:04 04:36 :15 00:06:15 00:04 :46 
DOI 78 :35:30 78:23 :33 76 :02: 15 75:56 :40 74 :13 :40 08:36 : 51 04 :06 : 51 04:05 :22 04:00: 36 

CSM/LM undock and separation 96 :13: 31 96: 01:34 93 :40 :16 93:34 :41 91 : 51 : 41 26 :14 :52 21 :44 : 52 21 : 43 :23 21 :38: 37 17:38 :01 
CSM circulari zat i on 97 :41 :44 97 :29: 47 95:08 :29 95:02:54 93 :19:54 27: 43 :05 23 :13:05 23:11 :36 23 :06: 50 19:06 :14 01 : 28 :13 

PDI 98 :34 :41 98:22: 44 96:01 :26 95 :55 : 51 94 :12:51 28 :36 :02 24 :06 :02 24 :04:33 23 :59:47 19 :59:11 02 : 21:10 .00:52:57 

CSM first pass over LLS 98 :43 :07 98:31 :10 96:09:52 96 :04 :17 94 :21:17 28: 44:28 24 :14 :28 24: 12 : 59 24 :08:13 20:07 :37 02:29:36 01 : 01:23 00 :08 :26 

LM landing 98 : 46: 42 98 :34:45 96:13:27 96:07:52 94 : 24 : 52 28:48:03 24 :18:03 24:i6:34 24 :11:48 20:11:12 02: 33 :11 01 :04 : 58 00:12 :01 00 :03 :35 

CSM pl ane change 1 152: 28:48 152:16:51 149:55:33 149: 49:58 148 :06 : 58 82:30:09 78 :00:09 77:58 :40 77:53 :54 73: 53: 18 56: 15:17 54: 47:04 53 : 54 :07 53 :45:41 53: 42 : 06 

LM lift- off 171 :45 :09 171: 33: 12 169 :11 : 54 169:06:19 167 :23 :19 101: 46: 30 97 :16:30 97 :15: 01 97 :10 :15 93: 09 :39 75 :31 :38 74 :03 :25 73 :10: 28 73 :02: 02 72 : 58:27 19 :16 :21 

TPI 172 :39:23 172:27 :26 170:06:08 170:00 :33 168:17 :33 102 :40 :44 98 :10 :44 98:09:15 98: 04: 29 94:03 : 53 76 :25 : 52 74 :57:39 74 :04 :42 73: 56:16 73 :52 :41 20:10:35 00:54: 14 

I Braking 173:20 :16 173: 08 :19 170 :47:01 170: 41 :26 168:58:26 103 :21:37 98:51:37 98 : 50 :08 98:45: 22 9.4 :44 :46 77:06 :45 75:38 :32 74 :45:35 74 :37 :09 74 :33:34 20:51:28 01 :35:07 00 :40 :53 

Docking 173: 40:00 173:28: 03 171 :06: 45 171:01 :10 169:18 :10 103 :41: 21 99 :11 :21 99 :09 :52 99 :05: 06 95 :04:30 77: 26: 29 75 : 58 :16 75,05.,19 74 : 56 : 53 74 :53:18 21 :11 :12 01: 54 : 51 01 :00 :37 00 :19:44 

LM j ettison 177 :31 :15 177 :19:18 174: 58 : 00 174:52 :25 173:09:25 107:32:36 ,103 : 02 :36 103:01:07 102: 56 :21 98:55 :45 81:17:44 79 :49 :31 78 :56 :34 78:48 :08 78:44:33 25: 02 :27 05 :46:06 o4: 51 : 52 04: 10 :59 03 :51 :15 

CSM separation 177:36: 15 177 :24 :18 175 :03 :00 174 :57:25 173: 14: 25 107 :37:36 .103 :07: 36 103 :06: 07 103:01 :21 99:00 :45 81:22 : 44 79 : 54:31 79:01:34 78 : 53:08 78: 49:33 25: 07 :27 05 :51 :06 04: 56: 52 04:15 :59 03 : 56 :15 00 :05 :00 

LM deorbit 179:16:29 179:04:32 176 :43:14 176:37: 39 174 : 54 :39 109:17 :50 104:47:50 104:46:21 104 :41 :35 100 :40 : 59 83: 02: 58 81: 34 :45 80 :41: 48 80 :33: 22 80 :29:47 26 :47 :41 07: 31:20 06: 37 :06 05:56:13 05 :36: 29 01 :45:14 01:40 :14 
• LM l unar impact 179 :39:29 179:27 :32 177:06: 14 177 :00:39 175 :17 :39 109: 40:50 ;105: 10 :50 105:09: 21 105:04 :35 101 :03 : 59 83:25 :58 81 :57 :45 81 :04:48 80 : 56:22 80:52: 47 27:10 :41 07 :54 :20 07:00:06 06 :19 :13 0 5:59 :29 02 :08:14 02 :03:14 00 : 

CSM plane change 2 193:13 :46 193:01 :49 190 :40 ::Jl 190:34 : 56 188:51 :56 123 :15:07 118: 45 :07 118 :43:38 118 :38 :52 114:38 :16 97 :00:15 95 ;32·:02 94 :39:05 94:30 :39 94 :27 :04 40:44: 58 21 :28 :37 20:34:23 19:53: 30 1 9: 33 :46 15: 42 : 31 15 :37: 31 13: 

CSM shaping burn 216: 49 :12 216:37 :15 214:15:57 214 :10:22 212:27 :22 146 : 50: 33 142:20: 33 142 :19 :04 1112:14 :18 138:13:42 120:35:41 119 :07 :28 118 :14:31 118 :06:05 118:02:30 64:20 :24 45 : 04 : 03 44 :09: 49 43 :28:56 43 :09 :12 39 :17 : 57 39:12: 57 37 : 
Subsatellite j ettison 218 :02:08 217 :50: 11 215 :28 :53 2J.5:23 :18 213:40 :18 148:03:29 143 :33: 29 143 :32 :00 143 :27 :14 139 :26 :38 121:48:37 120 :20:24 119 :27 :27 119:19 :01 119:15:26 65:33:20 46 :16 : 59 45:22 : 45 44 :41 :52 4 4 :22 :08 40 :30:53 40:25:53 38 : 
TEI initiation 222 :20 :33 222:08 :36 219: 47 :18 219 :41 :43 217 : 58:43 152 :21: 54 147 :51 :54 147 :50:25 147 :45:39 143:45 :03 126:07 :02 124 :38 :49 123: 45:52 123:37: 26 123 :33: 51 69 :51 :45 50 :35:24 49 :41 :10 49 :00 :17 48: 40 :33 44:49 :18 44 :44:18 43 : I 
TEI cutoff 222:23: 03 222:11 : 06 219 :49 :48 219:44 :13 218 :01:13 152 :24: 24 147 : 54 :24 147:52 : 55 147:48 : 09 143: 47 :33 126 :09 :32 124 :41 :19 123 :48 :22 123 :39 : 56 123 :36:21 69:54 :15 50 :37:54 49 :43:40 49:02: 47 4 8 :43 :03 44 :51:48 44: 46 :48 43 : 
Entry inter face 290 :22: 45 290: 10 :48 287 :49:30 287: 43 : 55 286 :00 :55 220:24:06 215:54:06 215:52:37 215 :47: 51 211:47:15 194:09: 14 192: 41 ~ 01 191 :48: 04 191 :39 :38 191 :36 : 03 137 : 53 : 57 118 : 37 : 36 117:43:22 117 :02 :29 116 :42:45 112: 51 : 30 ll2: 46:30 lll : 
Landing 290 :36 :03 290 :24:06 288 :02 : 48 287:57:13 286 :14:13 220 :37 :24 216:07:24 216 :05 : 55 216:01 :09 212:00:33 194 :22:32 192:54 :19 192 :01 :22 191: 52: 56 191:49:21 138:07 :15 118: 50 : 54 117 :56 : 40 117 :15:47 ll6:56:03 113 :04 :48 ll2: 59:48 111 : 

I 
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TABLE 1-IV.- TIMETABLE OF MISSION EVENTS 

Evasive S-IVB CSM/LM CSM CSM first SIM door LOI predicted LOI LM CSM plane LM LM CSM LM LM lunar CSM plane CSM Sub- TEI TEI Entry maneuver DOI undock and circular- PDI pass TPI Braking Docking shaping satellite (S-IVB) jettison initiation lunar cutoff separation ization over LLS landing change 1 lift-off jettison separation deorbit impact change 2 initiation cutoff interface impact burn jettison 

I 

I 

65:36:49 
I 

70:06:49 04:30:00 

70:08:18 04:31:29 00:01 :29 

70:13:04 04:36:15 00:06:15 00:04:46 . 
74:13:40 08:36:51 04:06:51 04:05:22 04:00:36 

91:51:41 26:14:52 21:44:52 21: 1,3 :23 21:38:37 17:38:01 

93:19:54 27:43:05 23:13:05 23:11:36 23:06:50 19:06:14 01:28:13 

94:12:51 28:36:02 24:06:02 24:04:33 23:59:47 
. 

19 :59:11 02:21:10 ,00 : 52: 57 

94:21:17 28 :44: 28 24:14:28 24:12:59 24 :08 :13 20:07 :37 02:29 :36 01:01 :23 00:08:26 

94:24:52 28:48:03 24:18:03 24:i6:34 24:11:48 20 :11 :12 02:33:11 01:04:58 00:12:01 00:03 :35 

148:06:58 82:30:09 78:00:09 77:58:40 77:53:54 73:53:18 56:15:17 54:47:04 53 :54 :07 53:45:41 53:42:06 

167:23:19 101: 46 :30 . 97:16:30 97:15:01 97 :10:15 93:09:39 75:31 :38 74 :03:25 73:10:28 73:02:02 72 : 58:27 19:16:21 

168:17:33 102:40:44 98:10:44 98:09:15 98:04:29 94:03:53 76:~5:52 74:57 :39 74: 04:42 73 : 56:16 73: 52 :41 20:10:35 00: 54 :14 

168:58 :26 103: 21:37 . 98: 51:37 98:50:08 98:45:22 9.4 :44 :46 77:06:45 75: 38 :32 74:45:35 74:37 :09 74:33:34 20:51 :28 01:35 :07 00:40:53 

169:18:10 103: 41: 21 99:11:21 99:09:52 99:05:06 95:04:30 77:26:29 75:58 :16 75:05:19 74:56:53 74 : 53:18 21:11:12 01: 54: 51 01 :00 :37 00:19:44 I 

173:09:25 107:32:36 ,103:02 :36 103 : 01: 07 102:56:21 98:55:45 81 :17:44 79:49:31 78:56:34 78 :48:08 78:44:33 25:02:27 05 :46:06 o4: 51: 52 04:10:59 03 :51:15 
173 :14:25 107:37:36 ,103 :07: 36 103:06:07 103:01:21 99:00:45 81:22 :44 79:54 :31 79:01:34 78:53:08 78: 49:33 25:07 :27 05 :51:06 04: 56: 52 04:15:59 03 :56:15 00:05:00 

174 :54:39 109:17 :50 104: 47:50 104:46:21 104:41:35 100 :40:59 83:02:58 81:34 :45 80:41:48 80 :33:22 80:29 :47 26:47:41 07:31:20 06:37:06 05:56:13 05:36 :29 01:45:14 01:40:14 I 
175:17:39 109:40:50 ,105 :10: 50 105:09:21 105 :04:35 101:03:59 83:25:58 81: 57 :45 81:04:48 80:56:22 80:52: 47 27:10 :41 07 :54:20 07:00:06 06:19:13 0 5:59:29 02 : 08 :14 02:03:14 00:23:00 

I 

188:51:56 123 :15 :07 .118 :45: 07 118:43:38 118 :38: 52 114:38:16 97:00:15 95: 32 ': 02 94 :39 :05 94:30:39 94:27:04 40:44:58 21 :28:37 20:34:23 19:53:30 19:33 :46 15:42:31 15:37 :31 13:57:17 13:34:17 

212:27:22 146:50: 33 142:20:33 142:19:04 142:14:18 138:13:42 120:35 :41 119:07:28 118:14 :31 118:06:05 118:02:30 64:20:24 45:04:03 44:09:49 43:28:56 43:09 :12 39:17:57 39:12:57 37:32:43 37 :09:43 23:35:26 
213:40:18 148 :03:29 143:33:29 143 :32:00 143:27:14 139:26:38 121: 48 :37 120:20:24 119:27:27 119:19 :01 119:15:26 65:33:20 46:16:59 45:22:45 44:41:52 4 4 :22:08 40:30:53 40:25:53 38 :45:39 38: 22: 39 24:48 :22 01:12:56 
217:58:43 152 :21: 54 147: 51 : 54 147:50:25 147:45:39 143:45 :03 126 :07 :02 124:38: 49 123 :45:52 123:37:26 123:33:51 69:51 :115 50:35:24 49:41: 10 49:00:17 4 8:40:33 44 :49 :18 44:44:18 43:04:04 42:41:04 29:06:47 05:31:21 04: 18:25 · 
218:01:13 152:24:24 147:54:24 147:52:55 147:48:09 143:47:33 126: 09 :32 124 :41:19 123:48:22 123:39:56 123 :36:21 69: 54 :15 50: 37: 54 49 :43 : 40 49:02:47 4 8:43:03 44:51:48 44 :46:48 43:06:34 42:43:34 29:09:17 05 : 33: 51 04:20:55 00:02:30 I 
286 :00: 55 220:24:06 215:54:06 215: 52 :37 215:47: 51 211:47:15 194:09:14 192:41 ·:01 191:48: 04 191:39:38 191:36:03 137: 53: 57 118:37:36 117:43:22 117 :02:29 116:42:45 112:51 :30 112:46:30 111 :06:16 110 :43 :16 97 :08:59 73:33:33 72:20:37 68:02:12 67:59:42 
286 :14 :13 220:37:24 216:07:24 216:05:55 216:01:09 212:00:33 194:22:32 192: 54 :19 192:01 :22 191:52:56 191:49:21 138:07:15 118:50:54 117:56:40 117:15:47 116: 56:03 113:04 :48 112:59:48 111:19:34 110:56:34 97:22:17 73:46:51 72:33:55 68:15:30 68:13:00 00:13:18 

I 

' 
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2.lJ SYMBOLS AND NOMENCLATURE 

) 
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AGS 

AOS 

APS 

c 

CDH 

CDR 

CM 

CMC 

CMP 

CSI 

CSM 

e.g. 

DOI 

DPS 

DSKY 

ECI 

EI 

EMS 

EPO 

FTP 

g.e.t. 

h 
a 

h 
p 
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2.0 SYMBOLS AND NOMENCLATURE 

abort guidance system 

acquisition of signal 

ascent propulsion system 

cross-product steering gain constant 

constant delta height 

commander 

command module 

command module computer 

command module pilot 

coelliptic sequence initiation 

command and service modules 

center of gravity 

descent orbit insertion 

descent propulsion system 

display keyboard 

earth centered inertial 

entry interface 

entry monitor system 

earth parking orbit 

fixed throttle point 

ground elapsed time 

apogee altitude 

perigee altitude 



IGA 

IMU 

IVT 

Jerk 

L/D 

LGC 

LLM 

LLS 

LM 

LMP 

LOI 

LOS 

LPO 

LOX 

LV 

MC 

MCC 

MCI 

MGA 

MNBY 

MSFC 

OGA 

OPS 

PC 
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inner gimbal angle· 

inertial measurement unit 

intravehicular transfer 

time derivative of acceleration 

lift-to-drag ratio 

LM guidance computer 

lunar landing mission 

lunar landing site 

lunar module 

lunar module pilot 

lunar orbit insertion 

loss of signal 

lunar parking orbit 

liquid oxygen 

launch vehicle 

midcourse correction 

midcourse correction 

moon centered inertial 

middle gimbal angle 

mean nearest Besselian year 

Marshall Space Flight Center 

outer gimbal angle 

oxygen purge system 

plane change 



PDI 

PGNCS 

FTC 

RDG 

RCS 

REFSMMAT 

RR 

RT 

SC 

SPS 

STDN 

) 
TB7 

T&D 

TD&E 

TEI 

TLI 

Tf 

TPF 

TPI 

VHF 

/:;.V 

l:;.t 
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powered descent initiation 

primary guidance and navigation control subsystem 

passive thermal control 

position target for LM powered descent 

reaction control system 

transformation matrix from the basic reference coordinate 
system t .o the stable member ·( IMU ) coordinate system 

rendezvous radar 

target vector for Lambert guidance scheme 

spacecraft 

service propulsion system 

Spacecraft Tracking and Data Network 

time elapsed since TLI engine cutoff 

transposition and docking 

transposition and docking and extraction 

transearth injection 

time at ignition 

translunar injection 

l:;.t from ignition time (t
1

G) to Lambert target vector (RT ) 

terminal phase finalization 

terminal phase initiation 

very high frequency 

change in velocity caused by thrusting 

change in time 
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components of velocity to be gained in the local vertical 
coordinate system 

components of unit vector in inertial coordinate 
system 

components of unit vector in vehicle stable member system 
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3.0 PRIMARY GUIDELINES AND 
CONSTRAINTS 
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3.0 MISSION GUIDELINES AND CONSTRAINTS 

The design of the mission and the monthly and daily launch windows 
were based on the following guidelines and constraints. 

a. The primary lunar landing site is the Descartes region. There 
is no backup site. 

b. Daylight launch is highly desirable. 

c. The launch windows and profiles will be designed to achieve 
favorable lunar lighting at the lunar landing sites. For the primary 
launch date, the sun elevation is 11.9°. 

d. The flight azimuth range following launch is limited to 72° to 
100°. 

e. The mission will be designed for a translunar injection over 
the Pacific Ocean. 

f. Two TLI opportunities will be targeted: the first on the second 
revolution and the second on the third revolution. 

g. The translunar trajectory must be restricted such that the space­
craft is earth-returnable within RCS capability up to TLI + 5 hours, and, 
in the event that LOI is not performed, the spacecraft must be returnable 
within DPS capability at perilune + 2 hours . 

h. The S-IVB will perform an evasive maneuver prior to the LOX 
dump. The LOX dump will be targeted to achieve an S-IVB lunar impact. 

i. The LOI maneuver will result in a 58- by 170- n. mi. elliptical 
orbit. DOI will be performed with the SPS after two revs in the 58- by 
170-n. mi. orbit established by LOI. The targeting will be biased to 
place the spacecraft in an approximately 52 500-foot by 60-n. mi. orbit 
at the time of PDI on rev 13. 

j. The lunar surface stay time will be approximately 73 hours. The 
CSM lunar orbit orientation will be restricted to permit an any-orbit LM 
lift-off. 

k. A CSM plane change will be made on rev 40 approximately 10 revo­
lutions prior to LM ascent to place the landing site in the orbital plane 
at the planned time of. lift-off on rev 50. 
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1. The LM ascent stage will be deorbited for lunar impact. A 
second CSM plane change of 3° will be made on rev 61 to increase lunar 
surface coverage for photography. A shaping burn will be performed by 
the CSM on rev 73 to achieve proper orbital lifetime for the subsatellite 
jettisoned on rev 73. 

m. The lunar orbit will be designed within the SPS capability to 
return to earth from an orbit, including the cryogenic tank failure 
situation. 

n. The TEI maneuver will be targeted to return as soon as possible 
to the prime recovery area within the available ~V capability. 

o. The earth relative entry range will be 1190 n. mi. 

) 
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4.0 MISSION SUMMARY 

In this section, a mission profile is summarized for a mission 
launched April 16, 1972. Major events, spacecraft performance charac­
teristics, and significant trajectory parameters are described in de­
tail for each phase. 

In the design of the spacecraft operational mission, the launch 
vehicle mission phases were simulated independently of the exact 
launch vehicle operational trajectory (ref. 3). The trajectory data 
presented here for the launch vehicle mission phases were simulated 
with data received from the MSFC for the Apollo 16 mission. No attempt 
was made to duplicate exactly the launch vehicle operational mission, 
and the information for the launch vehicle phases will differ from 
information that will be presented in the official MSFC trajectory 
document. 
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4 .1 · Earth Launch a 

The launch time for this mission was determined to provide an opti­
mized injected payload for the first injection opportunity over the 
Pacific Ocean. The launch is summarized as follows. 

Date, month, day, year . . 

Time, hr:min, c.s . t . 

Azimuth, deg . 

Location ( Cape Kennedy, complex 39A) 

Geodetic latitude, deg :min:sec 

Longitude, deg:min:sec ... .• 

April 16, 1972 

11 : 54 

72 . 034 

3o0 36114.88"West 

The CSM launch pad REFSMMAT is presented in table 5- VII . 

aThe parameters for this phase are approximate and are presented 
for information only. The official source for this phase is the MSFC 
LV operational trajectory (ref. 3). 
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4,2 EARTH PARKING ORBIT 

) 



) 
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4.2 Earth.Parking Orbita (EPO) . 

The EPO insertion conditions are as follows. 

Time, hr:min:sec, g.e.t. 00:11:57.2 

Geodetic latitude, deg N 32.7 

Longitude, deg W 52.1 

Altitude, n. mi. 93,3 

Inclination, deg 32.5 

The insertion ship positioned at 27°N latitude and 49°w longitude 
tracks the vehicle for approximately 3 minutes after insertion for a 
minimum elevation angle of 3°. 

The LV maintains local horizontal attitude throughout the EPO phase 
except for an inertial hold of approximately 10 seconds immediately after 

EPO insertion. The total time spent in EPO is 2h21m17.9s. The EPO 
groundtrack from insertion through translunar injection is shown in 
figure 4.2-1. 

a The parameters for this phase are approximate and are presented for 
information only. The official source for this phase is the MSFC LV 
operational trajectory (ref . 3). 



90 100 120 140 160 

80 

60 

El80W 160 140 

APOLLO TRACKING NETWORK 

All stations ~erational Vtay 1%8 
120 100 80 60 40 20 WOE 20 40 60 80 90 

80 

60 

40 I 'I ·! b r a ' I I I ' -I &-I 'I _, .J,. I "' . ; - ...... ¥"' !iW I / if • , I I -•r PN =- > O , 

~- &[~ . I I' 1 40 

'Z 20 i.f · I .. :§ r=\ ., 'Y.. . .. ik IJ I I f I 7f ~~-4 I ~~-- ~' 1. ·' • '" ,_ -T· . - . ~ .. . ~ \r120. 
o . • I ·•, ~ 

, ·- , -, . . . '" 

ro: ~~_:f:Rf 'I''' I''' I'' 'flll' 'I\' I'™" I I 
40 

Start revolution count-+----t 

60 

90 100 120 140 160 El8<M' 160 140 120 100 80 60 

Long~ude, deg 

Figure 4. 2-l - Earth parking orbit groundtrack. 

•· '-" 

40 20 WCI 20 40 

..._/ 

• USBS 85' STDN 
@ USBS 30' STDN 

60 

40 

60 

80 90 

\ 
_} 



4- 13 

4 ,3 TRAN SLUNAR INJECTION 
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4.3 Translunar Injectiona (TLI) 

The TLI burn is initiated over Australia on the second revolution 
in earth orbit, and the burn is totally in sunlight. The TLI burn 
geometry is shown in figure 4.3-1. 

The TLI burn places the spacecraft on a translunar trajectory with 
a 71.4 n. mi. perilune altitude. The evasive maneuver after CSM/ LM 
ejection is made with the S-IVB APS. The characteristics of the TLI burn 
are as follows. 

Burn initiation 

Time, hr:min:sec, g.e.t. 
Geodetic latitude, deg 
Longitude, deg 
Velocity, fps . 
Apogee altitude above mean radius, n. mi. 

Burn cutoff 

Time, hr:min:sec, g.e.t. 
Geodetic latitude, deg 
Longitude, deg 
Velocity, fps ..... 
Burn duration, sec 
S-IVB propellant used, lb 
Plane change, deg .... 
Inclination to earth-moon plane, deg 
Apogee altitude above mean radius, n. mi. 

02:33:15.1 
-24.8 
137.3 

25 630.7 
95.8 

02:38:50.0 
-12.5 
161.7 

35 648.7 
334,9 

162 297 
o.o 
9.7 

266 388 

aThe parameters for this phase are approximate and are presented 
for information only. The official source for this phase is the MSFC 
LV operational trajectory (ref. 3). 



Position of moon at 
lunar orbit insertion 

TLI burn initiation/ 
Altitude::: 88.9 n. mi. 
Velocity~ 25 630. 7 fps 
Longitude = 13 7 .3° 
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Position of moon 
at TU cutoff 

TU burnout 

Position of sun at 
TU cutoff 

Trans lunar 
Trajectory 

Altitude = 154 .6 n. mi. 
Velocity= 35 648. 7 fps 
Longitude= 161. 7° 
Latitude= -12 .5° 

Figure 4 .3-1. - T LI geometry. 
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4.4 Translunar Trajectory 

The characteristics of the translunar trajectory are the following: 

Perilune 

Time, hr:min:sec, g.e.t. 
Altitude above LLS, n. mi. 
Selenographic latitude, deg 
Selenographic longitude, deg 

74:32:13.4 
71.4 
7,8 

176.8 

In the event of no LOI burn the characteristics of the return-to­
earth trajectory are the following: 

Earth perigee 

Time, hr:min:sec, g.e.t. 
Altitude, n. mi. 
Geodetic latitude, deg 
Longitude, deg 
Inclination, deg 

149:23:59.9 
22 698 
- 35.0 
64.8 
40 .2 
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4, 5 POST-TRANSLUNAR INJECTION 
EVENTS 
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4,5 Posttrarislunar Injection Events 

The summary of the major events from TLI cutoff through S-IVB LOX 
blowdown is given in table 4.5-I. To determine the separation attitude 
maneuver (TB7 plus 900 sec ) , the sun was constrained to between 32° and 
90° of the LV +X-axis. This constraint provides over-the-shoulder lighting 
and avoids any CSM shadow on the S-IVB for the docking phase. 

Upon ground command, the S-IVB performs an APS evasive maneuver ap­
proximately 23 minutes after CSM/ LM separation. The S-IVB attitude for 
this maneuver will be the same as the separation attitude except that 
the sign of the middle gimbal angle (yaw gimbal ) will be reversed. The 
APS burn will be 9.8 fps. 

The S-IVB performs a LOX dump 21 minutes 20 seconds after the APS 
evasive maneuver. The preliminary local horizontal attitude for this dump 
is pitch 189°, yaw 14°, · roll 180° • 

• / / -i 

The LOX dump maneuver is designed to reduce the probability of space­
craft recontact with the S-IVB and also to achieve an S-IVB impact on the 
moon. Nominally, an S-IVB APS lunar impact burn will be executed after 
the APS evasive and LOX dump maneuvers (g .e.t. is approximately 2·5 hr) 
to target the S- IVB for a lunar impact at 31,7°W and 2.3°8. 
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TABLE 4.5- I. - SUMMARY OF EVENTS FROM TLI CUTOFF THROUGH LOX DUMP 

Time from TB7, f:.V' 
) 

hr :min: sec Event 
fps Comments 

00:00 : 00 Hold cutoff attitude 

00:00:20 Command and hold local 
horizontal 

00 :15:00 Initiate maneuver to Local horizontal 
separation attitude attitude 

Pitch = 120° 
Yaw = - 40° 
Roll. = 180° 
o.8 deg/sec 

00:20:00 Freeze separation attitude Latest time for 
inertially maneuver to be 

completed ) 
00:25:00 Begin SC separation/SLA 0 . 5 

jettison 

00 : 25 :15 AUTO maneuver to docking 2. 0 deg/sec 
attitude 

Null rates and translation 

Initiate 0 . 7- fps closing 4- sec RCS +X 
rate 

Null 0.7- fps closing rate 0 . 7 - X RCS 

00:35 : 00 Begin dock 

01:20:00 LM/CSM ejection from S- IVB 1.1 Spring ejection and 
3- sec - X RCS 

01 : 43:00 S- IVB APS evasive maneuver 9.8 Start TB8 

02:04:20 S- IVB LOX dump Local horizontal 
attitude 
Pitch = 189° 
Yaw = 14° 
Roll = 180° 
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{a) Range versus time. 

Figure 4.5-1.- Motion of the S-TIZ'B re lative to the spacecraft for the S-TIZ:S evasive maneuver of Apollo 16. 
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4.6 Translunar Coast 

A groundtrack of the translunar coast phase is shown in figure 4.6-1. 
Time histories of altitude and true anomaly for the first 10 hours of 
translunar coast are provided in figures 4.6-2 and 4.6-3. After TLI, the 
spacecraft is on a trajectory with a perilune altitude of 71.4 n. mi. 
Passive thermal control attitude will be maintained during most of the 
translunar coast phase. The PTC REFSMMAT is given in table 5-VIII. 

Four midcourse correction maneuver points have been defined at the 
following times. 

a. TLI plus 9 hours (MCC-1 ) 

b. TLI plus 28 hours (MCC-2 ) 

c. LOI minus 22 hours (MCC-3 ) 

d. LOI minus 5 hours (MCC-4 ) 

The midcourse correction strategy has been defined and documented 
through the Apollo Data Priority Coordination Office. The maneuvers are 
GNCS controlled, and external ~V guidance is used. The PTC REFSMMAT 
(table 5-VIII ) will be used for MCC-1, MCC-2, MCC-3, and MCC-4. The 
alinement criteria are presented in section 5.0. 

The translunar coast phase duration is 71 hours 50 minutes. The SC 
enters the lunar umbra 2 hours 3 minutes prior to LOI ignition but re­
enters sunlight 24 minutes before ignition. SC LOS occurs approximately 
11 minutes before LOI ignition, and the vehicle remains occulted until 
LOI+ 21 minutes (g.e.t. ) . 

Geodetic altitude from translunar injection to LOI is shown in 
figure 4 .6-4. Altitude above the lunar surface during the last 10 hours 
of translunar coast is shown in figure 4 .6-5. 

SIM bay door jettison occurs one-half hour after the scheduled MCC-4 
or approximately 4-1/ 2 hours before LOI. The CSM is oriented such that 
the SIM bay door is jettisoned forward and below the local horizontal 
plane at a pitch of -23. 8°, and out of plane to the north at a yaw of 32°. 
This jettison attitude places the SIM door approximately 26 n. mi. above 
and 10 n. mi. behind the CSM at LOI and it continues in its hyperbolic 
trajectory until it exits the lunar sphere of influence. 
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Lunar Orbit Insertion (LOI) 

The LOI maneuver is designed to insert the CSM into approximately 
a 58- by 170-n. mi. lunar parking orbit (LPO). The lunar orbit inser­
tion geometry is shown in figure 4 .7-1, and the lunar orbit groundtrack 
from LOI to LM landing is shown in figure 4.7-2. A time history of tra­
jectory parameters during the burn is presented in figure 4.7-3. The 
burn was simulated with external 6V guidance. A description of the burn 
is as follows. 

LOI burn initiation 

Time, hr:min:sec, g.e.t. 
Mass, lb ....... . 
Altitude above LLS, n. mi. 
Selenographic latitude, deg 
Selenographic longitude, deg 
Inertial velocity, fps 
Perilune altitude above LLS, n. mi . . 
Selenographic inclination, deg 

LOI burnout - start LPO 

Time, hr:min:sec, g ;e.t. 
Altitude above LLS, n. mi. 
Selenographic latitude, deg 
Selenographic longitude, deg 
Inertial velocity, fps 
Selenographic inclination, deg 
Burn duration, sec 
Inertial burn arc, deg 
Plane change, deg .. . 
6V, fps ....... . 
SPS propellant used, lb 
Orbit period, hr:min:sec 
Perilune altitude above LLS, n. mi. 
Apolune altitude above LLS, n. mi. 

74:28:38.6 
102 642.7 

95.1 
8.1 

- 166.9 
8104.o 

71.4 
8.1 

74:34:53.6 
77.5 
7.1 

169.2 
5388. 4 

9.0 
375.0 

23.7 
2.3 

2807.0 
24 838.4 

02:08:46.4 
58.5 

170.6 

The LOI burn parameters were computed without simulation of the SPS 
thrust buildup and tailoff. However, the effect of these is reflected 
in the burn parameters presented in the simulation data package (ref. 4). 

The REFSMMAT used for the LOI burn is the LOI preferred REFSMMAT. 

The target load for the LOI burn is given in table 5-IX. More de­
tailed information about the burn, including reset point, navigation 
updates, and ignition gimbal angles, is given in reference 4. 



Apolune altitude = 170.6 n. mi. 

Pos ition of sun at LOI 
Longitude = 105. 6° 

LOI cutoff 
Altitude = 77 .5 n. mi. 
Velocity = 5388 .4 fps 
Longitude = 169. 2° 
Latitude= 7 .1° 
Plane change =::_"2.3° 
Burn arc = 23. 7° 

Position of earth at LOI 
Longitude = 7.4° 

Perilune altitude = 58.5 n. mi. 

LOI burn initiation 
Altitude = 95 .1 n. mi. 
Velocity = 8104. 0 fps 
Longitude = -166. 9° 
Latitude = 8 .1 ° 

Figure 4. 7-1.- LOI geometry. 
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4.8 Descent Orbit Insertion (DOI ) 

The DOI maneuver occurs after two revolutions in the 58- by 
170-n. mi. orbit. The targeting is biased to place the spacecraft in 
an initial 10.9- by 58.6-n. mi. lunar orbit so that the predicted lunar 
potential perturbation will place the spacecraft in an approximately 
52 500-foot by 60-n. mi. orbit at PDI on rev 13. The orbit is designed 
so that the perilune is at 30.9°E selenographic longitude with PDI 
occuring at 32.7°E longitude. The altitudes are relative to the landing 
site radius. 

For the DOI burn, the landing REFSMMAT (table 5-X) is used, and 
the CSM is oriented heads down. The burn is initiated near perilune of 
the second revolution in the 58- by 170-n. mi. orbit. The target load 
for the DOI maneuver is presented in table 5-X. The characteristics 
of the burn are the following. 

DOI burn initiation 

Time , hr:min:sec, g.e.t. 
Mass, lb ........ . 
Altitude above LLS, n. mi. 
Selenographic latitude, deg 
Selenographic longitude, deg 
Inertial velocity, fps 
Perilune altitude above LLS, n. mi. 
Apolune altitude above LLS, n. mi . 

DOI burnout 

Time, hr:min:sec, g.e.t. 
Altitude above LLS, n. mi. 
Selenographic latitude, deg . 
Selenographic longitude, deg 
Inertial velocity, fps 
Selenographic inclination, deg 
Burn duration, sec 
Inertial burn arc, deg 
Plane change, deg .. . 
/:::,V, fps ....... . 
SPS propellant used, lb 
Orbit period, hr:min:sec 
Perilune altitu~e above LLS, n. mi. 
Apolune altitude above LLS, n. mi. 

78:35:30.3 
77 770.4 

58.6 
8.7 

-140.9 
5486.2 

58.6 
170.4 

78:35:54.4 
58.6 
8.8 

-142.2 
5280.2 

9.0 
24.1 
1.2 
0.0 

206.0 
1566.2 

01:54:25.2 
10.9 
58.6 
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4.9 CSM/ LM Trajectory from DOI to PDI 

The CSM/ LM activities in lunar orbit prior to undock include the 
CSM DOI maneuver at the beginning of the third revolution . Undocking 

and separation are performed at 96hl3m3ls g.e.t. (approximately 17 hr 
38 min after DOI ) . IVT to the LM is begun approximately 2- 1 / 2 hours 
prior to undocking. 

Activity Revolution Time, 
number hr:min, g.e.t. 

LOI Beginning of 
1 74:29 

DOI End of 
2 78:36 

Begin rest period 4 83 : 45 

End rest period 9 92 : 45 

Begin IVT to LM 10 95:15 

Undocking and separation 12 96:14 

4 . 9.1 CSM/LM undock and separation. - The undocking and separation 
maneuver is performed as a single maneuver to separate the LM and CSM in 
preparation for the LM descent. The maneuver occurs at 2 . 2°N and 121.0°E 
during the twelfth orbit 2.50 hours before landing. The required data 
for this maneuver are given in table 5-X. 

Undocking is accomplished by simultaneously releasing a set of 
clamps that allows springs to push the two spacecraft apart. Imme­
diately after undocking, the CSM performs a manual maneuver directed 
radially downward toward the center of the moon to achieve a total ~V 
of 1.0 fps. This maneuver provides an increase in LM- CSM separation 
distance. 
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4.10 LM Trajectory from PDI to Landing 

This section describes the LM powered descent to the landing site 
at Descartes. 

4.10.1 Powered descent.- The LM powered descent is designed to trans­
fer the LM from the perilune of a 59.9- by 8.6-n. mi. orbit to a soft land­
ing on the lunar surface at .the Descart es landing site (latitude 9.oo 0 s, 
longitude 15.52°E, radius 938.353 n. mi.). The maneuver is a controlled ' 
guidance maneuver consisting of three phases - the braking phase, the 
approach (or visibility ) phase, and the landing phase. A summary of the 
descent events is shown in figure 4 .10-1. 

4 .10.2 Braking phase.- The braking phase is designed for efficient 
reduction of orbital velocity. The phase begins with a 7.5-second ullage 
performed with the LM RCS to settle the DPS propellants. The DPS is then 
ignited and burned at the minimum throttle setting (approximately 10 per­
cent) for 26 seconds to allow time for the DPS engine gimbal to trim through 
the center of gravity. The ullage and trim are performed at the constant 
inertial attitude required by PGNCS guidance at DPS ignition. After the 
trim the DPS is throttled to maximum thrust and remains at this setting 
for most of the phase; however, during the final 2 minutes of the phase, 
the DPS is throttle.d for guidance control. 

To maintain continuous S-band communication during the powered descent, 
the spacecraft attitude must include a 20° left yaw from pre-PDI to 
3 minutes after ignition ( see fig. 4 .10-4) . At 3 minutes the spacecraft 
is returned to 0° yaw (windows-up attitude ) , which is the proper attitude 
for the landing radar to be used. The yaw maneuver does not affect the 
time of landing radar incorporation (approximately 4 min after PDI ) . 

The guidance logic for the braking phase is designed to satisfy a pre­
determined set of targets. Because of guidance sensitivity, however, as 
time-to-go (TGO) (to achieve targets ) becomes small (less than 62 sec ) , 
the guidance automatically switches from the braking phase targets 
(table 5-X) to the approach phase targets (table 5-X). 

4.10.3 Approach phase.- The approach phase, which begins at an alti­
tude of approximately 7000 feet (high gate ) , provides for pilot visual 
monitoring of the approach to the lunar surface; that is, the guidance is 
targeted to provide a 30° pitch transient at high gate to immediately 
bring the landing area into view in the forward window. The guidance pro­
vides an attitude that will maintain the landing area in the commander's 
window until late in the approach phase. The quadratic acceleration 
guidance law is used in the approach phase and the braking phase. The 
approach phase altitude target (table 5-X) is approximately 158 feet. 
The approach phase, however, is considered to be operationally terminated 
80 seconds before automatic landing (low gate, approximately 700-ft alti­
tude ) , when the landing phase is initiated. 
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4 .10 . 4 Landing phase.- The landing phase is designed to provide 
continued visual assessment of the landing site and to provide capability 
for pilot takeover from the automatic control. The guidance law and tar­
gets at this point are unchanged because the approach phase targets have 
been selected to satisfy these additional constraints. Under the auto­
matic guidance, a vertical descent is initiated when TGO becomes l ess than 
12 seconds. The vertical descent portion of the landing phase starts at 
an altitude of 200 feet and terminates at landing. The vertical descent 
guidance is a velocity nulling routine that nulls the horizontal velocity 
while accepting the commanded vertical rate from the rate-of-descent (ROD) 
switch. A 5-fps rate of descent is used throughout tl;J.e automatically con­
trolled vertical descent. This vertical rate is controllable by use of 
the ROD switch or by manual throttle. control. The rate will normally be 
adjusted so that the touchdown rate is less than 5 fps. 

4 .10.5 Gra hical descri tion of the owered descent.- The LM lunar 
groundtrack from PDI to landing is shown in figure .10-1. Events in­
dicated are PDI, FTP, yaw to vertical, landing radar altitude, landing 
radar velocity, throttle recovery, high gate, and landing. 

The time histories of the LM and LM-CSM trajectory parameters from 
PDI to landing are shown in figure 4.10-2. Major events indicated are 
throttle recovery, high gate, low gate, and landing. In figure 4.10-2 (a), 
time historie:s of the LM total velocity, altitude above the landing site, 
and flight-path angle are shown. The time histories of the LM-CSM range, 
range rate, and phase angle are shown in fig~re 4.10-2 (b). Time histories 
of the LM thrust angle and FDAI pitch angle are shown in figure 4 .10-2 ( c). 
The thrust angle is the angle between the thrust vector and the local 
vertical, and the FDAI pitch angle is the angle between the X-body axis 
and the X-platform axis. The time histories of the commanded and actual 
thrust profiles are shown in figure 4 .10-2 (d) . The two profiles are 
different because the DPS is not throttled between 63-percent thrust and 
FTP (100 percent is 10 500 lb of thrust) because the engine is physically 
degraded when the intermediate thrust values are used. Therefore, the 
throttle is set at the maximum level, FTP (approximately 93-percent 
thrust), until the commanded value is below 57-percent thrust; then the 
DPS is throttled to the commanded values for the remainder of the descent. 
The 57-percent level allows R. mR.rp:i n for throttle operation withollt. r0-
quiring a pulse back to the FTP. 

In figure 4.10-3, the LM altitude versus altitude rate profile from 
PDI to landing is shown . Events indicated are PDI, throttle recovery, 
high gat e, low gate, and landing. 

Shown in figure 4 .10:--4 is the S-band gimbal profile, which indicates 
the position the S-band antenna must maintain for S-band communication. 
The vehicle blockage pattern is also shown. Any antenna position inside 
this pattern will cause 1oss of communication because parts of the LM 
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hardware will reflect or interfere with the signal. If no preventive 
action is taken, body blockage may occur during the early part of the 
Apollo 16 powered descent. Therefore, a 20° left yaw maneuver is re­
quired from pre-PDI to 3 minutes after PDI. At 3 minutes the spacecraft 
is returned to 0° yaw (spacecraft windows-up attitude) at the rate of 
5 deg/ sec. If the crew chose to initiate the powered d.escent in a 
windows-down attitude the body blockage would be similar to the blockage 
for the windows-up attitude. 

Events indicated in figure 4 .10-4 are PDI, yaw to vertical, landing 
radar accepted, throttle recovery, high gate, low gate, and landing. 

To decrease the effects of the local terrain on the descent trajec­
tory, a simple terrain model (called an a priori model) has been intro­
duced into the guidance system. This model allows the guidance to com­
pensate in advance for general terrain variations, thus providing a 
smoother trajectory. Figure 4 .10-5 shows the terrain for the nominal - 90° 
approach azimuth into the landing site at Descartes. The a priori model 
(a series of slopes) has been superimposed over the actual terrain . 

An approach phase summary from high gate to low gate is presented in 
figure 4 .10-6. The LM landing point designator (LPD) and LM altitude 
above the landing site are shown as functions of surface range to the 
landing site. A table presents the LM altitude rate, thrust angle, and 
horizontal velocity as functions of time from high gate. 

A map showing the topography in the immediate vicinity of the landing 
site at Descartes is presented in figure 4.10-7. Also shown is the LM 
landing dispersion ellipse. 

A landing phase summary (from low gate to landing) is presented in 
figure 4.10-8. The LM LPD and LM altitude are shown as functions of sur­
face range to the landing site. The LM altitude versus altitude rate 
profile and the APS abort boundary are also presented. The table pre­
sents the LM thrust angle and horizontal velocity as functions of time 
from low gate. 
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SUMMARY 

• TFI H I H I :~s EVENT MIN:SEC v
1
, FPS FPS FT 

POWERED DESCENT INITATION 0:00 5556 -5 52 708 0 
THROTTLE TO MAXIMUM THRUST 0:2°6 5528 -4 52 599 28 
YAW TO VERTICAL 3:00 4097 -57 46 841 1475 
LANDING RADAR ALTITUDE UPDATE 4:12 3364 -69 42 221 2236 
LANDING RADAR VELOCITY UPDATE 5:32 2500 -90 36 417 3157 
THROTTLE RECOVERY 7:20 1188 -91 24 739 4557 
HIGH GATE 9:20 342 -174 7 972 5602 
LOW GATE 10:42 65 (77/ -21 583 6242 
LANDING 12:02 -15 co -5 5 6696 

18 20 22 24 26 28 30 32 34 

West longitude, deg 

Fig ure 4.1-0-1.- LM powered descent groundtrack . 
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---

+ 
I 
0\ 
\0 



.0 

Q.l 

103 H f-' I I t+ I ; I ~ I 18 x : ! : , 1 , r ; t , : :<-1 .. : I , ~ I • , 
1 i I: \ ,. -: -L 

. . -~1 -----,------,--., I : I , . I 

_: Landing ' ____ .J 

16 

" "m " ,- _ ~ __ ~ _ _ _ •High gate I l°" gat~ 
1T7TTir ,, ,. ' ,- ,, , . ... . ;:·· ; , , tr;- .. ::-:-r-- ----·i- · 

. . I' " ' '" , , ,, , ... I ' ! _y~ ·I .! · t· 1· I I 
. :-• •- - :l 

·-'-'-+-'-'-- '-+,--

14 i;-r -,·· : -i:-·· n-T -ltHr:-i +:Tj :: . :;Lfii-t~~:r~;/ 
I I' I I , 

-.. -1 i·: 
.... rr-: 
. r-r · : 
. ; 1· · 

-~~ ; j 

12 11 - i cir r-r1 ·; ·q1 TT 11 1n r ' F'' ; ' I ,, T -vT·; I i ;·T 7 -T'N ' T~ 1 ,,-I '" TI ~'''[ ;--· 'F' T' Fl ITT' !Tj' [ I ' il 'T 1'" Fi ; i · . ' - . · 1;. ; ··1 n. 'T ! ;~ r . 1 r , I 1 1 ~I 1 111 1 1 . . 1 ,, , • I : • 1 , •• , • , 1 , • """" 1, , : 1 I. 1 , •• , , •• . 1,. , .• , ... t ,, · . . . I , - . . · I 

-g 10 -·c: 
t:Tl 
re 
E -"' ::::i ..... 
~ -:;;::: 
_J 

l 

8 r I ! 

J~, 
i 

4 t: ,_, 
I 

' ~ ~ 
0 

, :l; I !l:f ,. ·1t1 I : 
• j. T; I , 1 -

; .: tJ · t. 

1 2 

(_ 

3 4 5 6 7 8 9 10 11 12 13 

Time from powered descent initiation, min 

(d) LM thru st magnitude. 

Figure 4. 10-2. - Concluded. 

..___., ___,,,, 

+ 
I 
~ 
0 

.._/. 



-.._/ .._/ 

-~lllmmm+· Wnmfflijln=· I --II' ~lttmJ'IMtiBE' I 'li L''' --ri-t-- - ,_ ··n ,- ,- -·t1 -_ it _-1- - -- --t-- r'-- r!r'· +- T!·r--TT~_-[ -_ -$-t' ff- 1-- -- --- J. . m-- '1 - - , . - - -r- rr- ---11 - :--H- - --
l- I _, r ., r - -r - -- T _ _ _ t -rn-- 1 -~ --:i= :t++-J ~: - ~ t1-

T , 1 • , I il I 1 , 1 , I 1 ! I , , 1 iPDl~iT I 1 

-i--+-
1 

1'.J 

T T rmn' I 

' I+ 
:illill±L .' . ' ·~rt--. , · · , .-tt-1-tt:ttt+r-l=t=ttt+ ff+-,- t+tTilff+ffi~rfi~ ·~~ 

- j_ I • .,t 1 • • ! ; • 1 i-f· ' , ! : .; · i : 1 r 1_ t 1 1_ 1 _ i--L+-1· fil11fi ! til 'B-L1U' -mlilW--i--t-1-- -L-tj i__ ~~=t;tj-=-~~ - +H~f- -i~~, _t 'fr;_ - T +8jftbTIM±±±±tl±tt1~t±tii?fr±±-+W 
+-r- · • • r-+ T r 1 r 1 II , , t+w.++++-t++-H++t-i ~ - H-H-H-+ · t-H-1 ! . r 

rrmu tmm1*~Ml*lftiffi,-P-f1··-- -; *±t$fr I-~- r ,-E11 

-. -_ ' t1+UH1Htffi#lfh5t~ -- · ++ - --1-4--r- --r , -i-- T · -+- -!-;--+ LL -l r·r- · -- - - -++ 1 ; 1 _ , _ • ~ , , _ , 1 ! ; , r 1 • , 1 1 , 1 1 . , t 

fRlTI F+EU- t:- -tH+t_ t - T r +'++ "-~- _ , ++++-mu; i--+F-H:tt 
l--LH-+---1 ++ IT ' ' t-H ' t-, ' -h -' ++-

+~-fft-m---Hi+ --;-1- :r:__Fff T -fill 
. . m1-1m11111 1T~-~~ +ltt ~--~- -m _,ti~ 

! t-1 , I I 1 1 . t" ' 

.... 

L - W + 
i J LI I l I 

lb I I I I I I I ' I ' I I I I I I I I I I ! J--++-+ I I I I I I I I I i I I 'Tl 

j 
L_ITLH!fffiftttt 

f-+:tttttii±tt it 
I 

1111111 ! 111 M 1111 ml I i 11 !:::f:Uµu+t+:W::it! lttttt1 I !=W=Wl+=l I I I I I I 11 lffl#~T4frtt1:-+--i-,a~-+-+-din_ -l---l-g -+-++-'!..+-++-I-+-+ 

~-~te _ 
I. T ; 

0 ffiTE I I I I 11 1-H I I I I ! m I I I i I I I 11 I I I I I : I I 11 mrrr i [ lff l ! I +±+ 
H+t+H+tt-i-ft±i__LJ_J_+N++++t-~ 

-200 -180 -160 -140 -120 -100 -80 -60 -40 -20 0 

LM altitude rate, fps 

Figure 4 .10-3. - Altitude above landing site versus altitude rates . 

__ _,-

~ 
I 

-._;) 
f-' 



GI MBAL LI Ml TATI ONS lif}l@!if [J 1 0 ° 0 P E RAT I 0 NA L G U A R D BA N D .·.·.·.·.·.·.·.·.·.·.•.·.·.·.·.·,.,. 

I t >]20° ACQUISITION GUARD BAND 

240 200 160 120 80 40 0 - 40 -80 

-80~~..,.r"'ii..,~ - 80 

- 60 M' :;;';fl ~,} . /~t<W -60 
(.!) 
1.1.J 
Cl - 4 O :::::•><\,_",>,>,><'" ""f?t?\ \( Landing I f:::::1"_ "'-"'-~"'-"Cf: -4 o ··.· .. ·-······ 

~ 

1.1.J 
--' 

-
2

:~cr ~1~-:0 
(.!) 

z: ..i::--
<( I 

--J 
--' [\) 

<( 
co 
:::2: 20 ~"" ""~{;J\I v ...... .a. ............ .a.£ ........ 1~ 11})~:~ "'-'C: 2 o 
-
(.!) 

s: ::a'7r ". ~ X?~:Jftm= 40 
<( PDI 
>-

"'\~ 60 

80 =-··~:v I I I I 
I I I I I I I I I I I I I I · I ·.J I I . . 'II': 80 

--------------- I 240 200 160 120 80 40 0 - 40 - 80 

PITCH GIMBAL ANGLE, DEG 

Figure 4.10-4.- S-band gimbal angle profile. 

(_ (_ -.__../ _/ ~ 



(__ 

;:::'. 

i ·v; 
= c 
'O 
c 
.!!! 

"' E; 
.0 
<ti 

"' "O 

~ 
<ti 

c 
-~ 

(!!. 

(__ 
'-.._./ 

5 ~ ,1p;rrrm-rrrrrT. nL:""o_w __ g-at;-:e"~ ++m-rrrrrm-rrrrrT' n,-rrmm,Trn' 'TrTTTT!"DPCTS:T':"'th""r-o""."tt""le-r~e.,..,co-V~e""ry'·~'rmrrrTTm. ' [::'!::::'-"' d:tt:l' ·'t-"Li'ttmf::j:T::UT· "-j-l+i' .'.,"; ..,._ '.~-'-H"'-r-:-, -, _,-, ,-;..,--,: ,,~.,..~·"-~'-~-ji '• 1 r-~_-,-:-,_;-::::· ·"', "",-. _ _,.:"".:-0.:-,-;; . ..-'. --'-'--:--, 11 

.µ, ++, Landing ~High gate r-t++-rrttJ:'±+t'.¢- '· :·~ ! L+-:+ + - H-H-.·-""£. :F-1-H"i'±tl: 1+!i:$f~':BE!~t~ -~~E~n=:;__, -::-~~ 
' , J , : ' r i::l=i-' : 1 : , -~T , 

1 

, , -.::=: 
1i- Ili!=i+H' : , . ;·"}-~ti.* ~.Jt~ 1 ;~tiff;:": : -c~':: ::=:::;:~ 

0 • ~ · ;-1 ~;~ e_.:. _., ... , :"'fi"fH .J. , ,, · - · r+.- i·.Li-l~f+ , ". T•- . , , ·. -,-, , .--:-rr• · :"""'2-T. 

±t-'-' • '"r-~ttrt ,:t+f+-1 -F- q:~- · - ~; ... ii~~- -::~::'."":::-r1 T71-tT~-~m-n .~x~::-~: 
::!-.:+ -. r+ r:+:.it t+W-ifi"A p 1ri~~i ~ /op'e1 Apriods1cipe,211+:ffij i+;-:;,~;H ~-'ti- 1\pricin slope ,311 

-:" • ' ':±±t.;..;:;-:-
;_~-t-·· 

1 
' ' I . I I I ; I ' ' 1 I l_i. l__i__Lf...d:l:l:rj_ j '·-h 1 I I i _ I ' 11 - t-;-1-+-t-+-t-+-i-; t-;- +-r-: t" ·-::tt 5 I I r l I I ! ' I I I I I -r t....--,--; I ' ' I I ...,..., I I ' I I I I ; ' I ' 

- -40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 x HY 
Surface range to landing site, ft 

lOXHY __ ,J.~ 'a 1 ···~ ~:-;-gi·- --rl-•~ -;-•~f-;-·· -H- '-l+l-l-TtHtH+u-'-cL'ft-1. +ti'-·''' -+~LU. ' ' ' '·' '' ,,,,,, •• •·-LM ·t· t-··'-
tr--i ··c .... :;r:-f+l:P: _._, :~T+l·+-:---6'-~- · · ·. · Lu • '' ·u··•r'--·ti' ++.c LRaltitudebeamintersection- posiiona ..,+-itt1' i=;~;~H:H ·3;~ . , ~$*rh,_ :. H-+' 1±t1~tf'" rJ:;s+i+ - ~~ -~~~=EEJWT+=:c:t~~-1_t1J~ , , : , : : ~~~~~~~ ~~~r ~~ 

:q:.: .. .Lf , : :-~- : I 1 • I .m ' ·~-t:-J r-~-+~ -:+ ""-r "' I ~. I : :, , :•, ,~- 1
: ~~~ -h -r··;,, , , . , ·n;--H , , .+i++tt- .-1- :-r-: , , ,;, f- ft++ -;-t-t+-H- -;- ,+-'-m-1H-t-~- 1-+I ~ , , , ·, , . , , ,-;· - cl-

++++·j·~--LL.: ... 1 I: !-'-rt- r+f-~I -f l • ' ..J-i i-H+f-1 I I I I 1 I' I..:..+-......!,.!... 1.J...' ' ._, ' ~-- ·-.!-1-m-=f-:J__' ' 1 _· ...,_ 1 I . ...;.... 
-11 1 -'Li-!- i""[TTTT ~ ....k-~-...·-~'" , ' ·±·•.. • ._ .... • · ' ·' '.l -,, ' ' " ·~m:i:'' f .'.'. L · ''·n·· _; __ J}.J_'.l':;, '' ~· :t:r.J; · ~.i;;;;.....__.._ ~~,- , - ..., , 1 , • +t- . r-1 "-LL..L. :Tu __;_!_1 Ll- :i -t .. 1.. ..L.......l.... 

H- ., , __ · . ~- -; " ~ ' c.C : .. • .- ' ' ' ' • ' - ·~ • · Tt- ' ' ' C-1- ,_jf - ' '.L ' ' +H-r H·- + "cft--H · · ' 
, ' . : 11 ' ' i ' . , ' : ~ :- -· '. 7 I i ' ' : : -L ..,., - -. l-1ifuH. _..:__ -t+H -, ' :--r-r+H ' -+-_IEE ... 
~-_; r 'I I' - ·H: ,· r:'. I A priori slope 4 ;; ~ -, -H~~- ~ : · ~~ · : ; I . ' - . - I ' -H++++++ I I - ~ · . . : _. I -. 

' 1 ' ,+ .LJ ' ' ' -j ' ' ' ' - '+'-' (:µ_j::-l.+LL! ' ' ~· :±:t,q= I!:tc. -i::tt·. .+++t+_j: ..;: I :.lT.+, 0 ' , ' . ' ' ' ' ' ' ·" ' , ' . ' ' , , ' . ' ' ' . ' -<-;-r , . , , , 

260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 x HY 

5 

Surface range to landing site, ft 

offi>i.~~t±ffm=EmE±a±EE:f:r.S:i:±::iTff±fS:EERB±B:±f::d:f8±SE±i:8tittmE8ffi±HE±tBEHB3±£Bm±Btt8ffi3:fBB:EEllif8£1:aBB±±l 

-5 

.i 
1:1ttj" 

-10 ~~ -- ':,.,1 · + H-i-:- :cJ) .. ; .. J .. ~.l.- 1 : ~~~hi+L~r+,.~... ·_;_;_ [J_.'., I~;':' I ' . ·_ .._:_, ..:. · ' -::-t .' . i ' ':: ~ - 1: c:. I 

-15 tt:': ----,--r •·cc 

560 580 

;:r: :!:.;1:! · 

600 820 840 860 x HY 620 MO 660 680 700 720 740 760 780 800 

Surface range to landing site, ft 

Figure 4. 10-5. - Descartes terrain profile. 

___, 

+ 
I 

--J 
\..N 



4-74 ) 

) 

) 

10 

8 
.~~ ~~i ~~ ~~ tit=-~.: :L ~t~:1~tt : _·~,==1- ~i~I'r 1. _ 

__ J_ _1--____ _._ ___ _.__ ___ _._ ___ ___, __ ._1111-+1'.:· J~_ -~fEr} 1 t, · ·High gate ,-__ , 1 d. 
1 * Low gate , d :i-11!- -•-f+ -t-H- ~~ .., · _J_ - ' • ~ 't-1 · '4-1+4 

-l1 1- - +-+++++++-+-H-1-H++++++-+++~-· -11i-1 '- 1-" r-i-IJ~=r-t:.= ~:.;~-i- '~ -1 "~-. - .. , -- ~ ;:'t-(T -
6 -'-t__ - -H -r::j·· -Lt! -1 t-JJt:U:J:zti.L,-·1+ l±tJ:·q+L , J rt ;-t .-:-

=j -1 ·· r - J:t[· 1- 1 HtHf:±J- r- 1- £:.++t~: i.1: _'~ . .,_J_ 
++++++t-1 Hl-l-l-+++++-11-1-1-+++-H - 1-L YI q .t; 'i-r+t- _, _!_ 1-l- · +1 

H-+-t-1-+-l-~H-H-++-+-HH-1-1-++-t-H _1 ~ ~4"1 - I -r:· -ii. -1- -'J L-, __ ,_ - 1~ ·r :- . I 
+:::!: - j·- - ~1±_,_,_!H-++-1-++++-+++ -_.--::-!2;·:-.L --- ttU. -:~:n=- j_ i-L±.J.t=R_!j.L _;1.r- __ i: 

4 :· --1 -·I - ' ' ,l-H--1-H ++-H++-H·± - f - _, : ' I ~:b ' ' t -1-H- . 11 !-. ; ,__)- ·I H-• !- I ' ' ' : ' ' 

- -_+- -~-1 4~1-: .. : ·- l:J: J=B, ~=d-- l-1-,'J : ~!-Fi_! I p~±::-t- -m l 
+ +-t+++H·++-H-++Hr++H-+-+-Hr+-b¥'H+Ht-H J 1 I ~t ::! ,- Ll~ ,-,- r ·t·1-i- =f:t -f-"""1·pj:fJI · 

;::;H +:t'.._j:+++-+1::H:-+~-1t-+_H-+-++-t+-t-++-1-++-t-+ ~ C\ f:f-1-:.::;=tj= ·!- ~W:t4~l+f1;or,::: -,J ' ' 1-!=- 1.1· 
+ - - H-1-:- , +1-~ .. l:dJ .:ri~lj' ' , 'j~ ~ 2 H-+-l-H-1-Hf-H-_+-+_t-+· ··tH--!--!-HH-++-1--1--il-+ +~+-+-t~ - , - -j '-htl-~f µt+Jti ' ' : -i:_;_·! '. ; : 

L t' --I _ -t-- ;...... ni· _ I t ! t l , t I I ! I l . : : I J LT• j . , ;. 

>+++"''k+-1-··ow_ ga e - •-!-+i J.-K---r+++- li:i ., _ H·-·~ l Sun elevation angle= 11. 9°+f.!:::' 
H-+->+-'><+-1-++ t aJ~~t.,_ -- j" r --:~ u-: ·::_::--'a:-+- ~Jt-Htl t.t1i l·:, n 

i i-t_-1::1::±· - -- r -, ~J~~1:, ,--1 . J" ., : + 1:tr-t:r:, --· n -j 
I ' .. ·r-1 1 · -t-r+ ---1-i . ~·I-, · - i :·+"1-1 - -·1 ·: r -+ l+l , · 1 •-t+- , • - --~ ~--1-i-i- I-.. . :I+-- ,- • · 1 ~-i--1·:.' 

0 2 4 6 8 10 12 14 16 18 x 103 

Surface range to landing sit~, ft 

Figure 4.10-6. - Approach phase summary. 



L ."-._../ 

Figure 7. - Descartes landing site topography. 
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4.11 CSM Solo Activities 

4.11.1 CSM circularization.- This maneuver, which occurs at 9.0°N 
and 159.8°W and 88 minutes after undocking, transfers the CSM from the 
initial elliptical orbit to a near circular parking orbit shaped so that 
after the powered ascent (or a descent abort), the rendezvous phasing is 
improved. 

The maneuver is a 5.9-second external 6V burn performed by the SPS. 
The target load for the maneuver is shown in table 5-X. 

4.11.2 CSM first lunar orbit plane change.- Approximately 78 hours 
after LOI the CSM performs a plane change to place the LM in the CSM 
orbital plane at the time of LM lift-off. The maneuver is performed 
approximately 9.75 revolutions before LM ascent. The target load for 
the maneuver is presented in table 5-XI. 

The burn characteristics are the following. 

Burn initiation 

Time, hr:min:sec, g.e.t. 
Mass, lb ....... . 
Altitude above LLS, n. mi. 
Selenographic latitude, deg 
Selenographic longitude, deg 
Inertial velocity, fps 
Selenographic inclination, deg 
Perilune altitude above LLS, n. mi. 
Apolune altitude above LLS, n. mi. 

Burn cutoff 

Time, hr:min:sec, g.e.t. 
Altitude above LLS, n. mi. 
Selenographic latitude, deg 
Selenographic longitude, deg 
Inertial velocity, fps 
Selenographic inclination, deg 
Burn duration, sec 
Inertial burn arc, deg 
Plane change, deg ... 
6V, fps . . . . . . . . 
SPS propellant used, lb 
Perilune altitude above LLS, n. mi. 
Apolune altitude above LLS, n. mi. 

152:28:48.1 
38 752.8 

57 .4 
-4.9 

-67.8 
5355 . 6 

9.0 
57,3 
62.2 

152:28:57.2 
57.4 
- 4.9 

-68.3 
5355.4 

10.5 
9.1 
0.5 
1. 7 

158.7 
602.3 

57,3 
62.0 
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4.12 LM As cent 

The LM powered ascent tra.1ectory is an inplane launch into a 
9 . 02- n .\ mi . ( 54 784/ft ) by 45. 4- n . mi. orbit about the moon. The LM 
lift- off time, which is determined primarily by the LM-CSM phasing require­
ments for rendezvous , occurs after approximately 73 hours of lunar surface 
stay time . A sketch of the powered ascent maneuver is shown in figure 4.12- 1. 

The LM ascent consists of two operational phases, a vertical rise 
phase and an orbital insertion phase. The first phase is necessary to 
achieve the desired altitude for terrain clearance. A description of 
trajectory parameters, vehicle attitudes, and the transition to the orbital 
insertion phase during vertical rise is shown in figure '4 .12- 2. For radial 
rates greater than 40 fps, the guidance switches to the orbital insertion 
phase; but, because of DAP steering lags, the pitchover does not occur 
until a radial rate of approximately 50 fps is achieved. Thus, the ver­
tical rise phase is actually terminated 10 seconds after LM lift- off. 
During the vertical rise phase, the LM Z- body axis is rotated toward the· 
desired azimuth, which is normally·: in the CSM orbital plane. 

The orbital insertion phase, which is designed to insert the LM into 
the desired lunar orbit, is summarized in figure 4 .12- 3 . Included in this 
figure are orbital insertion characteristics, total ascent phase performance , 
onboard displays at insertion, and groundtrack information from lift- off 
to insertion . Yaw steering is used during the orb~tal insertion phase , if 
required, to maneuver the LM into the plane of the CSM orbit. The nominal 
ascent is essentially inplane and requires no yaw steering. To maintain 
S- band communication during the ascent, the pilot yaw maneuver is not re­
quired. LM ascent radar coverage for a 0° minimum elevation angle is in­
cluded in the mission radar time line (table 6- I). For a 3° minimum 
elevation angle, the radar coverage data showed no change . The LM ascent 
weight summary is shown in table 5- II. The target load for LM ascent 
is presented in table 5-XII, and the propulsion performance summary for 
LM ascent is shown in table 4 .12-I. Because +X- axis RCS thrusting is 
used for attitude control, the data in table 4 .12- I include the effect 
of both APS and RCS thrust. The APS interconnect is open during LM 
ascent, and all propellant is assumed to come from the APS tank . 

Time histories of LM trajectory, attitude parameters, LM- CSM phasing, 
range, range rate, and LM- CSM relative parameters are shown in 
figures 4 . 12- 4 , 4.12-5, and 4 .12- 6, respectively. 

The LM- CSM range- range rate profile is shown in figure 4 .12- 7. The 
S- band gimbal angle profile, which shows the vehicle body blockage con­
straints, is shown in figure 4 .12- 8. 



TABLE 4.l2-I.- LM ASCENT PROPULSION PERFORMANCE SUMMARY 

[Combined APS and RCS] 

Time from APS 
APS RCS effective RCS effective Total 

Event lift-off, thrust, W, lb/sec thrust, lb W, lb/sec thrust, 
lb lb sec 

LM lift-off 0 35l8.59 ll.36 63.56 0.23 3582.l5 

60 35ll.06 ll.33 54.87 0.20 3565.93 

l20 3503.37 ll.30 44.67 0.16 3548.04 

180 3497 .ll 11.28 33.05 0.12 3530.16 

240 3493.24 ll.28 19.73 0.07 3512.97 

300 3492.10 11.29 4.13 0.01 3496.23 

360 3493.43 ll.30 14.69 0.05 3508.12 

420 3496.33 ll.3l 38.15 O.l4 3534.48 

LM insertion 434.3 3497.lO 11.32 44.6l 0.16 354l.71 

Total 
W, lb/sec 

ll.59 

ll.53 

ll.46 

ll.40 

ll.35 

ll.30 

ll.35 

ll. 45 

ll.48 

~ · .... .. "" ·~ ·· -

ISP' 
sec 

308.97 

309.36 

309.52 

309.54 

309.47 

309.39 

309.07 

308.69 

308.60 

+:"" 
I 
C> 
co 
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4.13 Rendezvous Sequence 

4.13.1 Sequence summary.- After insertion of the LM into orbit, 
the LM will compute and execute the early rendezvous sequence which 
nominally consists of two major maneuvers, TPI and TPF .. A nominally­
zero tweak maneuver will be scheduled 3 minutes after insertion, and 
two nominally-zero midcourse correction maneuvers will be scheduled 
between TPI and TPF; the TPF maneuver is actually divided into several 
braking maneuvers. The complete maneuver sequence is presented in 
table 4.13-I. All maneuvers except TPI will be performed with the LM 
RCS system with either two jets or four jets for a prescribed quad for 
thrust vector control. TPI will be performed with the APS preceded 
by a 10- second, four- jet RCS ullage. The entire maneuver sequence 
from lift-off through docking requires approximately 1.9 hours. 

Before detailed information is presented about each maneuver, some 
general mission and trajectory design requirements for the rendezvous 
plan are noted. 

a. TPI will occur 16 minutes prior to the first sunrise foll owing 
insertion. 

b. The LM will be 15 n. mi. below the CSM orbit at TPI. 

c. The LM- CSM elevation angle will be about 26.6° at TPI . 

d. Braking should occur in daylight; stationkeeping should begin 
approximately 29 minutes after the vehicles enter sunlight. 

The orbital schematic for the rendezvous sequence is presented in 
figure 4.13- 1. The time histories of range, range rate, phas e angle, 
CSM- LM elevation angles, and the CSM- LM- sun angles are presented in 
figures 4 .13- 2 (a ) through 4 .13- 2 (e ) . The relative motion of the LM 
with respect to the CSM is shown in figure 4.13- 2 (f ) . The onboard 
tracking, lighting, and mission events summary are presented in 
figure 4 . 13- 3 and in table 4.13- II. 

4 .13 . 2 Tweak maneuver. - A nominally-zero tweak maneuver is sched­
uled 3 minutes after insertion. The purpose of this maneuver is to 
maintain the nominal TPI offsets (both inplane and out of plane ) when 
insertion dispersions occur. Out-of- plane dispersions will be eliminated 
by a tweak/ TPI combination. The tweak maneuver would force a common node 
at TPI, and the out- of- plane velocity component would be reduced to zero 
at TPI. Any out- of- plane situation not eliminated by the tweak/TPI 
combination must be eliminated during terminal phase . 
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4 .13.3 TPI.- The TPI maneuver, executed wi th the APS, is initiated 
47 minutes after insertion (16 min prior to daylight ) . A shorter Lit from 
insertion to TPI would be acceptable; however, if the LM tracking light 
should fail, TPI lighting significantly ear lier than 16 minutes prior to 
sunlight would not allow adequate daylight sextant tracking for the second 
midcourse. The insertion orbit is such that at this time the LM will be 
29 n. mi. behind and 15.0 n. mi. below the CSM. The thrust direction is 
posigrade 7.5° below the local horizontal. The APS burn is preceded by 
a +X ( four-jet ) RCS ullage maneuver which is 10.5 seconds long and over­
laps the main engine burn by 0.5 second. The APS burn duration is 
2. 5 seconds. 

The Lambert targeting for this maneuver is based on a 130° CSM 
central travel angle between TPI and TPF. The target load for this 
maneuver is presented in table 5- XII. The LM-CSM orbital geometry is 
shown in figure 4.13- 4 . The characteristics of the TPI maneuver are 
as follows. 

Ullage maneuver (four- jet RCS, +X ) 

Start time, hr:min:sec, g.e .t. 
Latitude, deg N • • • • • • • • 
Longitude, deg W .. .. 
Altitude above landing site, n. mi . 
Phase angle, deg 
Duration, se c . . . 
LiV, fps....... . . • 
Propellant used, lb 

Main engine burn 

Start time, hr:min:sec, g.e.t. 
LiV, fps . . . . . . 
Duration, sec . . . . 
Propellant used, lb 

TPI termination 

Time, hr:min:sec, g.e . t. 
Latitude, deg N .... . 
Longitude, deg W ... . 
Altitude above landing site, n. mi. 
Resultant h /h , n. mi. 

a p 
Catchup rate, deg/ min . . ... 

•. 

172 : 39:12.9 
6 . 5 

144.0 
44.3 
1. 7 

10 . 5 
21.8 
14.3 

172 :39:22.9 
50,3 
2.5 

30.0 

172:39:25. 4 
6.6 

144 .6 
44.3 

61.9/44.o 

0.033 

) 
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4.13.4 Midcourse corrections and TPF.- MC~l and MC-2 occur 15 and 
30 minutes after TPI, respectively, and a.re nominally-zero maneuvers. 
The terminal phase braking schedule performed with the two~jet -Z thrusters 
is presented in table 4.13-I. Line-of-sight corrections will be made 
as required. Final approach and stationkeeping should occur at approxi-

mately 173h24m31,58 / g.e.t., approximately 29 minutes after the vehicles 
enter sunlight on the back side of the moon. Docking should occur at 

h m s · approximately 173 40 00 · g.e;t. to complete 1.9 hours of rendezvous 
activities. 



TABLE 4 .13- I. - RENDEZVOUS MANEUVER SUMMARY 

Propellant Resultant 
Time, Burn Weight at orbit b Range at Range rate 

Event hr:min: sec, Propuls ion 
time, 11V , 

ignition, used , a cut off , at cutoff , 
g.e.t. system 

sec fps lb lb h/hp, n. mi. fps 
n. mi. 

Tweakc 171: 55 : 22 . 9 RCS 0.0 0 .0 5923 . 9 0.0 44.7 / 9 . 0 143.1 - 438.5 

TPI APS burnd 172:39:22 . 9 APS 2 . 5 50 .3 5909 . 6 30. 0 6i.9/44 .o 32. 0 - 132 . 5 

MC- le 172:54 : 22 . 9 RCS .!_Z (two- j et ) 0.0 o. o 5909 . 6 0. 0 61.9/ 44.o 14. 7 - 95 . 7 

MC- 2c 173 : 09 :22.9 RCS .!_Z ( two- jet ) 0. 0 0 . 0 5909. 6 0.0 61.9/44.o 4.5 - 44 . 9 

First braking 173 : 20:16.4 RCS -Z (two- jet ) 12. 9 14.2 5879 . 6 9 .2 61.4/ 52.5 o.4 - 19.7 
maneuver 

Second braking 173:21:29.3 RCS - Z (two- j et ) 8 . 8 9. 7 5870 . 4 6 . 3 60 . 5/ 55.7 0.2 - 9 . 8 
maneuver 

Third braking 173:23:07 . 6 RCS - Z (two- jet) 4.3 4 .8 5864 .1 3.1 60.1 / 57.4 0.08 - 4 . 9 
maneuver 

Fourth braking 173:24:27 . 2 RCS - Z (two- jet ) 4.2 4 .7 5861.0 3.0 59.8/59.3 p.02 -0 . 2 
maneuver 

Docking 173: 40 :00 .0 -- -- -- 5858 . 0 -- 59 .8/59.3 o . o 0.0 

~stimates for completing consumables document will present official propellant usage. Slight changes caused by rigor 
or analysis are expected. 

bAltitudes measured above landing site. 

cNominally a zero /1V maneuver . 

~receded by a 10 .0- sec, four- j et, +X, RCS ullage . 

"'--"' J 

~ 
I 
I-' 
0 
~ 
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TABLE 4 .13- II. - STDN TRACKING AND SHADOW TIME LINE 

Event Time, hr:min:sec, g.e.t. 

Insertion 171:52:22.9 

Tweak 171:55:22.9 

Su.nset 172:07:45.8 

STDN LOS 172:24:58.0 

) TPI (ullage on) 172:39:12.9 

MC-1 172:54:22.9 

Sunrise 172:55:36.5 

MC-2 173:09:22.9 

STDN;AOS 173:11:40.7 

First braking maneuver 173:20:16.4 

Second braking maneuver 173 :21:29.3 

Third braking maneuver 173:23:07 .6 

Fourth braking maneuver 173:24:27.2 

Docking 173:40:00.0 
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CSM parking orbit 

9 

\ 
Earth 

Event Ground elapsed time, ) 
hr:min:sec 

1. Lift-off 171:45:08.6 

2. LM insertion 171:52:22.9 

3. Tweak 171:55:22. 9 

4. TPI Cullage on) 172:39:12. 9 

5. MC-1 172:54:22. 9 

6. MC-2 173:09:22.9 

7. Beg in braking 173:20:16 .4 

8. Beg in stat ionkeep ing 173:24:31.5 

9. Docking . 173:40:00 .0 

F igure 4.13-1.- Orbita l schematic of ascent through docking. 
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4 . 14 LM JETTISON AND SEPARATION 
TO TEI 
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4.14 LM Ascent Stage Jettison and 
Separation to CSM Transearth Injection 

4.14.1 LM ascent stage jettison .- Since the publication of the 
Apollo 16 Operational Trajectory for March 17 launch, the LM ascent stage 
target impact point has been changed from 14.68°E and 9.00°s to 14.97°E 
and 9.48°s. This change is reflected in this Operational Trajectory ( for 
an April 16 launch ) . The reason for the change is that, with the new 
impact point, the ascent stage impact can possibly be viewed by the lunar 
rover television camera. Two major trajectory differences result from 
moving the impact point: 

a. /J.V required for deorbit increases from 216.5 fps to 229.6 fps 

b. The middle IMU gimbal angle changes from 352.1° to 339,7° 

The LM ascent stage is jettisoned from the CSM about two revolutions 

after docking at 177h3lml5s g.e.t. The LM is jettisoned in the inertial 
attitude required for the LM deorbit maneuver which occurs about 105 min­
utes later. A 2.5-fps radial up velocity is imparted to the LM at jettison 
due to a 1.5- psi tunnel pressure between the LM and CSM. 

The CSM performs a 2-fps posigrade maneuver 5 minutes after jettison 
to avoid any recontact with the LM. The CSM target load for this separa­
tion maneuver is shown in table 5-XIII. 

The LM deorbit burn occurs at 179hl6m298 g.e.t. at a longitude of 
86.24°E. There are about 9,5 minutes of STDN coverage prior to the deorbit 
maneuver in which to command the LM for deorbit. The deorbit is targeted 
to impact the lunar surface at 14.97°E longitude and 9.48°s latitude. 
Because of the far easterly longitude of the deorbit maneuver, for the LM 
antenna to be acquired by STDN stations the LM must be inertially oriented 
to a pitched- down attitude of approximately 49° from the pure retrograde 
attitude at the maneuver initiation. The local horizontal pitch and yaw 
angles are presented in table 4.14- I. The roll has been optimized for 
STDN communication. The total /J.V required for deorbit is 229.6 fps. This 
RCS burn (+X, four- jet) will be about 95,5 seconds long. The target load 
for deorbit is shown in table 5-XIII. 

After deorbit the LM coasts for about 21.5 minutes in a 68.2- by 
- 40.6-n. mi. orbit prior to impacting the lunar surface. The velocity of 
impact is 5550.0 fps with a flight - path angle of -3.2°. 

The LM deorbit groundtrack is shown in figure 4.14-1. The 3a disper­
sion ellipse shown in this figure is +12.33 n . mi. down range and 
+0.73 n. mi. cross range. The Apollo-16 landing site is outside of this 
ellipse; therefore, no damage to the experiment packages left from lunar 
stay is probable. 
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4.14.2 CSM second lunar orbit plane change (LOPC-2).- Approxi-

8h4 m . mately 11 5 after LOI, the CSM performs a second plane change on 
rev 61 to increase lunar surface photography coverage. The maneuver is 

performed 15h43m after LM jettison. The target load for the maneuver 
is presented in table 5-XIII. 

The characteristics of the burn are the following: 

Burn initiation 

Time, hr:min:sec, g.e.t. 
Mass, lb ....... . 
Altitude above LLS, n. mi. 
Selenographic latitude, deg 
Selenographic longitude, deg 
Inertial velocity, fps 
Selenographic inclination, deg 
Per.ilune altitude above LLS, n. mi. 
Apolune altitude above LLS, n. mi. 

Burn cutoff 

Time, hr:min:sec , g.e.t. 
Altitude above LLS, n. mi. 
Selenographic latitude, deg 
Selenographic longitude, deg 
Inertial velocity, fps 
Selenographic inclination, deg 
Burn duration, sec 
Inertial burn arc, deg 
Plane change, deg ... 
!:,.V, fps . . . . . . . . 
SPS propellant used, lb . 
Perilune altitude above LLS, n. mi. 
Apolune altitude above LLS, n. mi. 

193:13:46.2 
38 433.2 

58.0 
0.1 

65.0 
5354.5 

10.4 
57.9 
62.9 

193:14:02.0 
58.0 
0.0 

64.2 
5354.5 

13.4 
15.8 
o.8 
3.0 

282.5 
1056.8 

57,9 
62.9 

4.14.3 Shaping burn and subsatellite jettison.- The CSM performs 

a shaping burn on rev 73 at 216h49m11.7s g.e.t. to place the SC in an 

Sh m s orbit so that, when the subsatellite is jettisoned at 21 02 08.3 g.e.t. 
at the ascending node on rev 73, it will have a lunar orbit lifetime of 
at least 1 year. 

The lunar orbit subsatellite is jettisoned at 218h02m08.3s g.e.t. as 
the CSM crosses the lunar equator at the ascending node of rev 73. The 
CSM will be in an inertial hold attitude, which will allow the subsat­
ellite to be jettisoned perpendicular to the ecliptic plane toward the 
north; 
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thus, the spin axis of the subsatellite will be perpendicular to the 
line of sight to the sun, allowing maximum sunlight incidence on the 
solar cells. 

14.12° 

4. 26-fps jettison 

Ecliptical plane 

J·etti::wu CJ. L Ll Lucle: Fixed inertial with CSM 
local horizontal angles of 

p = 94.9 

y = - 0.2° 

R = 91.4 

Trajectory plane 



TABLE 4. 14- I. - LM DEORBIT SUMMARY 

Time, Latitude, Longitude, Burn v, 
Event hr:min:sec deg deg duration, fps g.e.t. sec 

Jettison 177:31:15.0 - 4.50 46.66 -- 2.5 

Deorbit 179:16:29.2 2.74 86.24 95.5 229.6 

Impact 179:39:28.6 - 9.48 14.97 -- --

-.__.,, 

Inertial Mass, velocity, lb 
fps 

5344.5 5253.9 

5348.6 5253.9 

5550. 0 5122.2 

Local horizontal 
attitudes, deg 

Pitch Yaw 

- 90.0 - 20.4 

- 131.1 - 20.4 

-59.1 - 20.9 
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4.15 TRANSEARTH INJECTION 
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4.15 Transearth Injection 

4 h46m . h m The TEI maneuver occurs 1 7 a~er LOI and approximately 50 36 
after LM ascent. For a 68.0-hour transearth flight time and a 62° ascend­
ing return inclination relative to the earth's equator. A time history 
of the trajectory parameters during the burn is presented in figure 4 .15-1. 
The transearth injection geometry is shown in figure 4 .15-2. 

For the TEI burn, the IMu is alined to the TEI preferred REFSMMAT. 
The target load is presented in table 5-XIV. 

The characteristics of the burn are the following. 

TEI burn initiation 

Time, hr:min:sec, g.e.t. 
Mass, lb ....... . 
Altitude above LLS, n. mi. 
Selenographic latitude, deg 
Selenographic longitude, deg 
Inertial velocity, fps 
Selenographic incliation, deg 
Perilune altitude above LLS, n. mi. 

TEI burnout 

Time, hr:min:sec, g.e.t. 
Altitude above LLS, n. mi. 
Selonographic latitude, deg 
Selenographic longitude, deg 
Inertial velocity, fps 
Selenographic inclination, deg 
Burn duration, sec 
Inertial burn arc, deg 
Plane change, deg ... 
6V, fps . . . . . . . . 
SPS propellant used, lb 
Perilune altitude above LLS, n. mi. 

222:20:32.8 
37 025 .0 

65,7 
10.3 

179.7 
5339,3 

13. 4 
54,7 

222:23:03.3 
67,3 
11.9 

170.0 
8521.2 

15.5 
150.5 

9.7 
3,3 

3212.2 
10 059,7 

64.7 
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4.16 Transearth Coast 

A groundtrack of the transearth coast phase is provided in 
figure 4.16-1. Altitude above the moon is shown for the first 10 hours 
of coast in figure 4.16-2. The altitude time history for TEI to entry 
is shown in figure 4.16-3. Three midcourse decision points have been 
defined for the trans earth phase. · 

a. MCC-5, TEI plus 17 hours 

b. MCC-6, EI minus 22 hours 

c. MCC-7, EI minus 3 hours 

The maneuvers will be targeted for corridor control only. The mid­
course strategy, which includes the threshold values for each maneuver, 
is contained in reference 5. Altitude is plotted against time for the 
last 10 hours of transearth coast in figure 4.16-4. 

The SC is in the lunar umbra during the entire TEI burn, enters 
sunlight approximately 4 minutes after cutoff, and remains in sunlight 
until earth entry. 

Passive thermal control will be maintained during most of the trans­
earth coast phase. The PTC REFSMMAT (table 5-VIII) will be used for 
MCC-5 and MCC-6; the entry REFSMMAT (table 5-XV) will be used for MCC-7. 
The CM/SM separation occurs approximately 15 minutes prior to entry. 

The SC is acquired by STDN approximately 8 minutes after TEI cutoff. 
The last station to lose signal prior to entry interface is HSK (0° mini­

h1 m 
mum elevation). LOS occurs at 290 'i8 g. e. t. or approximately 4 minutes 
prior to entry interface. 

The primary trajectory parameters at entry interface are the 
following. 

Time, hr:min:sec, g.e.t. 
Transearth coast time, hr . 
Inertial velocity, fps .... 
Altitude, n. mi. . ... 
Inertial flight-path angle, deg 
Latitude, deg ...... . 
Longitude, deg ..... . 
Equatorial inclination (ascending) , deg 

290:22:45.4 
68 

36 175.8 
65.8 
-6.5 

-13.0 
-167.2 

62 
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4 .17 Entry 

The entry phase of the operational trajectory was simulated with the 
Apollo Reentry Simulation program with six degrees of freedom. Three­
degree-of-freedom trajectories were used to determine the CM maneuver 
footprint. The entry corridor is presented in figure 4~17-1. 

At the nominal entry interface, 290 hours 22 minutes 45 seconds after 
lift-off, the CM is at an altitude of 399 681 feet, and the coordinates 
are 12.983°S geodetic latitude and 167.239°W longitude. Inertial velocity, 
flight-path angl e, and azimuth at this point are 36 176 feet per second, 
6.50° below the local horizontal, and 29.021°, respectively. The gimbal 
angles at 0.05g are as follows: yaw= 0°, pitch= 153°, roll= o0 • 

The CM maneuver footprint and the nominal ground trace on a map of 
the entry area are presented in figure 4 .17-2. The footprint is extended 
to a 3500-n . mi. ~ntry range. The nominal landing target location is 
1190 n. mi. down range from the entry interface position, and the coordi­
nates of the target are 158.67°W longitude and 5.00°N geodetic l atitude. 
A sequence of pertinent events is given in table 4.17-I and includes the 
period of communications blackout which occurs along the trajectory. The 
guidance phases are show.n in figure 4 .17-3, which shows altitude as a 
function of range to the target. Time histories of the bank angle com­
manded by the guidance system, of the altitude rate, and of the altitude 
are presented in figure 4 .17-4 . Time histories of the total heating rate 
and the total heat load are presented in figure 4.17-5. The maximum 
total heating rate is 323.8 Btu/ft 2-sec, and the total heat load is 
26494.8 Btu/ft 2 . Time histories for inertial and relative velocity and 
flight-path angles are presented in figures 4.17- 6(a) and 4.17-6 (b), 
respectively. 

The CM RCS uses 11.6 pounds of propellant for the separation and at­
titude hold maneuvers before the spacecraft reaches 400 000-foot altitude, 
and the CM RCS uses 47.7 pounds of propellant using dual ring operation to 
perform the guidance commands during the remainder of the entry. A time 
history of the total RCS propellant consumed from 0.05g is presented in 
figure 4.17- 7 . In figure 4 .17-8, the altitude is plotted in relation 
to relative velocity, and the boundary for S-band communication blackout 
is shown. Time histories for the primary DSKY displays, commanded bank 
angle, inertial velocity, and load factor are shown in figure 4 .7-9. 
The load factor at the center of gravity reaches a first maximum of 
6.9g and a second maximum of 3.lg. Time histories for the FINAL PHASE 
DSKY displays, commanded bank angle, cross-range error, and down-range 
error are shown in figure 4.17- 10. 

The drogue parachute deployment sequence begins at an altitude of 
23 300 feet, which is 7 minutes, 49 seconds after entry interface. The 
two drogue parachutes are deployed 2 seconds later. At an altitude of 
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10 500 feet, the low altitude baroswitch closes, and the drogue para­
chutes are disconnected. The three main parachutes are deployed 1 second 
later after the baroswitch closes. The CM, suspended on the main para­
chutes, reaches landing 13 minutes 18 seconds after entry interface. The 
relative velocity and relative flight-path angle are plotted against time 
from drogue chute deployment in figure 4.17-11. Load factor and altitude 
are plotted against time from drogue chute deployment in figure 4.17-12. 

The two traces of entry monitor subsystem (EMS) parameters in 
figure 4.17-13 present the load factor, the commanded bank angle, and 
the range-to-go as functions of the inertial velocity. 

The CM mass properties are shown in table 5-IV. The conditions 
at entry interface and the CMC entry erasable load quantities are pre­
sented in table 4.17-II, and the entry REFSMMAT is presented in 
table 5-XV. 
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TABLE 4.17- I.- ENTRY EVENTS SEQUENCE 

Event 
Time from lift-off, Time from 400 000 ft, 

hr:min:sec min: sec 

Entry 290:22:45 00:00 

Enter S-band communication blackout 290:23:02 00:17 

Guidance changes from P63 to P64 load 
factor > 0.05g 290:23:13 00:28 

Initiate constant drag control load 
factor >KA 290:23:37 00:52 

Maximum heating rate 290:23:55 01:10 

Guidance initiated at RDOT = -700 fps 290:24:03 01:18 

) Maximum load factor (first) 290:24:07 01:22 

Subcircular velocity 290:24:47 02:02 

Guidance change from P64 to P67 290:24:51 02:06 

Exit S-band communication blackout 2510:26:18 03:33 

Maximum load factor (second) 290:28:27 05:42 

Termination of CMC Guidance 290:29:35 06:50 

Drogue parachutes deployment 290:30:34 0{ : 49 

Main parachutes deployment 290:31:17 08:31 

Landing 290:36:03 13:18 
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TABLE 4.17-II.- CONDITIONS AT ENTRY INTERFACE AND TARGET POINT 

Elapsed time from launch, hr:min:sec . 

Inertial velocity, fps ... , . , . 

Inertial flight-path angle, deg 

Inertial azimuth, deg · . . . . . . 

Spacecraft geodetic latitude, deg S 

Spacecraft longitude, deg W 

Altitude, ft ........• 

Target geodetic latitude, deg N 

Target longitude, deg W 

Parameter name 

ALF AP AD 

EMS ALT 

LADPAD 

LODPAD 

CMC ERASABLE LOAD PARAMETERS 

Description 

Hypersonic value of angle 
of attack (a) for CM in 
trimmed flight 

EMS initialization altitude 

Update value for minimum 
reference L/D 

Update value for minimum 
reference L/D, final phase 

290:22:45 

36 176 

-6.50 

29.02 

12.986 

167.24 

399 681 

5.00 

158.67 

Preliminary value 

290 000.1 ft 

0.27 

0 .207 

) 
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5 . 0 INPUT DATA AND TARGET LOADS 
FOR NOMINAL MANEUVERS 
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5.0 INPUT DATA 

The following input data or reference sources were used to compute 
the Apollo 16 (J-2 ) mission operational trajectory. 

Lunar landing site position 

Spacecraft weight summary . 

Engine performance summary 

Command module mass properties 

Command module aerodynamic coefficients 

J-2 mission REFSMMAT summary 

Launch pad REFSMMAT 

FTC REFSMMAT 

Preferred (LOI ) REFSMMAT, target load, and 
gimbal angles 

Landing site REFSMMAT, target loads, and 
gimbal angles . . . . . . . 

Preferred (LOPC-1 ) REFSMMAT, target load, 
and gimbal angles . . . . . . . 

LM ascent REFSMMAT, target loads, and 
gimbal angles . . . . . . . . . 

Preferred (LOPC-2) REFSMMAT, target load, 
and gimbal angles . . . . . . . . 

Preferred TEI REFSMMAT, target loads, and 
gimbal angles 

Entry REFSMMAT 

Table 5-I 

Table 5-II 

Table 5-III 

Table 5-IV 

Table 5-V 

Table 5-VI 

Table 5-VII 

Table 5-VIII 

Table 5-IX 

Table 5- X 

Table 5- XI 

Table 5- XII 

Table 5-XIII 

Table 5- XIV 

Table 5-XV 
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TABLE 5-I.- LUNAR LANDING SITE POSITION 

Launch date . . . April 16, 1972 

Lunar site name Descartes 

Latitude, deg . -9.00028 

Longitude, deg 15.51639 

Altitude, 
a 

n. mi. -0.1405 

aAll altitudes shown are referenced to mean 
lunar radius of 938.4935 n. mi. 

) 
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TABLE 5-II.- SPACECRAFT WEIGHT SUMMARY 

( a ) CSM and LM 

Total CSM inert, lb 

CM, lb .. . 
SM, lb .. . 
SLA ring, lb 

Total SPS propellant tanked, lb 

SPS deliverable, lb 
SPS trapped inside tanks, lb 

Total LM at earth launch, lb 

lb ... LM descent stage, 
LM DPS tanked, lb 
LM ascent stage + 
LM APS tanked, lb 

RCS propellant, lb 

Spacecraft at earth launch (including SLA and 
LES), lb ..... . 

Spacecraft before T&D, lb 

26 310.0 

12 752.9 
13 459.2 

98.0 

40 593,7 

40 354.6 
239.1 

36 222.5 

6 159.7 
19 482.1 

5 352.9 
5 227.8 

116 218.3 

107 079,3 
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TABLE 5- II. - SPACECRAFT WEIGHT SUMMARY - Concluded 

(b ) LM ascent weight summary 

Weight of LM crew, inert weights, consumables 
and APS propellant trapped outside tanks. 

LM APS fuel tanked .. . 

LM APS oxidizer tanked 

Tanked APS propellant . 

Total weight of ascent stage at touchdown 

Net off- loaded weight on lunar surface 

Total ascent stage lift- off weight 

lb 

5 664 .4 

2 011.4 

3 216.4 

5 227.8 

10 928.1 

-35.9 

10 892.2 

) 

) 

) 
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TABLE 5-III.- ENGINE PERFORMANCE SUMMARY 

(a) Service module propulsion performance summary 

Burn Propulsion I sp, Thrust, 
system lb sec 

LOI SPSa 314.9 20 800 

SPSb 314.9 20 993 

DOI SPSc 314.8 20 469 

Initial RCSd 269.13 355.25 sep 

CIRC SPSc 314.8 20 570 

LOPC- 1 SPS 314 . 8 20 920 

Final RCSe 263 . 58 181.87 
sep 

LOPC- 1 SPS 314.9 21 037 

Shaping SPSc 
burn 

314 . 7 20 342 

TEI SPS 314.9 21 050 

~efore crossover (260- sec burn time). 

bAfter crossover (260- sec burn time) . 

cSingle bore . 

~our-quad. 
e Two- quad. 

Flow rate, 
lb/sec 

66.o 

66.7 

65.0 

1.32 

65 . 3 

66.4 

0 . 69 

66 . 8 

64 . 6 

66.8 
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TABLE 5-III.- ENGINE PERFORMANCE SUMMARY - Concluded 

(b) Lunar module performance tabular inputs 

Descent Ascent 

DPS RCS APS + RCS 

Thrust, I sp' Thrust I Sp' Burn Effective Effective per time, lb sec engine, lb sec thrust, lb I , sec sec sp 

1373 298 . 4 79,5 281.0 0 3582.2 309.0 

3053 298.4 40 3571.6 309 . 3 

3959 299.6 80 3560.0 309.4 

4967 302.0 120 3548.o 309,5 

5995 305.9 160 3536.1 309,5 

9932 307.5 200 3524.3 309.5 ) 
9986 304.9 240 3513.0 309 . 5 

280 3501. 8 309.4 

320 3495.8 309.3 

360 3508.1 309.1 

400 3525.0 308.8 

434.3 3541.7 308.6 



) 
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TABLE 5-IV.- COMMAND MODULE MASS PROPERTIES 

(FOR NOMINAL END-OF-MISSION ENTRY ) 

CM weight, lb 

Entry . . . . . . . . . ... 
Main chute deploy . . . . . . . . . 
Landing . . . . . . . ... 

Centers of gravity in Apollo coordinate system, in. 

XA •••• 

YA •.•••. 

ZA 

Moments of inertia, slug-ft2 

Products of inertia, slug-ft2 

12 884.7 
12 312.0 
11 848.1 

1039.09 

0.10 

5.68 

5876.0 

5256.0 

4708 .0 

58.0 

-398. o 

-17.0 



TABLE 5-J[. - COMMAND MODULE AERODYNAMIC COEFFICIENTS 

c 
D trim 

+x 

AERODYNAMIC COEFFICIENTS AT TRIM ANG LE OF ATTACK \Jl 

AS A FUNCTION OF MACH NUMBER 
I 
f-' 
0 

MACH I a, deg I CL I CD I L/D I 
VRel "il'il!t}~!flf/lllL '+y 

0.400 167.690 0.23 2900 0.854983 0.272404 
0. 700 165 .423 0.2 51652 0.991140 0 .253902 
0.900 162 .864 0.304048 1 .074016 0. 283095 
1.100 156. 590 0.4664 59 1.189520 0.392140 
1.200 1 56.676 0 .4544 90 1.174992 0.386803 
1.350 155 .483 0. 535136 1.295774 0.412986 
1.650 1 54.750 0.529437 1.284606 0 .412140 

Center of gravity location in body coordinates 2. 000 154.894 0. 515373 1.303918 0 .395250 

x cg= 1039 .09 in. 
2 .400 155.517 0.487974 1.275245 0.382651 
3.000 155 .979 0.459714 1.254206 0.366538 

y = 0.10 in. 4.000 157 .670 0.423382 1 .242853 0.340654 
cg 10.000 158.250 0.411300 1. 253874 0 .328023 z = 5.68 in . 29 .500 161.492 0.367901 1.316282 0.279500 cg 

(_ 
'-" _J 
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Applicable 
maneuvers 

Launch 
TLI 
T&D 

MCC-1 
MCC-2 
Passive 

thermal 
control 

MCC -3 
MCC-4 
SIM bay door 

jettison 

LOI 

REFSMMAT 

Launch pad 

PTC (passive 
thermal control) 
(CSM only) 

Preferred 
(heads-down 
CSM) 

'...__/ 

TABLE 5- VI. - J-2 MISSION REFSMMAT SUMMARY 

(April 16 launch) 

Alinement criteria 
(IMU axis) 

X-axis along flight azimuth at launch 
Z-axis along negative radius vector 
Y-axis completes right-hand system 

X-axis in the ecliptic plane and 
perpendicular to the earth-moon line 
projection in the ecliptic plane at 
the average time of transearth injec­
tion for the monthly launch window 
and azimuth range 

Z-axis perpendicular to the ecliptic 
and directed south 

Y-axis completes the right-hand system 

X-axis alined with the spacecraft 
X-body axis at the vehicle attitude 
for ignition with the thrust 
directed through the center of 
gravity 

Z-axis in the plane formed by the 
X-axis and the position vector. 
Positive direction away from moon 
for a heads-down attitude. Posi­
tive direction towards moon for 
heads-up attitude. 

Y-a.Xis completes the right-hand 
system 

~ 

Remarks 

At earth launch the FDAI will 
display: Roll = 90+ flight 

azimuth 
Pitch = 90 
Yaw = 0 

At the beginning of the barbec~e 
mode, the spacecraft will maneu­
ver to an FDAI display of: 

Roll = 0 
Pitch = 90 
Yaw = 0 

In a heads-down orientation at 
burn ignition, the CSM FJi>AI 
will display: 

Roll = 0 
Pitch = 0 
Yaw = 0 

_./ 

Vl 
I 

1--' 
1--' 
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Applicable 
maneuvers 

DOI 
Separation 
Circulari-

zation 
Powered 

descent 

First CSM 
plane 
change 

LM ascent 
Rendezvous 
CSM sep after 

LM jettison 
LM deorbit 
Shaping burn 
Subsatellite 

jettison 

Second CSM 
plane 
change 

TEI 

TABLE 5- VI. - J - 2 MISSION REFSMMAT SUMMARY - C~ntinued 

REFSMMAT Alinement criteria 
Remarks (IMU axis) 

Landing Site X-axis along positive lunar radius At nominal touchdown, the LM 
(CSM & LM) vector at landing site at predicted FDAI will display: 

landing time. Roll = 0 

Z-axis in direction of flight parallel Pitch = 0 
Yaw = 0 to the CSM orbital plane and perpen-

dicular to X. 

Y-axis completes the right-hand system. 

Pref erred Same as above preferred alinement At burn ignition, the FDAI will 
(CSM only) definition. display: Roll = 0 
(heads down) Pitch = 0 

Yaw = 0 

Ascent X-axis along positive lunar radius At nominal lift-off time, the 
(CSM & LM) vector at landing site at pre - LM FDAI will display: 

dieted lift-off time. Roll = 359 

Z-axis down range parallel to the Pitch = 359 

CSM orbital plane and perpendicular Yaw = 005 

to X. 

Y-axis completes the right-hand system. 

Preferred Same as above preferred alinement At burn ignition , the FDAI will 
(heads down) definition. display: Roll = 0 

Pitch = 0 
Yaw = 0 

Preferred Same as above preferred alinement In a heads-down orientation 
(heads down) definition. REFSMMAT defined at at burn ignition, the FDAI 

TEI ignition. will display: 
Roll = 180 
Pitch = 0 
Yaw = 0 

'-.,_..- .._/ 

Vl 
I 
I-' 
I\) 

_) 
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Applicable 
REFSMMAT maneuvers 

MCC-5 PI'C 
MCC -6 

MCC - 7 Entry 
Entry 

'--' .._/ 

TABLE 5- VI. - J-2 MISS ION REFSMMAT SUMMARY - Concluded 

Alinement criteria Remarks 
(IMU axis) 

Same as above PI'C alinement. Same as above PI'C remarks. 

X-axis is in local horizontal plane At entry interface with wings 
in the direction of flight at entry level local horizontal, heat 
interface (400 000 ft). shield forward, inplane, lift 

Z-axis is down along negative radius 
up, heads down, the FDAI will 
display : Roll = 0 at entry interface. 

Pitch = 180 
Y-axis completes the right-hand system. Yaw = 0 

V1 
I 
I-' 
w 

__J 
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TABLE 5- VII. - LAUNCH PAD REFSMMAT 

(a ) Applicable maneuvers 

1 . Launch 

2. TLI 

3 . T&D 

(b) Definition of REFSMMAT 

[ :JSPACEC~T 
[XIX XIY 

XI] [y] 
= YIX YIY YIZ Y 

ZIX ZIY ZIZ z ECI(MNBY ) 

PLATFORM 
STABLE 
MEMBERS 

( c) REFSMMAT components 

XIMUX = -. 64021342 

YIMUX = . 21522065 

ZIMUX = -. 73743259 

XIMUY = .71888603 

YIMUY = . 50624020 

ZIMUY = - .47636510 

XIMUZ = .27079442 

YIMUZ = - .83510533 

ZIMUZ = -. 47882090 

) 



) 
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--· 
TABLE 5-VIII .- PTC REFSMMAT 

(a ) Applicable maneuvers 

1. MCC-1 

2. MCC-2 

3. Passive thermal control 

4. MCC-3 

5. MCC-4 

6. SIM bay door jettison 

7. MCC-5 

8. MCC-6 

(b ) Definition of REFSMMAT 

[
X] [XIX Y = YIX 

z SPACECRAFT ZIX 
PLATFORM 

XIY 

YIY 

ZIY 

XIZ] 
YIZ 

ZIZ ~lCI(MNBY ) or 

STABLE 
MEMBERS 

XIX = -0.34202014 

YIX = -0.93969262 

ZIX = o.o 

( c) 

MCI (MNBY ) 

REFSMMAT components 

XIY = -0.86212824 XIZ = -0.37384102 

YIY = 0.31378901 YIZ = 0.13606700 

ZIY = 0.39783331 ZIZ = -0.91745771 
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TABLE 5-IX.- PREFERRED (LOI) REFSMMAT, TARGET LOAD, AND GIMBAL ANGLES 

(a) Applicable maneuver 

1. LOI 

(b) Definition of REFSMMAT 

XIY 

Y = YIX YIY YIZ Y [X] [XIX XI]n 
z SPACECRAFT ZIX ZIY ZIZ z ECI(MNBY) or 

PLATFORM 
STABLE 
MEMBERS 

(c) REFSMMAT components 

XIMUX = -.99273112 XIMUY = -.10086262 

YIMUX = -.0018531615 YIMUY = -.53271311 

ZIMUX = -.12033917 ZIMUY = .84026394 

MCI(MNBY) 

XIMUZ = -.065663399 

YIMUZ = .84629387 

ZIMUZ = .52865396 

(d) Target load for LOI maneuver 

[Propulsion system: SPS; guidance: external 6V] 

TIG' hr:min:sec, g.e.t. 74:28:38.6 

-2788.0 

-218.9 

-241.6 

Mass, lb 102 642.7 

) 
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) 
TABLE 5-IX.- PREFERRED (LOI ) REFSMMAT, TARGET LOAD, 

AND GIMBAL ANGLES - Concluded 

( e ) Gimbal angles at tIG 

IGA, deg o. o 

MGA, deg o.o 

OGA, deg 0.0 
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TABLE 5-X.- LANDING SITE REFSMMAT, TARGET LOAD, AND GIMBAL ANGLES 

(a ) Applicable maneuvers 

1. DOI 

2. CSM separation 

3. CSM circularization 

4. LM powered descent 

(b ) Definition of REFSMMAT 

[ ]SPACEC~T 
[XIX XIY XIZ] 

[:lcr(~Y ) = YIX YIY YIZ 

ZIX ZIY ZIZ 

PLATFORM MCI(MNBY ) 
STABLE 
MEMBERS 

(c ) REFSMMAT components 

XIX= 0.67000809 XIY = -0.59984984 XIZ = -0.43734347 

YIX = 0.12951155 YIY = -o.48564437 YIZ = o.86450928 

ZIX = - 0.73096916 ZIY = -0.63586926 ZIZ = -0.24769819 

or ) 



) 
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TABLE 5-X.- LANDING SITE REFSMMAT, TARGET LOAD, 

AND GIMBAL ANGLES - Continued 

(d) Target load for DOI maneuver 

[Propulsion system: SPS; guidance: external 6V] 

tIG' hr:min:sec, g.e.t. . ......... . 

6Vx, fps .................. . 

6Vy, fps .................. . 

~vz, fps .................. . 

Mass, lb 

(e ) Gimbal angles at tIG 

78:35:30.3 

-206.0 

0.0 

o.o 

77 770 . 4 

IGA, deg . 282.1 

MGA, deg . 359,3 

OGA, deg 0.1 
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TABLE 5-X.- LANDING SITE REFSMMAT, TARGET LOAD, 

AND GIMBAL ANGLES - Continued 

( f ) Desired ~V's for manual CSM separation maneuver 

[Propulsion system: SM RCS ] 

tIG' hr:min:sec, g.e.t. . ........ . 

;:,vx, fps .•................. 

/:;Vy, fps .................. . 

;:,vz, fps .. , 

CSM weight, lb 

(g ) CSM gimbal angles at tIG 

96:13:30.8 

o.o 

o.o 

1.0 

39 332.6 

IGA, deg 104.3 

MGA, deg 0.0 

OGA, deg 0.0 

(h ) Target load for CSM circularization manuever 

[Propulsion system: SM SPS; guidance: external ;:,v ] 

tIG' hr:min:sec, g.e.t. . ......... . 

;:,vx, fps .................. . 

/:;Vy, fps .................. . 

;:,vz, fps ........... . 

CSM weight at tIG' lb 

97:41: 44.5 

69.7 

o.o 

-71.2 

39 318.1 

) 
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TABLE 5-X.- LANDING SITE REFSMMAT, TARGET LOAD, 

AND GIMBAL ANGLES - Continued 

IGA, deg 

MGA, deg 

OGA, deg . 

( i ) Gimbal angles at tIG 

141.l 

357,9 

o.o 

(j) Target load for LM powered descent maneuver (P63) 

[Propulsion system: LM DPS; guidance programs: P63, P64, P66] 

tIG' hr:min:sec, g.e.t. . . . . . . . . . . . 98:34 : 40 . 9 

Ignition alogrithm targets 

RIGXG, ft 

RIGZG, ft 

VIGG, fps 

Ignition algorithm correction factors 

k 
x 

IGA, deg 

MGA, deg 

OGA, deg 

(k) Gimbal angles at tIG 

- 158 064.02 

-1 542 272.5 

5 542.5743 

0.334 

2.207- 7 

498.0 

110.9 

o.o 

20.0 
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TABLE 5-X. - LANDING SITE REFSMMAT, TARGET LOAD, 

AND GIMBAL ANGLES - Continued' 

(1) Target load for braking phase (P63 )a 

[Propulsion system: LM DPS; guidance programs: P63, P64, P66] 

Position, ft 

RX ••••••••••••••••••••••••• 

Ry ••••••••••••••••••••••••• 

Rz .........•.•............• 

Velocity, fps 

vx ........................ . 

Vy ••••••••••••••••••••••••• 

vz ........................ . 

Acceleration, ft / sec2 

AX ••••••••••••••••••••••••• 

Ay ....... , ............ , ... . 

AZ ••••••••••••••••••••••••• 

Jerk, ft/sec 3 

Jz ....... ... .............. . 

aTENDBRAK = 62 sec (time-to-go at program switch). 

-3118.3588 

o.o 

- 11 741.441 

-196.46916 

o.o 

-166. 75997 

- 0.71824813 

o.o 

-8.3024504 

-0.01512365 

) 
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TABLE 5- X.- LANDING SITE REFSMMAT, TARGET LOAD, 

AND GIMBAL ANGLES - Continued 

(m) Target load for approach phase (P64 )a 

[Propulsion system: LM DPS; guidance program: P63, P64 , P66] 

Position, ft 

RX ••••••••••••••••.•••••• 

Ry ...................... . 

Rz .............•......... 

Velocity, fps 

vx ...................... . 

Vy ••••••••••••••••••••.•• 

vz ...................... . 

Acceleration, ft / sec 2 

AX ...................... . 

Ay ................... . .. . 

AZ • • • • • ' • • • • , • • ' • • • • ' •• • • 

Jerk, ft/sec 3 

Jz ...................... . 

aTENDAPP = 12 sec (time-to-go at program switch ) . 

158.500 

o.o 

-27.3554 

o.o 

0.0249505 

0.0771783 

o.o 

-0.589627 

0.0431736 
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TABLE 5-X.- LANDING SITE REFSMMAT, TARGET LOAD, 

AND GIMBAL ANGLES - Concluded 

(n ) Target load for vertical descent (P66 ) 

Velocity, fps 

vx .................. . 

Vy ••••••••••••••••••••••• 

vz ...................... . 

-5.0 

o.o 

0.0 
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TABLE 5-XI.- PREFERRED (LOPC-1) REFSMMAT, 

TARGET LOAD, AND GIMBAL ANGLES 

l:LAcEc~T 
PLATFORM 
STABLE 
MEMBERS 

XIMUX = .19271396 

YIMUX = -.96383853 

ZIMUX = -. 18405603 

(a) Applicable maneuver 

1. LOPC-1 

(b) Definition of REFSMMAT 

tIX XIY 

XIZ] [ = YIX YIY YIZ Y 

ZIX ZIY ZIZ Z 

(c) REFSMMAT components 

XIMUY = -.46004412 

YIMUY = .076933106 

ZIMUY = -.88455679 

CI(MNBY) or 
MCI(MNBY) 

XIMUZ = .86672992 

YIMUZ = .25514033 

ZIMUZ = - .42858217 

(d) Target load for lunar orbit plane change maneuver 

[Propulsion system: SPS; guidance: external 6V] 

tIG' hr:min :sec, g.e.t. 152:28: 48 .1 

6VX, fps -2.6 

6Vy, fps 158.6 

6Vz, fps 0.0 

MassIG' lb . 38 752.8 
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TABLE 5-XI.- PREFERRED (LOPC-1 ) REFSMMAT, TARGET 

LOAD, AND GIMBAL ANGLES - Concluded 

(e) Gimbal angles at t 1G 

IGA, deg 0.0 

MGA, deg 0.0 

OGA, deg 0.0 
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TABLE 5-XII.- LM ASCENT REFSMMAT, TARGET LOAD, AND GIMBAL ANGLES 

(a) Applicable maneuvers 

1. LM ascent 

2. Rendezvous 

3. CSM separation following LM jettison 

4. LM deorbit 

5, Shaping burn 

6. Subsatellite jettison 

(b) Definition of REFSMMAT 

[1 [nx 
XIY XIZ] 

rnECI(MNBY ) 
Y = YIX YIY YIZ 

z SPACECRAFT zrx ZIY zrz 
PLATFORM MCI(MNBY ) 
STABLE 
MEMBERS 

( c ) REFSMMAT components 

or 

XIMUX -; . 97651225 

YIMUX = .16677693 

ZIMUX = -.13641596 

XIMUY = -. 040487846 XIMUZ = -.21162371 

YIMUY = -. 47981822 

ZIMUY = -.87643324 

YIMUZ = .86137097 

ZIMUZ = -. 46179592 
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TABLE 5-XII.- LM ASCENT REFSMMAT, TARGET LOAD, 

AND GIMBAL ANGLES - Continued 

(d ) Target load for LM ascent 

[Propulsion systems: APS, RCS; guidance: orbit insertion (Pl2 )] 

tIG (lift-off ) , hr:min:sec, g.e.t. 171: 45:08.6 

RD (desired injection radius ) , ft ..... 5 761 537,9 

YD ( desired injection cross-range distance ) , ft . . . o.o 

RD (desired injection radial velocity ) , fps . . . 32.0 

YD (desired injection cross-range velocity ) , fps o.o 

ZD (down-range velocity for desired injection), fps ' 5 530.6 

Weight at tIG, lb . . · · · · · · · · · · · · · · · · · 10 892.2 

(e ) Gimbal angles at tIG 

IGA, deg 359.3 

MGA, deg 359. 4 

OGA, deg 354.5 



) 
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TABLE 5-XII. - LM ASCENT REFSMMAT, TARGET LOAD, 

( f ) 

AND GIMBAL ANGLES - Continued 

a Target loads for TPI maneuver 

[Propulsion system: 

tIG'b hr:min:sec, g.e.t. 

APS; guidance: external·/::;V] 

t:,Vx, fps • • • • . 

/::;Vy, fps •••• 

/::;VZ' fps .•.. 

Weight at tIG' lb . . • • . 

IGA, deg 

MGA, deg 

OGA, deg 

( g ) b 
Gimbal angles at tIG 

(h ) Target load for CSM separation 
maneuver following LM jettison 

[Propulsion system: CSM RCS ] 

tIG' hr:min:sec , g.e.t. 

t:,Vx, fps 

t:,Vy, fps 

t:,Vz, fps 

Weight, lb 

aAll targets include /::;V's from ullage. 
b 

tIG is ullage on time. 

172:39:12.9 

71. 5 

0.2 

9. 4 

5923.9 

103.4 

o.o 

o.o 

177:36:15.0 

2.0 

0.0 

o.o 

38 523.9 
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TABLE 5-XII.- LM ASCENT REFSMMAT, TARGET LOAD, 

AND GIMBAL ANGLES - Continued 

( i ) Gimbal angles at tIG 

IGA, deg 

MGA, deg . 

OGA, deg 

(j) Target load for LM deorbit 

[Propulsion system: LM RCS] 

tIG' hr:min:sec, g.e.t. 

t::.VX' fps 

!::.Vy, fps 

t::.Vz, fps 

34 .6 

20.3 

350.0 

179:16:29.2 

-134.5 

- 80.0 

168.o 

Weight, lb . 5253.9 

(k) Gimbal angles at tIG 

IGA, deg . 214.4 

MGA, deg . 

OGA, deg . 

339,7 

310.0 

(1) Target load for shaping burn 

[Propulsion system: SPS; guidance: external t::.V] 

tIG' hr:min:sec, g.e.t. 

t::.VX' fps . 

!::.Vy, fps 

t::.VZ' fps . 

Weight, lb 

216 :49 :11. 7 

25.1 

o.o 

- 28.5 

37 305.3 ) 



) 
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TABLE 5- XII . - LM ASCENT REFSMMAT , TARGET LOAD, 

AND GIMBAL ANGLES - Concluded 

IGA, deg 

MGA, deg 

OGA, deg 

(m ) Gimbal angles at t!G 

58.1 

357 . 3 

3. 0 
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TABLE 5-XIII.- PREFERRED (LOPC-2 ) REFSMMAT, 

TARGET LOAD, AND GIMBAL ANGLES 

(a) Applicable maneuver 

1. LOPC-2 

(b) Definition of REFSMMAT 

[l [XIX 
XIY 

XI] 

[: cr(=Yl 

Y = YIX YIY YIZ 

z SPACECRAFT ZIX ZIY ZIZ or 
PLATFORM MCI(MNBY) 

STABLE 
MEMBERS 

(c) REFSMMAT components 

XIMUX = -. 17472490 XIMUY = .45229768 XIMUZ = -. 87458448 

YIMUX = -.79685180 

ZIMUX = .57835838 

YIMUY = . 45679535 

ZIMUY = . 76600575 

YIMUZ = .39543043 

ZIMUZ = .28060070 

(d) Target load for lunar orbit plane change maneuver 

[Propulsion system: SPS; guidance: external ~V] 

tIG' hr:min:sec , g.e.t. 193:13:46.2 

~vx, fps - 7.4 

~Vy, fps -282.4 

~Vz, fps o.o 

MassIG' lb 38 433.2 

) 
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TABLE 5-XIII.- PREFERRED (LOPC-2) REFSMMAT, 

TARGET LOAD, AND GIMBAL ANGLES - Concluded 

(e ) Gimbal angles at t 1G 

IGA, deg 0.0 

MGA, deg 0.0 

OGA, deg . 0.0 
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TABLE 5-XIV.- PREFERRED (TEI) REFSMMAT, TARGET 

LOAD, AND GI.MEAL ANGLES 

(a ) Applicable maneuver 

1. TEI 

(b) Definition of REFSMMAT 

ll [XIX 
XIY 

XIZ] ll 
Y = YIX YIY YIZ Y 

z SPACECRAFT ZIX ZIY ZIZ z ECI(MNBY) or 
PLATFORM MCI(MNBY) 
STABLE 
MEMBERS 

(c) REFSMMAT components 

XIMUX = .06333484 

YIMUX = .21795169 

ZIMUX = .97390234 

XIMUY = .75647791 

YIMUY = -.64699487 

ZIMUY = .09559708 

XIMUZ = .65094537 

YIMUZ = .73068099 

ZIMUZ = -.20585295 

(d) Target load for TEI maneuver 

[Propulsion system: SPS; guidance: external 6V] 

tIG' hr :min: sec, g.e.t. 

6VX, fps 

6Vy, fps 

6Vz, fps 

Weight, lb 

222:20:32.8 

3173. 4 

492 .3 

-74.3 

37 025.0 

) 
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TABLE 5- XIV. - PREFERRED (TEI) REFSMMAT, TARGET 

LOAD, AND GIMBAL ANGLES - Concluded 

( e ) Gimbal angles at tIG 

IGA, deg 0 . 0 

MGA, deg 0 . 0 

OGA, deg 180 . 0 
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TABLE 5-XV · - ENTRY REFSMMAT 

(a) Applicable maneuvers 

1. MCC-7 

2. Entry 

(b) Definition of REFSMMAT 

[~SPACEC~T rIX XIY 

XIj [] = YIX YIY YIZ Y 

ZIX ZIY ZIZ z ECI(MNBY) 
PLATFORM 
STABLE 
MEMBERS 

XIX = .24623360 

YIX = -.01381990 

ZIX = -. 96911197 

(c) REFSMMAT components 

XIY = .46136661 

YIY = . 88101469 

ZIY = .10466121 

XIZ = .85235547 

YIZ = -. 47288702 

ZIZ = .22331146 

) 
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) 6 ,0 RADAR AND SHADOW DATA 



kAUAt<. 
ALTK 

kAiJAK 
AlfK 

t:-AJAK 
Al TR 

) kAUAK 
ALTR 

kADAK 
ALTK 

KA UAR 
Al TR 

kAiJAk 
ALTk 

RAJ AR 
ALTR 

RAtJAk 
ALTK 

RAUAK 
Al TR 

RA UAR 
ALTR 

RA JAX 
ALlK 

kAUAK 
ALTk. 

RAuAR 
Alff\ 

kAJAR 
ALTR 

6-3 

TABLE 6-1.- MISSION RADAR TIMELINE 

=MAU-23 X-Y 
= .2!>:>2.489, 
=HSK-25 X-Y 
= 37~6.555, 
=GDS-L8 X-Y 
= 2975.716, 
=PKS-96 H-U 
= 132.2. 176' 
=HAR-9 5 H-0 
= ~169.286, 
=STN-00 A-E 
= s2s.ooo, 
=HIL-71 X-Y 
= -137.795, 
=iWA-02 X-Y 
= -lll.54b, 
=C¥1-04 X-Y 

- 567.584, 
-=ACN-75 X-Y 
= 1712. 595' 
=CRU-08 X-Y 
= -49.213, 
=G~M-.24 X-Y 
= 46<J.l59, 
=HAW-12. X-Y 
= 3723.747, 
=Tt::X-16 X-Y 
= -65.617, 

(a} STDN station characteristics 

Geodetic latitude, LATR, deg 
Longitude, LONR, deg 
Altitude, ALTR, ft 
Range capability, SRANGE, n. mi. 

Keyhole, FTINDC: O = none 
1 = north-south 
2 = east-west 

USB-85 1 LATR = 4U. 4 5 't9 91, 
SRANGf = 850000.0' fTINuC.:. = 

USb-85, LATR = -35.583494, 
SR ANGE = asoooo.o, f T 1 NUC = 

USB-85, LATR = 35.341594, 
SRANGt = 850000.0, FTumc = 

USd2lO, LAIR = -32.998169, 
SR ANGt: =2100000.0, f T lNUC = 
uss210, LAIR = 3!>. 42.59!)8' 

SRANGt: =2100000.01 f T lNlJC = 
UStH50, LATR = 37.409722., 

SR ANGE =1500000.0, f T 1NLJC = 
USS-301 lAJR = 28.50«>212, 

.SR ANGE = 300000. o, fllNOC = 
USti-30, LATR = 32.351~50, 

SR ANGE = 300000.0, fl!NUC.:. = 
USB-30, LATR = 27.7ti4S.Jb, 

SR ANGE = 300000.0, f I lNOC = 
USS-301 LATR = -7.9S47'#41 

SR ANGE = 300000.01 f T INUC = 
UStl-30, LAfR = -24.906.577, 

SR ANGE = 300000.0, fTlNOC = 
USti-.30, LATR = l_j. 310.5 75' 

SRAl~GE = 300000.0, fl lNOC = 
USB-30, LATR = 22..126307, 

SR ANGE = 300000.0, FTlNuC = 
USti-30, LAfR = 2.7.6537:.JO, 

SR ANGE = 300000.0, FI I NOC = 
=SHlP l INSE:R Tl ON • LATR = i1.oooooo, 
·- o.ooo, .SR ANGE = l.3400.0, f T lNOC = 

lONR 
2.0 
LONR 
2. 0 
LONR 
2.0 
LONR 
o.o 
LONR 
o.o 
LONR 
o.o 
LONR 
l.O 
LONR 
l.O 
LONR 
l.O 
LONR 
l.O 
LONR 
l.O 
lONR 
l.O 
LONR 
1.0 
LONR 
1.0 
LONR 
o.o 

= 355.831251 

= 148.977527 

= 243.126104 

= 148.263517 

;:: 243. 110517 

= 237.8220(;3 

= 279.306367 

= 295.341845 

= 344.46!:>851 

= 345.672387 

= llJ. 725496 

= 144.736038 

= 200.334503 

= 262.620834 

= 311.000000 
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TABLE 6-I.- MISSION RADAR TIMELINE - Continued 

(b ) Definitions of radar table headings 

Ship 1 Insertion ship C-band 

MIL-71 Merritt Island S-band 

BDA- 02 Bermuda S- band 

CYI-04 Grand Canary S-band 

ACN- 75 Ascension S-band 

CR0-08 Carnarvon S- band 

GWM- 24 Guam S-band 

HAW-12 

MAD-23 

HSK- 25 

GDS-28 

PKS- 96 

TEX-16 

MAR- 95 

STN-00 

. Hawaii S- band 

Madrid deep space 

Canberra deep space 

Goldstone deep space (85 ft ) 

Parkes deep space 

Texas S-band 

Goldstone deep space (210 ft ) 

Stanford, California, S- band 

) 
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TABLE 6-:I".- MISSION RADAR TIMELINE - Continued 

(c) CSM acquisition and termination - 0° minimum elevation 

16 AP R 72 EOI TO Tll LAL 72.l 

VEHICL E 1 RAPAR TABLE 

TRACK I NG TIME STATION ACQUISITION DATA 

Hl<S MIN SEC DAY HRS MIN SEC RA Dl:C Al HV x Y RANGE 

BDA-02 0 0 40 0 0 ll 57 HZ 6 85 3 87 5 650 

SHIP l 0 3 47 0 o 11 57 -53 ol -25 10 -66 63 395 

CYl-04 0 6 44 0 0 16 46 4 15 - 73 0 -90 17 805 

CR0-08 0 5 23 0 0 52 21 135 - 30 -123 0 -90 -33 790 

HSK -25 0 5 36 0 0 59 37 - 164 11 - 76 0 -90 - 76 788 

GDS-28 0 4 4 0 l 28 59 - 2 - 53 - 167 0 90 -13 795 

TEX - 16 0 6 40 0 1 31 3 - 49 - 4 - 95 0 -90 -5 801 

MIL - 71 0 6 JO 0 l 34 55 - 39 11 - 78 0 -90 12 805 

BDA- 02 0 6 47 0 l 38 20 - 19 4 - 85 0 - 90 5 807 

SHIP 1 0 6 35 0 1 42 7 - 13 24 -63 0 -90 27 806 

CYl - 04 0 4 48 0 l 49 58 42 -12 -1 04 0 -90 -14 800 

CR0-08 0 5 50 0 2 25 2 155 -35 - l.l9 0 - 90 -39 790 

16 APR 72 TU TO LOI LAZ 72.l 

HAW - 12 H 41 3 0 2 43 24 -74 -42 -136 0 -90 -46 1925 

STN-00 ll 41 4 0 2 49 13 - 40 -20 -115 0 - 90 -25 3225 

GDS-28 l.l. 10 54 0 2 49 53 -40 -15 -109 0 90 -71 3371 

MAR-95 10 33 46 0 2 51 8 - 34 -12 -110 6 -84 -19 3306 

TEX - 16 9 19 51 0 2 53 29 - 31 l -89 o -90 l 4lo4 

MIL - 71 8 't 20 0 2 58 4 - 17 8 -81 0 -90 9 5137 

BDA-02 b ::)9 7 0 3 3 33 - 3 12 -76 0 -90 14 6258 

SHIP 1 l 57 26 0 3 12 58 lL 20 -68 0 -90 22 807~ 

CYl - 04 0 55 32 0 4 15 6 56 27 -59 0 -90 31 17880 

MA0-2 3 0 3 41 0 4 38 47 65 26 -55 0 - 90 -55 21030 

• 

.._./ _/ 

STATION TERMINATION DATA 

DAY HRS MIN SEC RA DEC AZ ELV x Y RANGE 

0 0 12 37 145 5 84 0 90 6 805 

0 0 15 44 170 21 66 0 90 2'4 806 

0 0 23 30 - 177 -20 113 0 90 - 23 798 

0 0 57 44 -10 -34 128 0 90 - 38 790 

0 l 5 13 - i.6 38 40 0 - 90 '40 784 

u l 33 3 93 - 22 118 0 90 · 62 801 

0 l 37 43 142 21 66 0 90 24 807 

0 l 41 25 159 19 69 0 90 21 807 

0 l 45 7 162 -4 95 0 90 -5 805 

0 l 48 42 - .179 - 1 91 0 90 -1 800 
(J'. 

0 l 54 46 .158 - 58 1 64 0 90 - JI. 
I 

791 \.Jl 

0 2 30 53 2 -16 !J.!.07 0 90 - 17 788 

0 16 24 27 99 2.6 -62 0 -90 28 790'48 

0 14 30 18 98 2;6 -57 0 - 90 33 71819 

0 14 0 46 97 26 -58 0 -90 - 58 69869 

0 l3 24 54 96 26 - 62 6 - 83 28 07092 

0 12 l3 21 95 21 -bO 0 - 90 30 62451 

0 11 2 24 93 27 - 59 0 -90 31 57231 

0 10 2 39 91 27 -5 8 0 - 90 32 52601 

0 5 1 0 24 69 30 - 08 21 -61 19 23398 

0 5 10 38 69 28 - 58 0 - 90 32 24947 

0 4 42 29 66 26 -55 0 -90 - 55 21500 



VEHICLE RADAK TABLE 

TRACKING TIME STATION ACQUISITIUN DATA 

HRS Ml N SEC DAY HRS MIN SEC RA DEC Al ELY x Y RANGE 

GWM - 24 13 36 41 0 6 19 44 91 30 59 0 90 31 32572 

HSK - 25 8 57 51 0 8 40 5 95 33 4l:i 0 -90 48 45158 

CR0- 0 8 10 11 45 0 10 29 10 99 :H 56 0 90 34 54676 

MAD - 23 15 lo 39 0 15 57 41 103 25 5b 0 -90 56 77396 

CYl - 04 13 59 41 0 17 25 9 105 26 bl 0 90 29 d27l3 

ACN - 75 11 28 34 0 18 39 16 106 27 b3 0 90 27 87031 

BDA- 02 14 ltl 37 0 20 36 40 lOo 25 bO 0 90 30 93583 

MIL-71 13 57 17 0 21 53 21 107 25 bl 0 90 29 97678 

TEX - 16 13 51 48 0 23 4 16 107 25 bl 0 90 28 101350 

GDS-28 l 't .. ill 4 8 1 0 3 26 107 25 59 0 - 90 59 104335 

STN - 00 14 42 40 1 0 18 47 107 25 58 0 90 32 105099 

MAR- 95 13 L3 39 1 0 31 33 108 25 o4 6 83 26 105666 

HAW-12 13 23 4 1 3 32 31 109 25 63 0 90 27 114363 

GWM- 24 12 45 29 l 7 37 15 110 25 65 0 90 25 125209 

HSK - 25 9 HI 49 l 9 5 44 110 26 58 0 -90 58 128917 

CR0 - 08 10 16 37 1 10 58 45 111 25 62 0 90 28 133521 

PKS-96 1 48 51 l 12 53 18 110 26 14 30 23 57 136316 

MAD- 23 14 47 23 l 16 36 17 111 23 59 0 -90 59 146400 

CYI - 04 13 40 15 l 17 56 33 112 23 63 0 90 27 149293 

ACN - 75 l1 2o 20 1 18 59 57 112 24 66 0 90 24 15J.528 

BDA- 02 14 () 42 1 21 4 12 112 23 62 0 90 28 155816 

MIL - 71 13 42 24 22 18 10 113 23 63 0 90 27 158302 

.. (_ 
.. '-.._./ 

STATIUN TERMINATION DATA 

DAY HRS MIN SEC RA DEC AZ ELY x Y RANGE 

0 19 56 24 102 26 - 63 

0 17 37 55 100 28 - 54 

0 20 40 55 102 27 - 60 

l 7 14 20 107 24 - 58 

l 7 24 50 107 24 - 62 

l 6 7 50 106 25 - 64 

l 10 55 17 108 24 - 61 

l 11 50 39 108 24 - 63 

l 12 56 4 108 24 - 63 

1 14 34 14 109 23 - 61 

1 15 1 28 109 23 -60 

1 14 l 12 109 24 -65 

l 16 55 35 109 24 -64 

1 20 L2 43 110 24 -66 

l 18 24 33 110 25 - 59 

0 - 90 21 91375 

0 - 90 - 54 83460 

0 - 90 30 93805 

0 - 90 - 58 124234 

0 - 90 28 124681 

0 - 90 26 121344' 

0 - 90 29 133389 

0 - 90 27 135589 

0 - 90 27 138143 

0 - 90 - 61 141889 

0 -90 30 142 909 

6 -83 25 140280 

0 - 90 26 147104 

0 -90 24 154399 

0 - 90 -59 150278 

1 21 15 22 110 24 -63 0 - 90 27 J.56186 

1 14 42 8 110 25 -15 30 - 24 57 140463 

2 7 23 41 112 22 - 60 0 - 90 -60 175334 

2 7 3b 48 112 23 -64 0 -90 26 175 716 

2 6 26 17 111 23 - 66 0 - 90 24 173634 

2 11 4 54 112 2 2 - 63 0 - 90 27 181737 

2 12 0 35 112 22 - 64 0 - 90 26 183314 

'9 
__./ _/ 

O'. 
I 

O'\ 
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VEHICLE RAUAR TABLE 

TRACl'1NG TIME STATION ACQUISITION DATA 

HRS MIN SEC OAY HRS MIN SEC RA UEC AZ HV x Y KANG!: 

TEX-16 u 31 52 l 23 27 35 113 23 64 0 90 26 160593 

GDS -28 14 13 46 2 0 27 31 113 23 62 0 -90 62 162541 

STN-00 14 24 53 2 0 43 7 113 23 61 0 90 29 163045 

MAR-95 13 8 L9 2 l 0 27 lU 23 60 6 83 24 163239 

HAW - 12 13 U L1 2 3 50 28 113 23 65 0 90 25 168932 

GWM - 24 12 .)9 29 2 7 51 2 114 23 ob 0 90 24 lloJ.30 

HSK - 25 9 29 ll 2 9 10 8 114 24 60 0 -90 60 178409 

CR0-08 10 20 52 2 11 5 30 114 24 o4 o 90 26 181741 

PKS - 96 2 42 7 2 12 36 52 114 24 22 30 32 54 182548 

MAD-23 9 21 53 2 16 49 55 115 22 60 0 -90 60 191083 

CYl-04 8 10 34 2. 18 7 l3 115 2.2 o5 0 90 25 193095 

ACN-7 5 7 l.l 38 2 19 6 10 115 23 bl 0 90 23 194628 

8DA - 02 5 4 10 2 21 13 26 115 22 64 0 90 26 197893 

MIL -7 1 3 :>1 22 2 22 26 12 115 22 65 0 90 25 199787 

TEX - 16 2 42 29 2 23 35 2 115 22 65 0 90 25 201600 

GOS - 28 l 't2 59 3 0 34 32 115 22 o3 0 -90 63 20317:> 

STN-00 1 21 18 3 0 50 14 115 22 <.>2 0 90 28 203597 

MAR- 95 l lU 58 3 6 32 115 22 u7 6 84 23 203679 

16 APR 72 LOI TU 001 LAZ 72. l 

GDS -2 8 l 24 40 3 2 50 11 114 22 81 27 -17 62 203992 

STN-00 l Z't .:;8 3 2 50 12 114 22 79 23 67 10 204201 

MAR-95 24 37 3 2 50 12 114 22 81 27 63 8 203990 

TEX - 16 1 24 41 3 2 50 14 114 22 84 43 47 4 203222 

~ _) 

STATION TERMINATION DATA 

DAY HRS MIN SEC RA DEC AZ ELV x Y RANGE 

2 13 5 27 112 22 - 65 0 -9 0 25 185063 

2 14 41 18 113 22 -62 0 - 90 -62 .1.87623 

2 15 7 59 113 22 - 62 0 - 90 211 188358 

2 14 8 56 113 22 - 67 6 - 83 23 186404 

2 17 3 55 11 3 22 - 66 0 - 90 24 191455 

2 20 30 31 ·113 22 - 67 0 - 90 23 196838 

2 18 39 20 113 23 - 61 0 -90 -61 193909 

2 21 26 22 113 23 - 64 0 - 90 26 198225 

2 15 18 59 113 24 - 22 30 -33 53 186952 

3 2 17 48 113 22 - 112 56 14 -31 203079 

3 2 17 47 113 22 - 100 69 - 20 -3 202728 

3 2 17 47 113 23 - 36 51 -25 30 203244 

3 2 17 36 114 22 105 64 26 - 7 202860 

3 2 i7 34 114 22 89 50 40 l 203298 

3 2 17 31 114 22 81 35 55 7 203948 

3 2 17 31 114 22 77 20 -32 66 204740 

3 2 17 31 114 22 75 16 73 15 204947 

3 2 17 31 114 22 77 2 0 69 13 204740 

3 4 14 51 115 22 92 43 2 47 203231 

3 4 14 50 115 22 91 39 5 1 0 203433 

3 4 14 50 115 22 92 43 47 -2 203237 

3 4 14 55 115 22 93 60 30 - 2 202607 

O'\ 
I 

--1 



VEHICLE RADAR TABLE 

TRACKING TIMi: STATION ACQUISITION DATA 

HRS MIN St:C DAY HRS HlN SEC RA OtC Al ELV x Y RANGE 

MIL - 71 l 2't 39 3 2 50 19 114 22 93 58 32 - 1 202650 

BDA - 02 l 24 40 3 2 50 23 114 22 116 70 18 - 8 2023l't 

CYI-04 l 24 38 3 2 50 38 113 22 -94 62 -28 -2 202512 

MAD-23 l 24 39 3 2 50 39 113 22 - 104 50 12 -38 202897 

ACN-75 l 24 36 3 2 50 43 113 23 - 45 46 -34 30 203053 

HAW-12 0 18 14 3 3 56 31 115 22 06 0 90 24 204611 

HAW - 12 l 24 46 3 4 58 33 116 2.2 71 13 76 18 205020 

STN-00 l 24 48 3 4 58 39 115 22 98 48 42 -5 20328 5 

MAR - 9 5 l 24 49 3 4 58 40 115 22 100 52 37 -6 203109 

GDS-28 l 24 4'> 3 4 58 41 115 ,z 100 52 1 37 203107 

TEX- 16 l 24 52 3 4 58 46 115 22 102 70 19 -4 202590 

HIL-71 l 2't 52 3 4 58 50 115 L2 150 83 4 - 6 202414 

BDA-02 l 2't 50 3 4 58 54 ll't 22 - 130 75 - 12 - 10 202499 

HAD-23 l 24 46 3 4 59 4 114 22 - 83 26 - 14 - 63 204276 

CYI-04 l 24 45 3 4 59 6 114 22 - 81 34 -56 1 203878 

ACN- 75 l 24 43 3 4 59 9 114 22 - 02 21 -67 26 204561 

16 APR 72 DOI TO SEP LAZ 72. l 

HAW - 12 l 5 10 3 1 10 47 117 22 80 42 47 1 203535 

GDS-28 l 5 12 3 1 10 57 116 22 149 74 13 8 202531 

MAR-95 l 5 13 3 1 10 58 116 22 150 74 8 -13 202532 

STN-00 1 5 12 3 1 10 59 116 22 139 70 13 - 15 202606 

TEX- 16 l 5 l3 3 7 ll 7 116 22 - 111 78 -11 -5 202473 

M IL-71 1 5 14 3 1 11 10 115 22 - 98 63 -26 -4 202753 

(_ .......__,, 

STATION TERMINATION DATA 

DAY HRS HIN SEC RA DEC Al ELV x Y RANGE 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 14 58 115 22 111 75 14 -5 202283 

4 15 3 11 5 22 - 175 80 -1 - 10 202223 

4 15 16 114 22 -85 44 -46 3 203224 

4 15 17 114 22 -90 35 0 -55 203642 

4 15 19 114 23 -58 30 - 55 21 203855 

4 14 45 116 22 68 4 86 22 205347 

6 23 18 117 22 11 31 58 11 204086 

6 23 2 7 116 22 118 63 25 - 12 202830 

6 23 29 116 22 122 67 19 - 12 202713 

6 23 30 116 22 122 67 12 19 202713 

6 23 37 116 22 173 84 l - 6 202478 

6 23 42 116 22 - 111 74 - 15 - 6 202605 

6 23 4 5 116 22 -102 59 -3 0 - 6 202949 

6 23 50 115 21 - 71 11 -58 - 68 205224 

6 23 51 115 22 - 74 17 -73 15 204916 

6 23 52 115 22 -67 3 -87 23 205707 

8 15 57 118 22 84 56 34 3 203210 

8 16 9 117 21 - 154 75 14 -7 202763 

8 16 10 117 21 - 155 75 - 7 - 14 202765 

8 16 11 117 21 - 175 74 -2 - 16 202779 

8 16 19 117 22 - 98 65 - 25 - 3 202975 

8 16 23 116 21 - 90 50 - 40 0 203455 

_/ 

CJ\ 
I 

OJ 
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VEHICLE l RADAR TABlE 

TRACKING TIME STATION ACUUlSlTlON DATA 

HRS Ml,'i SEC DAY HRS MIN SEC RA OE:C AZ E:LV x Y RANGE 

BDA- 02 5 15 3 7 11 13 115 22 - 94 49 - 41 -2 203222 

MAD- 23 0 16 49 3 7 11 19 115 Ll - 64 3 -84 - 64 205641 

CYl - 04 0 33 26 3 7 11 22 115 21 -69 6 -83 21 205419 

GWM-24 0 11 26 3 8 4 20 118 21 68 0 90 22 205429 

GWM -2 4 l 5 19 3 9 4 40 118 21 71 14 75 19 205267 

HAW - 12 l 5 21 3 9 4 51 117 22 87 68 22 l 2 029 l.I. 

GDS-28 l 5 21 3 9 4 60 117 21 - 124 68 13 - 18 202899 

MAR - 95 l 5 21 3 9 5 0 117 l.l -124 68 -19 - 12 202900 

STN-00 5 18 3 9 5 l 117 21 -139 70 -14 - 15 202858 

TEX - 16 5 21 3 9 5 5 116 21 - 91 54 -36 - l 203301 

Mll-71 l 5 20 3 9 5 9 116 21 - 85 39 -51 4 203905 

BOA- 02 l 5 18 3 9 5 10 116 21 - 80 26 -64 9 204574 

HSK - 25 0 :>3 55 3 9 16 9 118 a 62 0 -90 62 205498 

GWM -2 4 1 5 33 3 l 0 5 8 23 119 2 l 73 39 49 13 204171 

HSK-25 l 5 l.2 3 10 58 37 119 22 46 17 -67 44 205355 

HAW - 12 l j LS 3 10 58 45 118 21 - 102 86 - 4 - 1 202924 

STN-00 l 5 18 3 10 59 l 118 21 - 102 50 -39 -8 203686 

MAR -95 l 5 18 3 10 59 l 117 21 - 96 46 -43 - 4 203841 

GDS-28 l 5 16 3 10 59 4 117 21 - 96 46 6 - 43 203839 

TEX- 16 l 5 22 3 10 59 4 117 21 - 80 29 - 60 9 204639 

BDA-02 u 17 5 3 10 59 5 117 21 - 67 3 -87 23 206126 

MIL - 71 1 5 14 3 10 59 12 117 21 - 74 15 -74 15 205421 

J _) 

STATION TERMINATION DATA 

DAY HRS MIN SEC RA DEC AZ Elll x Y RANGE 

3 8 16 28 116 21 - 86 36 - 54 3 204059 

3 7 28 8 115 2 1 - 62 0 - 90 - 62 205003 

0 - 90 24 204758 3 7 44 48 116 21 -66 

3 & 15 46 118 2 1 

3 10 9 59 119 21 

3 10 lo 12 ·110 2 1 

69 2 87 21 205894 

73 28 61 15 204703 

94 82 8 - 1 202933 

3 10 10 21 118 2 1 - 106 56 10 - 32 203476 

3 10 10 21 118 21 - 106 56 - 33 - 9 203476 

3 10 10 19 118 21 - 114 60 -28 - 12 203369 

3 10 10 25 117 21 - 85 40 -5 0 4 204l.l8 

3 10 10 28 117 21 - 79 26 -64 10 204848 

3 10 10 28 117 21 - 73 13 - 76 16 205557 

3 10 10 3 119 22 55 9 - 75 54 205779 

3 12 3 56 120 21 12 54 35 10 203789 

3 12 3 60 120 22 34 25 - 61 30 205107 

3 12 4 13 119 21 - 90 12 - 18 0 203311 

3 12 4 19 119 21 - 92 38 - 52 - 1 204454 

3 12 4 19 118 21 - 87 34 - 56 2 204662 

3 12 4 20 118 21 - 87 34 - 4 -56 204664 

3 12 4 26 118 2 1 - 75 16 - 73 15 205628 

3 11 16 10 117 21 - 65 0 - 90 25 205499 

3 12 4 25 118 21 - 68 2 - 88 22 206436 

(]'\ 
I 
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VEHICLE KAUAR TABL E 

TKACKLNG TIME 

HRS MIN SEC 

CR0-08 0 46 56 

CR0- 08 l 5 14 

PKS - 96 l 5 25 

GWM -2 4 l ) 22 

HSK-25 l 5 Ll 

HAW - 12 l 5 24 

S TN - 00 l 5 2.2 

MAR -95 l 5 20 

TEX - 16 0 Ld 16 

GDS-28 l 5 18 

CR0-0 8 l 5 23 

GWM -2 4 l 5 24 

HSK -25 l 5 26 

PKS - 96 l 5 24 

STN-00 0 38 37 

GOS-28 0 10 36 

HAW - 12 J. :. 28 

CR0-08 l 5 12 

GWM- 24 l 5 11 

HSK-2 5 l 5 9 

HAW-12 0 47 37 

MAD-2 3 l) lb 30 

(_ 

STATION AC~UISITION DATA 

DAY HR S MIN StC RA iH: C Al ELV x Y KANGE 

3 11 16 53 119 22 66 0 90 24 205464 

3 12 52 50 120 22 54 18 68 34 205480 

3 12 52 55 119 22 23 32 32 52 204760 

3 12 52 55 120 Ll 68 65 23 9 203463 

3 12 52 58 119 LL 22 29 -59 19 204869 

3 12 53 10 119 21 - 80 60 -30 2 203585 

3 1 2 53 11 118 21 - 85 28 - 62 5 204937 

3 12 53 14 118 21 - 81 24 - 66 8 205177 

3 12 53 14 118 21 - 70 6 - 84 20 206223 

3 12 53 16 118 21 - 81 24 -20 - 65 205177 

3 14 46 40 12 1 21 33 36 37 43 204794 

3 14 46 48 120 21 - 22 82 - 3 8 203430 

3 14 46 49 1 20 22 - 8 32 -57 - 7 204970 

3 14 46 50 120 22 - 8 35 - 11 54 204838 

3 14 46 55 119 20 - 70 1 - 83 20 206414 

3 14 46 55 119 20 - bb 2 - 85 - 66 206698 

3 14 46 55 119 21 - 80 35 - 55 9 204858 

3 16 41 3 121 21 0 44 0 46 204670 

3 16 41 15 121 21 - 72 59 -3 0 9 204107 

3 16 41 15 121 21 - 36 24 - 61 - 33 205641 

3 16 41 18 120 20 - 72 10 -80 18 206462 

3 17 29 20 123 20 64 0 - 90 64 206418 

(_ '----"" 

STATION TERMiNATION DATA 

DAY HRS MIN SEC RA DEC AZ ELV x Y RANGE 

3 12 3 49 120 22 bl 9 80 29 20b004 

3 13 58 4 121 21 44 29 51 39 205119 

3 13 58 21 120 22 6 35 9 54 204827 

3 13 58 17 120 21 48 78 9 8 203459 

3 13 58 19 120 22 5 33 -5 7 4 204950 

3 13 58 33 ·120 21 - 83 46 - 44 5 204362" 

3 13 58 34 12 0 20 - 76 lb - 74 13 2ti5881 

3 13 58 35 119 20 - 73 11 - 78 17 20bl52 

3 13 21 30 119 20 - 67 0 - 90 23 205493 

3 13 58 35 119 20 - 73 11 -55 - 70 206154 

3 15 52 4 122 21 16 4 2 17 45 204734 

3 15 52 12 121 21 -65 71 - 18 8 203828 

3 15 52 15 121 21 - 25 29 -59 -21 205377 

3 15 52 14 121 21 -25 32 - 34 51 205243 

3 15 25 32 120 20 - 65 0 - 90 25 205826 

3 14 57 32 119 20 - 65 0 - 90 - 65 206278 

3 15 52 23 120 20 - 76 2 1 -69 13 205843 

3 17 46 15 122 21 -19 42 - 20 45 205001 

3 17 46 25 122 2 0 - 75 45 -44 11 204888 

3 17 46 24 122 21 - 49 16 -67 -47 206361 

3 17 28 55 121 20 - 69 O - 90 21 20b395 

3 17 45 50 123 20 66 3 - 83 ob 201113 
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VEHICLE l KAUAR TABLE 

TKACKING TIME STATION ACQUISITION DATA 

HRS MIN SEC DAY HRS MIN SEC RA Ut:C AZ HV x Y RANGE 

MA0- 2 3 J. 5 LO 3 18 34 41 123 20 74 12 -54 70 206630 

CR0- 0 8 J. 5 L2 3 18 35 2 12L Ll - 33 31 -3b 42 205230 

GWM - 24 J. 5 20 3 18 35 9 121 20 - 74 33 -56 13 205415 

HSK - 25 u 47 50 3 18 35 10 122 21 - 57 8 -76 - 57 206820 

CYI - 04 0 :>b 48 3 18 43 9 123 20 68 0 90 22 206882 

ACN - 75 0 l 4 3 19 37 54 124 20 70 0 90 20 207411 

CY 1-0 4 J. .) 28 3 20 28 19 124 J.9 79 21 68 11 206318 

ACN-75 l :; 27 3 20 28 20 124 LO 67 12 77 22 206867 

MA0-23 l 5 28 3 20 28 22 124 19 91 32 2 58 205748 

GWM - 24 u :.u 53 3 20 29 12 122 LO - 71 1 -82 18 207096 

CR0- 08 1 5 10 3 20 29 13 123 20 - 55 19 -67 33 206383 

80A-02 l 5 10 3 22 22 44 125 19 70 4 85 20 207529 

ACN-75 j 16 3 22 22 50 125 20 58 37 49 25 205749 

MA0- 2 3 1 5 22 3 22 22 51 125 19 114 53 17 34 205072 

CYI - 04 l ::. 17 3 22 22 51 125 J.9 90 46 44 0 205334 

MIL - 71 u 11 59 3 23 15 55 126 19 69 0 90 21 207357 

16 APR 72 SEP TO CIR LAZ 72.l 

MIL - 71 l 5 17 4 0 lb 33 126 19 75 13 77 14 207290 

80A- 02 5 17 4 0 16 36 126 19 84 27 63 5 206481 

MA0- 23 ! 5 23 4 o 16 44 126 19 160 o7 21 8 204878 

CYI-04 J. 5 J. 7 4 0 lb 45 126 19 112 70 19 -7 204821 

ACN - 75 L 5 LO 4 0 16 46 126 20 33 57 20 27 205161 

TEX - lb 0 :>7 13 4 o 24 35 120 19 o9 o 90 21 201034 

__./ 

STATION TERMINATION DATA 

DAY HRS MIN SEC RA DEC AZ ELV x Y RANGE 

3 19 40 l 124 19 83 23 - 15 66 206202 

3 19 40 24 123 20 -47 28 - 54 37 205922 

3 19 40 29 123 20 - 73 19 - 70 16 206445 

3 19 22 60 122 20 - 04 0 - 90 - 64 200030 

3 19 39 57 124 19 74 11 79 16 206878 

3 19 39 58 124 20 70 0 90 20 207496 

3 21 33 48 125 19 85 35 55 4 205799 

3 21 33 46 125 20 63 26 62 24 206263 

3 21 33 50 125 19 102 44 13 45 205397 

3 21 3 5 123 19 - 70 0 - 90 20 206474 

3 21 34 23 124 20 - 64 8 -81 26 207318 

3 23 21 54 126 19 78 17 73 J.l 207007 

3 23 28 6 126 20 47 49 33 26 205425 

3 23 2a 13 126 19 135 62 20 19 204987 

3 23 28 8 126 19 99 59 30 - 5 205005 

3 23 27 54 126 19 70 2 87 20 207855 

4 l 21 50 127 19 82 26 64 1 206140 

4 l 21 53 127 19 92 40 50 -2 206042 

4 1 22 1 127 19 - 162 o7 22 - 7 205090 

4 l 22 2 127 19 156 80 4 ~9 204878 

4 l 22 6 127 19 6 63 3 27 205212 

4 l 21 48 128 19 75 11 79 15 207575 

(}'\ 
I 
f--' 
f--' 



16 APR 72 cm TO PCl LAL JL. l 

VEHICLE RAOAR TABLE 

Tl<.ACKI NG TIME STATION ACQUISITION DATA 

HRS MIN Sl:C DAY HRS MIN SEC RA OtC Al ELV x Y RANGE 

GDS-28 l 11 59 4 2 8 43 127 l!:I 72 7 -68 71 207998 

TEX-16 l 11 '.>8 4 2 8 43 127 19 80 21 68 10 207104 

STN-00 l ll 59 4 2 ll 43 127 18 70 4 86 20 208200 

MAR-95 l 11 58 4 2 8 45 127 ill 12 7 83 17 207990 

MIL-71 l 12 0 4 2 8 47 127 19 87 36 54 2 206386 

8DA- 02 l 12 0 4 2 8 51 - 127 19 100 50 40 -6 205786 

CYI-04 l 11 57 4 2 9 5 126 19 -140 78 -8 - 9 205047 

ACN- 75 l 11 59 4 2 9 7 126 19 - 18 61 -10 27 205390 

MA0-23 l 11 56 4 2 9 9 126 19 - 137 62 21 -18 205359 

GDS-28 l 12 13 4 4 1 15 128 18 88 30 - 3 60 200942 

STN-00 l 12 10 4 4 1 16 128 ld 86 26 64 3 207163 

MAR-9 5 l 12 11 4 4 7 16 128 18 88 30 60 2 206941 

T EX- 16 l 12 14 4 4 7 17 128 18 92 47 43 -2 206155 

MIL-71 l 12 14 4 4 7 21 128 18 104 61 28 -7 205643 

BDA-02 l 12 14 4 4 7 25 128 18 137 72 13 - 13 205390 

CYl-04 l 12 13 4 4 7 36 127 18 - 98 55 -35 -4 205834 

MAD- 23 l 12 11 4 4 7 37 127 18 - 104 43 14 -45 206294 

ACN-75 l 12 11 4 4 7 40 127 19 -:. 4 44 -40 25 206259 

HAW - 12 0 24 3 4 4 55 19 129 18 71 0 90 19 207572 

HAW-12 l 11 54 4 6 5 44 130 18 77 15 · 74 13 207977 

MAR-95 l ll 60 4 6 5 51 129 18 109 53 36 -11 206158 

GDS -28 l 11 j7 4 6 5 53 129 18 108 53 13 35 206154 

'--" 

STATION TERMINATION DATA 

DAY HRS MIN SEC RA DEC Al ELV x Y RANGE 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 20 42 128 18 

3 20 40 128 18 

3 20 43 128 18 

3 20 43 128 18 

3 20 47 ·128 18 

82 20 -2 1 68 207297 

87 36 54 3 206460 

79 16 73 10 207519 

82 20 70 8 207298 

96 51 39 - 4 205826" 

3 20 52 128 18 116 64 24 -11 205430 

3 21 

3 21 

2 12 7 18 - 107 65 -24 -7 205395 

1 127 19 - 44 53 -28 26 205780 

3 21 5 127 18 -115 52 18 -34 205818 

5 19 28 129 18 99 44 9 46 206384 

5 19 26 129 18 9 7 39 51 -6 206587 

5 19 27 129 18 99 44 46 -7 206384 

5 i9 31 129 18 104 62 28 -6 205738 

5 19 35 129 18 131 75 12 -10 205453 

5 19 39 129 18 -164 75 - 4 -14 205450 

5 19 49 128 18 - 89 40 -50 l 206574 

5 19 48 128 18 -92 30 3 - 60 207046 

5 19 51 128 19 -63 29 -5 8 23 207077 

5 19 22 130 18 13 5 85 17 208442 

1 17 38 131 18 82 31 59 1 207208 

7 17 50 130 18 130 65 20 -lo 205878 

1 11 50 130 18 130 65 17 19 205876 

J 
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VEHICLE 1 RAD AK TABLE 

TRACKING TIME STATION ACQUIS .ITlON DATA 

HRS HIN SEC DAY HRS MIN SEC RA DEC AZ E:LV x Y RANGE 

STN- 00 l u 56 4 6 5 53 129 18 106 48 41 - 11 20633J 

TEX - 16 l 11 56 4 6 5 58 129 18 118 72 16 -9 205641 

Hll-71 l 11 57 4 6 6 4 129 18 179 80 0 - 10 205518 

BDA- 02 l 11 60 4 6 6 6 128 18 - 131 70 -16 - 13 205674 

HAD- 23 l u 57 4 6 6 15 128 18 -84 21 -15 -68 207641 

CYl-04 l 11 56 4 6 6 17 128 18 -84 29 -61 5 207197 

ACN - 75 1 11 56 4 6 6 22 128 18 -67 19 -70 21 207760 

HAW-12 l 12 15 4 8 4 8 130 18 86 42 48 3 206852 

STN-00 l 12 17 4 8 4 14 130 18 146 67 13 -19 205983 

GDS-2 8 1 12 16 4 8 4 15 130 18 157 71 18 7 205898 

HAR-95 l 1 2 13 4 8 4 18 130 18 157 71 8 -18 2051198 

Hll-71 l 12 ll 4 8 4 28 129 18 - 106 61 -28 -8 206124 

BDA-02 l 12 13 4 8 4 29 129 18 -99 47 -43 -6 206626 

CYI-04 0 LO 16 4 8 4 35 129 17 -73 4 -86 17 208871 

TEX-16 l lQ 24 4 8 6 13 130 18 - 129 75 -12 -9 205742 

GWH-24 0 16 42 4 8 59 30 132 17 72 0 90 18 208335 

GWM-24 l 11 59 4 10 2 43 132 17 75 15 75 14 208495 

HSK-25 l 12 0 4 10 2 50 132 18 66 2 -85 66 2094:'.46 

HAW- 12 J. J.2 5 4 10 2 55 131 l7 99 69 21 -3 206178 

STN-00 J. 12 11 4 10 3 1 131 17 -141 65 -16 -19 206247 

GDS-28 l 12 11 4 10 3 2 130 17 -128 64 17 -20 206287 

HAR-95 l 12 12 4 10 3 2 130 17 -129 64 -21 - 16 206288 

J 

STATION TERMINATION DATA 

DAY HRS MIN SEC RA DEC AZ ELV x Y RANGE 

4 7 17 50 130 18 125 60 25 - 17 206004 

4 7 17 54 130 18 -180 80 0 - 10 205614 

4 7 18 1 130 18 - 121 71 - 16 -10 205753 

4 7 18 5 129 18 -108 57 - 32 - 10 206131 

4 7 18 12 129 17 - 74 8 - 62 -72 208510 

4 7 18 14 129 17 -77 14 - 75 12 208152 

4 1 18 17 129 18 -71 3 - 87 19 208811 

4 9 16 23 131 17 92 58 32 -1 206334 

4 9 16 32 131 17 -169 69 -4 -20 206028 

4 9 16 31 131 17 - 153 70 18 -9 206015 

4 9 16 31 131 17 -153 70 - 9 -18 206016 

4 9 16 39 130 17 -95 46 - 44 -3 206756 

4 9 16 41 130 17 -89 32 - 58 1 207406 

4 8 24 51 129 17 - 70 0 -90 20 208173 

4 9 16 37 130 17 -105 61 - 28 -7 206235 

4 9 16 12 132 17 73 4 86 17 208991 

4 11 . 14 42 133 17 

4 11 14 50 133 18 

78 31 59 10 207690 

55 14 -66 53 208608 

4 11 14 60 132 17 136 83 5 -5 206069 

4 11 15 13 131 17 -116 54 - 33 -15 206691 

4 11 15 13 131 17 -108 51 14 -37 206806 

4 11 15 14 131 17 -109 51 -37 -12 206807 
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VEHICLE RAOAR TAtilE 

TRACKlNG TIME STATION AC~UISITION DATA 

HRS MlN SEC UAY HRS MIN SEC RA DEC Al ELV x Y RANGE 

TEX - 16 l 12 11 4 10 3 9 130 17 - 'II 51 - 39 -4 206696 

Mll - 71 l 12 14 4 10 3 10 130 17 - 8'1 36 - 54 l 207338 

BDA - 02 l 12 11 4 10 3 13 130 17 - 83 22 -68 6 208046 

CR0- 08 l 12 l 4 12 l 10 133 18 70 l 89 20 209564 

GWM-24 l 12 4 4 12 1 11 133 17 79 42 47 8 207313 

HSK - 25 l 11 60 4 12 l 18 13L ld 47 22 -60 42 208332. 

HAW - 12 l 12 1 4 12 l 29 132. 17 - 127 82 - 7 -5 206214 

GDS - 28 l 12 2 4 12 l 36 131 17 - 99 42 10 - 47 207309 

STN-00 l .l.l 60 4 12 l 36 131 17 - 105 46 - 43 - 11 207146 

MAR - 95 l 12 l 4 12 l 37 131 17 - '19 42 -48 - 7 207309 

TEX - 16 l ll l 4 12 l 38 131 i7 - 83 25 - 65 6 208133 

MIL - 71 0 53 18 4 12 l 42 131 17 - 77 11 - 79 13 208949 

PKS - 96 0 Ll 2.'I 4 12 51 49 133 17 38 30 47 43 206895 

CR0 - 08 l 12 l3 4 13 59 46 134 17 55 24 61 31 208423 

GWM - 24 l 12 15 4 13 59 49 133 l 7 11 10 20 4 206622 

HSK- 25 l 12 13 4 13 59 54 133 17 19 35 - 54 15 207865 

PKS - 96 l 12 13 4 13 59 54 133 17 2.0 31 25 48 207757 

HAW - 12 l 12 lb 4 14 0 3 132 17 - 93 56 - 34 - 2 206998 

STN- 00 l 12 15 4 14 0 3 132 16 - 86 23 - 67 3 208507 

,'lAR- 95 1 3 28 4 14 0 3 13L 16 - 83 18 - 72 1 208151 

GDS - 2 8 l 12 14 4 14 0 4 132 lo - 83 18 -22 - 71 208758 

TEX - 16 0 0 28 4 14 0 6 132 16 - 12 0 - 90 18 209815 

~TATION TERMINATION DATA 

DAY HRS MlN SEC RA DEC Al HV x Y RANGE 

4 11 15 20 131 17 - 88 36 - 54 l 207486 

4 11 15 24 131 17 - 82 21 - 69 8 208260 

4 11 15 23 131 17 - 75 8 - 82 15 209004 

4 13 13 11 134 17 62 15 73 27 208794 

4 13 13 15 133 17 80 5'1 31 5 206773 

4 13 13 18 133 17 31 31 - 55 27 207935 

4 13 13 31 133 17 - 9'1 67 - 23 - 4 206563 

4 13 13 37 132 16 - 89 28 - 2 - 62 208113 

4 13 13 36 132 16 - 93 32 -5 8 - 3 207892 

4 13 13 38 132 16 - 89 28 - 62 l 208113 

4 13 13 38 132 16 - 77 10 - 80 13 209103 

4 12 54 60 132 16 - 71 0 - 90 19 208747 

4 13 13 18 133 17 33 33 41 45 207840 

4 15 il 59 134 17 42 36 43 37 207910 

4 15 12 5 134 16 4 5 86 3 3 206537 

4 15 12 6 134 17 - l 37 - 53 -l 207860 

4 15 12 1 134 17 0 40 - 1 50 207740 

4 15 12 19 133 16 - 87 40 - 50 2 2.07768 

4 15 12 18 133 16 - 77 9 - 81 13 209420 

4 15 3 31 133 16 - 75 b - 84 15 209120 

4 15 12 17 133 16 - 74 4 - 75 - B 209697 

4 14 0 34 132 16 - 72 0 - 90 18 209798 
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VEHICLE RAOAR TABLE 

TRACKING TIME STATION ACQUISITION DATA 

HRS MIN SEC DAY HRS MIN SEC RA DEC Al ELV x Y RANGE 

CR0- 08 1 ll 58 4 15 58 25 134 17 30 43 29 39 207739 

GWM-2 4 l 12 l 4 15 58 31 134 16 - 69 81 - 8 3 206683 

PKS-96 l 11 59 4 15 58 36 134 17 -15 39 -18 49 207910 

HSK -2 5 l 11 58 4 15 58 36 134 17 - 15 36 -53 -12 208036 

STN-00 0 0 1 4 15 58 38 133 16 - 70 0 -90 20 210054 

HAW- 12 l ll 59 4 15 58 43 133 16 - 83 29 -61 6 208402 

CR0-08 1 14 9 4 17 54 58 135 17 - 8 48 -7 41 207826 

GWM-24 1 12 16 4 17 56 55 134 16 - 81 53 -36 5 207548 

HSK- 25 l 12 12 4 17 56 59 134 17 -45 24 -58 -40 208869 

HAW-12 0 ll 12 4 17 56 59 134 16 - 74 2 -87 16 210143 

MAD-2 3 0 33 9 4 18 35 35 136 15 70 0 - 90 70 209049 

CYI - 04 l ll 3 4 19 55 6 137 15 74 2 87 16 210385 

MAD-23 1 12 4 4 19 55 8 137 15 82 14 -28 74 209681 

CR0-08 1 12 15 4 19 55 37 135 16 - 44 36 -43 36 208473 

GWM-24 1 12 12 4 19 55 40 135 15 - 79 25 - 64 10 209029 

HSK-25 0 30 14 4 19 55 41 135 16 - 66 5 -11 -65 210182 

ACN-75 0 4:> 13 4 20 21 57 137 lo 74 O 90 16 209374 

CYI - 04 1 12 12 4 21 53 28 138 15 87 27 63 3 209189 

ACN-75 l 12 7 4 21 53 34 138 15 70 21 68 19 209522 

MAD- 23 l ll 8 4 21 53 35 138 15 102 36 16 52 208747 

CR0-08 l 12 0 4 21 54 11 130 16 - o4 15 -73 25 209824 

BOA- 02 0 2 l2 4 23 3 13 139 14 73 0 90 17 210706 

STATION TERMINATION DATA 

DAY HRS MIN SEC RA DEC AZ El'V x Y RANGE 

4 17 10 23 135 17 8 48 7 u 207607 

4 17 10 32 135 16 - 81 65 -25 4 207075 

4 17 10 35 135 17 -34 33 -41 ¥. 208301 

4 17 10 34 135 17 - 34 30 -55 - 29 208426 

4 15 58 39 133 16 - 70 0 -90 20 210053 

4 17 10 41 "134 16 -78 13 -77 12 209401" 

4 19 CJ 7 136 16 - 32 43 -29 39 208068 

4 19 9 10 135 16 - 80 37 -53 8 208353 

4 19 9 11 135 16 -58 14 -65 -56 209585 

4 18 8 12 134 16 - 73 0 -90 17 209742 

4 19 8 43 137 15 75 6 -69 74 210055 

4 21 1 9 138 15 82 17 73 8 209602 

4 21 1 12 138 15 93 27 7 63 209048 

4 21 7 52 136 16 -57 25 -62 29 209211 

4 21 7 52 136 15 - 77 9 -81 13 210092 

4 20 25 55 136 16 - 70 0 -90 - 70 209292 

4 21 1 10 138 15 73 lU 79 17 210004 

4 23 5 40 139 15 96 42 48 -4 208527 

4 23 5 41 139 15 64 37 50 20 208777 

4 23 5 44 138 14 117 48 22 36 208293 

4 23 6 11 137 15 - 73 l -89 :i7 210791 

4 23 5 35 139 14 73 0 90 17 210 806 
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VEHICLE RAUAR TABLE 

TRACK l NG T II-IE STATION ACUUISIIIUN DATA 

HRS MIN St:C DAY HRS MIN SEC RA DEC. Al ELV x Y RANGE 

BDA - 02 l 10 24 4 23 52 4 139 14 79 10 80 10 210376 

CYI - 04 l 12 20 4 23 52 7 138 15 103 53 37 -8 208252 

MAD-23 l 12 le 4 23 52 12 138 14 132 55 25 25 208153 

ACN - 75 l 12 lB 4 23 52 12 l3d 15 57 47 38 21 208459 

MIL-7 1 0 so 58 5 c 13 20 139 14 74 0 90 16 209999 

MIL -71 l 12 2 5 l 50 35 140 14 b5 20 70 5 210013 

TEX-16 l ll 56 5 l 50 36 140 14 77 b 84 13 210869 

BOA-02 l lL 2 5 l 50 37 140 14 95 34 56 -4 209272 

CYI-04 l 12 3 5 50 49 139 14 148 74 8 -13 207899 

MAD -23 l 12 0 5 l 50 53 139 14 - 173 63 26 -3 208128 

ACN - 75 l 12 l 5 l 50 55 139 i5 17 66 8 23 208050 

GDS - 28 u 2.o 47 5 2 35 44 140 14 B 0 -90 73 210047 

STN-00 0 7 14 5 2 55 18 141 13 73 0 90 17 210886 

STN- 00 l 12 16 5 3 41:1 56 141 13 8 l 10 79 9 210800 

MAR - 95 l 12 14 5 3 48 57 141 14 83 14 75 6 210567 

TEX-16 l 12 17 5 3 48 58 141 14 90 31 59 0 209669 

GDS - 28 12 15 5 3 48 58 141 14 83 14 -24 74 210565 

MIL -71 l 12 l 7 5 3 49 2 140 14 100 45 44 -7 208977 

BDA - 02 i 12 lo 5 3 49 4 140 14 lld 58 29 - 15 208529 

CYI-04 l 12 19 5 3 49 15 140 14 - J.L, ob -2 1 - 12 208279 

MA0 - 2 3 l 12 17 5 3 49 17 139 14 - 124 51 25 - 31 208741 

ACN - 75 l 12 19 5 3 49 19 140 14 -44 59 -23 22 208477 

STATION TERMINATION DATA 

DAY HRS MlN Sl:C RA DEC Al HV x Y RANGE 

5 l 

5 l 

5 l 

5 l 

5 l 

5 3 

5 3 

5 3 

5 3 

5 3 

5 3 

5 3 

5 3 

5 5 

5 5 

5 5 

s 5 

5 5 

5 5 

5 5 

5 5 

5 5 

L 28 140 14 88 24 b<> z. 209580 

4 27 139 14 122 67 20 - 12 207934 

4 30 139 14 161 62 26 9 208044 

4 30 139 15 40 60 20 22 208102 

4 19 140 14 79 10 80 10 Z.10461 

2 37 141 14 93 35 55 - 2 20930~ 

2 31 141 14 85 20 70 5 Ll.0083 

2 39 141 14 107 48 41 - ll 208723 

2 53 140 14 - 148 74 - 9 - 14 208005 

2 53 140 14 - 141 58 26 - 20 208392 

2 56 140 14 - 24 66 - 11 22 208177 

2 31 141 14 11 5 -69 76 210975 

2 :>2 141 13 74 l 89 16 211193 

l 12 142 13 91 24 66 -1 210119 

1 11 142 13 94 28 62 - 3 209884 

l 15 142 l3 99 46 44 - 7 209052 

l 13 142 13 94 28 1 b2 209884 

1 18 141 13 114 60 28 -12 208550 

1 21 141 13 147 68 12 - 18 208335 

l 34 140 13 - 104 52 -37 - 9 208826 

1 34 140 13 - 108 39 21 -48 209358 

l 39 140 14 - 61 45 -41 20 209085 
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VEHICLE RAO AK T AlllE 

T k.ACl<.l NG Tl ME STATION ACQUIS1TlUN DATA 

HRS MIN Sl:C DAY HRS MIN SEC RA Ot:C AZ HV x Y RANG!: 

MAR-95 1 12 6 5 5 47 38 142 13 101 38 52 - 9 209535 

GDS - 28 1 12 5 5 5 47 39 142 13 101 38 14 5 1 209533 

STN- 00 l 12 3 5 5 47 39 142 13 99 33 57 - 8 209757 

TEX- 16 l 12 8 5 5 47 42 141 13 10 8 56 33 - 10 208792 

MIL - 71 l 12 9 5 5 47 46 141 13 132 69 16 - 14 208440 

8DA - 02 l 12 9 5 5 47 49 141 13 - 180 71 0 -19 208389 

MAD - 23 1 12 8 5 5 47 59 140 13 - 99 30 15 - 59 209884 

CYl - 04 l 12 9 5 5 48 l 140 13 - 97 41 -48 - 5 209342 

ACN-75 l 12 13 5 5 48 5 140 14 - o7 35 -53 19 209654 

HAW - 12 l 10 19 5 5 49 14 142 13 76 0 90 14 211554 

HAW - 12 l 12 9 5 7 45 56 143 13 86 26 64 4 210364 

MAR- 95 l 12 9 5 7 46 8 142 13 130 59 25 - 20 208918 

GDS - 28 l 12 8 5 7 46 8 142 13 130 59 21 23 208916 

STN- 00 l 12 1 5 7 46 8 142 13 126 54 30 - 20 209070 

TEX - 16 l 12 6 5 7 46 15 142 13 loS 75 4 -15 208541 

Mll - 71 l 12 2 5 7 46 22 142 13 - 140 70 - 13 - 15 208614 

BDA- 02 l 12 6 5 7 46 22 141 13 - 119 57 - 30 - 15 208964 

MAD- 23 0 45 31 5 7 46 28 141 13 - 80 8 - so - 77 211342 

CYI - 04 l 1l 59 5 7 46 32 141 13 - 84 16 - 74 6 210892 

ACN - 75 0 33 51 5 7 46 38 141 13 - 75 8 -82 15 211359 

HAW - 12 l 12 21 5 9 44 37 143 13 98 53 37 - 5 20.9336 

STN- 00 l 12 ;a. 5 9 44 44 143 12 180 65 0 - 25 208946 

J 
STATION TERMiNATION DATA 

DAY HRS MlN SEC RA DEC AZ ELV x Y RANGE 

5 6 59 43 142 13 116 51 36 - 16 209062 

5 6 59 44 142 13 116 51 20 35 209061 

5 6 59 41 142 13 113 46 42 - 16 209249 

5 6 59 50 142 13 131 69 16 - 14 208524 

5 6 59 56 142 13 - 176 74 - 1 - 16 208429 

5 6 59 59 142 13 - 137 65 - 18 - 18 208626. 

5 7 0 7 141 13 - 88 17 - 7 - 73 210725 

5 7 0 10 141 13 - 89 26 - 64 l 210220 

5 7 0 19 141 13 - 73 19 - 70 16 210627 

5 6 59 32 143 13 82 15 75 8 210820 

5 8 58 5 144 13 93 42 48 -2 209650 

5 8 58 16 143 12 164 66 7 -23 208799 

5 8 58 16 143 12 164 66 23 6 208797 

5 8 58 15 143 12 154 63 13 - 24 208886 

5 8 58 20 143 13 - 13 8 7 1 - 13 - 14 208711 

5 8 58 24 143 13 - 113 58 -3 0 - 12 209044 

5 8 58 29 142 12 - 104 43 - 46 - 10 209594 

5 8 31 59 142 12 - 74 0 - 90 - 74 210713 

5 8 58 32 142 12 - 76 1 - 89 14 211897 

5 8 20 29 141 13 - 77 0 - 90 13 210579 

5 10 56 58 144 12 113 68 21 ~a 208987 

5 10 57 6 144 12 - 144 60 - 18 - 24 209188 
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VEHICLE l RAUAR TAblE 

TRACK.ING TIME 

HRS MIN Si:C 

GDS-28 l 12 21 

MAR -95 J. 12 iO 

TEX - 16 1 12 21 

BDA- 02 J. 12 21 

MIL - 71 l 12 19 

GWM-24 1 9 47 

HSK-25 0 32 60 

GWM-24 1 12 3 

HSK -25 1 11 59 

HAW - 12 l 12 7 

MAR-95 l 12 5 

STN-00 l J.2 6 

GDS-28 J. 12 7 

TEX - 16 l 12 4 

MIL - 71 l 12 5 

8DA - 02 0 44 8 

CR0-08 0 l9 ::)9 

GWM-24 1 a 18 

CR0-08 1 J.2 15 

PKS-96 1 12 16 

HSK -25 l 12 15 

HAW - 12 1 12 20 

STATION ACQUlSITlON DATA 

CAY HR S Ml N SEC RA DEC AZ ELV x Y RANGE 

5 9 44 45 143 12 - 167 67 23 -5 208906 

5 9 44 46 143 12 - 16 7 67 - 6 - 23 208908 

5 9 44 51 142 13 - 118 62 -25 - 13 209019 

5 9 44 53 142 12 - 96 33 - 56 -5 210154 

5 9 44 54 142 13 - 103 48 -41 - 9 209503 

5 9 48 56 144 13 77 0 90 13 211844 

5 10 23 55 144 13 74 0 -90 74 210802 

5 11 43 2 145 12 83 26 63 6 210735 

5 11 43 13 145 13 62 15 - 61 58 211376 

5 11 43 14 144 12 138 77 9 -10 208927 

5 11 43 24 143 12 - 118 51 - 35 - 17 209584 

5 11 43 24 143 12 - 127 54 - 31 -21 209491 

5 11 43 24 143 12 - 118 51 21 -34 209583 

5 11 43 31 143 12 - 96 37 -53 - 5 210174 

5 11 43 32 143 12 - 88 22 -68 2 210941 

5 11 43 33 143 12 - 81 9 - 81 9 211716 

5 12 35 5 146 12 76 0 90 14 211333 

5 13 41 30 14::> 12 88 55 35 1 209679 

5 13 41 31 146 12 69 14 75 21 211613 

5 13 41 38 145 13 40 35 43 39 210502 

5 13 41 38 145 13 38 33 - 50 31 210583 

5 13 41 43 144 J.2 - 115 68 - 20 - 9 209285 

STATION TERMINATION DATA 

DAY HRS MlN SEC RA DEC Al ELV x Y RANGE 

5 10 ':>7 6 144 12 - 133 59 22 -22 209226 

5 10 57 5 144 12 - 133 59 -24 -~1 209227 

5 10 57 12 143 12 - 103 47 - 42 -9 209640 

5 10 57 14 143 12 - 87 19 - 71 2 211065 

5 10 57 13 143 12 - 94 33 -51 -3 210315 

5 10 58 4 3 145 12 81 16 74 9 211312 

5 10 56 54 145 13 69 6 -73 68211782 

5 12 55 5 146 12 86 43 47 3 210000 

5 12 55 12 145 13 49 26 -53 42 210807 

5 12 55 21 145 12 - 141 77 - 8 -10 209020 

5 12 55 30 144 12 - 104 38 -5 1 - 11 210259 

5 12 55 31 144 12 - 110 41 -47 - 15 210097 

5 12 55 32 144 12 - 104 38 17 -so 210261 

5 12 55 34 144 12 - 88 22 -68 2 211086 

5 12 55 36 144 12 -8 1 1 - 83 9 211934 

5 12 27 41 144 12 - 76 0 -9 0 14 211100 

5 12 55 4 146 12 74 4 86 16 212081 

5 14 53 48 146 12 93 71 19 - 1 209317 

5 14 53 46 147 12 59 29 58 27 210912 

5 14 53 54 146 12 21 42 21 44 210242 

5 14 53 54 146 12 19 40 - 48 14 210342 

5 14 54 3 145 11 - 100 53 -3 7 - 6 209847 

CJ\ 
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VEHI CLE 1 KADAR TABLE 

TKAt;KlNG TIME 

HKS M!N SEC 

STN-00 12 19 

GOS-28 1 12 18 

MAR - 95 l 12 17 

TEX-16 0 54 :>2 

CR0- 08 l lL 8 

GWM -2 4 l 12 15 

PKS-96 l 12 11 

HSK -25 l 12 11 

GOS -2 8 0 23 5 

STN-00 0 48 9 

HAW- 12 1 12 17 

CR0-08 l 12 10 

GWM -2 4 l 12 11 

PKS - 96 l 9 57 

HAW - 12 l 7 43 

HSK -25 l 12 4 

CR0-08 l 12 19 

GWM-2 4 l 12 21 

HSK-25 l 12 19 

MA0-2 3 l 10 56 

CYl-04 0 1 1 

CYl-04 · 1 12 3 

STATION ACQUISITION DATA 

DAY HRS HIN SEC RA DEC AZ ELV x Y RANGE: 

5 13 41 46 144 12 - 101 32 -57 - 9 210628 

5 13 41 47 144 12 -96 28 11 - 61 210831 

5 13 41 48 144 12 - 9o 28 -62 - 5 210830 

5 13 41 49 144 12 - 83 11 -78 7 211773 

5 15 40 14 146 12 50 37 45 31 210581 

5 15 40 18 140 12 104 83 1 - 2 209268 

5 15 40 24 146 12 5 45 5 45 210241 

5 1 5 4 0 26 146 12 4 42 -48 3 210350 

5 15 40 28 145 11 - 80 5 -66 -79 212380 

5 15 40 28 145 11 - 83 9 -81 7 212109 

5 15 40 29 145 11 - 94 42 -48 - 3 210370 

5 17 38 44 147 12 15 52 11 36 210153 

5 17 38 50 146 11 - 93 68 -22 - 1 209684 

5 17 38 56 140 12 - 33 39 - 34 41 210695 

5 17 38 57 146 11 - 84 15 - 75 6 211976 

5 17 38 57 146 12 - 33 36 - 49 -26 210812 

5 19 37 24 147 11 - 31 49 -24 34 210464 

5 19 37 24 147 11 - 87 40 -50 2 210855 

5 19 37 28 147 11 - 59 20 -55 -54 211883 

5 19 38 21 148 l 0 77 0 -90 11 213011 

5 20 42 11 150 10 79 0 90 11 212781 

5 21 35 30 149 10 85 12 78 5 212564 

J 

STATION TERMINATION OATA 

DAY HRS HIN SEC RA DEC AZ ELV x Y RANGE 

5 14 54 4 145 11 - 90 18 - 72 0 2!1484 

5 14 54 5 145 11 - 86 14 - 15 - 75 211735 

5 14 54 6 145 11 - 86 14 - 76 4 211735 

5 14 36 41 145 11 - 77 0 - 90 13 211671 

5 16 52 22 147 12 32 48 26 35 210211 

5 16 52 32 147 11 - 101 80 - 10 - 2 209403. 

5 16 52 35 147 12 - 19 43 - 19 44 210414 

5 lb 52 36 147 12 - 19 41 - 48 - 14 210532 

5 16 3 33 145 11 - 77 0 - 90 - 77 211609 

5 16 28 37 146 11 - 77 0 - 90 13 211617 

5 16 52 46 146 11 - 88 26 - 64 2 211291 

5 18 50 54 148 11 - 13 53 - 10 36 210224 

5 18 51 1 147 11 -90 51 -39 0 210293 

5 18 48 53 147 11 -50 30 - 53 34 211133 

5 18 46 40 147 10 - 79 0 -90 11 212740. 

5 18 51 1 147 11 -so 28 -5 1 - 43 211375 

5 20 49 43 148 11 -50 39 - 43 30 211009 

5 20 49 45 148 10 - 84 23 -67 5 211833 

5 20 49 47 148 11 - 71 7 - 68 - 70 212733 

5 20 49 17 149 10 88 12 - 11 77 212414 

5 20 49 1 2 150 10 80 1 88 10 213055 

5 22 47 33 150 10 93 27 63 -3 211791 
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VEHICLE KAOAK TABLE 

TRACKING TIME STATION ACQUISITION DATA 

HRS Mli~ StC DAY HRS MIN SEC RA DEC AZ tLV x Y KANGE 

MAD -23 J. ll 4 5 21 35 32 149 10 95 21 13 68 212018 

ACN - 75 J. 12 2 5 21 35 32 150 10 78 8 82 12 212808 

GWM - 24 0 51 7 5 21 36 4 148 lo - 02 12 - 78 a 212542 

CR0- 0 8 l 12 3 5 21 36 5 148 11 - 59 30 - 56 26 211499 

CYl-04 l 12 22 5 23 33 53 150 10 99 37 53 - 7 211390 

MAD- 23 1 12 23 5 23 33 54 150 9 119 42 28 41 211162 

ACN-75 J. 12 19 5 23 33 57 150 10 72 35 53 15 211469 

CR0-08 0 28 53 5 23 36 13 149 10 - 76 6 -84 14 212987 

8DA-02 0 45 58 6 0 0 10 151 9 79 0 90 11 212314 

MIL - 71 l 12 6 6 l 32 29 151 9 82 5 85 8 213359 

BOA-02 l 12 3 6 l 32 32 151 9 91 19 71 - 1 212533 

CYl-04 12 l3 6 l 32 38 151 9 125 61 25 - 16 210647 

MA0-2 3 l 12 ll 6 l 32 41 151 9 158 57 31 12 210772 

ACN- 75 l 12 8 6 l 32 45 151 10 52 61 23 17 210627 

TEX - 16 0 22 47 6 2 21 45 152 9 80 0 90 10 212610 

TEX- 16 l 12 14 6 3 30 49 152 9 88 15 75 2 212944 

MIL - 71 l 12 15 6 3 30 53 152 9 97 30 60 - 6 212128 

BOA - 02 l 12 17 6 3 30 54 152 9 110 43 46 - 15 211516 

CYI - 04 l 12 16 6 3 31 11 151 9 -164 70 -6 - 19 210602 

MA0-23 l 12 14 6 3 31 11 1 51 9 - 150 55 32 - 17 211024 

ACN-75 l 12 9 6 3 31 18 151 9 -2 1 72 -7 17 210573 

GOS-28 l 9 5 6 3 33 58 152 9 80 0 - 90 80 213685 

STATION TERMINATION DATA 

DAY HRS MIN SEC RA DEC Al ELI.I x Y RANGE 

5 22 47 35 150 9 108 34 25 52 211430 

5 22 47 34 151 10 75 24 65 14 211929 

5 22 21 i1 149 10 - ao o -9o lo 212319 

5 22 48 8 149 10 - 70 17 - 72 19 212378 

6 0 46 15 151 9 112 52 36 - 13 210854 

6 o 46 17 ·151 9 139 52 31 24 210042 

6 0 46 16 151 10 63 51 36 16 210862 

6 0 5 6 149 10 - 79 0 -90 ll 212216 

6 0 46 7 151 9 85 9 Bl 5 213001 

6 2 44 35 152 9 91 20 70 - l 212504 

6 2 44 34 152 9 102 33 57 - 10 211845 

6 2 44 51 152 9 161 70 7 - 19 210511 

6 2 44 51 152 9 - 171 58 32 -5 210828 

6 2 44 53 152 9 17 72 5 17 210475 

6 2 44 32 152 9 83 5 85 1 213426 

6 4 43 3 153 8 97 30 60 - 6 212179 

6 4 43 1 153 8 108 44 44 - 13 211503 

b 4 43 11 153 8 128 55 29 - 21 211097 

6 4 43 26 152 8 -128 61 - 24 - 17 210923 

6 4 43 2 4 152 8 - 127 46 31 -34 211465 

6 4 43 27 152 9 -55 61 -25 16 210930 

6 4 43 3 153 8 89 13 -3 77 213127 

°' I 
f\) 
0 

_) 



VEHICLE 1 RADAR TA8LE 

T KA(..1\1 NG TI ME 

HRS MIN SEC 

STN- 00 0 48 24 

MAR - 95 0 36 50 

MAR- 95 1 lL 21 

GDS - 28 1 12 Ll 

STN- 00 l 12 21 

TEX- 16 l 12 2.2 

MIL-71 l 12 LO 

BDA- 02 l 12 23 

MAD- 23 l 12 23 

CYl - 04 l 12 21 

ACN - 75 l 12 £1 

HAW - 12 l 0 55 

STN- 00 l 0 48 

MAR - 95 l 0 46 

GDS-28 l 0 46 

TEX- 16 l 0 42 

HIL - 71 l 0 35 

BDA - 02 l 0 34 

HAD- 23 l 0 24 

CYl - 04 l 0 20 

ACN- 75 l 0 15 

HAW-12 0 11 22 

STATION ACQU1S1T10N DATA 

DAY HRS MIN SEC RA DEC AZ ELI/ x Y RANGE 

6 3 54 39 152 

6 4 6 14 153 

6 5 29 27 153 

6 5 29 27 153 

6 5 29 27 153 

6 5 29 30 153 

6 5 29 34 153 

6 5 29 37 153 

6 5 29 46 152 

6 5 29 48 152 

6 5 29 53 152 

6 7 27 53 154 

6 7 28 0 154 

6 1 28 2 154 

6 7 28 2 154 

6 7 28 6 154 

6 7 28 13 153 

6 1 28 14 153 

6 7 28 24 153 

6 1 28 28 153 

6 1 28 33 153 

16 APR 72 

6 8 28 57 155 

8 80 0 90 10 212763 

8 84 6 84 6 212202 

8 96 23 67 -6 212693 

8 96 23 14 67 212692 

8 94 18 72 - 3 212942 

8 103 40 49 - 10 211786 

8 118 54 33 - 16 211233 

8 146 62 16 - 23 210981 

8 - 115 38 29 - 45 211887 

8 - 114 52 - 35 - 15 211296 

9 - bb 50 - 37 15 211348 

8 86 10 80 4 213592 

8 115 40 47 - 19 211982 

8 118 45 41 - 20 211772 

8 118 45 25 39 211770 

8 134 63 20 - 18 211135 

8 173 69 2 -21 210982 

8 - 149 62 - 15 -24 211151 

8 - 94 16 13 - 73 213203 

8 - 95 27 - 63 - 5 212616 

8 - 77 23 - 66 12 212809 

PCl TO JET LAZ 72.l 

7 91 23 67 - 1 212311 

J 
STATION TERMINATION DATA 

DAY HRS MIN SEC RA DEC AZ Elli x Y RANGE 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

4 43 2 153 

4 43 4 153 

6 41 49 154 

6 41 49 154 

6 41 49 154 

6 41 52 °154 

6 41 54 154 

6 42 0 153 

6 42 9 153 

6 42 9 153 

6 42 14 153 

8 28 48 155 

8 28 48 155 

8 28 48 155 

8 28 48 155 

8 28 48 154 

8 28 48 154 

8 28 48 154 

8 28 48 154 

8 28 48 153 

8 28 48 153 

8 40 19 155 

8 87 9 81 3 213375 

8 89 13 11 l 213128 

8 108 36 53 - 15 212072 

8 108 36 23 50 212070 

8 106 31 58 -13 212305 

8 118 55 32 - 16 211311' 

8 144 65 15 -20 210991 

8 - 175 65 -2 - 25 210996 

8 - 102 25 24 - 62 212648 

8 - 102 37 - 52 -9 212038 

8 -74 35 - 54 13 212170 

1 91 23 67 - 1 212305 

1 130 49 33 - 25 211060 

1 136 54 27 - 25 210894 

7 135 54 27 24 210891 

1 166 69 5 - 20 210466 

1 - 149 66 - 13 - 20 210540 

1 - 12 7 54 - 30 - 21 210906 

1 - 85 5 - 43 - 83 213350 

7 - 89 14 - 76 

8 - 81 9 - 80 

1 212829 

9 213098 

1 92 26 64 - 2 212772 

°' I 
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VEHICLE RADAR TABLE 

TKACKlNG TIM.E STAJION ACQUISITION DATA 

HKS MIN SEC DAY HRS l'IIN SEC RA Ot:C AZ ELV x Y RANGE 

GDS-28 0 11 27 6 8 28 57 15'.> 1 135 54 27 24 210898 

STN - 00 0 11 27 6 8 28 57 155 1 131 49 33 -25 211067 

MAR -95 0 11 28 6 8 28 57 155 1 136 54 27 -25 210901 

TEX - 16 0 11 33 6 8 28 57 154 1 167 69 5 -20 210473 

HIL - 71 0 11 37 6 8 28 57 15't 7 - 149 66 -13 -20 210548 

BDA - 02 0 ll 41 6 8 28 57 154 7 - 127 54 - 30 -21 210914 

MAD -2 3 0 11 44 6 8 28 57 154 1 - 85 5 -44 - 8 3 213360 

CYl-04 0 11 48 6 8 28 57 153 1 - 89 14 - 76 l 212838 

ACN - 75 0 lJ. 51 6 8 28 57 153 a - 81 9 - 80 9 213108 

HAW - 12 l 12 13 6 9 26 32 155 1 97 37 53 - 6 212312 

STN-00 l 12 14 6 9 26 38 154 1 152 57 17 -29 211493 

GDS-28 l 12 13 6 9 26 42 154 1 160 61 28 10 211376 

MAR- 95 l 12 13 6 9 26 43 154 7 160 60 11 - 28 211377 

TEX - 16 l 12 14 6 9 26 47 154 1 - 153 68 - 10 -20 211189 

HIL - 71 l 12 14 6 9 26 50 154 1 -125 57 -28 - 18 211479 

BDA-02 l 12 14 6 9 26 53 154 1 - 112 43 -45 - 16 212017 

CYl-04 0 5 25 6 9 26 57 153 7 - 82 l - 89 8 214274 

GWH-24 1 12 21 6 11 24 49 156 1 85 11 79 5 213886 

HSK-25 l 12 23 6 11 24 55 156 8 75 7 - 65 74 214135 

HAW - 12 J. lL L1 6 11 24 56 156 7 119 62 25 - 13 211510 

STN-00 l 12 29 6 11 25 2 155 1 - 154 57 - 16 -29 211666 

GDS -28 J. 12 29 6 11 25 2 155 1 - 144 56 28 - 19 211680 

STATION .J.ERMINATION DATA 

DAY HRS MIN SEC RA DEC AZ EU/ x Y RANGE 

6 8 40 24 155 7 139 56 27 22 211450 

b 8 40 24 155 1 134 51 30 -26 211609 

b 8 40 25 155 7 140 56 24 -26 211453 

6 8 40 31 154 7 174 70 2 -20 211073 

6 8 40 34 154 7 - 143 65 -16 -20 211193 

6 8 40 38 154 7 - 124 52 -3 3 -20 211606 

6 8 40 41 154 7 -83 3 -66 - 83 214105 

6 8 40 45 154 7 - 88 12 - 78 2 213606 

6 8 40 48 153 8 - 81 1 - 83 9 213896 

6 10 38 4 5 156 1 108 52 36 -11 211735 

6 10 38 52 155 7 - 176 59 - 2 -31 211502 

6 10 38 54 155 7 - 165 61 28 - 7 211463 

6 10 38 57 155 7 - 165 61 - 8 -28 211467 

6 10 39 l 155 7 - 124 57 -28 - 18 211587 

6 10 39 5 155 7 - 109 43 - 45 - 14 212115 

6 10 39 1 155 7 - 101 29 - 61 - 9 212814 

6 9 32 22 153 7 -82 0 -90 8 214080 

6 12 37 10 157 7 89 28 62 1 213022 

b 12 37 18 151 7 64 20 -50 58 213436 

6 12 37 23 1 56 7 156 73 7 - 15 211351 

6 12 37 31 156 6 - 130 48 -35 -25 212087 

6 12 37 31 156 6 - 122 46 27 -36 212180 

0\ 
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VEHICLE 1 KAl.>AR f ABLE 

TRACKiNG TIME STATION ACQUISITION DATA 

HRS MIN SEC DAY HRS MIN SEC RA DEC Al ELV x Y RANGE 

MAR-95 1 12 28 6 11 25 3 155 7 -144 56 -21 -26 211681 

TEX- 16 1 . ll 30 6 11 25 6 155 7 -112 48 -40 -14 212001 

BDA-02 l 12 30 6 11 25 8 154 7 - 94 19 - 71 - 4 213421 

MIL - 71 l ll 25 6 11 25 10 155 7 - 101 33 -56 - 9 212654 

GWM-2 4 l 12 13 6 13 23 30 157 7 92 39 51 - 2 212544 

CRD- 0 8 l ll 12 6 13 23 33 157 7 80 4 86 10 21448 0 

HSK-25 1 ll . 13 6 13 23 41 157 7 55 28 - 46 46 213064 

HAW - 12 l 12 23 6 13 23 41 156 7 - 161 74 -5 - 15 211417 

STN-00 l 12 n 6 13 23 47 156 6 - 117 40 -46 - 21 212486 

GDS -2 8 l 12 24 6 13 23 47 156 6 - 111 37 26 - 48 212629 

MAR - 95 l 12 26 6 13 23 48 150 6 - 111 37 - 51 - 17 2 1262 9 

TEX - 16 l 12 26 6 13 23 51 155 7 -94 22 - 68 -4 213387 

MIL - 71 0 35 33 6 13 23 53 155 6 - 87 B - 82 3 214239 

PKS - 96 l 6 42 6 13 27 13 157 7 5b 30 55 29 21281 1 

GWM-24 l 12 18 6 15 21 59 157 6 106 67 2~ -6 211729 

CR0- 08 l 12 15 6 15 21 59 158 7 66 29 59 21 213212 

HSK-2 5 l 12 14 6 15 22 10 157 7 25 44 - 43 18 212477 

PKS -9 6 l 12 12 6 15 22 11 157 7 27 46 24 38 212390 

HAW-12 l lZ 21 6 15 22 12 157 6 - i10 53 -35 - 12 212125 

GDS-2 8 l 9 41 6 15 22 16 156 6 -92 14 10 - 76 214050 

STN-00 J. 12 16 6 15 22 16 150 6 - 96 18 - 72 -6 213813 

MAR -95 0 3d 47 6 15 22 17 156 6 - 92 14 - 76 -2 214049 

J 

STATION TERMINATION DATA 

DAY HRS MIN SEC RA DEC Al ELV x Y RANGE 

6 12 37 32 156 

6 12 37 36 156 

6 12 37 38 155 

6 12 37 36 155 

6 14 35 44 158 

6 14 35 45 ·155 

6 14 35 53 158 

6 14 36 4 157 

6 14 36 11 156 

6 14 36 12 156 

6 14 36 14 156 

6 14 36 17 156 

6 13 59 25 156 

6 14 35 55 158 

6 16 34 17 158 

6 16 34 14 159 

b 16 34 25 158 

6 16 34 23 158 

6 16 34 33 157 

6 16 31 57 157 

6 16 34 32 157 

6 16 l 4 157 

6 - 122 46 - 40 -22 212181 

6 - 101 33 -5 7 -9 212783 

6 - 85 4 - 86 5 214392 

6 - 92 18 - 72 -2 213580 

6 98 56 34 -5 211954 

7 73 19 70 16 213661 

7 39 39 - 44 29 212626 

6 - 123 63 -23 - i4 211752 

6 - 104 27 - 62 - 13 213249 

6 - 100 23 21 - 65 213455 

6 - 100 23 - 67 - 9 213456 

°' 6 - 87 7 - 83 
I 

3 214398 I\) 
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6 - 83 0 - 90 7 213452 

7 41 41 38 35 212555 

6 147 81 5 - 1 211581 

6 53 43 41 26 212624 

7 1 48 - 42 0 212422 

7 2 50 l 40 212320 . 

6 - 100 38 -52 -8 212881 

5 - 83 0 - 90 - 83 214838 

5 - 86 4 - 86 . 4 214 733 

6 - 87 6 - 84 3 213272 



VEHICLE KAt.JAK TAtllE 

Ti<.Al.Kl NG T HH: STATION AC~UlSlllUN DATA 

HKS Ml;~ SEC DAY HRS MIN SEC RA Ul::C Al ELIJ x Y KAN&I: 

CR0 - 08 ll 26 6 l 7 20 35 158 0 40 51 28 29 212385 

GMM -2 4 1 12 .. H 6 l 7 20 36 158 6 - 136 80 -7 - 7 Lll672 

PKS - 96 1 12 29 b 17 20 42 158 7 - lo 49 - 14 39 212438 

HSK - 25 12 n 6 17 20 43 15d 7 - 17 46 -42 - 11 2 12543 

HAW - l 2 l 12 2S 6 17 20 45 151 6 - 95 27 -63 - 4 213483 

CR0 - 08 l 12 13 6 19 19 17 159 6 - 9 59 - 6 3 1 212264 

GWM-2 4 1 12 1't 6 19 19 18 158 5 - 99 53 - 36 -5 212444 

PKS - 96 0 .H 45 6 19 19 25 150 b - 52 36 - 48 30 213lao 

HSK-2 5 l lL 12 6 19 19 26 158 b - 51 33 - 44 - 40 213288 

GWM -2 4 l 14 19 6 21 15 50 159 5 - 91 25 - 65 - 1 213961 

MAD -2 3 l 12 22 6 21 17 16 160 5 90 7 -2 83 214908 

CR0-08 l 12 28 6 21 17 3~ 159 6 - 52 45 -38 26 2l.L929 

HSK-2 5 l 10 18 6 21 17 44 159 6 - 13 13 -52 - 69 214576 

CYl-04 0 j5 24 6 21 34 12 161 5 85 0 90 5 214559 

ACN - 75 0 46 49 6 21 42 51 161 5 85 0 90 5 2142't8 

CYl-04 l 12 18 6 23 15 50 161 4 97 22 68 - 6 214253 

MAD-2 3 l 12 20 6 23 15 52 161 It 110 28 33 56 213909 

ACN - 75 12 l 7 6 23 15 56 162 5 81 22 67 8 2l't209 

CR0 - 08 ll 23 . 6 23 16 23 160 5 - 73 22 -67 16 2l't226 

BDA - 02 12 L4 7 l 14 0 162 4 88 It 86 2 215't73 

CYJ - 04 l . 12 26 7 14 13 162 4 116 46 'tl - 18 2132l't 

MAD-23 1 LL 23 7 l 14 17 162 It 139 46 36 27 213220 

STATION Tl:RMINATIUN DATA 

DAY HKS MIN SEC RA DEC Al l:LV x Y RANGE 

b ill 33 2 159 

6 18 :H 7 159 

b 18 33 11 159 

b 18 33 9 159 

6 18 33 13 158 

0 20 31 31 .160 

6 20 31 32 159 

6 19 54 9 159 

0 20 31 38 159 

6 22 30 9 160 

6 .22 .29 38 161 

6 22 30 8 160 

b 22 28 2 160 

6 22 29 36 162 

b 22 29 40 162 

7 0 2d 8 162 

7 0 28 12 162 

7 0 28 13 162 

7 0 28 't5 161 

7 .2 26 29 lb3 

7 2 26 39 163 

7 2 2o 40 lb3 

6 l3 511 8 31 LlZ.2.22 

5 - 106 65 - 25 -7 212053 

6 - 'tu 43 -35 35 212819 

6 - 39 40 -43 - 29 212923 

5 - 89 ll - 79 l 214512 

6 -38 53 -25 l8 21257.3 

5 - 94 3o - 53 - 3 Ll32o0 

6 - 59 30 - 56 26 212226 

6 - 65 2L - 46 - 57 2l't017 

4 - 87 8 - 82 3 21497:> 

4 102 19 30 68 214298 

5 - 66 32 - 56 20 213655 

5 - 84 0 - 90 - 84 215352 

4 91 11 79 - 1 2l't76l 

5 84 11 79 6 214191 

4 107 36 52 - 14 213555 

4 126 39 36 39 213423 

4 78 39 50 10 21.3423 

5 - 82 7 - 83 & .215219 

3 98 18 72 - 7 214685 

3 136 58 23 - 22 212836 

3 164 52 37 10 213-057 
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VEHICLE 1 H.AOAK TABLE 

TRACKING TlME STATION ACQUISITION DATA 

Hk.S MH< SEC DAY HRS MIN SEC RA OEC AZ ELV x Y RANGE 

ACN- 75 l 12 20 1 1 14 21 162 4 73 51 38 11 213031 

MIL - 71 0 20 13 1 2 6 15 163 3 86 0 90 4 214743 

MIL - 71 l 12 26 7 3 12 48 163 3 94 15 75 - 4 214963 

BDA-02 l 12 25 7 3 12 51 163 3 105 28 62 -13 214230 

CYl-04 l 12 29 7 3 12 59 163 3 158 64 10 -24 212741 

MAD-2 3 l 12 28 7 3 12 59 162 3 - 177 53 37 -2 213089 

ACN - 75 l 12 27 7 3 13 3 163 4 35 76 8 12 212505 

TEX - 16 l 11 34 7 3 13 36 163 3 86 0 90 4 215789 

MAR - 95 l 12 18 1 5 11 11 164 3 92 8 82 -2 215524 

GDS-28 l 12 13 7 5 11 15 164 3 92 8 14 82 215519 

STN-00 l lL 14 7 5 11 15 164 3 89 3 87 l 215776 

TEX-16 l 12 15 1 5 11 16 164 3 100 25 65 - 9 214520 

MIL - 71 l 12 17 7 5 11 18 164 3 111 39 49 -16 213811 

BDA- 02 l 12 17 7 5 11 22 164 3 130 49 33 -25 213376 

"IAD-2 3 l 12 18 7 5 11 34 163 3 -135 43 37 -31 213624 

CYI - 04 l 12 16 1 5 11 36 163 3 -139 59 - 22 -23 213032 

ACN- 75 l 12 16 1 5 11 42 163 4 - 62 66 - 21 11 212831 

STN - 00 l 12 25 1 7 9 41 165 2 108 26 63 - 16 214630 

GDS-28 l 12 2.4 7 7 9 42 165 2 111 30 31 54 214379 

MAR - 95 l J.l 24 7 7 9 42 165 2 111 30 58 - 18 214381 

TEX - 16 l 12 24 7 7 9 45 165 3 122 49 37 -20 213536 

Mll - 71 l 12 29 1 7 9 46 l6j 3 145 59 19 -25 2131 74 

J 

STATION TERMINATION DATA 

DAY HRS MIN SEC RA DEC AZ ELV x Y RANGE 

7 

7 

7 

1 

7 

7 

7 

1 

7 

7 

7 

7 

7 

1 

7 

1 

7 

7 

7 

7 

7 

7 

2 26 41 163 

2 26 29 163 

4 25 13 164 

4 25 16 164 

4 25 28 163 

4 25 27 .163 

4 25 30 163 

4 25 10 164 

6 23 29 165 

6 23 2 8 165 

6 23 2 8 165 

6 23 31 165 

6 23 35 165 

6 L3 39 165 

6 23 51 164 

6 23 52 164 

6 23 58 164 

8 22 6 166 

8 22 6 166 

8 22 6 166 

8 22 9 166 

8 22 15 165 

4 60 67 2 0 11 212609 

3 88 4 86 2 215486 

3 104 29 60 - 12 214225 

3 118 41 45 - 21 213658 

3 - 162 64 -9 -25 212839 

3 - 150 48 38 - 19 213350 

4 -39 75 - 9 11 212610 

3 95 15 75 -4 215017 

2 103 21 68 - 12 214791 

2 103 21 30 65 214789 

2 100 17 73 - 10 215051 

3 112 40 48 - 17 213855 

3 128 52 32 - 22 213339 

2 156 58 15 - 29 213147 

2 - 118 32 37 - 48 214235 

3 - 119 46 - 40 - 19 213570 

3 - 75 50 -39 9 213433 

2 123 38 47 - 25 214086 

2 126 43 33 36 213870 

2 126 42 41 - 26 213873 

2 145 60 18 - 24 213231 

2 -179 64 0 - 26 213132 
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VEHICLE l RAU AR TABLE 

TRACKINI> TIME 

HRS MIN StC 

BOA-02 l 12 29 

MAD-23 1 12 31 

CYl-04 l 12 21 

ACN-75 l 12 30 

HAW - 12 0 4d 32 

HAW- 12 0 27 56 

STN-00 0 27 5 1 

GDS-28 0 27 50 

MAR-9 5 0 27 50 

TEX- 16 0 27 45 

MIL - 71 0 27 41 

8DA-02 () 27 39 

MAD-23 0 9 33 

CYl-04 0 27 31 

ACN - 75 0 27 25 

ACN- 75 0 16 8 

CYl-04 0 26 46 

HAW - 12 0 44 J.l 

STN-00 0 44 20 

GOS-28 0 44 20 

MAR - 95 0 44 20 

TEX - 16 0 4't 30 

STATION ACQUISlTlON DATA 

DAY HRS MIN SEC RA DEC Al l::LV x Y RANGE 

7 7 9 51 164 

7 7 9 56 164 

1 7 10 2 164 

1 7 10 5 164 

7 7 33 30 165 

7 9 8 19 166 

7 9 8 24 166 

7 9 8 25 166 

7 9 8 25 166 

7 9 8 30 165 

1 9 8 34 165 

7 9 8 36 165 

7 9 8 40 165 

7 9 8 44 164 

1 9 8 50 164 

16 APR 72 

7 9 36 28 165 

1 9 36 28 165 

7 9 36 28 166 

1 9 36 28 166 

1 9 36 28 161:> 

7 "9 36 28 166 

7 9 36 28 165 

2 178 60 l -30 213145 

2 - 108 24 36 - 60 214722 

3 - 109 37 -5 1 - 15 214043 

3 - 80 39 -51 8 213961 

2 87 0 90 3 2150;)2 

2 97 21 69 - 6 215009 

2 135 45 35 -30 213823 

2 140 50 33 25 213642 

2 140 50 29 -30 213645 

2 169 64 ' -25 213172 

2 - 154 61 - 13 -26 213248 

2 - 133 50 - 32 -26 213634 

2 - 89 2 -28 -88 216131 

2 - 94 12 - 78 -4 2lj546 

3 - 86 10 -80 4 215623 

JET TO PC2 LAZ 72.1 

2 - 87 4 - 86 3 214853 

2 -91 6 - 84 - 1 214738 

2 100 27 62 - 9 213490 

2 144 48 28 -32 212507 

2 150 53 33 18 212352 

2 150 53 21 -32 212354 

2 - 175 64 -2 -26 211994 

STATION TERMINATION DATA 

DAY HRS MIN SEC RA DEC Al l::LV x Y RANGE 

7 8 22 20 165 

7 8 22 28 165 

7 8 22 29 165 

7 8 22 35 164 

7 8 22 3 166 

7 9 -'>6 15 "166 

7 9 36 15 166 

7 9 36 15 166 

7 9 36 15 166 

7 9 36 15 165 

7 9 36 15 165 

7 9 36 15 165 

7 9 18 12 165 

7 9 36 15 165 

7 9 36 15 165 

7 9 52 36 165 

7 10 3 14 165 

7 10 20 39 167 

7 10 20 48 166 

7 10 20 49 166 

1 10 20 49 166 

7 10 20 58 166 

2 - 150 56 - 19 -29 213364 

2 - 97 11 32 - 77 215567 

2 - 100 22 -68 -9 214924 

3 - 84 22 - 68 6 214935 

2 92 10 80 - 2 215562 

2 100 27 62 - 9 213497 

2 144 48 2$ - 32 2i2513 

2 150 53 33 18 212357 

2 150 53 2 1 - 32 212360 

2 - 175 64 - 2 - 26 211999 

2 -143 58 -2 1 - 25 212181 

2 - 126 45 -39 - 24 212653 

2 - 88 0 -90 - 88 215771 

2 -9 1 6 -84 - 1 214740 

2 -87 4 -86 3 2as55 

2 - 88 0 -90 2 215091 

2 - 88 0 -90 2 215454 

2 105 37 52 - 12 214272 

l 159 52 15 - 35 213625 

2 167 56 34 1 213512 

2 167 55 9 - 34 213515 

2 -153 61 - 14 - 25 213341 

(J'\ 
I 
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VEHICLE 1 RAiJAR TABLE 

TKACKlNG T1ME STATION ACQUISITION DATA 

HKS MIN SEC DAY HR S MlN SEC RA DEC AZ HV x Y KANGE 

HIL-71 0 44 36 1 9 36 28 165 2 - 142 5d -21 -25 212177 

BOA-02 0 44 36 7 9 36 28 165 2 - 125 45 -39 -24 212650 

HAW-12 1 12 30 1 11 6 46 167 2 113 47 41 - 15 213894 

MAR-95 1 12 32 1 11 6 56 166 2 - 172 56 - 6 -34 213563 

STN-00 l 12 33 1 11 6 56 166 2 179 54 1 -36 213623 

GOS-28 1 12 34 1 11 6 56 166 2 - 172 56 34 -5 213561 

TEX- 16 l 12 29 1 11 1 4 166 2 - 134 55 -2 7 -23 213585 

HIL - 71 1 12 31 1 11 1 8 166 2 -117 42 - 44 -19 214081 

BOA-02 l 12 31 7 11 1 8 165 2 - 107 28 -61 - 15 214779 

HSK-25 1 3 43 7 11 15 34 167 3 &1 0 - 90 87 215971 

GWM-24 0 54 36 1 11 24 33 167 2 88 0 90 2 215550 

GWM-24 l 12 32 1 13 5 28 168 l 94 24 66 - 4 215146 

HAW - 12 l 12 35 1 13 5 35 167 l 155 67 10 -21 213375 

HSK -25 l 12 29 1 13 5 36 168 2 71 22 - 40 61 215265 

STN-00 l 12 35 1 13 5 42 167 l - 137 45 -34 -31 214091 

GOS -28 l 12 36 1 13 5 43 167 l - 130 43 34 -3 4 214163 

MAR-95 l 12 36 1 13 5 43 167 l -130 43 - 39 -28 214165 

TEX-16 l 12 36 1 13 5 47 166 l - 108 32 - 56 -15 214684 

MIL - 71 l 12 33 1 13 5 48 166 l - 99 18 -72 - 8 215473 

BOA-0 2 0 l7 5 7 13 5 50 166 l -91 4 - 86 - 1 216302 

CR0-0 B 0 40 38 7 13 37 23 168 2 88 0 90 2 215293 

PKS-96 0 29 58 1 13 48 8 168 2 65 30 58 21 213616 

J 

STATION TERMINATION DATA 

DAY HRS MIN SEC RA DEC AZ ElV x Y RAt.iGE 

7 10 21 

7 10 21 

4 166 2 - 128 51 -32 -23 213685 

4 166 2 - 116 37 -50 - 21 214277 

7 12 19 16 167 

7 12 19 28 167 

7 12 19 28 167 

1 12 19 30 167 

7 12 19 33 167 

1 12 19 38 166 

7 12 19 38 166 

7 12 19 l 7 168 

1 12 19 9 168 

7 14 17 60 169 

7 14 18 11 168 

1 14 i8 5 169 

7 14 18 17 167 

7 14 18 18 167 

7 14 18 18 167 

7 14 18 23 167 

1 14 18 22 167 

7 13 22 55 166 

1 14 18 l 169 

7 14 18 6 169 

1 132 61 23 -19 213488 

l - 144 50 -26 - 31 213852 

l - 153 51 -2 0 - 35 213832 

l - 144 50 34 - 22 213851" 

l - 116 42 - 45 -19 214186 

l -105 28 -6 1 - 13 214884 

l -97 13 - 76 - 7 215687 

2 78 12 -43 73 215730 

l 92 12 78 -2 215723 0\ 
I 

I\) 

l loo 40 49 -8 214386 -.;i 

l - 159 67 - 9 - 21 213462 

2 58 35 -38 44 .214666 

l - 120 34 -52 - 25 214703 

l - 114 31 34 - 51 214849 

l - 114 31 -56 - 21 214850 

l -98 17 - 73 -8 215613 

l -91 2 - 88 - l 216482 

l - 89 0 - 90 l 215696 

2 

2 

84 9 81 6 216087 

60 35 51 24 214626 



VEHICLE 1 KADAR TABLE 

TkACKlNG TIME 

HRS MIN SEC 

GWM-24 l 12 23 

CR0-08 l 12 19 

HSK -25 l 12 21 

PKS-9 6 l 12 20 

HAW-12 l 12 28 

GOS-28 1 1L 28 

STN-00 l 12 28 

MAR - 95 l 12 27 

TEX - 16 0 31 43 

CR0-08 l 12 36 

GWM-24 l 12 38 

PKS - 96 l 12 35 

HSK -25 l l2 31 

HAW - 12 l 12 39 

STN-00 0 14 20 

CR0-08 l 12 35 

GWM -2 4 l 12 37 

HAW- 12 0 49 38 

HSK-2 5 l 12 33 

PKS - 96 l 12 33 

GWM-2 4 l 12 26 

CR0-0 8 l 12 23 

STATION ACQUISITION DATA 

DAY HRS MIN SEC RA DEC AZ ELV x Y RANGE 

7 15 4 14 168 

7 15 4 16 169 

7 15 4 23 .168 

7 15 4 24 168 

7 15 4 26 168 

7 15 4 30 167 

7 15 4 30 167 

7 15 4 32 167 

7 15 4 34 167 

7 17 2 40 169 

7 17 2 42 169 

7 17 2 52 169 

7 17 2 53 169 

7 17 2 53 168 

7 17 2 57 168 

1 19 1 36 170 

7 19 39 169 

7 19 l 43 169 

7 19 l 45 169 

7 19 1 46 169 

1 21 0 23 170 

1 21 0 26 170 

l 106 52 37 -10 213977 

2 79 19 70 11 215527 

2 46 42 - 38 32 214356 

2 48 43 38 29 214297 

1 - 135 61 -2 1 -20 213651 

l -106 22 34 -63 215353 

l -lll 26 - 63 -18 215165 

l -106 22 - 67 -15 21.5353 

l - 93 7 - 83 -3 216235 

l 61 44 42 20 214406 

l 149 75 8 -13 213491 

l 7 56 5 34 213967 

l 5 53 - 3 7 3 214053 

0 -108 38 -51 -14 214696 

0 - 92 3 - 87 -2 216617 

l 21 63 11 25 213869 

0 -120 65 -22 -12 213821 

0 - 95 11 -79 -5 216247 

l - 40 46 - 37 -26 214431 

l - 41 49 - 30 30 214336 

0 -101 38 - 52 - 9 214942 

o -40 58 - 22 24 214llu 

STATION TERMINATION DATA 

DAY HRS MIN SEC RA DEC AZ ELV x Y RANGE 

7 16 16 36 169 

7 16 16 34 170 

7 16 16 45 169 

7 16 16 44 169 

7 16 16 54 168 

1 16 16 58 168 

7 16 16 58 168 

7 16 16 .59 168 

7 15 36 17 167 

7 18 15 16 170 

7 18 15 20 170 

7 18 15 27 170 

7 18 15 25 170 

7 18 15 32 169 

1 11 17 17 168 

7 20 14 10 171 

7 20 14 15 170 

7 19 51 21 170 

7 20 14 18 170 

7 20 14 19 170 

0 122 67 20 - 12 213590 

l 70 35 54 17 214789 

l 24 51 -3 7 15 214093 

l 26 53 19 33 214016 

0 - 116 48 - 39 - 17 214216 

0 - 96 8 34 - 80 2162 73 

0 - 99 12 - 78 -9 216038 

0 - 96 8 - 82 -5 216274 

0 - 89 0 - 90 l 215419 

1 42 57 24 24 213996 

0 -142 73 - 10 - 13 213598 

l -24 54 - 16 33 214111 

l -23 51 - 36 -14 214204 

0 - 99 22 - 68 -9 215607 

0 -90 0 - 90 0 216083 

0 -18 64 - 9 25 213942 

0 - 106 49 - 40 - 11 214445 

0 - 91 0 -90 -1 215915 

0 - 58 36 -3 6 - 44 215006 

0 -59 38 - 48 24 214919 

7 22 . 12 49 171 - l -96 21 - 69 - 6 215918 

1 22 12 50 171 0 ~61 46 - 40 19 214650 

J 
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VEHICLE 1 RADAR TABLE 

TRACKING TIHE: STATION ACQUISITION DATA 

HRS HIN SEC DAY HRS HIN SEC RA DEC Al ELY x Y RANGE 

HSK-25 l 12 20 7 2 1 0 33 170 0 - 68 27 -3b - 55 21544b 

MAD-23 0 29 25 1 21 42 51 172 - 1 91 0 90 89 215846 

MAD-23 l 12 35 7 22 58 24 172 - l 104 14 44 70 216342 

CYI-04 l 12 32 7 22 58 2b 172 - l 95 7 83 -5 216772 

ACN- 75 l 12 33 7 22 58 29 172 0 89 9 81 1 2lb62l 

CR0-08 l 12 40 1 22 58 51 171 0 - 70 37 -52 16 21510~ 

GWM-24 0 40 10 7 22 58 52 171 - 1 - 93 9 - 81 -3 216594 

HSK-25 0 l.4 23 1 22 58 55 171 0 -87 5 -3 5 - 84 216871 

CYl-04 0 lb 33 8 0 57 13 173 -1 111 31 57 - 18 215493 

MAD-2 3 0 lb 31 8 0 57 15 173 -2 128 34 43 41 215384 

ACN- 75 0 lb 28 8 o 57 18 173 - 1 85 38 52 4 215170 

CR0-08 0 lb 3 8 c 57 43 172 - 1 - 85 11 -79 4 216596 

16 APR 72 PC2 TO SBN LAI U.l 

CR0-0 8 0 3b 35 8 l 14 2 172 - 1 - 87 8 -82 3 216015 

CYI-04 0 55 39 8 l 14 2 173 - 2 114 35 53 - 19 214509 

MAD-2 3 0 55 40 8 1 14 2 173 - 2 132 36 43 37 214455 

ACN - 75 0 55 42 8 1 14 2 173 - 1 84 42 48 4 214171 

BDA- 02 0 15 47 8 1 53 43 174 - 2 92 0 90 -2 210558 

BDA- 02 l 12 46 8 2 55 21 174 -2 101 13 77 - 10 216645 

CYl-04 l 12 44 8 2 55 32 174 - 2 139 53 27 - 27 214686 

MAD-2 3 l 12 43 8 2 55 34 173 - 2 162 46 43 12 214935 

ACN - 75 l 12 42 8 2 55 39 174 - 1 75 67 23 6 214263 

MIL- 71 l 10 55 8 2 57 9 174 - 2 92 0 90 - 2 217329 

STATION TERMINATION DATA 

DAY HRS HIN SEC RA DEC AZ ELY x 'I RANGE 

7 22 12 53 171 0 -80 14 -35 - 73 216296 

7 22 12 15 172 - 1 96 5 49 82 216192 

8 0 10 59 173 -2 117 26 43 53 215727 

8 0 10 58 173 -2 104 22 68 -13 215971 

8 0 11 2 173 - 1 87 26 64 3 215709 

8 0 11 31 ·112 -1 -so 22 - 68 9 215985 

7 23 39 2 171 - 1 - 91 0 -90 - 1 215928 

7 23 23 18 171 0 -90 0 87 - 90 216065 

8 l 13 46 173 -2 114 35 53 - 19 214523 

8 l 13 46 173 - 2 132 36 43 37 214468 

8 l 13 46 173 - 1 84 42 48 4 214185 

8 1 13 46 172 - 1 - 87 8 -82 3 216023 

8 l 50 37 172 - 1 - 91 0 - 90 - 1 216422 

8 2 9 41 174 -2 125 45 39 -24 214940 

8 2 9 42 174 -2 147 42 43 24 215052 

8 2 9 44 174 -1 81 55 34 5 214546 

8 2 9 30 174 -2 94 3 87 - 4 217153 

8 4 8 6 175 -2 112 27 62 - 20 215917 

8 4 8 17 174 -2 168 59 7 - 30 214527 

8 4 8 17 174 -3 - 172 47 43 ~5 214973 

8 4 8 21 174 -2 40 82 5 6 214087 

8 4 8 4 175 -2 101 14 75 - 11 2lo60l 

CT' 
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VEHICLE 1 RAUAR T AllLE 

TKACKiNG TIME 

HRS HIN SEC 

.TEX-16 1 12 42 

HIL - 71 l l.l 44 

BDA-02 l 12 47 

CYl-04 l 12 47 

HAD-23 l 12 47 

ACN - 75 l 12 47 

GDS-2 8 0 36 31 

STN- 00 0 12 37 

HAR-9 5 0 4 .H 

HAR -95 1 12 35 

GDS-28 l 12 33 

TEX - 16 l 12 37 

STN-00 l 12 32 

MIL - 71 l 12 36 

8DA- 02 l 12 37 

CYl-04 l 12 40 

MAD-23 l 12 39 

ACN- 75 i J.2 37 

HAW - 12 J. J.2 42 

srn..:.oo l 12 48 

GDS-28 12 46 

MAR - 95 l 12 47 

STATION ACQUISITION DATA 

DAY HRS HIN SEC RA DEC Al E:LV x Y RANGE: 

8 

8 

8 

8 

8 

8 

B 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

4 54 10 175 -2 98 10 80 -8 216906 

4 54 10 175 - 2 107 24 65 -16 216093 

4 54 11 17j -2 121 36 50 -25 215516 

4 ·54 20 174 -2 - 169 59 - 6 - 30 214560 

4 54 21 174 -2 - 156 44 43 - 17 215110 

4 54 27 174 -2 - 48 Bl - 7 6 214128 

5 30 14 175 - 3 93 0 90 87 216257 

5 54 13 176 - 3 94 0 90 -4 216938 

6 2 21 176 - 3 98 6 84 -8 216991 

6 52 46 176 - 3 106 16 73 - 15 216667 

6 52 48 176 - 3 106 16 43 68 216663 

6 52 48 176 - 3 115 35 53 - 21 215677 

6 52 49 176 - 3 103 12 78 - 13 216933 

6 52 56 175 - 3 131 47 36 - 27 215128 

6 52 56 175 - 3 155 52 18 -34 214918 

6 53 8 175 -3 - 127 45 -39 - 25 215199 

6 53 8 17j - 3 - 124 30 45 - 46 215916 

6 53 17 175 -2 - 83 54 -36 4 214847 

8 51 15 177 - 3 96 6 84 -6 217358 

8 51 18 170 - 3 125 32 52 - 29 215899 

8 51 19 170 - 3 129 37 40 39 215667 

8 51 19 176 - 3 129 37 46 - 30 215670 

STATION TERMINATION DATA 

DAY HRS HIN SEC. RA DEC Al cLV )( Y RANGE 

8 6 6 52 176 -3 108 25 64 - 16 216134 

8 6 6 54 176 -3 120 38 48 -23 215463 

8 6 6 58 175 -3 139 47 32 -31 215096 

8 6 7 7 175 -3 - 140 52 -26 - 28 214886 

8 6 7 8 175 -3 - 135 36 44 - 34 215559 

8 6 1 14 ·175 -2 - 78 65 - 24 5 214495 

8 6 6 5 1 176 - 3 99 1 51 79 217165 

8 6 6 50 176 -3 96 2 88 - 6 217434 

8 6 6 52 176 - 3 99 7 83 -9 217168 

8 8 5 22 177 -3 118 29 58 - 25 216017 

8 8 5 21 177 - 3 118 29 41 50 216014 

8 8 5 25 176 -3 131 47 35 -27 215170 

d 8 5 22 177 - 3 115 24 64 - 23 216270 

8 8 . 5 32 176 -3 155 56 16 - 31 214865 

8 8 5 33 176 - 3 - 176 54 -3 - 36 214910 

8 8 5 48 175 -3 - 113 31 -5 7 -20 215934 

0 8 5 47 175 -3 - 110 17 48 - 63 216670 

8 8 5 55 175 -3 - 88 36 -54 2 215669 

8 10 3 57 178 - 4 104 22 68 - 13 216503 

8 10 4 6 177 -4 143 42 34 -37 215502 

8 10 4 5 177 - 4 149 46 39 il 215324 

8 10 4 6 177 - 4 149 46 27 - 36 215328 

0\ 
I 
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VEHICLE l RAllAR TABLE 

TKACl<.ING TIME STATION ACQUISITION DATA 

HKS MIN SEC DAY HRS HIN SEC RA OcC AZ ELV x Y RANGE 

TEX - 16 1 12 47 8 8 51 23 176 - 3 146 54 22 -29 214956 

MIL - 71 l l.l 50 8 8 5 1 25 176 - 3 176 58 2 -32 214820 

BDA - 02 l J.2 47 8 8 51 29 176 - 3 -157 52 - 17 -34 215030 

MAD -2 3 u 48 44 8 B 51 31 175 - 3 -102 9 53 - 75 217186 

CYl - 04 1 12 50 8 8 51 37 175 - 3 - 106 21 - 68 -15 21647 5 

ACN- 75 l 12 43 8 8 51 50 175 - 3 - 89 25 - 65 1 216268 

HAW - 12 1 ll 46 8 10 50 6 177 - 4 110 32 56 -17 215994 

STN-00 l 12 50 8 10 50 9 177 - 4 158 47 19 -40 2 15339 

MAR -95 l 12 49 8 10 50 11 177 - 4 165 50 12 -39 215208 

GDS -2 8 l 12 48 8 10 50 11 177 - 4 165 50 39 9 215205 

TEX - 16 l 12 47 8 10 50 17 177 - 4 -161 57 - 12 -3 1 214946 

BDA-02 l 12 48 8 10 50 21 176 -4 - 123 35 - 50 -26 215837 

MIL - 71 l 12 47 8 10 50 21 176 - 4 - 136 49 - 31 -29 215252 

HSK - 25 0 22 7 8 11 40 48 178 - 3 94 0 90 86 216857 

GWM -2 4 l 12 L9 8 12 48 39 179 - 4 9o 9 81 -6 217398 

HAW - 12 l 12 37 8 12 48 45 178 - 4 136 55 26 -24 215123 

STN-00 l 12 41 8 12 48 49 178 -4 -159 46 - 19 - 40 2154 50 

HSK -25 l 12 27 8 12 48 53 178 - 3 84 14 - 23 75 217110 

GDS-28 1 12 37 8 1 2 48 54 177 - 4 -i~l 46 40 -20 21~444 

MAR -95 l 12 35 8 12 48 56 177 - 4 - 151 46 - 25 -37 215446 

TEX - 16 l 12 40 8 12 48 58 177 - 4 -1L3 40 - 44 -25 2 15698 

M IL - 71 l 12 40 8 12 49 2 177 - 4 -111 21 -62 -19 216368 

J 

STATION TERHiNATION DATA 

DAY HRS HIN SEC RA DEC AZ tlV x Y RANGE 

8 10 4 11 177 - 4 177 59 2 - 31 214875 

8 10 4 15 177 - 4 - 153 54 - 18 - 31 215012 

8 10 4 16 176 - 4 - 134 43 -38 - 31 215462 

8 9 40 15 176 - 4 - 95 0 90 - 85 216683 

8 10 4 27 176 - 4 -97 6 -84 -7 217449 

8 10 4 32 "176 -3 - 92 8 - 82 -2 217347 

8 12 2 52 178 -4 123 47 3 8 - 22 215415 

8 12 2 59 178 - 4 -176 48 - 4 - 42 215353 

8 12 2 59 178 - 4 - 168 50 - 10 -39 215299 

8 12 2 59 178 -4 -168 50 40 - 8 215296 

8 12 3 4 177 - 4 -136 48 -32 - 28 215351 

8 12 3 9 177 - 4 - 110 22 - 67 - 19 216641 

8 12 3 8 177 - 4 - 120 36 - 50 - 24 215898 

8 12 2 54 179 -3 91 4 11 86 217647 

8 14 1 1 179 -4 102 25 64 -10 216507 

8 14 1 23 179 -5 167 63 7 -27 214956 

8 14 l 31 178 -5 - 138 38 - 40 -35 215866 

8 14 l 20 179 -4 73 28 -29 58 216392 

8 14 l 32 178 -5 - 131 37 41 - 37 215943 

0 14 l 31 178 -5 -131 37 -45 - 32 215945 

8 14 l 38 178 -5 - 111 26 - 62 - 19 216481 

8 14 l 42 178 -5 - 102 12 - 78 - 12 217298 

°" I 
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VEHICLE H.AuAR TABLE 

TRACKl;~G TIME: STATION ACQUISITION DATA 

HRS MIN SEC DAY HRS MIN SEC RA Ol:C AZ ELV x Y RANG!: 

BDA-02 l l 19 8 12 49 4 177 - 4 - 103 12 - 77 -13 217177 

GWM-24 l 12 40 8 14 47 15 179 - 4 106 37 52 -13 215988 

CR0-0 8 l 12 3o 8 1 4 4 7 21 l 79 - 4 "10 9 81 0 217496 

HAW - 12 l 12 45 8 14 47 24 178 - 4 -168 63 -6 -26 214981 

PKS -9 6 1 ll 36 8 14 47 27 179 - 4 67 37 50 19 215951 

HSK-25 l 12 .H 8 l 4 4 7 27 l 79 - 4 64 37 -30 46 215976 

STN-00 l 12 45 8 14 47 28 178 - 5 - 126 32 - 53 -30 216221 

MAR-95 l 12 44 8 14 47 29 178 - 5 - 121 29 -57 -26 216348 

GDS-28 1 12 43 8 14 47 31 178 - 5 -121 29 42 -49 216345 

TEX - 16 l 12 4 7 8 14 47 33 178 - 4 -104 17 -73 - 14 217037 

M IL - 71 0 8 44 8 14 47 34 178 - 4 - 96 2 -88 - 6 217903 

GWM-24 l 12 44 8 16 46 5 180 - 5 129 62 22 -17 215098 

CR0-08 l 12 39 8 16 46 8 - 180 - 4 77 35 54 11 216138 

PKS - 96 l 12 43 8 16 46 14 180 -4 34 57 20 21 215254 

HSK-2 5 l 10 54 8 16 46 15 180 - 4 31 55 - 31 17 215316 

HAW-12 l 1l 52 8 16 46 15 179 - 5 - 124 46 -38 -23 215u28 

GDS-28 0 34 16 8 16 46 17 179 - 5 - 101 1 58 -11 217700 

STN-00 0 55 14 8 16 46 18 179 - 5 - 105 11 - 79 -15 217480 

MAR-95 0 3 56 8 16 46 18 179 -5 - 101 1 - 83 - 11 217700 

GWM -2 4 l lL 4.2 a 18 44 43 - 1ao - 5 - 157 10 -8 -18 215000 

CR0-08 l 12 32 a 18 44 47 - 119 - 5 52 60 25 18 215260 

HAW - 12 l 12 37 8 18 44 55 180 - 5 - 106 22 -68 - 14 216934 

STATION TERMINATION OATA 

DAY HRS MIN Sl:C RA OEC AZ ELV x Y RANGE 

8 13 50 23 178 -5 -95 0 -90 -5 217439 

8 15 59 55 - 180 -5 117 52 35 - 16 215384 

8 15 59 57 - 180 - 4 IH 25 65 7 216653 

8 16 0 9 179 -5 - 137 55 -26 - 25 215307 

8 16 0 3 180 - 4 50 50 33 24 215472 

8 16 0 5 180 - 4 47 49 -31 29 215522 

8 16 0 14 179 - 5 - 113 19 - 69 -21 216970 

8 16 0 13 179 -5 - 108 16 - 73 - 18 217159 

8 16 0 15 179 - 5 -108 16 48 - 66 217159 

8 16 0 20 179 - 5 - 96 l - 89 -6 218033 

8 14 56 18 178 - 5 -95 0 - 90 -5 217588 

8 17 58 49 -180 -5 168 71 4 - 19 214963 

8 17 58 47 - 179 -5 65 ~o 37 16 215554 

8 17 58 57 - 180 - 5 1 62 0 28 215192 

8 17 57 9 - 180 -5 0 59 -31 0 215183 

8 17 59 1 180 - 5 - 112 32 -56 -18 216403 

8 17 20 33 179 -5 - 97 0 90 - 83 216864 

8 17 41 32 180 - 6 - 97 0 - 90 - 7 217341 

8 16 50 14 179 - 5 -101 6 - 84 - 11 217556 

8 19 57 25 - 179 -6 - 126 58 -2 7 - 18 215370 

8 19 57 19 - 179 - 5 18 69 1 20 215082 

8 19 57 32 - 179 - 6 - 99 6 - 84 - 9 217947 
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VEHICL E RA1JAR TAcL E 

TRACI< ING TIME STATION ACwUlSlTlON DATA 

rlR S MIN SEC DAY HRS MIN SEC RA Ui::C AZ ELV x Y RANGE 

PKS-96 l 12 33 8 18 44 56 - 180 - 4 -23 60 - 13 28 215249 

HSK -25 l 12 32 8 18 44 57 - 180 - 4 -23 57 -31 - 12 215331 

GWM-24 l 12 41 6 20 43 28 - 179 -6 - 115 49 -39 - 16 215725 

CR0-08 l 12 38 8 20 43 28 - 179 -5 - 16 69 - 6 20 215092 

PKS-96 1 10 40 8 20 43 34 - 179 -~ - 62 43 - 44 20 215954 

HSK-25 l 12 42 8 20 43 34 - 179 -5 - 61 41 -29 - 41 216032 

MAD -23 1 12 28 8 22 41 51 - 177 - 6 99 0 89 81 218379 

GWM-2 4 l 12 41 8 22 42 17 - 179 - b - 102 21 -68 - 11 217115 

CR0-08 l 12 37 6 22 42 18 - 178 - 5 - 66 51 -36 15 215698 

HSK-25 l 12 35 8 22 42 24 - 179 -5 -83 19 - 20 - 70 217248 

ACN- 75 0 j6 53 8 22 57 29 - 177 - 6 96 0 90 - 6 217631 

CYI-04 0 33 44 8 23 20 32 -177 - 7 97 0 90 -7 217138 

ACN - 75 0 10 47 9 0 38 24 - 176 -6 93 24 66 - 3 217158 

MAD- 23 0 d 59 9 0 40 13 - 176 - 7 119 21 52 55 217274 

CYl-04 0 8 ~8 9 c 40 14 - 176 - 7 107 17 72 - 17 217484 

CR0-08 0 d 19 9 0 40 53 - 178 - b - 84 26 -64 5 216951 

16 APR 72 SBN TO TEI LAl 72 . • l 

CY I - 04 l 5 51 9 0 49 14 - 176 - 7 109 19 70 - 18 216934 

MAD-2.3 1 5 59 9 0 49 14 - 176 - 7 121 22 52 53 216747 

ACN - 75 l 0 l 9 0 49 14 - 176 - 6 93 27 63 - 3 216484 

CR0-0 8 l 6 35 9 0 49 14 - 178 - 6 - 85 24 - 66 4 216637 

MAD-2 3 l l't 47 9 2 40 55 - 176 - 7 147 37 49 26 216502 

CYl-04 l 14 4 5 9 2 40 55 - 176 - 7 128 40 43 -29 216356 

J 

STATION TERMINATION DATA 

DAY HRS MIN SEC RA DEC AZ ELV x Y RANGE 

8 19 57 29 - 179 -5 -5 0 5 1 -32 24 215620 

8 19 s1 29 - 119 ~5 - 49 49 -3o -29 215102 

8 21 56 9 - 178 - 6 - 106 32 -56 - 14 216539 

8 21 56 7 - 178 - 6 -53 61 -24 17 215399 

8 21 54 14 - 178 -5 - 76 30 -5 9 12 216571 

8 21 56 16 ~178 -5 - 75 28 -25 -58 21675~ 

8 23 54 19 - 176 - 7 111 13 58 66 2(7696 

8 23 54 57 - 178 - 7 - 98 5 - 85 -8 218191 

8 23 54 55 - 178 - 6 - 78 37 - 53 9 216432 

8 23 54 59 - 178 - 6 -93 5 33 - 84 218163 

8 23 54 22 - 176 - 6 95 13 77 - 4 217657 

8 23 54 16 - 176 - 7 101 1 83 -11 218028 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

0 49 12 - 176 - 6 93 27 63 -3 216486 

0 49 12 - 176 -7 121 22 52 53 216750 

0 49 12 - 176 - 7 109 19 70 - 18 216936 

0 49 12 - 178 - 6 -85 24 - 66 4 216638 

1 55 11 - 175 - 7 119 31 55 -24 216795 

1 55 13 - 176 - 7 135 31 50 37 216801 

l 55 16 -175 - 7 92 43 47 - l 216260 

l 55 49 - 177 -6 - 92 10 - 80 ~2 218006 

3 ::;5 42 - 175 - 8 170 41 48 8 216403 

3 55 40 - 175 -8 149 50 23 - 34 216040 
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VEHI CLE RADAR TABLE 

TRACKlNG TIME STATION ACQUISITION DATA 

HkS MIN SEC DAY HR S MIN SEC RA DEC Al. E:LV x Y RANGE 

ACN- 7 5 l 14 43 9 2 41 0 - 176 - 7 90 54 36 0 215776 

BDA- 0 2 l 9 33 9 2 45 57 - 175 - 7 98 0 90 - 8 218308 

HIL - 71 0 3 15 9 3 52 14 - 174 - 8 99 0 90 - 9 218497 

HIL - 71 l l'+ 45 9 4 41 8 - 174 - 8 105 11 79 - 14 218002 

BDA - 02 1 l'+ 47 9 4 41 8 - 175 - 8 115 22 65 - 23 217328 

MAD- 23 1 14 58 9 4 41 15 - 175 - 8 -175 42 48 - 4 216350 

CYI - 04 l 14 57 9 4 41 15 - 175 - 8 167 54 9 - 35 215866 

ACN- 7 5 l 14 55 9 4 41 22 - 175 - 7 d2 84 6 1 215233 

TEX- 16 0 57 22 9 4 58 31 - 174 - 8 99 0 90 - 9 217794 

16 APR 72 TEI TO ENT LAZ 72.. l 

GDS-28 10 5d l 9 6 31 11 - 174 - 8 101 1 84 79 219020 

TEX - 16 9 47 5 9 6 31 11 - 174 - 8 110 19 70 - 19 217957 

HIL - 71 8 39 41 9 6 31 13 - 174 - 8 122 32 54 -26 217260 

BDA- 02 1 33 6 9 6 31 14 - 174 - 8 139 40 38 - 35 216865 

MAD- 23 3 25 13 9 6 31 18 - 175 - 8 - 142 34 50 - 31 217176 

CYl - 04 4 20 51 9 6 31 19 - 175 - 8 - 149 50 -23 - 34 216472 

ACN- 75 4 36 44 9 6 31 24 - 175 - 7 - 90 69 -21 0 215880 

STN- 00 lJ. 0 26 9 6 47 55 - 174 - 8 100 0 90 - 10 218440 

HAR - 95 10 4 14 9 6 54 57 - 174 - a 104 6 84 - 14 211194 

HAW- 12 ll 24 2 5 9 .. 5 46 - 174 - 8 98 0 90 - 8 213323 

HSK-2 5 12 3o 49 9 11 57 2 - 174 - 7 99 0 90 81 207516 

GWH -2 4 11 H 4 5 .. 12 42 17 - 174 - 8 98 0 90 - 8 205999 

PKS - 96 1 46 2.7 9 14 24 21 - 174 - 7 79 30 60 10 200861 

STATION TERMINATION DATA 

DAY HRS HIN SEC RA DEC AZ ELV x Y RANGE 

9 3 55 43 ~175 - 7 89 72 18 0 215414 

9 3 55 30 - 174 ~8 108 13 76 - 18 217864 

9 3 55 29 - 174 - 8 9'1 1 89 - 9 218612 

9 5 55 53 - 174 - 8 116 25 63 - 23 217279 

9 

9 

5 55 56 - 174 - 8 130 35 48 - 32 216780 

5 56 13 - 174 -8 - 152 37 49 - 22 216671 

9 5 56 12 - 174 - 8 - 163 53 - 13 - 35 216023 

9 5 56 17 - 174 - 8 - 89 78 - 12 0 215407 

9 5 55 53 - 173 - 8 106 12 78 - 15 218047 

9 17 29 12 - 175 - 9 - 101 0 90 - 79 196341 

9 16 18 17 - 175 - 8 - 100 0 - 90 - 10 198722 

9 15 10 54 - 175 - 8 - 100 0 - 90 - 10 201011 

9 14 4 20 -175 - 8 - 100 0 - 90 - 10 203236 

9 9 56 31 - 175 -8 - 101 0 90 -79 211577 

9 10 52 9 - 175 - 8 - 99 0 - 9D -9 209685 

9 11 8 8 - 176 - 7 - 97 0 - 90 - 7 209152 

9 17 48 21 - 175 - 9 -101 0 - 90 - 11 195657 

9 16 59 11 - 175 -9 -105 6 - 84 - 15 197001 

9 20 30 11 - 175 - 9 - 99 0 - 90 - 9 190122 

10 0 33 50 - 175 - 8 - 100 0 90 - 80 181499 

10 0 18 3 - 175 - 9 - 99 0 - 90 - 9 182 065 

9 22 10 48 - 175 - 8 - 79 30 - 60 9 184885 

0\ 
I 

L.U 
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VEHICLE l RADAR T A6LE 

TRACKING TIM£: STATION ACQUISITION DATA 

HR:> MIN SEC DAY HR S MIN SEC RA DEC AZ HI/ x Y RANGE 

CR0-08 12 22 12 9 14 2 4 45 - 174 - 7 ':lrl 0 90 - 8 202565 

MAD-23 10 44 37 9 23 1 49 - 173 - 9 102 0 90 78 184790 

ACN -75 12 2 10 9 23 6 37 - 173 - 8 99 0 90 - 9 184622 

CYl-04 11 10 31 9 23 35 16 - 173 - 9 100 0 90 - 10 183599 

BDA-02 10 59 19 10 2 57 9 - 173 - 10 101 0 90 - 11 176266 

Mll - 71 11 b 14 10 3 58 12 - 173 - 10 101 0 90 - 11 174000 

TEX - 16 11 7 7 10 5 4 39 - 173 - 10 101 0 90 - 11 171505 

GDS-28 10 49 30 10 6 30 53 - 173 - 10 103 0 90 71 168222 

STN - 00 10 44 2 10 6 54 39 - 173 - 10 103 0 90 - 13 167308 

MAR-95 9 48 2 10 7 l 47 - 173 - 10 107 6 84 - 17 166673 

HAW - 12 11 14 47 10 9 10 49 - 173 - 10 101 0 90 - 11 161992 

HSK-25 12 55 49 10 11 51 47 - 172 - 9 102 0 90 78 155521 

GWM -24 11 28 48 10 12 47 33 - lU - ll 101 0 90 - 11 153224 

PKS-96 rl 2 19 10 14 19 49 - 172 - 10 82 30 60 7 147657 

CR0-08 12 35 35 10 14 22 29 - 172 - 10 101 0 90 - 11 149257 

ACN - 75 12 7 50 10 23 10 38 - 171 - 12 102 0 90 - 12 125471 

MAD -23 10 6 16 10 23 22 39 - 171 - 13 108 0 90 72 124887 

CYl-04 10 4b 23 10 23 50 37 - 171 - 13 105 0 90 - 15 123532 

BDA - 0 2 10 24 50 11 3 17 44 - 170 - 14 107 0 90 - 17 113128 

MIL - 71 10 34 56 11 4 17 59 - 170 - 15 107 0 90 - 17 109974 

TEX - 16 10 34 45 11 5 25 2 1 - 170 - 15 107 0 90 - 17 106372 

GDS-28 10 0 51 11 6 58 8 - 169 - 16 110 0 90 70 101272 

J 

S TATION TERMiNATION DATA 

DAY HRS MIN SEC RA DEC AZ ELV x Y RANGE 

10 2 46 57 - 175 -9 - 99 0 - 90 -9 176645 

10 9 46 26 - 175 - 11 - 104 0 90 - 76 160577 

10 11 8 47 - 175 - 10 - 100 0 -90 - 10 157 270 

10 10 45 47 - 175 - 11 - 102 0 - 90 - 12 158198 

10 13 56 28 - 174 - 11 - 103 0 -90 -13 150349 

10 15 4 26 ~174 - ll - 103 0 -9 0 - 13 147473 

10 16 11 46 - 174 - 12 - 103 0 - 90 - 13 144579 

10 17 20 23 - 174 - 12 - 105 0 90 - 75 141582 

10 17 38 42 - 174 -12 - 105 0 -90 - 15 140775 

10 16 49 50 - 174 - 12 - 109 6 - 84 - 19 142563 

10 20 25 35 - 174 - 12 - 103 0 - 90 -13 133243 

11 0 47 36 - 173 - 12 - 105 0 90 - 75 120737 

11 0 16 20 - 174 -13 - 103 0 - 90 - 13 122275 

10 22 22 8 - 174 - 12 - 84 30 -60 5 126082 

11 2 58 4 - 173 - 13 - 104 0 - 90 - 14 114148 

11 11 18 28 - 112 - 16 - 106 0 - 90 - 16 85962 

11 9 28 55 - 172 - 17 - 113 0 90 - 67 926DO 

11 10 37 0 -172 - 17 - 110 0 -9 0 -20 88509 

11 13 42 34 - 171 - 19 - 113 0 - 90 -23 76695 

11 14 52 55 - 171 -20 - 113 0 - 90 -23 71919 

11 16 0 6 - 171 -2 1 - 114 0 - 90 -24 67174 

11 16 58 59 - 170 -22 - 118 0 90 - 62 62848 

()\ 
I 

I.>) 
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VEHICL E l RAOAR TABLE 

TKACKING TIME STATION AC.QulSITlON DATA 

HRS MIN SEC. DAY HRS MIN SEC. RA OEC. AL ELV x y 

STN- 00 9 50 4 11 7 24 2 - 169 - 10 110 0 90 - 20 

MAR - 9 5 8 54 5o 11 7 31 21 - 169 - 16 115 6 83 -25 

HAW - 12 10 41 2 11 9 34 20 - 168 - 17 108 0 90 - 18 

HSK - 25 14 29 59 11 11 48 26 - 168 -15 109 0 90 7 1 

GWM-24 10 58 51 11 13 12 35 - 167 - 18 109 0 90 - 19 

PKS-96 11 51 22 11 14 20 39 - 167 - 17 92 30 60 - 2 

CR0- 08 11 44 28 11 14 27 23 - 166 - 17 109 0 90 - 19 

STATION TERMINATION DATA 

RANGE DAY HRS MIN SEC RA DEC. AZ ELV x y 

99818 11 17 14 6 - 170 - 23 - 119 0 - 90 - 29 

99045 11 16 26 16 - 170 - i2 - 122 6 - 83 - 32 

92281 11 20 15 22 - 169 -26 - 118 0 - 90 -28 

84090 12 2 18 25 41 - 3 94 0 90 86 

78679 12 0 11 32 - 166 - 40 - 131 0 - 90 -41 

7243b 12 2 12 l 42 -74 162 30 29 - 55 

73680 12 2 11 51 30 - 45 142 0 90 - 52 

RANGE 

ol 711 

64912 

46975 

1695 

22638 

1924 

3248 

°" I 
v.> 

°" 
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YlHICl,.E l<AUAR TA81,.E. 

TRHKIN<> l IME 

HRS MIN SE.c: 

HA0-23 (J I l 2 

GOS-28 0 12 2 

MAR.,9S 0 12 2 

STN"OU 0 12 2 

HI L.,71 0 12 z 

80A.,0l 0 12 2 

c: n-o'I 0 12 2 

AC:N-7S u 12 2 

H.X-16 0 12 2 

J 

TABLE 6-I. - MISSION li.ADAR TIME LINE - Continued 

(d) LM acquisition and termination during descent - 0° minimum elevation 

lo APR 72 l,.H TRA~KING FROM PDI TO LANU!NG LAZ 72.j 

STATION AC:QUIS1T!GN DATA STATION'TEKMINATION DA!A 

DAY HRS MIN St.( RA DEC. AZ ELY x Y RANGE DAY HRS MIN SEC: RA UEC AZ ELY x Y RANGE 

'I 2 3'1 'II 120 18 -128 S9 20 -2'1 20'13'12 'I 2 '16 '12 121 18 :12'1 s1 20 -21 2D'lzoD .. 

'I 2 3'1 'II 12~ 18 1 0 12 -so 12 2oos12 'I 2 '16 '12 128 18 77 1'1 -'II 71 206310 

'I 2 3'1 'II 128 18 7 0 12 78 1'1 206572 'I 2 '16 '12 128 18 77 1'1 76 12 206310 

'I 2 3'1 'II 128 18 73 B 81 17 20078'1 'I 2 'lb '12 128 18 75 10 79 IS 206S25 

'I 2 3'1 'II 128 18 9 0 '12 '18 o 20'199~ 'I 2 '16 '12 128 18 91 'l'I '16 -1 20'175'1 

'I 2 3'1 'II 127 18 IDS SS 3'1 -8 20'1'1o7 'I 2 'lb '12 128 18 107 57 32 -9 20'1257 

'I 2 J'I 'II 127 19 -122 7'1 -13 -8 203983 'I 2 '16 '12 127 18 -11 7 72 -16 :a 203883 

'I 2 J'I 'II 127 )9 -29 S9 -10 27 20'1337 'I 2 '16 '12 127 19 -33 58 -19 27 20'12'12 

'I 2 J'I 'II 128 18 82 · 27 63 7 2os127 'I 2 '16 '12 128 18 83 29 bl b 205'16'1 

0\ 
I 

u..> 
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TABLE 6-1.- MISSION RADAR TIMELINE - Continued 

(e) LM acquisition and termination during ascent - 0° minimum elevation 

I c APr< 12 LH ASCENT TRACKING L. Ai J 2 •I 

HHICLl I l<ADAr< TAtlU. 

TRAC.KING TIME STATION ACQUISITION DATA ST1iTIU;~ lEl<MiNATIOf'I UAlA 

HRS MIN SEC LlA Y MkS MIN sc.c RA UEC Al ELY ,. y KAl~GC. DAY HKS MIN sc.c. KA Ill:.( Ai i:.LV .JI y RAt.GE 

MAU-23 u 7 l'i 7 3 'IS 9 jb3 3 -16'f S! 31 -10 2111l97 7 J S;;: 23 1C.J J ·161 s1 37 ·12 2118!;1). 
~-Y \;ISl:i-8S 

MIL-71 (j 7 l 'I 7 .) 'IS 9 I b'I 3 98 21 69 -ll 21 J.)36 7 J s2 2.l j6'i 3 99 23 47 -9 2131 Y'I 
.11-Y \,IS6-30 

BOA-02 Ci 7 l'i 7 3 'fS 9 163 3 110 3'1 S 5 - I 7 ·2 U b 7 2 7 J SL 2J 16'1 3 112 JS SJ ·18 212S'ill 
x-y UStl-30 

tyl-O'i u 7 l'i 7 3 'IS 9 l6J .) I 71> bS ;;: -2s 211'169 7 J s;.: 23 16.) J -1su llS o -2s 211'107 
X-Y US!l-.)0 

7 7 J '15 9 16J 'I 78 12 211.lJ2 7 J s2 2J jbJ -6 78 ·1 12 211109 
O'\ ACN•75 iJ l'i 2 D 'I I 
w x-y US6•30 en 

TEX-lb u 7 l'I 7 3 'IS 9 16'1 J 90 7 83 0 2 I '118 7 7 3 s" 23 l ll'i J 91 8 112 -1 21'1038 
x-y USB•JO 



J 

TABLE 6-I .- MI SSION RADAR TIMELINE - Cont inued 

(f} LM acqui sition and termination during rendezvous - 0° minimum elevation 

COAST T0 kl::NUclVCU~ KAUAk TKACKI NG PRI OR fu TPl 

VEHICLE 2 KAUAR TAdLE 

TRACKING T IHE S IAT!U N AL ~UISil!uN UATA STATION TERMINATION UATA 

HK5 MIN SEC Ht<.$ M l i~ Sh .. RA v i:c AL l::LV x y KANGt: Ht<.5 MI N SEC RA DEC AZ l:LV x y RANGE 

MAD - 2 3 u 10 0 171 ':>£. t_j lbJ _; - J. c.l 51 3 7 - 12 2il. 9 4 9 172 2 £.3 163 3 - 158 50 38 - 14 ..:l2140 
X- Y USB- 8'.:> 

HIL - 71 0 LO 0 171 ::,,:_ 23 164 j '1 '1 23· 67 - 9 213.<. \i u 172 ,:_ 23 164 3 101 25 65 - l u 213347 
X- Y USB- 30 

SDA - 02 0 J.0 0 171 5£. 23 lo4 3 112 3:, 53 - 18 21 2 04.:'. 172 2 23 164 3 113 37 51 - 19 2l27Ll 
X- Y USB- 30 

CYl - 04 u 10 c 171 ::>2 23 16..l 3 l <lu 65 () - 25 21150:.. 17L 2 23 163 3 - l 74 65 - 3 - 2;, d.lo74 
X- Y US B- 30 

ACN- 7 5 0 10 c 171 :>L h 16.:> 4 - 7 7d - 1 12 LliLvO L7L 2 23 ltd 4 - 18 78 - 4 12 .Lll437 
X- Y USB- 30 

(}'\ 

TEX - 16 \) 10 0 171 :>£. 23 164 ..) 'J l 8 82 - l 2L4Lh 172 2 23 164 3 92 10 80 - 2 214180 
I 

w 
X- Y USB- 30 \.0 

Kl:: N Dl::ZVGU~ RAUAR fKALKl No PKtCK TU TP I 

HAD- 23 0 l7 60 172 L 23 lcu 3 - 1:.>d 50 3d - 14 £.1.::14u 172 £.0 2 3 163 3 - 152 49 38 - 18 LHOlo 
X- Y US B- 85 

HIL - 71 0 17 60 172 .:'. L:> 164 _; l Ul 25 o5 - 1 0 2UJ4 7 172 20 .L3 164 3 103 26 61 - 11 ..:'.13972 
X- Y USB- 30 

BOA- 02 0 17 60 172 2 .::3 164 j 113 51 :, 1 - 19 2 lL 7 L l 17 2 20 23 164 3 ll 7 40 47 - zu Ll.H90 
X- Y USB - 30 

CYl - 04 0 17 bO 172 L .:'. 3 163 J - lf't o5 - 3 - 25 2 J.lo7 4 172 20 23 163 3 - 164 64 - 7 - L5 212513 
X- Y USB-3 0 

(_ 

\.....' 

'-



VEHICLE 2 RALJAR T A8U: 

TRACKING TlHE STATION ACUUlSITIGN DATA 

HRS HIN StC HKS MIN SE(; RA UH. Al tLV x Y KANGt. 

ACN-75 0 17 60 172 2 23 163 4 -ld 78 - 4 12 211437 
X- Y USB-3 0 

TEX - 16 0 17 60 172 L 23 lo4 3 9.!. 10 80 -2 214loU 
X- Y USB-3 0 

COAST TlJ TPl 

TEX- 16 u ·4 12 l 7 2 Lu 23 lo't 3 ':14 14 76 - 4 2l47bU 
X- Y USB-3 0 

Mll-71 0 4 13 172 20 23 164 3 J.U3 2d 61 - 11 213':172 
X- Y USB-3 0 

8DA-02 o 4 19 l 72 LO L3 164 3 117 40 47 - 20 213390 
X- Y USB-30 

CY 1- 04 u 4 30 172 t!.U 23 163 3 - lo4 64 - 7 - 25 212?13 
X- Y USB-30 

MAD-23 u 4 32 17 2 LU L3 16;) 3 - J.j2 49 38 - 18 213010 
X- Y USB-85 

ACN-75 0 4 35 17 2 20 23 163 4 -35 76 - 8 11 21L2.81 
X- Y USB-30 

UL LAGE f wk TP 1 

TPI 

CUAST TU 151 BRAKING bAT~ 

STN-00 O 1 ll 173 li. 15 164 3 o'J 3 87 l 21':>11L 
A-E USB 150 

GDS -28 o 7 . 10 173 . i.L l:> lt>'t 3 ':IL d 14 82 21::>'.>D 
X- Y USB-85 

STATIUN TtRMINATlUN DATA 

HKS MlN SEC RA DEC AZ ELV )( Y RANGE 

172 20 23 163 4 -3 5 76 -8 11 212281 

172 20 23 164· 3 94 14 76 - 4 214780 

172. 24 35 164 3 94 15 75 - 4 214949 

172 24 36 164 3 104 29 60 - ll. 214149 

172 L4 42 164 3 118 41 46 -21 213582 

172 24 53 163 3 - 162 64 - 9 - 25 212756 

172. 2.4 55 163 3 - 150 48 38 - 19 213270 
(J'\-
1 

+:-' 
172 24 58 163 4 -39 75 - 9 ll £12532 0 

173 lb 25 164 3 90 5 85 0 2l.:l 33 7 

173 lb 25 164 3 93 9 18 80 215078 



"---"" -../ _/ 

VC:HlCLE 2 Kl<J-.K T Atlll::: 

fkA~Kl,'j1> T lMI: ~TATILN AL~U1S1Tl~h JATA 5TATl8N TLRMINATluN UATA 

HKS rHi~ Sl:L Ht<\S rH" ~El. R~ U~l. ill E LV JI. y ri.Al-.lJc HR~ MIN SEC RA DEC Al t:LV JI. y RANGE 

Mll - 71 u ( 6 l7 3 lL l '1 164 3 i1 i. j9 4'1 - 16 2 UtiU4 l 7 _j l!J 2'> 164 3 113 41 47 - 11 2b3<J2 
X- Y USB - 3v 

TEX- 16 () 7 c 173 11 l <; lo4 .) luv 2? b5 -".J ~J..4 :> 1L l7J 16 LS 164 . 3 101 27 63 - 10 d40i>3 
X- Y USB- 3J 

BDA - 02 \,) 7 5 173 Li .:cl lc<t ;;) l.J J 4"1 ;;:.; -2? LL:>:.1L 17.:> l. i:i 2'> 164 3 UL so 32 - .<.5 2l2. 91>4 
X- Y USB - 3U 

MAD- 2 3 u (J :>3 173 11 3L 16::> _; - 1.;'.> <t3 .H - 31 2 J.3c.,:_; 173 lb 2::) 163 3 - b3 42 37 - .>3 213327 
X- Y USB - e5 

CYI - 04 u 0 52 173 11 :.4 lo.; .) - 1..>'> 59 - 2J. - 23 2l::>Oi j l 7J l i:i LS 163 3 - 137 58 - 23 - 2.> 21~724 
X- Y US'l - 3U 

ACN - 7 5 u 0 ' 46 173 l.t 3':1 lb:. 4 - u.2 60 - 2.l 11 2 LL Qj L 173 lb 25 163 4 - b4 65 - 23 ll 21L535 
X- Y USB- 3U 

CUAS T TU LNU bRAKl~u GAie 

MAD- 23 u 2. L3 173 Lb L~ l 6.) j - lJJ 42 37 - 33 z..::i :u7 11:; 2U 48 163 3 - 132 42 3 7 - 34 2U224 
X- Y USB - 8:> 

(}'\ 
I 

GDS - 2 il u L 23 173 18 25 164 j '13 9 11:> BU 2J.:>07o J.73 LO 48 lc4 3 9.3 10 19 80 214933 ~ 

X- Y USB - !3:> 
f-' 

MIL - 71 u L L.J 173 J.U L.:> 16-. 3 .i. Lj 41 47 - 17 2Ld.,., 173 LO 41l 164 3 lU 41 47 - .1.7 213253 
X- Y US3 - 3u 

BDA- 02 i.J L d 173 l l:l .!.'.:> 164 3 l :IL :.iO 32 - 25 Z l.::'>o't 173 20 48 164 3 LH 51 31 - Lb Ll.ld53 
X- Y USB- 30 



VEHICL E 2 RAilAR T AdU: 

TRAU..lNI> T !ME ~TAllON AL~UlSiTlLN DATA 

Hl{S MIN Sf:C HRS MIN SEC. RA UtL AL tLV x Y K.A i'l l>t: 

CYl - 04 0 2 23 173 lti LS 163 J -1j7 58 -23 - 23 212724 
X- Y USB - 30 

ACN- 75 0 L 23 173 ld L'.> l6J 4 - o4 65 -23 11 212SJ5 
X- Y USB- 30 

TEX- 16 o 2 23 173 18 2:> 164 3 lul 27 63 -10 2h0d3 
X- Y USB- 30 

STN- 00 0 l 23 173 18 25 164 3 90 s 85 0 2 lSJj 7 
A- E USB150 

lST dKAKlNG MANtUVtK * 

MA0- 23 0 0 J.l 173 2U 4d 163 J - 132 42 37 -34 213224 
· X- Y USB- 85 

GOS- 28 0 () ll 173 20 4d 164 3 93 10 19 80 214933 
X- Y USB- 85 

Mll-71 0 0 ll 173 20 4d 164 3 113 41 47 - 17 213253 
X- Y USB- 30 

BOA- OZ O 0 ll i 73 LO 4d 16 .. 3 l3J 51 31 -26 2128SJ 
X- Y USB-30 

CYl - 04 0 0 u 173 LO 48 l6J J - 13b 57 - 24 - 23 2i2old 
X- Y USB - 30 

ACN-75 0 0 ll l 73 2 U 4ci l6J 4 -~s 64 -24 11 2l243u 
- X- Y USB- 30 

(_ (_ ---

STATIUN TERMINATION UATA 

HRS MIN SEC RA DEC Al ELV )( Y RANG&: 

173 20 48 163 3 - 136 57 - 24 - 23 212618 

173 20 48 163. 4 - 65 64 -24 li 212430 

173 20 48 164 

173 20 48 164 

173 20 59 163 

173 20 59 164 

173 20 59 164 

173 <W 59 164 

173 io 59 163 

173 20 59 163 

3 102 27 62 - 10 213939 

3 90 5 85 0 Ll!>l 92 

3 - 132 42 37 - J4 ~13217 

3 93 10 19 dO l.14922 

3 113 .fol 46 - 17 .2.13243 a\ 
I .,... 
f\) 

3 133 51 31 -26 212843 

3 - 136 57 - 24 - 23 212610 

4 - 65 64 - 24 11 21242~ 

___,,' __,. 



(_ 
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VEHICLE 2 k..;UAK TAtiU: 

T "t.1..r.. li-iu TI Mt STAT!UN A1..WulSIJ!GN DATA STATION TtRMINATION DATA 

rikS Mli~ st:(; HRS M!N SEC RA Ud .. AZ t:LV x y KANGL HkS MIN StC RA DEC AZ ELV x y RANGE 

TEX - 16 u u 1l 173 .iU 46 164 3 .l.u.i 27 62 -10 2B'J3'1 173 20 59 164 3 102 27 62 - lu LU<irLd 
X- Y US8 - 3J 

STN - 00 J u .Li 17 3 <co 4tl 164 3 9U 5 tl5 0 LlSl':IL 173 20 59 164 3 91 5 8:> - 1 215181 
A- E US:ll5U 

COAST TO Ji<.U BRAKlN~ &Alt 

MAD - 23 J l 3 173 .iO 'j'J 163 .:) -1 32 42 37 -3 4 2u21·r 173 22 l 163 3 - 132 41 37 - 34 .213112. 
X- Y USB - 8:> 

GDS - 28 \) .I. 3 173 2U 59 lo4 3 9.:> 10 19 llO 2 i't9.< 2 173 22 1 164 3 94 10 20 dO 214858 
X- Y USB - 8:> 

MIL - 71 u ! 3 lB Li.J 59 164 3 ll.J 41 46 - 17 2b243 l.73 u . 1 164 3 114 41 4o - l 7 2 .u 1 83 
X- Y USB- 3U 

BDA- Q 2 \) ! 3 17 3 20 59 164 3 U3 51 31 - 26 21Ld4.:> 173 22. l 164 3 133 51 31 -20 d2 7db 
X- Y USR - 30 

CYl-04 u J. 3 173 LO 59 163 3 - Uo 57 - 24 - 23 2.l.261 U 17.:> 22 l 163 3 - 135 57 - 24 - 23 212504 
X- Y US3 - 3u 

0\ 
I 

ACN - 75 u ! .:) 173 21.) 59 163 4 - o5 o4 -24 11 2J.24L.:. 173 :a. 1 163 4 - 65 64 - 24 1.1. 212 .377 .+:-
X- Y USB - 3J w 

TEX - 16 u J. 3 173 2U 59 164 3 1U2 27 62 - 10 213928 173 ;a 1 164 3 102 27 6 2 - ll 213865 
X- Y USi3 - 3U 

STN - 00 u J. 3 173 20 ;9 164 3 91 5 85 - 1 2i:>ldl 173 22 l 164 3 91 5 85 - 1 215ll8 
A- E USB15J 



2ND bkAKlNG MANEUVER * 
VEHICLE 2 k.AuAr{ f-'dlt 

T KALK l ;-~G fl Mt STATlUN A~~UlSlfluN DATA STATION TtRHINATIUN DATA 

t1k$ Mi..~ :.tC HRS Ml r• Stl RA utl AL tlV I( y RAfllGt hRS MIN SEC RA DEC AZ ELV x y RAMiE 

MA0- 23 u 0 <; 173 22 .l lo;) 3 - UL. 41 37 - 34 2.1.3112. 173 a 10 163 3 - 132 41 37 -.::>4 2.1.3100 
X- Y US Ll - 8 :> 

GOS - 28 u J 9 17 3 22 1 164 3 '>4 10 20 80 2l.<t<i:OtJ 173 22 10 164 3 94 10 20 80 Ll4849 
X- Y USl3- 8 :> 

Mll - 71 u J 9 17 3 L2 i lo4 j 114 41 46 - 17 2U1UJ 173 22 10 lb4 3 114 41 46 - 17 213174 
X- Y US B- 3u 

i3D A- 0 2 u J 9 173 22 l 164 j l.>.> 51 3 1 - 26 2l.::fo6 173 2.2 10 164 3 133 51 31 - 20 21l778 
X- Y USi3 - 3J 

c y l - 04 u u s 173 2.2 J. 16..i 3 - u:. 57 -24 - 23 212.~o4 lB 22 10 163 3 -135 57 -24 - L3 2.12557 
X- Y US •l-3u 

ACN - 75 u 0 .. 173 22 l lo3 .. - 6:0 64 - 2't 11 212377 173 22 10 163 4 - 6:. 64 -24 ll 212370 
X- Y US 3- 3u 

TEX - 16 u J <; 173 LL 1 l6't 3 11..12 27 62 - 11 213865 173 22 10 164 3 102 27 62 - ll. 2U856 (j\ 

X- Y USd-3U I 
.;:---
.;:---

s fN - 00 u u c; 173 2.L 1 164 3 'j 1 5 85 - 1 215lld 173 :a. 10 164 3 91 5 85 - .I. 215.1.09 
A- E US d lSu 

CUAST TO 4TH SRAK!Nb GATt 

MAD - 2 3 u 1 L.~ 17 3 22 10 16.:l 3 - l.:>L 41 37 - 34 2uloo 173 23 40 163 3 - 132 41 37 - ;)it 213103 
x - v us~ - c:> 

GDS - 28 J i ZS 173 ,, 10 164 3 94 10 20 80 21464'1 173 23 40 164 3 94 10 20 l"J 214761 
X- Y USi:l- 8 .> 

L '--'" .._/ _,/ 



\, 

J 

VEHI CLE ? KAJi-\K. f AULi: 

To<Al-Kl;,_, Tl l~t. 5JAJ1UN AL~ul~lT1wN OATA STATIO~ T(RMlNATluN UATA 

t1K~ 1~l 1 'i ::>c:\... hi< S Ml 1~ Sl:C RA Ot:C Al l:LV /( y kAM,t HkS MIN SEC RA UEC Al l::LV /( y kAr.GI: 

''1 IL-71 u J. L9 173 ,_2_ lu lo'> J 114 41 46 - 17 2.13174 in 2.> 40 104 3 Ll4 42 4<> - lti 2.Uull9 
X- Y us~- 3 U 

tllJA - 0 2 u l L-i 173 i2 10 164 3 l.>.> 51 31 - 20 2.l.d7il lB 2j 40 164 3 U4 51 30 - Lo LlLb9d 
X- Y UStl - 30 

CYl - 04 u J. L9 173 a 10 lo.:> .:) - 1..D ~1 - 2.4 - 2.3 212557 173 23 40 1C3 3 - 135 51 - 25 - 23 2.12493 
x- v us~- 3o 

ACl\J- 7 5 u l 2.'i 173 22. 10 lo-> 4 - 65 o4 - 24 ll 2iL37U j_7;j 2:) 4C 163 3 - 6'.> 63 - 2.4 l.l 212. .307 
X- Y U5 i3- 3U 

T EX - 16 u l L.9 173 L.2. 10 164 j luL 27 62 - 11 2btl5o 173 23 40 164 3 102 28 62 - u 213 lbd 
X- Y US '3- 3U 

STN-'.)0 0 l 29 173 2.2 10 lb'> 3 '>l 5 85 -1 21.:.>lU'il 173 23 '>0 164 3 ':11 (> 84 - 1 . LlSU.20 
A- E US~l50 

3RD BKAK1NG MANEU~l::R * 

MAD- 23 u u 4 17 3 23 40 163 j - 1.>2 41 37 - 34 2blll3 173 23 44 163 3 - 132 41 37 - :>4 21.HOO 
0\ 

X- Y USB - 3:.> I ..,... 
Vl 

GOS - 23 l) u 4 173 23 4U 164 3 9Lo 10 20 79 214761 173 23 44 164 3 94 10 20 79 "'14750 
X- Y USH - 3S 

:'I IL - 7 1 u u 4 173 L.3 40 164 3 114 42 4o - 18 213089 17.:> 23 44 164 3 114 42 4o - lis ..:13085 
X- Y US J - 3u 

rlUA - 02 u J 4 173 L3 4u 164 ..:> D<t 51 3U ~26 2.12o9d 173 23 4'> 164 3 134 51 30 - ..:6 2l2.b94 
X- Y lJS tl - 3U 



VEHICLt= 2 l<.AuAk fAdlE. 

TKALK!1~G TlMt STATluN ALUUIS111LN uATA STATIUN TEKMINAlluN DATA 

Hk::, M 11\ St:l: HRS Ml•~ SEL KA Ut:L Al t:LV x y kANGE HRS MIN Sl::C RA Dl::C Al ELV x y KAN GE 

CY 1- 04 u u 4 173 LCi 4U 16j 3 - Lb 57 - 25 - 23 21L493 173 23 44 163 3 - 135 57 -25 - 23 Ll.2.490 
X- Y UStl - 30 

AC"l - 75 ll u 4 173 h 40 163 3 - b5 63 - 24 11 .<'.:12307 173 L3 44 163 3 . - 65 63 -25 11 d.2.304 
X- Y USB - 30 

T EX - 16 0 u 4 173 n 40 lo4 3 lOL 28 62 - 11 2U7uo 17.i L3 44 164 3 102 2 8 62 - u .zn 7o3 
X- Y USB- 30 

STN - 00 \,) () 4 173 .d 40 l6'o 3 'Jl 0 84 - 1 .d'.:>O ... O 17.;; .:3 44 164 3 91 b 84 - 1 Ll50lo 
A- E USB15u 

COAS T TU 5TH bRAKINu uATI:: 

MAD- 23 0 l 15 173 23 44 163 3 - U2 41 37 - 34 2L:HUU 173 24 59 163 3 - 131 41 37 - 35 Ll3049 
X- Y USB- 85 

GDS - 28 u l 15 173 23 44 164 3 94 10 20 79 214 750 173 24 59 164 3 94 10 21 79 214083 
X- Y USB- l:l5 

MIL - 71 u l 15 173 23 44 164 3 114 42 46 - lB 2130d5 173 24 ::>9 164 3 114 42 46 -ld 2.13015 
X- Y USB - 3ll (J'\ 

I 

BOA - 02 ll l 15 173 23 44 lo4 3 134 51 30 - 26 212694 J.73 24 59 164 3 134 51 30 - Lo 21262.8 
.i::-
(J'\ 

X- Y USB -3U 

CY 1- 0't u l 15 173 23 44 163 3 - 135 57 - 25 - 23 21L49U 173 24 59 163 3 - 134 51 -25 - 2.3 2.12~37 
X-Y USB- 30 

ACN- 75 ll 1 15 17 3 L3 44 16.;; 3 - 65 63 - 25 11. LL<: .;;u4 173 24 59 163 3 - 06 63 - 25 11 Ll2251 
X- Y USB - 30 

(_ 
'--' .._/ 



(_ 
"'--

VEHICLE 2 KAUAk l"At:LE 

T t<ALK l 1>1G Tl Mt STATION AC'-iUISllICN DATA 

Hk .:> M {,~ St:l. HR S MIN StC· RA DtC Al tlV x Y kANGt: 

TEX - 16 u L L ::> 173 .23 44 164 3 102 28 62 - 11 21~7o3 
X- Y US .8- 3U 

STN - 00 0 l 15 173 23 44 164 3 91 b 84 - 1 215016 
A- E USB150 

4TH bRAKING MAN EUVER 

MAD- 23 u u 4 173 24 59 163 3 - 131 41 37 - 35 213049 
X- Y USB - 8~ 

GDS-28 o u 4 173 24 59 16<+ 3 ~4 10 21 79 214083 
X- Y USFl - 8 S 

MIL - 71 u u 4 173 24 59 164 3 li<t 42 46 - 18 21301 ~ 
X- Y USB-3 0 

BDA - 02 \J 0 4 173 24 59 164 3 134 51 30 - 26 21 2628 
X- Y USB-3 0 

CY 1- 04 0 0 4 173 24 59 16.:> 3 - U4 57 - 25 - 23 212437 
X'-Y USB - 30 

ACN - 7 5 0 0 4 17 3 24 59 163 3 - 06 63 - 25 11 212251 
X- Y USB- 30 

TEX - 16 0 u 4 173 24 59 164 3 102 28 61 - 1 1 213690 
X- Y USB- 30 

STN- 00 u :.) 4 173 24 :;9 164 3 91 6 84 - 1 21494<: 
A- i: US!:ll 50 

__/ ..__/ 

STATION TERMINATlON DATA 

HRS MIN SEC RA DEC Al H V x Y RANGE 

173 24 59 164 3 102 28 61 - 11 213690 

173 24 59 164 3 91 6 84 - 1. 214942 

173 25 4 163 3 - 131 41 37 - 35 213046 

173 2 5 4 164 3 94 10 21 79 214679 

173 25 4 164 3 114 42 46 - ld 213011 

173 25 4 164 3 134 51 30 -20·212624 

173 25 4 163 3 - 134 51 - 25 - 23 212434 

173 25 4 163 3 - 66 63 - 25 11 212,2't9 

173 2.5 4 164 3 102 28 61 - 11 213686 

.LB 25 4 164 3 91 6 84 - 1 214938 

()"\ 
I 
+:""" 
-.:i --.. _ -



COAST HJ OCCKING 

VEHICLE 2 kAUAK TA8U: 

T k.At:IU NG T !Mt STArIUN ACwUISlllUN DATA STATION TERMINATION OATA 

Hk::> M1N SH. HRS .MIN si:c RA U£C AZ ELV )( y RANl.t HRS MIN Ste; RA DEC AZ ELV )( y RANl>E 

MAD - 23 0 4 ,.'.) 173 25 4 163 3 -Ul 41 37 - 35 213046 113 29 27 163 3 - 130 40 37 - 3o 212882 
X- Y USB - 8:; 

GDS-28 0 4 23 173 25 4 164 3 94 10 21 79 214679 173 29 2.1 164 3 95 11 22 78 2.14436 
X- Y USB - 8'.) 

M ll - 7 l () 4 23 173 25 4 164 3 114 42 46 - 18 213011 173 29 21 164 3 115 43 44 -18 l.12782 
X- Y USB- 3u 

BOA- 02 0 4 23 173 25 4 164 3 J.34 51 30 -26 2 lLo24 173 29 21 164 3 136 52 29 - 26 212409 
X- Y USB- 30 

CYl-04 0 4 23 173 25 4 163 3 - 1J4 51 -25 -23 212434 173 2.9 21 163 3 - 133 56 -26 ·- 22 212204 
X- Y USB - 30 

ACN - 75 0 4 2.3 173 25. 4 163 3 - ob 63 - 25 11 212249 173 29 21 163 3 - 01 62 -26 11 212081 
X- Y USB-3 0 

CJ\ 

TEX - 16 0 4 .::3 173 25 4 164 3 102 28 61 -11 213680 173 29 21 164 3 103 29 60 - H 2134~6 
1 . 
.+:;-

X- Y USB-3 0 ~ 

STN-00 0 4 .::3 173 25 4 164 3 91 6 84 -1 214938 173 29 27 164 3 92 1 83 -2 211.697 
A-E USB150 

~ ,J __) 



l ......__,., 

TABLE 6.:1".- MI SSION RADAR TIMELINE - Continued 

(g) CSM acquisition and termination - 3° minimum elevation 

16 APR 72 tOl TU Tll LAL 72.l 

VEHICLE l KAI.JAR TAilLE 

TKALKIN.; rtME STATION ACQUlSITION DATA 

rlk!> MIN St<. I.JAY HRS MIN SEC RA OtC Al ELV x Y KANGE 

SHIP 1 0 L 5<; 0 C ll 57 -53 ol -25 10 - 66 63 39!> 

CYl - 04 u :> .<:.l 0 0 17 2ti 7 lo - 7 3 3 - 81 16 644 

CR0-08 0 j 31 0 0 :>3 17 131 - 42 - 135 3 - 86 - 45 630 

HSK-2 5 u j :; 4 0 1 0 28 - 150 17 - 66 3 - 83 - 66 627 

TEX - 16 0 5 lo 0 31 45 - 47 0 - 92 3 - 87 -2 641 

MIL - 71 u 5 2 0 1 35 39 - 39 lo - 73 3 - 87 17 040 

BDA - 02 0 :> 25 u l 39 2 - lo o - 85 3 - 87 5 640 

SHIP l u 5 10 0 l 42 50 - l L Lil - oO 3 - 87 30 640 

CYI - 04 0 L 36 0 1 51 4 :>4 -,5 - 120 3 - 87 -30 639 

CR0- 08 0 4 12 0 2 25 52 152 - 44 - 138 3 - 86 - 48 630 

16 APR 72 ILl JO LOI LAL 72. l 

HAW- 12 l3 LS l 7 0 2 43 49 - 69 - 41 - 137 3 -86 - 47 1844 

STN-00 ll Ll 46 0 2 49 50 -3 7 - 18 - 116 3 -81 -26 3184 

GDS -2 8 10 52 5 0 2 SC 30 - 37 - 14 -109 3 81 -71 3334 

MAR-95 lU 33 46 0 2 51 8 -34 - J.l - 110 b -84 - 19 3300 

TEX- 16 9 l 59 0 2 54 18 -28 3 - b9 3 - 87 l 4164 

MIL -71 1 45 41 0 2 59 11 - 14 10 - 81 3 -87 9 H92 

8DA- 02 6 3d 37 0 3 5 1 0 13 - 7o 3 -87 14 6391 

SHIP 1 j4 48 0 3 l!> 36 lo ..c.L - oil 3 - 87 22 8378 

GWM-2 4 13 4 18 0 6 37 52 92 jQ oO 3 81 30 34244 

HSK -25 d 16 49 0 9 l 12 96 .H 46 3 -86 46 't 7380 

CR0-08 9 3d L7 0 10 46 19 9<.J 31 54 3 86 36 5:>dl8 

MAD- 2 3 14 .:id 23 0 16 17 17 104 25 59 3 - 84 58 7d431 

..._../' 

STATION TERMINAJION DATA 

DAY HRS MIN SEC RA DEC Al ELV x Y kANGE 

0 u 14 56 171 29 59 3 86 .H 645 

0 0 22 49 ·179 - 19 114 3 87 -L3 638· 

0 0 56 48 -5 - 46 141 3 85 -5 1 630 

0 l 4 22 -38 42 31 3 -87 30 6.2!:> 

0 l 37 1 141 25 63 3 87 .27 646 

0 1 40 41 158 24 o4 3 87 26 647 

0 l 44 26 160 -3 95 3 87 - 5 6"95 

0 l 48 0 180 3 88 3 87 .<:. 64.2 

0 l 53 40 124 -59 - 179 3 -22 - 87 633 

0 2 30 3 4 -25 116 3 87 - 26 628 

0 lo 9 6 99 26 - o3 3 - 87 Z1 179.2.2 

0 14 11 36 97 26 - 59 3 -8 7 31 70410 

0 13 42 35 97 26 - 60 3 -84 -60 68471 

0 l3 Zit 54 96 26 -62 6 - 83 28 67092 

0 11 56 18 94 27 - 61 3 - 87 29 61041 

0 10 44 52 92 27 - 61 3 - 87 29 55717 

0 9 43 44 'iO 27 -60 3 - 87 30 50903 

0 5 10 24 69 30 - 68 27 - 61 19 23398 

0 19 42 10 101 26 - 64 3 - 87 26 90405 

0 17 18 l 100 2 9 -51 3 - 85 - 51 8209ti 

0 20 24 46 102 .27 -58 3 - 86 3.:: 92747 

l 6 55 41 107 24 - 61 3 -84 -6 1 J.23250 

0\ 
I 
~ 

\0 



VEHICLE l H.AUAH. TAtlli:: 

TKAl..1<.lNG THH: STATION ACQUlS!TlGN DATA 

Hk::> MlN SfC CAY HR S MIN SEC RA Oh. Al HV x Y HANGE 

CYI-04 lj ltl 19 0 17 41 10 10:> LO o2 3 87 28 83481 

ACN-7 5 11 0 47 0 l 8 53 19 l Ou L 1 62 3 87 28 87653 

~OA -02 13 45 4C 0 20 53 29 106 25 o2 3 87 28 94313 

M ll - 71 u 25 57 0 22 9 14 107 .<:S ()J 3 87 27 98.HO 

TEX - 16 13 20 56 0 23 19 56 107 2 5 63 3 87 27 101967 

GOS - 28 13 jg 'tb l 0 20 44 lOu 25 o2 3 - 84 61 105016 

STN-00 14 7 2.1 l 0 36 47 108 .£5 61 3 87 29 105808 

MAR - 95 i::, n 39 l 0 37 33 lOd 25 64 6 83 26 105660 

HAW - 12 12 54 2 1 3 47 ll 109 25 64 3 87 25 ll't858 

GWM-24 u 18 6 l 7 51 2 llu .<:5 65 3 87 25 1256l't 

HSK - 2 5 8 43 l.; l 9 23 33 110 LO 55 3 - 85 55 129472 

CR0-08 9 40 J.4 l 11 14 4 l ll LS bO 3 87 30 U3951 

PKS-96 l 4d 51 l 12 53 18 110. 26 14 30 23 57 136316 

MA0- 23 l't J.O 5o 16 54 43 112 23 6.;(. 3 - 84 62 14689't 

CYl-04 l.; 10 6 l 18 11 42 112 23 o5 3 87 25 149652 

ACN- 75 10 59 32 l 19 13 24 112 .£4 65 3 87 25 151817 

BOA-02 13 L'i 2.1 21 20 U 112 L.J 64 3 87 26 15617& 

Mll - 71 13 J.l 59 l 22 33 31 11.; 23 6j 3 87 25 l 5d631 

TEX - 16 u 1 54 23 42 37 113 l3 65 3 87 25 160905 

GOS-2 8 13 'tU 't4 2 0 44 6 113 23 b4 3 -83 64 162896 

MAR-95 U 8 L9 2 l 0 27 lU 23 66 6 83 2't 163239 

S TN-0 0 13 50 49 2 l 0 30 113 23 63 3 87 27 103421 

(__ (__ 
"-../ 

STATION TERM1NATION OATA 

OAY HRS MIN SEC RA DEC AL Elll x Y !(ANGE 

l 7 9 29 107 24 - 64 3 - 87 26 1238't3 

l 5 54 5 106 25 - 64 3 - 87 26 120560 

l 10 39 9 108 24 - 64 3 - 87 26 132561 

l ll 35 12 108 24 - 6't 3 - 81 2.b 134 79ll 

l 12 40 52 108 24 - 65 3 -87 25 137374 

l 14 17 30 ·109 24 - 63 3 - 83 - 63 141078 

l 14 44 14 109 23 - 63 3 - 81 ~1 142085 

l 14 l 12 109 24 - 65 6 - 83 25 140280 

l 16 41 13 109 24 - 66 3 - 87 24 146402 

l 20 9 8 110 24 - 66 3 - 87 24 15.3752 

1 J.8 6 45 110 25 -56 3 -8!> -!>6 149467 

l .d 0 18 110 24 - 61 3 - 87 29 155496 

l 14 42 8 110 25 - 15 30 -24 57 140463 

2 7 5 4C 112 22 - 63 3 - 83 - 63 174624 

2 7 21 48 112 23 - 66 3 -81 24 175097 

2 6 12 55 111 23 - 66 3 - 81 24 173057 

2 10 4S 40 112 22 - 65 3 - 87 25 181240 

2 11 45 30 112 22 -66 3 - 87 2't 182717 

2 12 50 31 112 22 -66 3 - 87 24 184474 

2 14 24 50 113 22 - 65 3 - 83 - 65 187008 

2 14 8 56 113 22 -67 b -83 23 186404 

2 14 51 19 113 22 - 64 3 - 81 26 187744 

__./ 

0\ 
I 

\J1 
0 

' 



l ...__.., 

VEHICLE l KAUAR T AtiLE 

TKACll.1Nb T!ME SJATION ALQU1SIT1LN DATA 

HRS MIN StC CAY HRS MIN SEC RA DtC Al HV x Y RANbE 

HAW-12 12. 44 57 2 4 4 48 113 L3 b6 3 87 24 169191 

GWM- 24 lL lL .:S3 2 8 4 32 114 2.3 67 3 87 2 3 176342 

HSK-2 5 ti :>:> 14 2 s 27 16 114 2.4 :>ti 3 -84 S8 178719 

CR0 - 08 9 :>l 14 ;c. ll 20 22 114 2.4 62 3 87 28 181976 

PKS - 96 L <tL 7 2 12 36 52 114 24 22. 30 32 54 182548 

MA0- 23 9 HI 5 2 l 7 7 43 115 LL o.:S 3 -83 63 l9l3S5 

CYl-04 7 55 38 2 18 2.2 9 11;, 22 ob 3 87 24 193304 

ACN- 75 6 :>d 22 2 19 19 25 llj 23 66 3 87 24 194799 

BOA-02 4 4d 2.7 2 21 2.9 9 11:> LL ob 3 87 24 198llb 

Mll - 71 .:S 36 23 2 22 41 lO 115 ;a 66 3 87 24 199996 

TEX - 16 L 2.1 41 2 23 49 so 115 2.2 67 3 87 23 20Ull6 

GOS-28 l 2.o 45 3 c 50 46 115 2.2 oS 3 -83 65 203429 

MAR-95 1 10 58 3 1 6 32 llS 2.2 67 6 84 23 203679 

STN-00 l 10 34 3 1 6 57 115 22 o4 3 87 25 203869 

16 APR 72 LU TO DOI LAZ 72.1 

GOS-28 l 2.4 4U 3 2 50 11 114 22 81 27 - 17 62 203992. 

STN-00 1 2.4 .:;a 3 2 so 12 114 22 79 23 67 10 204201 

MAR -95 l L't 31 3 2 so 12 114 2.2 81 27 63 8 203990 

TEX-16 l L4 41 3 2 50 14 114 LL . d4 43 47 4 203222 

Mll -7 1 1 2.4 39 3 2 SO 19 114 L.L 93 58 32 -1 202650 

BOA-02 1 2.4 40 3 2 50 23 114 L2 116 70 18 -8 202314 

CYl-04 l 2.4 38 3 2. 50 38 11.:S 2.2 - 94 62 -28 -2 202512 

MA0 -23 1 2.4 .H 3 2 50 39 11.:S 22 - 104 50 12 - 38 202d97 

__/ ___,,, 

SlATION JERMiNATlON DATA 

OAY HRS MIN SEC RA DEC AZ C:LV x Y RANGt 

2 16 49 44 113 22 - o7 3 - 81 23 190897 

2 20 17 s 113 22 - 68 3 - 87 2.2 19630S 

2 18 22 29 113 23 - 58 3 - 84 -:>8 193302 

2 21 11 35 113 23 - 63 3 - 87 27 197662 

2 l:> 18 59 113 24 - 22 30 - 33 53 186952 

3 2. 17 48 ·113 22 - 112 56 14 - 31 2.03079· 

3 2 l.7 47 113 22 - 100 69 -20 - 3 202.728 

3 2 17 47 113 23 - 36 51 - 25 30 L032.44 

3 2 17 36 114 2.2 lOS 64 lb -1 2.02860 

3 2. 17 34 114 22 69 50 40 1 2.03298 

3 2 11 31 114 22 81 35 55 7 "03948 
0\ 
I 

3 2 17 31 114 22 11 20 - 32 00 204 740 \ . ..'l 
f-' 

3 2 17 31 114 22 11 20 69 13 L04 740 

3 2 17 31 114 22. 15 16 73 15 204947 

3 4 14 Sl 115 22 92 43 2 47 2032.H 

3 4 14 so 115 22 91 39 51 0 ~03433 

3 4 14 50 115 22 92 43 47 -2 203237 

3 4 14 55 115 22 93 60 30 -2 202607 

3 4 14 58 115 22 111 7S 14 - 5 L022.83 

3 4 15 3 115 22 - 175 80 - 1 -10 202223 

3 4 15 lo 114 22 - 8s 44 - 4o 3 L03224 

.;) 4 15 17 114 22 -90 3;, 0 -5.:> "03642 



VEHICLE RAiJAi( lAlllE 

TKAL.K!i~G T lME STAJION AC~U1SlT1LN DATA 

HK5 MIN StC DAY HRS .MIN SEC RA DEC Al ELI/ x Y KANGE 

ACN- 7 5 l 24 36 3 2 :.o 43 113 23 - 45 46 -34 30 203053 

HAW - 12 0 3 28 3 4 11 17 llo 22 u8 3 87 22 205200 

HAW- 12 l L4 4o 3 4 58 33 llo ,2 71 13 76 18 2050.t!.U 

STN-0 0 1 24 48 3 4 58 39 115 .t!.2 91l 48 42 -5 2U3285 

MAR-95 1 t!.4 49 3 4 58 40 11'.> LL 100 52 37 - 6 203109 

GDS-28 J. t!.4 4'J 3 4 Sd 41 115 LL 100 52 7 37 2U3101 

TEX-16 1 L4 52 3 4 58 4o 11 5 LL 102 70 19 - 4 202590 

MIL - 71 l 24 52 3 4 58 so 115 2.t!. 150 83 4 - 6 202414 

BDA-02 l 24 ::iO 3 4 58 54 114 22 - 130 75 - 12 - 10 202499 

MAD-23 l L'f 4o 3 4 59 4 114 22 - 83 26 - 14 -63 204276 

CYl-04 l 2.4 45 3 4 59 a 114 2L - 81 34 - 56 1 203878 

ACN- 75 1 24 43 3 4 59 9 114 L2 - 62 21 - 67 26 204561 

16 APR 72 DCl TO SEP LAZ 72.1 

HAW - 12 l 'j 10 3 7 10 47 117 22 80 42 47 7 203535 

GDS-28 l 'j 1.t!. 3 7 10 57 llo 22 149 74 13 8 202531 

MAR- 9 5 l 5 J.3 3 1 lo 58 llo 22 150 74 8 - 13 202532 

STN-00 1 '.> lL 3 7 10 59 llo L2 139 70 13 - 15 202600 

TEX- 16 l s 13 3 7 ll 7 llo 22 - 117 78 -11 - 5 202473 

MIL - 71 l s 14 3 7 ll 10 115 2.t!. - 98 63 - 26 - 4 202753 

BDA - 0 2 1 5 15 3 1 11 13 115 22 - 'J4 49 - 41 - 2 203222 

CYl - 04 () 17 18 3 7 11 22 11'.> .t!.l - 69 6 - 83 21 205419 

GWM-24 1 5 19 3 9 4 40 llil Ll 71 14 75 19 205207 

HAW- 12 l 5 .d 3 ., 4 51 117 L2 ll7 68 22 l 202911 

(_ (_ ......_, 

STATION TERMINATION DATA 

DAY HkS MIN SEC RA DEC Al Ell/ x 't RANGE 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 15 19 114 23 - 58 30 -55 21 203855 

4 14 45 116 22 08 4 86 22 205347 

0 23 18 117 22 11 31 58 11 204086 

6 23 27 116 22 118 o3 25 - 12 202830 

6 23 29 116 22 122 67 19 - 12 202713 

6 23 30 "116 22 122 67 · 12 19 202713 

6 23 37 116 22 173 84 l - 6 2024 78 

6 23 42 116 22 - 111 74 - 15 - 6 202605 

6 23 45 116 22 - 102 59 - 30 - 6 202949 

6 23 50 115 21 -71 11 -5 8 - 68 205224 

6 23 51 115 22 -74 17 - 73 15 204916 

6 23 52 115 22 - 67 3 - 87 LJ 205707 

8 15 57 118 22 84 56 34 3 203210 

8 16 9 117 21 - 154 75 14 - 7 202763 

8 lo lo 117 21 - 155 75 - 7 - 14 202105 

8 16 11 117 21 - 175 74 - 2 -lo 202779 

8 16 19 117 22 - 98 65 - LS - 3 202975 

8 16 23 116 21 - 90 50 - 40 0 l03455 

8 16 2 B 116 21 - 80 36 - 54 3 204059 

7 2a 40 115 21 - o7 3 - 87 23 20'9>807 

3 10 9 59 119 21 73 28 61 15 204703 

3 10 10 12 118 21 94 82 8 - 1 L02933 

0\ 
I 

\Jl 
[\) 

_./ _/ 



~ 

VEHICLE RAtJ Art TABLE 

TRACKING TIME STATION ACQUISITION DATA 

HRS MIN StC DAY HRS HIN SEC RA LJE(; Al ELV x Y KANGt 

GDS-28 l 5 Ll 3 9 4 60 117 21 - 124 68 13 - 18 202899 

MAR - 95 l 5 Ll 3 s 5 0 111 £1 - 124 68 -19 - 12 202900 

STN-00 J. 5 18 3 9 5 1 117 21 - 139 70 -14 - 15 20285& 

TEX- 16 J. j 21 3 9 5 5 116 21 - 91 54 -36 - 1 203301 

Mll - 71 l 5 2G 3 9 5 9 llo 21 - 85 39 -5 1 4 203905 

BDA-02 J. 5 18 3 9 5 10 116 21 - dO 26 -64 9 204574 

HSK-2 5 0 35 50 3 9 34 13 lld 22 60 3 - 84 60 204804 

GWM- 24 l 5 33 3 lC 58 23 119 21 73 39 49 13 204171 

HSK-25 l 5 22 3 10 5& 37 119 22 46 17 -67 44 205355 

HAW- 12 l 5 28 3 10 58 45 118 21 - 102 86 -4 - 1 202924 

STN- 00 l 5 18 3 lC 59 l 118 Ll - 10~ 50 -39 -8 203686 

HAR- 95 l 5 18 3 10 59 l 111 21 - 96 46 -43 - 4 203841 

GDS-2B l 5 16 3 10 59 4 117 21 - 96 46 6 - 43 2 03839 

TEX- 16 l 5 22 3 lC 59 4 117 21 - 80 29 -60 9 204639 

BDA- 02 0 0 57 3 10 59 5 117 .21 -67 3 - 87 23 200126 

HIL- 71 l 1 30 3 1C 59 12 111 21 -74 15 -74 15 205421 

CR0-0 8 0 31 l 3 11 32 48 120 22 64 3 87 25 205069 

CR0- 08 l 5 14 3 12 52 50 120 22 54 18 68 34 205480 

PKS-9 6 l 5 25 3 12 52 55 119 22 .2.3 32 32 52 204760 

GWM - 24 l 5 22 3 12 52 55 120 Ll 08 65 23 9 203403 

HSK-25 l 5 d 3 12 52 58 119 22 L.2. 29 -59 19 204869 

HAW - 12 l 5 24 3 12 53 10 119 21 - 80 60 -30 2 203585 

___,,, 

STATION TERHiNATION DATA 

DAY HRS HIN SEC RA DEC Al ELV x ¥ H.ANGt: 

3 10 10 21 118 21 - 106 56 10 - 32 203470 

3 10 10 21 118 21 - 106 56 -33 - 9 L03476 

3 10 10 19 118 21 - 114 60 -28 - 12 203369 

3 10 10 25 117 21 - 85 40 -50 4 20411& 

3 10 10 28 117 21 - 79 26 -64 10 204848 

3 10 10 28 117 21 - 73 13 - 76 16 205557' 

3 10 10 3 119 22 55 9 -75 54 205779 

3 12 3 56 120 21 72 54 35 10 203189 

3 12 3 60 120 22 34 25 -6 1 30 205107 

3 12 4 13 119 21 - 90 72 - 18 0 203311 

3 12 4 19 119 21 -92 38 -52 - 1 204454 

3 12 4 19 118 21 - 87 34 -56 2 204662 

3 12 4 20 118 21 - 87 34 - 4 -56 204664 

3 12 ·4 26 118 21 - 75 lb - 73 15 205628 

3 11 0 2 117 21 - 67 3 - 87 23 206087 

3 12 0 42 118 21 - 68 3 -87 ZL 206194 

3 12 3 49 120 22 61 9 80 29 206004 

3 13 58 4 121 21 4lt 29 51 39 205119 

3 13 58 21 120 22 0 35 9 5lt 204827 

3 13 58 17 120 21 lt8 78 9 8 ~03459 

3 13 58 19 120 22 5 33 - 57 ·4 20lt950 

3 13 58 33 120 21 -b3 46 - 44 5 204362 

(j\ 
I 

\.J1 
w 



VEHICLE KAliAR TABLE 

T R Al. 11.l ;~ G T UH: 

HK!> MIN Sec 

STN-00 5 LL 

MAR - 95 1 5 20 

TEX - 16 0 1L LB 

GDS - 28 5 18 

CR0- 08 1 5 i.3 

GWM - 24 .i. 5 L4 

HSK-25 1 5 2.6 

PKS-96 .i. 5 2.4 

STN- 00 LI 20 38 

HAW - 12 1 ) LB 

CR0- 08 1 5 12 

GWM-24 l 5 1.1. 

HSK-25 l 5 9 

HAW - 12 0 :iL 30 

MAD- 2 3 1 5 20 

CRD-08 l 5 LZ 

GWM- 24 l 5 20 

HSK - 25 0 L9 22 

CYI - 04 0 40 50 

CYI - 04 l 5 28 

ACN-75 l ) 2.7 

MAD-23 l ::> LB 

STATION ACUUlSlTtLN DATA 

DAY HRS t'.lt• Sf:C RA DtC Al HV x Y RANbt 

3 12 53 11 lld 2.i. - b5 28 -62 5 204937 

3 12 53 14 llB Ll - bl 24 - 66 8 205177 

3 12 53 14 llb 21 - 70 6 - 84 20 20622J 

3 12 53 16 118 21 - 81 24 - 20 - 65 205177 

3 14 46 40 121 L.i. 33 36 37 43 204794 

3 14 46 48 120 Ll - L2 82 - 3 8 203436 

3 14 46 49 120 LL - 8 32 -57 - 7 204970 

3 14 4o 50 120 22 - a 35 - 11 54 204838 

3 14 46 55 119 20 - 10 1 - 83 20 200414 

3 14 46 55 119 21 -80 35 -55 9 204858 

3 16 41 3 121 Ll 0 44 0 46 204070 

3 16 41 15 12.l Ll - 12 59 -30 9 204107 

3 16 41 15 121 21 - 36 24 -61 - 33 205641 

3 16 41 18 12U 20 - 72 10 - 80 18 200462 

3 18 34 41 123 20 74 12 -5~ 70 206630 

3 18 35 2 122. LL - 33 37 -36 42 205230 

3 18 35 9 121 20 - 74 33 -56 13 205415 

3 18 35 10 122. .d - 51 8 - 76 -57 206a20 

3 18 59 1 124 Lo 69 3 87 21 206106 

3 20 28 19 124 19 19 21 68 11 206318 

3 20 28 LO 124 LO o7 12 77 22 206867 

3 20 2B 2L 124 19 91 32 2 58 205748 

"'-__.-' 

STATION TtRt'.INATILN UATA 

DAY HK!> MIN SEC RA DEC Al tl'v x Y RAMiE 

3 13 58 34 120 20 - 1b lb - 74 13 205881 

3 13 58 35 119 20 - 73 11 -78 17 20615£ 

3 13 5 43 118 21 - 68 3 - 87 LZ 20574b 

3 13 58 35 119 20 - 73 11 - 55 - 70 206154 

.> 15 52 4 122 21 16 42 17 45 204734 

3 15 52 12 ·121 21 - b5 71 - 18 8 .203B28 

3 15 52 15 121 21 - 25 29 - 59 - 21 205377 

3 15 52 14 121 21 - 25 32 - 34 51 .205243 

3 15 7 33 120 20 - 67 3 - 87 23 205102 

3 15 52 23 120 20 - 76 21 - 69 13 205843 

3 J.7 46 1 5 122 21 -19 42 -20 45 205 001 

3 17 46 25 122 20 - 75 45 -44 u 204888 

j J. 7 46 24 122 21 - 49 16 -67 - 47 206.;,61 

3 17 13 48 121 20 -70 3 - 87 20 205801 

3 19 40 1 124 19 83 23 - 15 oo L0o202 

3 19 40 24 123 20 - 47 28 - 54 37 205922 

3 J.9 40 29 123 20 -73 19 -70 lo 200445 

3 19 4 32 122 21 -62 3 - 84 -bl 206028 

3 19 39 57 124 lS 74 11 79 lo 20687B 

3 21 33 48 125 19 8~ 35 5~ 4 205799 

3 21 33 46 125 20 63 26 62 24 206263 

3 2i 33 50 125 19 102 44 13 45 205397 

O'I 
I 

V1 ..,,... 
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VEHICLE 1 KAuAK TABLE 

TRACl'.J.NC. TIME STATION ACQUISITIGN DATA 

HK$ MIN SEC CAY HRS 1'111\o StC RA UtC Al ELV x Y KANGE 

GWM-24 0 19 32 3 2C 29 12 122 20 - 71 7 -82 18 207096 

CR0- 08 1 5 10 3 2C 29 13 123 20 -:is 19 - 67 33 206383 

BDA- 02 l 5 10 3 22 22 44 125 19 70 4 85 20 207529 

ACN- 75 l 5 16 3 22 22 50 125 20 58 37 49 25 205749 

MA0-2 3 l !> 2..:. 3 22 22 51 12!> 19 114 53 17 34 205072 

CYI-04 l !> 17 3 22 22 51 12.::> 19 90 40 44 0 205334 

16 AP!{ 72 SEP TU CIR lAl 72.J. 

MIL - 71 l 5 17 4 0 lb 33 120 19 75 13 77 14 207290 

BDA-02 l 5 17 4 0 lb 36 120 19 84 27 63 5 206481 

MA0-2 3 1 5 23 4 C 16 44 120 19 lbO 67 21 8 204878 

CYI - 04 l 5 17 4 c 16 45 120 19 112 70 19 -7 204821 

ACN-75 l 5 2C 4 c 16 4b 126 20 33 57 20 27 205161 

TEX-16 0 41 25 4 0 40 23 127 19 71 3 87 19 206844 

lb APR 72 (;IR TO PCl lAl 72.l 

GOS-28, 1 11 :>9 4 2 8 43 121 ld 72 7 -08 71 2 07998 

TEX- 16 l .ll :>8 4 2 8 43 127 19 80 21 68 10 207164 

STN-00 l 11 55 4 2 8 43 127 18 70 4 86 20 208200 

MAR-9 5 l 11 58 4 2 8 45 127 18 72 7 83 17 207996 

Mll-71 l 12 0 4 2 8 47 127 19 . 87 36 54 2 206386 

BOA- 02 l 12 0 4 2 8 51 127 19 100 50 40 -6 20518b 

CYI-04 l .ll 57 4 2 9 5 126 19 - 140 78 -8 -9 205047 

ACN-75 l 11 :>9 4 2 9 1 126 19 - 18 61 -10 27 205390 

MA0-23 l 11 56 4 2 9 9 126 19 - 1~7 62 21 - 18 205359 

GDS-28 l 12. l3 4 4 7 15 12tl 18 tl8 30 - 3 60 20b942 

__./ _/ 

STATION TERMINATION DATA 

DAY HRS MIN SEC RA DEC Al tlll x Y RANGE 

3 20 48 44 123 20 - 71 3 - 87 19 206455 

3 21 34 23 124 20 - 64 8 - 81 26 207318 

3 23 21 54 126 19 78 17 73 11 207007 

3 23 28 6 126 20 47 49 33 26 205425 

3 23 28 13 126 19 135 62 2 0 19 204987 

3 23 28 8 '126 19 99 59 30 - 5 2050b5' 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

l 21 50 127 19 82 26 64 7 206740 

l 21 53 127 19 92 40 50 -2 206042 

l 22 1 121 19 - 162 67 22 - 1 205096 

l 22 2 127 19 156 80 4 - 9 204878 

1 22 b 127 19 

l 21 48 128 19 

3 20 42 128 18 

3 20 ~o 128 18 

3 20 43 128 18 

3 20 43 128 18 

3 20 4 7 128 18 

6 63 
(j\ 

3 2] 205212 I 
\J1 
\J1 

75 11 79 15 207575 

82 20 -2 1 68 207297 

87 36 54 3 206460 

79 16 73 10 207519 

82 20 70 8 207298 

96 51 39 - 4 205826 

3 20 52 128 18 116 64 24 - 11 205430 

4 3 21 2 127 18 - 107 65 -24 - 7 205395 

4 3 21 7 127 19 - 44 5~ - 28 26 205780 

4 3 21 5 127 18 - 115 52 18 -3~ 205818 

4 5 19 2 8 129 18 99 44 9 46 206384 



VEHICLE KAiJAR TABLE 

TRA1..Kl1~G Tl.Mt STATION AC~ulSlTION DATA 

HK.:. M J.N StC DAY HRS MIN SE(. RA l)E(. Al HV x Y H.ANut: 

STN- 00 l 12 10 4 4 7 16 128 18 86 26 64 3 207163 

MAR- 95 l 12 11 4 4 7 16 128 lb 88 30 60 2 206941 

TEX- 16 l L2 14 4 4 7 17 128 ld 92 47 43 - 2 206155 

MIL - 71 l 12 14 4 4 7 21 128 lb 104 61 28 - 7 205643 

BDA- 02 l 12. 14 4 4 7 25 128 18 137 72 13 - 13 205390 

CYl - 04 l 1L 13 4 4 7 36 127 18 - 98 55 - 35 - 4 205834 

MAD- 23 1 12 H 4 4 7 37 127 id - 104 43 14 - 45 200294 

ACN - 75 l 12 11 4 4 7 40 127 19 - 54 44 - 40 25 206259 

HAW - 12 0 9 20 4 5 10 2 130 J.8 12 3 87 18 208053 

HAW - 12 l 11 54 4 6 5 44 130 ld 17 15 74 13 207977 

MAR - 95 l 11 co 4 6 5 51 129 18 109 53 36 - 11 206158 

GDS - 28 l 11 ::>7 4 b 5 53 129 18 108 53 13 35 206154 

STN - 00 l 11 '.>6 4 6 5 53 129 18 106 48 41 - 11 206333 

TEX- 16 l 11 :it: 4 6 5 58 129 18 118 72 16 - 9 205641 

MlL - 71 l 11 57 4 6 6 4 129 18 119 80 0 - 10 205518 

BDA- 02 1 H 60 4 t: 6 6 128 18 - 131 70 -16 - 13 205674 

MAD-23 l 11 ::>7 4 6 6 15 l2ti ld - 84 21 - 15 - 68 207641 

CYl - 04 l J.l 56 4 6 b 11 128 18 - 84 29 - 61 5 207197 

ACN- 75 l 11 ::>c 4 6 b 22 128 18 - bl 19 - 70 21 201160 

HAW- 12 l lL 15 4 8 4 8 130 Us db 42 48 3 206852 

STN- 00 l 12 17 4 8 4 14 130 18 146 67 13 - 19 20::>983 

GDS - 28 l ll lb 4 8 4 15 130 18 157 71 18 7 205891i 

(_ ....._ 

STATION TERMINATION DATA 

UAY HRS MIN SH. RA DEC Al t:LIJ x Y RANGE 

4 5 19 26 129 18 97 39 51 - b 206587 

4 5 19 27 129 18 99 44 46 - 7 206384 

4 5 19 31 129 18 104 62 28 - o 205738 

4 5 19 35 129 18 131 75 12 - 10 205453 

4 5 19 39 129 18 - 164 75 - 4 - 14 205450 

4 5 19 49 128 18 - 89 40 - 50 1 206574 

4 5 19 48 128 18 - 92 30 3 - oo 207046 

4 5 19 51 128 19 -63 29 - 58 23 207077 

4 5 19 22 130 18 73 5 85 17 208442 

4 7 17 38 131 18 82 31 59 7 207208 

4 7 17 50 130 18 130 65 20 - lo 205878 

4 1 17 50 130 18 130 65 17 19 205876 

4 1 11 50 130 18 125 60 25 - 17 206004 

4 1 i1 54 130 18 - 180 80 0 - 10 205614 

• 7 18 1 130 18 - 121 71 - 16 - 10 205753 

4 1 18 5 129 18 - 108 57 - 32 - 10 LOol3l 

4 7 18 12 129 17 - 74 d - 62 - 1L .208510 

4 1 18 14 129 17 - 11 14 - 75 12 io0152 

4 7 18 17 129 18 - 11 3 -87 19 20881! 

4 9 16 23 131 17 92 58 32 - 1 20o33't 

4 9 16 32 131 17 - lo9 69 - 4 - LO 206028 

4 9 16 31 131 17 - 153 70 18 - 9 2060l5 

__./ ~ 

CJ'\ 
I 
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c 
VEHICLE l KALJAR TABLE 

T KACK l .~G T l/olf:: 

HkS M1N SEC 

MAR - 95 l lL l3 

Mll - 71 J. lL ll 

BDA- 02 l 12 l3 

CYl - 04 LJ 5 L7 

TEX- 16 1 10 24 

GWM- 24 0 .; 1 

GWM-24 l 11 :;9 

HAW-12 1 1.:: 5 

STN-00 l lL 11 

GOS- 28 J. LL 11 

MAR-95 l J.L J.2 

TEX-16 1 12 11 

MIL-71 ll 14 

BDA- 02 l 12 11 

HSK-25 l '.) 59 

GWM-24 l 1L 4 

HSK - 25 l 11 60 

HAW-12 1 !L l 

GOS-28 1 12 2 

STN- 00 1 1l bO 

MAR-9 5 l ll l 

TEX-16 l J.2 1 

"--" 

STATION ACQUISITION DATA 

CJAY HRS MIN SEC RA OEC Al HV )( Y KANGt: 

4 8 4 18 130 18 157 71 8 -18 205898 

4 8 4 28 129 18 -106 61 -28 -8 206124 

4 8 4 29 129 18 -99 47 -43 - 6 206626 

4 8 4 35 129 17 - 73 4 -86 17 208871 

4 8 0 13 130 18 -l.29 75 -12 -9 205742 

4 9 13 4 132 17 13 3 IH l7 208866 

4 10 2 43 13<: i7 75 15 75 14 208495 

4 10 2 55 131 J.7 99 69 21 -3 206178 

4 10 3 l 131 17 -141 65 -16 -19 20b247 

4 10 3 2 130 17 -128 64 17 -20 206287 

4 10 3 2 130 17 - 129 64 -2 1 - 16 206288 

4 10 3 9 130 J.7 -97 51 -39 - 4 206b9b 

4 10 3 10 130 11 -89 36 -54 l 207338 

4 10 3 13 130 17 - 83 22 -68 6 208046 

4 10 8 51 132 ld o5 3 -83 65 208B91 

4 12 l 11 133 17 79 42 47 8 2073U 

4 12 l 18 13L J.8 47 22 -60 42 208332 

4 12 l 29 132 J.7 -12 7 82 -1 -5 206214 

4 12 l 36 131 i7 -99 42 10 -47 207309 

4 12 J. 36 131 17 -105 46 -43 -11 207146 

4 12 l 37 131 17 -99 42 -48 -7 207 309 

4 12 l 38 131 17 -83 25 -65 6 208133 

..___./ 

STATION Tf::RMiNATION DATA 

DAY HRS MIN SEC RA DEC AZ Ell/ )( Y RANGE 

4 9 16 31 131 17 - 153 70 -9 - 18 206016 

4 9 16 39 130 11 -95 46 - 44 -3 206756 

4 9 16 41 130 17 -89 32 - 58 1 207406 

4 8 10 2 129 17 - 72 3 - 81 18 208674 

4 9 16 37 130 17 - 105 61 - 28 -7 206235 

4 9 16 12 "132 17 73 4 86 17 208991 

4 11 14 42 133 17 78 31 59 10 207690 

4 11 14 60 132 17 136 83 5 -5 206069 

4 11 15 13 131 17 - 116 54 - 33 -15 206691 

4 11 15 13 131 17 - 108 51 14 - 37 206806 

4 11 15 14 131 17 -109 51 - 37 - 12 206807 

4 11 15 20 131 17 -88 36 - 54 °' l 207486 I 

4 11 15 24 131 17 -82 21 -69 8 .2082b0 

4 11 15 23 131 17 - 75 8 - 82 15 209004 

4 ll 14 50 133 18 55 14 -66 53 208608 

4 13 13 15 133 17 80 59 31 5 Z.00773 

4 13 13 18 133 17 31 31 - 55 27 207935 

4 13 13 31 133 17 -99 b1 -23 -4 206563 

4 13 13 37 132 16 - 89 28 - 2 - 62 208113 

4 13 13 36 132 16 - 93 32 - 58 -3 207892 

4 13 13 38 132 16 - 89 28 - 62 l 208113 

4 13 13 38 132 16 - 77 10 - 80 13 209103 

V1 
-:i 



VEHICLE RAi.lAR TABU: 

TKALll.J.N.:> TIME STATION AL~UlSITlGN DATA 

Hk5 Ml1~ SEC. {;AY HRS MIN StC RA UtL AZ tlV x Y KAN~f: 

Mll - 71 u 31 49 4 12 l 42 131 l7 - 77 11 -79 13 208949 

CR0 - 06 l l 8 4 12 12 3 133 17 69 3 87 21 208897 

PKS-96 U Ll 29 4 12 51 49 133 17 J8 30 47 43 2uo895 

CR0 - 06 l LL l3 4 13 59 4o 134 17 55 24 61 31 206423 

GWM - 24 l 12 15 4 13 59 49 13J 17 77 70 20 4 200022 

HSK - 25 1 lL U 4 13 59 54 133 17 19 35 - 54 15 207865 

PKS - 96 1 J.2 l3 4 13 59 54 133 17 20 37 25 48 207757 

HAW- 12 1 lL 16 4 14 0 3 13L 17 - 93 So - 34 - 2 206998 

STN-00 l 12 15 4 14 0 3 13L 16 -bb 23 -67 3 208507 

MAR-95 l 3 28 4 14 0 3 132 16 -u3 16 -72 7 208151 

GDS-28 l 1.2 14 4 14 0 4 132. 16 -83 18 -22 -71 208758 

CR0 - 08 1 ll SS 4 15 5 8 25 134 l 7 30 43 29 39 207739 

GWM-24 1 lL 4 15 58 31 134 lo - 69 81 -8 3 2u6683 

PKS - 96 l 11 5'ii 4 15 58 36 134 17 -15 39 -18 49 207910 

HSK-25 l 11 58 4 15 58 30 134 J.7 -15 36 -53 -12 208030 

HAW-12 J. 11 SS 4 15 58 43 133 lb -bJ 29 -61 6 2ut1402 

CR0 - 08 l l't <; 4 17 54 58 135 J.7 -8 48 -7 41 207826 

GWM - 24 i Li lb 4 17 So 55 134 lo - 81 53 -36 5 207548 

HSK-25 1 LL 12 4 17 56 59 134 17 - 45 24 -58 -40 208869 

MAD-23 (J l't 44 4 18 53 59 137 15 73 3 - 80 73 209431 

MAD-23 lL 4 4 19 55 8 13/ 15 82 14 -28 74 209681 

CR0-08 l lL 15 4 19 55 37 135 lo -44 36 -43 36 208473 

(_ '--. 

SJATION TERMINATIUN DATA 

DAY HRS HIN SEC RA DEC AL t:LV x 'I RANGE 

4 12 39 31 132 16 -73 3 - 87 l7 208164 

4 13 13 11 134 17 

4 13 13 16 133 17 

4 15 11 5~ 134 17 

4 15 12 5 134 16 

4 J.5 12 6 134 17 

4 l!> 12 7 134 17 

bl 15 73 27 208794 

33 33 41 45 207840 

42 36 43 37 207910 

45 86 3 3 206537 

-1 37 - 53 -1 207860 

0 40 - i 50 207740 

4 J.5 12 19 133 16 - b7 40 ~50 2 207768 

4 15 12 18 133 16 -77 9 - 81 13 209420 

4 15 3 31 133 16 -75 b - 84 J.5 209120 

4 15 12 17 133 16 - 74 4 - 75 -73 209697 

4 17 10 23 135 17 ti 48 7 41 207607 

4 17 10 32 135 16 -81 65 -25 4 207075 

4 17 lO 35 135 17 -34 33 -41 44 208301 

4 17 10 34 135 17 - 34 30 -55 -29 20842b 

4 17 10 41 134 16 -78 13 - 11 J.2 209401 

4 19 9 1 136 16 - 32 43 -29 39 208068 

4 19 9 10 135 16 - 80 37 - 53 8 208353 

4 19 9 11 135 16 - 58 14 - 65 - 56 209585 

4 19 8 43 137 15 15 b -b9 74 210055 

4 .d 7 12 138 15 93 27 7 63 209048 

4 21 7 52 136 16 -57 2~ -o2 L9 209211 

..__/ --· 
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VEHICLE l Ri:..UAR TABLE 

TkAl.KlNli TIME 

HRS MJ.N St(; 

GWM - 24 lL 12 

HSK-25 U lL 49 

CYl - 04 l 'J 3ti 

ACN- 75 u .H 30 

CY 1- 04 l 12 lL 

ACN - 75 l lL 7 

MA0 - 23 l lL 8 

CR0-08 l 2 !:)0 

SOA-02 l 10 24 

CYl-04 l lL 20 

MA0-23 l .LL 18 

ACN-75 l 12 18 

Mll - 71 0 35 15 

MIL-71 l 12 2 

TEX- 16 l 11 56 

BDA-02 l 12 2 

CYl - 04 l IL 3 

MAD-23 l lL 0 

ACN - 75 l 12 l 

GOS-28 U lU 13 

STN- 00 l 12 16 

MAR-95 1 lL 14 

'-._../ 

STATION ACWUlSlllLN DATA 

DAY HRS MIN SEC RA Dt:L Al ELV x Y kANGt 

4 19 55 40 135 15 - 79 25 - 64 10 209029 

4 19 55 41 135 16 - 06 5 - 77 -65 210182 

4 19 57 33 137 15 74 3 87 16 210242 

4 20 35 40 137 15 74 3 87 16 209108 

4 21 53 .28 13d 15 87 27 63 3 209189 

4 21 53 34 138 lJ 70 21 68 19 209522 

4 21 53 35 138 15 102 36 16 52 208747 

4 21 54 11 130 lo - o4 15 -73 25 209824 

4 23 52 4 139 14 79 10 80 10 210376 

4 23 52 7 138 15 103 53 37 -8 208252 

4 23 52 12 138 14 1~2 55 25 25 208153 

4 23 52 12 138 15 

5 0 29 4 139 14 

5 l 50 35 140 14 

5 1 50 36 140 14 

5 1 50 37 140 14 

57 47 38 21 208459 

76 3 87 14 209532 

85 20 70 5 210013 

77 6 84 13 210869 

95 34 56 -4 209272 

5 l 50 49 139 14 148 74 8 -13 2U71J99 

5 l so 53 139 14 -173 63 26 -3 20812& 

5 1 50 55 139 15 17 66 8 .l3 208056 

5 2 52 18 141 14 7o 3 -78 75 210544 

5 3 48 56 141 13 iH 10 79 9 210800 

5 3 48 57 141 14 o3 14 75 6 210567 

__/ 

STATION TERMlNATIUN DATA 

UAY HRS MIN Sf:C RA DEC AZ tlll x Y RANGE 

4 Ll 7 52 136 15 -77 9 - 81 13 210092 

4 20 8 30 135 lb - 68 3 - 82 -68 209096 

4 Ll 7 9 138 15 82 17 73 8 209602 

4 .21 7 10 138 15 13 10 79 17 210004 

4 L3 5 40 139 15 96 42 48 - 4 208527 

4 23 5 41 ·139 15 64 37 50 20 208777 

4 23 5 44 138 14 117 48 22 36 208293 

4 22 57 l 137 15 - 72. 3 - 87 18 210188 

5 l 2 28 140 14 88 24 66 2 209580 

5 l 4 27 139 14 122 67 20 -12 207934 

5 1 4 30 139 14 161 62 26 9 208044 

5 1 4 30 139 15 40 60 20 22 208102 

5 l 4 19 140 14 79 10 80 10 210401 

5 3 2 37 141 14 93 35 55 -2 209304 

5 3 2 31 141 14 85 20 70 5 210083 

5 3 2 39 141 14 107 48 41 -11 208723 

5 3 2 53 140 14 - 148 74 - 9 -14 208005 

5 3 2 53 140 14 - 141 58 26 - 20 208392 

5 .3 z 56 140 14 -24 oo - 11 22 208177 

5 3 2 31 141 14 77 5 -69 7o 210975 

5 5 l 12 142 13 91 24 66 ~1 210119 

5 5 1 11 142 13 94 28 62 - 3 209884 

O'\ 
I 
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VEHICL E l RALJAR TABU: 

TRA(.KlNl> JIME STATION ACwUIS1f1Gh DATA 

HKC> MIN St:C DAY HRS 111 l'oi SE:C RA JJcC Al ELV x Y RANG<: 

TEX- lo J. l.L 17 5 3 48 58 141 14 90 31 59 0 209669 

GOS-2 8 l J.L l!> 5 3 48 58 141 14 83 14 - 24 74 210565 

MIL - 71 LL l 7 5 3 49 2 140 14 100 45 44 - 7 208977 

BOA-02 l J.L 16 5 3 49 4 140 14 118 58 29 - 15 208529 

CYI-04 l J.2 J.9 5 3 49 15 140 14 - 122 66 -21 -12 208279 

MA0-2 3 l 1L 17 5 3 49 17 139 14 - 124 51 25 - 31 208741 

ACN - 7 5 1 J.L 19 5 3 49 19 140 14 - 44 59 - 23 22 208477 

MAR-95 l lL 6 5 5 47 38 142 13 101 38 52 -9 209535 

GOS-28 l J.l 5 5 5 47 39 142 13 101 38 14 5 1 209533 

STN- 00 l ll 3 5 5 47 39 142 13 99 33 57 - 8 209757 

TEX - 16 l J.l t 5 5 47 42 141 13 108 56 33 -10 208792 

MIL - 71 1 lL 9 5 5 47 46 141 13 132 69 16 - 14 208440 

BOA-02 lL 9 5 5 47 49 141 13 - ldO 71 0 - 19 208389 

MA0- 23 i.2. 8 5 5 47 59 140 lJ - 99 30 15 -59 209884 

CYI - 04 l lL 9 5 5 48 1 140 l~ - 97 41 - 48 - 5 209342 

ACN - 75 1 J.L l3 5 5 'rd 5 140 14 - o7 35 - 53 19 209654 

HAW - 12 o ::>o 23 5 6 3 9 142 13 17 3 87 13 210700 

HAW - 12 l ll 9 5 1 45 56 143 13 db 26 64 4 210364 

MAR- 9 5 l 1L 9 5 7 4o 8 l4L J.3 130 59 25 - 20 208918 

GOS - 28 1 lL 8 5 1 46 8 142 13 130 59 21 23 208916 

STN- 00 lL 7 5 7 46 d 142 13 126 54 30 -20 209070 

TEX - 16 l lL b 5 7 46 15 14L l~ 165 75 4 -15 208541 

l (__ ..__, 

STATION TERMINATION OAJA 

OA'I HRS MIN SEC RA DEC Al El\I x 't RAhGE 

5 

5 

5 

5 

5 

5 

5 

s 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

l 15 142 13 99 46 44 - 7 209052 

l 13 142 13 94 .28 7 62 209884 

1 18 141 13 114 60 28 - 12 208550 

l 21 141 13 147 68 12 - ld 208335 

1 34 140 13 - 104 52 -3 7 - 9 208826 

l 34 · 140 13 - 108 39 21 - 4tl 209358' 

l 39 140 14 -o l 45 -41 20 269085 

6 59 43 142 13 116 51 36 - 16 209062 

6 59 44 142 13 116 51 20 35 209061 

6 59 41 142 13 113 46 42 - 16 209249 

6 59 50 142 13 131 69 16 - 14 208524 

6 59 56 142 13 - 176 74 - 1 - 16 208429 

6 59 59 142 13 - 137 o5 - 18 - 18 L08626 

1 0 1 141 13 - 88 17 - 7 -1~ 210725 

7 0 10 141 13 - b9 26 - 64 l 210220 

1 0 19 141 13 - 73 19 - 70 16 Ll0627 

6 59 32 14 3 13 82 15 75 8 210820 

8 !>8 5 144 13 93 4.2 48 -2 209650 

8 58 16 143 12 lb4 60 7 -L3 208799 

8 58 16 143 12 164 66 23 6 208797 

B 58 15 143 12 154 63 13 - 24 208886 

8 58 20 143 13 - 138 71 - 13 - 14 208711 

-___/ _) 

CT'\ 
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c 
VEHICLE rtAlJAk TAtllE 

TKACIUo'lu TIME 

HkS MIN StC 

MIL- 71 l J. 2 2 

BDA-02 l 12 6 

MAD-2 3 0 2d l.<: 

CYl - 04 1 l 20 

ACN-75 0 ll) 17 

HAW - 12 l 12 ..:1 

STN- 00 l .1.L ;a. 

GDS - 28 l 12 21 

MAR-95 1 ll 20 

TEX- 16 l 12 21 

BDA-02 l u ..::1 

MIL-71 l LL 19 

GWM-24 0 jo 33 

HSK - 25 0 J.C> .J5 

GWM-24 l 12 3 

HSK - 25 1 11 sq 

HAW-12 l J.2 7 

MAR-95 l 12 j 

STN-00 l 12 6 

GDS-28 l 12 

TEX-16 l 12 4 

MIL-71 l lL 5 

·.__/ 

SIATlON AC~UISITION DATA 

DAY HRS MIN SEC RA DEC AZ HV x Y RANGE 

5 7 40 22 142 13 -140 70 -13 - 15 208614 

5 7 40 22 141 13 -119 51 -30 -15 208964 

5 7 46 2& 141 13 - oO 8 -50 - 77 2.1.1342 

5 7 46 32 141 13 - 84 16 -74 6 210892 

5 7 46 38 141 13 - 75 8 -82 15 211359 

5 9 44 37 143 L3 98 53 37 - 5 209336 

5 9 44 44 143 12 loO 65 0 - 25 208946 

5 9 44 45 143 12 -161 67 23 -5 208906 

5 9 44 4o 143 12 - 167 67 -6 -23 20tl90H 

5 9 44 51 14.:! J.3 -lltl 62 -25 -13 209019 

5 9 44 53 142 lL -96 33 -56 - 5 210154 

5 9 '*'* Sit 142 13 -103 48 -41 -9 209503 

5 10 2 10 144 12 78 3 87 12 211036 

5 l c 40 19 14:) u 12 3 -81 71 211101 

5 11 43 2 14:> 12 83 26 63 6 2J.0735 

5 11 43 13 145 L3 62 15 -61 58 211370 

5 11 43 14 144 12 138 77 9 -10 20jj927 

5 11 't3 24 143 12 -118 51 -35 -17 209584 

5 11 43 24 143 lL -l27 54 -31 -21 209491 

5 11 43 24 143 12 -118 51 21 -34 209583 

5 11 43 31 143 12 - 96 37 -53 -5 2J.0174 

5 11 43 32 143 12 - 88 22 -08 2 210941 

.._,/ 

STATION TERMINATlUN UATA 

UAY HRS MIN St:C RA DEC AZ HV x Y RANGE 

5 B 58 24 143 13 -113 58 - 30 -12 209044 

5 8 58 29 142 12 - 104 43 - 46 - 10 209594 

5 & 14 40 141 12 - 76 3 - 78 - 76 210472 

5 8 47 53 14.2 12 - 78 3 - 87 12 211196 

5 8 6 54 141 13 - 76 3 - 87 14 210692 

5 10 56 58 ·144 12 113 68 21 -8 208987 

5 10 57 6 144 12 -144 60 - 18 - 24 209188 

5 10 57 6 144 12 - 133 59 22 - 22 209226 

5 10 57 5 144 12 - 133 59 - 24 - 21 209227 

5 10 !>7 12 143 12 - 103 47 - 42 -9 209040 

5 10 57 14 143 12 -87 19 -71 2 dl065 

5 10 51 13 143 12 -94 33 - 57 -3 210315 

5 10 58 43 145 12 81 16 74 9 211312 

5 10 So 54 145 13 69 . 0 - 73 08 211782 

5 12 55 5 146 12 86 43 47 3 210000 

5 12 55 12 145 13 49 26 -53 42 210807 

5 12 55 21 145 12 -141 77 - 8 - 10 209020 

s 12 55 30 144 12 - 104 38 -51 -11 210259 

5 12 55 31 144 12 -110 41 - 47 - 15 ~10097 

5 l~ 55 32 144 12 - 104 38 17 -50 210261 

5 12 55 ~4 144 12 -88 22 - 68 ·2 211086 

5 12 55 36 144 12 - 81 1 -83 9 211934 

0\ 
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VEHICLE 1<.AIJAR TABLE 

T il.ACK 11~(; T ou: STATION AC~UlSITlGN DATA 

HkS MlN StC OAY HRS MIN SEC Ril Oh. AZ Hll x Y kANGE 

BDA- 02 0 £ti 35 5 11 43 33 143 1£ - bl 9 -81 9 211716 

CR0- 08 0 5 40 5 12 49 24 146 12 75 3 87 15 211858 

GWM - 24 J. 12 HI 5 13 41 30 l4j i2 88 55 35 l 209679 

CR0- 08 J. J.2 15 5 13 41 31 146 12 69 14 75 21 2llt>l3 

PKS - 96 l .i.2 .i.6 5 13 41 38 145 B 40 35 43 39 210502 

HSK - 2 5 l 12 15 5 13 41 38 145 13 38 33 - 50 31 210583 

HAW - 12 l J.2. LO 5 13 41 43 144 12 - 115 68 - 20 -9 209285 

STN - 00 l lL 19 5 13 41 46 144 12 - 101 32 - 57 - 9 210028 

GDS - 28 l 12 18 5 13 41 47 144 12 - 9o 28 11 - 61 210831 

MAR- 95 1 J..£ 17 5 13 41 48 144 12 - 96 28 -62 - 5 210830 

TEX- 16 0 40 4 5 13 41 49 144 12 - b3 ll - 78 7 211773 

CR0- 08 J.. 12 8 5 15 40 14 l4t> 12 50 37 45 31 210581 

GWH - 24 l J.2 J.5 5 1 5 40 18 146 12 104 83 7 -2 209268 

PKS - 96 .l 12 11 5 15 40 24 146 12 5 45 5 45 2!0241 

HSK- 25 l 12 H 5 15 40 2o 140 1£ 4 42 - 48 3 210350 

GDS- 28 I) 7 38 5 15 40 28 145 11 - bO 5 - 66 - 79 212380 

STN- 00 0 31 43 5 15 40 28 l4S 11 - 83 9 - 81 7 212109 

HAW- 12 l 12 l.1 5 1 5 40 29 145 11 - 94 42 - 48 -3 210370 

CR0- 08 l 12 10 5 17 38 44 147 12 15 52 11 36 210153 

GWM - 24 l lL 11 5 17 38 50 146 11 - 93 68 - 22 - 1 209684 

PKS- 96 l 9 ::> 1 5 17 38 56 146 1.2 -33 39 -34 41 210695 

HAW - 12 o :>3 :>o 5 17 J8 57 140 11 - 84 15 -75 6 211970 

(_ (_ "---' 

STATION TERMINATION DATA 

OAY HKS HlN StC RA DEC AZ tlll x Y RANGE 

5 12 12 8 143 12 - 18 3 - 87 1£ 210884 

5 12 55 4 146 12 74 4 86 lo 212081 

5 14 53 48 146 12 93 71 19 - 1 209317 

5 14 53 46 14 7 12 59 29 58 21 210912 

5 14 53 54 140 12 21 42 21 44 210242 

5 14 53 54 .146 12 19 40 - 48 .1.4 210.342 

5 14 54 3 145 11 - 100 53 - 37 - o 209847 

5 14 54 4 145 11 - 90 18 - 72 0 .211484 

5 14 54 5 145 11 - 86 14 - 15 - 75 211735 

5 14 54 6 145 11 - 86 14 - 7b 4 211735 

::> 14 21 53 145 11 - 79 3 - 87 11 211046 

!> 16 52 22 147 1.2 32 48 26 35 210.211 

5 16 52 32 147 ll - lUl 80 - 10 - 2 209403 

~ lo 52 35 147 12 - 19 43 - 19 44 210414 

::> lo 5.2 36 147 12 - !9 41 - 48 - 14 210532 

5 l!> 48 5 145 11 - 79 3 - 75 - 78 212098 

5 16 12 11 145 11 - 79 3 - d7 11 211247 

5 lb 52 46 146 11 - 88 26 - 64 2 211291 

5 18 50 54 148 11 - 13 53 - 10 36 210224 

5 18 51 l 147 11 - 90 51 - 39 0 210293 

5 18 4d 53 147 11 - so 30 - 53 j4 211133 

5 18 32 53 147 10 - 80 3 - 87 10 211857 
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VEHICLE KAUAR TASU: 

Tk.ACKlNG TiME 

HKS MIN SEC 

HSK - 25 1 J.2 4 

CR0- 0 8 l l.2 19 

GWM-24 1 iL 21 

HSK- 25 1 iL 19 

MA0- 23 c ~_; 46 

CYl - 04 l 12 3 

MA0-23 1 12 4 

ACN-75 l LL 2 

GWM-24 0 37 38 

CR0-08 l J.2 3 

CYl-04 J. lL 22 

MA0- 23 l 12 L3 

ACN-75 l J.2 19 

CR0- 08 0 i4 7 

BDA-02 u 29 53 

MIL-71 J. 12 6 

BDA- 02 l 12 3 

CYl - 04 l 12 13 

MA0- 23 l 12 11 

ACN-75 l J.2 6 

TEX- 16 0 ti 1 

TEX-16 l lL 14 

STATION AC~UlSlfiO~ DATA 

DAY HRS MIN SEC RA Oi:C AZ HV x Y RANGE 

5 17 38 57 l4o 12 -33 36 -49 -26 210812 

5 19 37 24 141 il - 31 49 -24 34 210464 

5 19 37 24 147 11 - b7 40 -50 2 210<J55 

5 19 37 28 147 11 -59 20 -55 -54 211883 

5 19 55 29 149 lU 79 3 -74 79 212011 

5 21 35 30 149 10 b5 12 78 5 21L564 

5 21 35 32 149 l 0 95 21 13 68 212018 

5 21 35 32 150 10 18 8 82 12 212808 

5 21 36 4 14d 10 - 82 12 -78 8 212542 

5 21 36 5 148 11 - 59 30 -56 26 211499 

5 23 33 53 150 J.0 99 37 53 -1 211390 

5 23 33 54 150 9 119 42 28 41 211162 

5 23 33 57 150 10 72 35 53 15 211469 

s 23 36 13 149 10 - 76 6 -84 14 212987 

3 87 9 212064 6 0 16 14 151 9 81 

b l 32 29 151 9 82 5 85 8 213359 

6 l 32 32 151 9 91 19 71 -1 212533 

6 l 32 38 151 9 125 61 25 -16 210647 

6 l 32 41 151 9 158 57 31 12 210772 

6 l 32 45 151 10 52 61 23 17 210627 

6 2 36 25 152 9 82 3 87 8 213103 

6 3 30 49 15L 9 <l8 15 75 2 212944 

~ J 

STATION TERH1NATION DATA 

DAY HRS HIN SEC RA DEC AZ ELV x ¥ RAhGE 

5 18 51 l 147 11 - so 28 - 51 - 43 211375 

5 20 49 43 148 11 - 50 39 -43 30 211009 

5 20 49 45 1_48 10 - 84 23 - 6 7 5 211833 

5 20 49 47 148 11 - 71 1 - 68 - 70 212733 

5 20 49 17 149 10 88 12 - 11 77 212414 

5 22 47 33 "150 10 93 27 63 -3 2.U 791 

5 22 47 35 150 9 108 34 25 52 211430 

5 22 47 34 151 10 75 24 65 14 211929 

5 ~2 13 42 148 10 - 81 3 - 87 9 211820 

5 22 48 8 149 10 - 70 17 - 72 19 212378 

b 0 46 15 151 9 112 52 36 -13 210854 

6 0 46 17 151 9 139 52 31 24 210842 

6 o 46 16 151 10 63 51 36 lo 210862 

s 23 50 20 149 10 - 77 3 - 87 13 212't8l 

6 0 46 7 151 9 85 9 81 5 ~13001 

6 2 44 35 152 9 91 20 70 -1 21256't 

b 2 44 34 152 9 102 33 57 - 10 211845 

6 2 44 51 152 9 lbl 70 7 -L9 210511 

6 2 4't 51 152 9 - 171 58 32 -5 210828 

6 2 44 53 152 9 17 72 5 l 7 210475 

6 2 44 3.2 152 9 83 5 85 7 213426 

6 4 43 3 153 8 97 30 60 -b 212179 
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VEHICLE l<AiJ Ak TA till: 

TKAL.K!NG TIMc 

HkS M iN StC 

MIL - 71 l lL 15 

BDA- 02 l 12 l 7 

CYl - 04 J. 12 16 

MA0-23 12 14 

ACN - 75 1 J.2 9 

GDS - 28 () j~ 17 

MAR- 95 0 Jo :>O 

STN- 00 0 31 15 

MAR - 95 J. 12 21 

GOS - 28 l ll 21 

STN- 00 1 lL 21 

TEX- 16 l 12 c:.l 

Mll-71 l lL £0 

BOA-02 l ll .d 

MAD- 23 l 12 L..:l 

CYl - 04 1 12 d 

ACN - 75 1 12 Ll 

HAW- 12 l. 0 5:> 

STN- 00 l u 48 

MAR - 95 0 46 

GOS - 28 l. 0 4o 

TEX- 16 l 0 42 

STATION AL.~UISITIU~ DATA 

CAY HRS MIN SEC RA i.lcC. Al ELV x Y KANGE 

6 3 30 53 152 

6 3 30 54 152. 

6 3 31 ll 151 

6 3 31 11 15 1 

b 3 .H 18 15J. 

b 3 49 4o 15L 

6 4 6 14 15_, 

6 4 ll 47 153 

b 5 2.9 l.1 15.:S 

0 5 29 27 153 

6 5 29 27 153 

6 5 29 30 153 

6 5 2.9 34 153 

6 5 29 37 153 

0 5 29 46 15L 

b 5 29 48 152 

6 5 2<.j 53 152 

6 7 27 53 154 

6 7 2l:I 0 154 

6 7 28 2 154 

0 1 2tl 2 l'.>4 

6 1 £8 6 154 

'J 97 30 60 -6 212121:1 

9 J.10 43 46 - 15 211516 

9 - io4 70 - 6 -19 210602 

'J -1~0 55 32 - 17 211024 

9 - Ll 72 - 7 17 L10:>73 

u b.i 3 - 70 81 212759 

ti l:l4 6 84 6 l.12202 

ti 82 3 87 8 212409 

8 'Jb l.3 67 -6 212693 

I:) 9o 23 14 67 212o<j2 

8 'J4 18 72 -3 21L942 

8 10~ 40 49 - 10 211786 

d 118 54 33 -16 211233 

d 146 62 16 -23 210981 

8 - 115 38 29 -45 211887 

ti -114 52 - 35 -15 211296 

9 - 66 50 - 37 15 211348 

ti <>b 10 80 4 213592 

8 115 40 47 -19 211<.j82 

8 118 45 41 -20 211772 

8 118 45 25 39 211770 

ti 134 63 20 - 18 211135 

SIAJION JcRMiNATION DATA 

UAY HRS MIN ScC KA DEC Al HV x Y RANGE 

b 4 43 7 153 8 108 44 44 - 13 211503 

6 4 43 11 153 8 128 55 29 - 21 £11097 

6 4 43 26 152 8 - 12.8 ol - 24 - 17 210923 

6 4 43 L4 152 8 - 1£7 4o 31 - 34 211465 

b 4 43 27 1:.2 9 - 55 ol - 25 lo 210930 

b 4 43 3 153 8 89 13 - 3 11 21312~ 

b 4 43 4 153 a 89 13 77 l 2.i.3128 

6 4 43 2 153 8 87 9 81 3 213375 

6 b 41 49 154 8 108 36 53 - 15 212072 

6 6 41 49 154 8 108 .:lo 23 50 212070 

6 6 41 49 154 8 106 31 58 - 13 212305 

6 6 41 52 154 8 lltl 55 32 - 16 211311 

6 b 41 5't 154 8 144 o5 15 - 2U 210991 

6 6 't2 0 153 8 - 175 65 - 2 - 25 210996 

6 6 42 9 153 8 - 102 25 24 - o2 Ll26~8 

6 b 42 9 153 8 - 102 37 - 52 - 9 212038 

6 6 42 14 153 8 - 74 35 - 54 13 212170 

0 a 28 48 155 7 91 23 bl - l 212.:S05 

6 8 28 48 155 7 130 49 33 - 25 211060 

6 ti c:.8 48 155 1 136 54 27 - 25 210894 

b 8 28 48 155 7 135 54 27 24 210891 

6 8 28 48 154 1 loo 69 5 - 20 210~00 

°' I 
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VEHICLE 1 RAO AR TABLE 

Tt<ACKl Nu TlME STATION ACQUISlTIUN DATA 

HKS MIN St:C CAY HRS MIN Sl::C RA Dt:(.. Al HV x Y RANGE 

MIL-71 l 0 35 6 7 28 13 153 8 173 69 2 - 21 210982 

BOA-02 l 0 34 6 7 28 14 153 8 - 149 62 -15 -24 211151 

MA0- 23 l iJ 24 6 7 2!l 24 153 8 - 94 lb 13 -73 213203 

CYl-04 l 0 20 6 1 LB 28 153 8 - 95 27 - 63 -5 212016 

ACN- 7 5 J. u J.5 6 7 28 33 153 8 - 11 23 -66 12 212009 

16 APR 72 PCl TU JET LAL 7.2.l 

HAM-12 I) u .:.2 /) Cl 28 57 155 7 91 23 67 -1 212311 

GOS - 28 0 J.l 21 6 8 28 57 155 7 135 54 27 24 210898 

STN - 00 0 H 21 6 8 28 51 155 7 131 49 33 -25 211067 

MAR- 95 u 11 28 6 8 28 57 155 7 136 54 27 - 25 210901 

TEX-16 u u 33 6 8 28 57 154 7 lo7 69 5 - 20 210473 

MIL - 71 u ll 37 6 8 28 57 154 7 -l<t9 66 -13 -20 210548 

BDA-02 0 11 "1 6 8 28 57 154 1 -121 54 -30 -21 210914 

MA0-23 0 ll <t4 6 8 28 57 154 1 -85 5 -44 -83 213300 

CYI-04 u ll 48 6 8 28 57 1.53 7 - !l9 14 -76 1 212838 

ACN-75 0 11 51 6 8 28 51 153 8 -!H 9 -80 9 21.3108 

HAW-12 l 12 13 6 9 26 32 15.5 1 97 37 53 - 6 212312 

STN- 00 1 12 14 6 9 L6 38 154 1 152 57 17 -29 2ll't93 

GOS-28 l 12 13 6 9 26 42 l5't 7 loO 61 28 10 211370 

MAR-95 1 12 u 6 9 26 43 154 7 loO 60 11 -28 211377 

T EX-16 l 12 14 /) 9 20 47 15't 7 -153 68 -10 -20 211189 

MIL-71 l J.2 14 6 9 20 50 l5't 7 - 125 57 -28 -18 211479 

BOA - 02 l 12 14 6 9 Lo 53 154 7 -112 43 -45 -16 212017 

J 

STATION TERMINATION DATA 

DAY HRS MIN SEC RA DEC Al l::LV x 'I RANGE 

6 8 28 48 154 1 - 149 66 - 13 - 20 .:.10540 

0 8 28 48 154 1 - 121 54 -30 - 21 210906 

6 8 28 48 154 7 -6.5 5 - 43 -63 213350 

b 8 28 48 153 1 - 89 14 - 76 l 212829 

b 8 2b 48 153 8 - 81 9 - 80 9 213098 

b 8 40 19 155 1 92 lb 64 -2 :<:i2772 

6 8 40 24 155 1 139 5b 21 22 211450 

6 8 40 24 155 1 134 51 30 - lb 211609 

6 8 40 25 155 7 140 56 24 - 26 211453 

6 8 40 31 154 7 174 70 2 - 20 211073 

b 8 40 34 154 1 - 143 65 - 16 -20 211193 

6 8 40 38 154 1 - 124 52 -33 -20 211600 

6 8 40 41 154 7 -83 3 - 66 -83 214105 

6 8 40 45 154 7 - 88 12 - 78 2 Zl3606 

6 8 40 48 153 8 - 81 7 - 83 9 2l389b 

6 10 38 45 156 1 108 52 36 - 11 211735 

b 10 38 52 155 1 -176 59 -2 - 31 211502 

6 10 38 54 155 7 - 165 ol 28 -7 211403 

Q 10 38 57 155 1 - 165 61 -8 -26 2ll4b7 

0 10 39 l 155 7 - 124 57 -28 - 18 211587 

6 10 39 5 1~5 1 - 109 43 - 45 - 14 212115 

b 10 39 1 155 1 - 101 29 - 61 -~ 212dl4 
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\/EH IC LE KAUilR T AtlLE 

T KAl-J<.l i~l> Ti ME STATlO~ AL~UlSillC~ DATA 

HkS 1'11 ;~ St::C DAY HRS MIN SEC RA UEC AZ ELI/ x Y RANGE 

GWM-2 4 l ll Ll 6 11 24 49 150 7 85 11 79 5 2J.38db 

HSK-25 l ll .23 6 11 24 55 156 8 1 5 1 -65 74 214135 

HAW - 12 l 12 n 6 11 24 56 150 1 119 62 25 - 13 211510 

STN-00 J. 1L LS 6 11 25 2 15:> 1 - 154 57 -16 -29 211600 

GDS-28 l 12 L<; 6 11 .25 2 155 7 - 144 56 28 - 19 2 llo80 

MAR-95 l 12 28 6 11 25 3 155 7 - 144 56 -21 - 26 211681 

TEX- 16 l 1.2 30 6 11 25 6 155 1 - 112 48 -40 - 14 212001 

BOA-02 l lL 30 6 11 25 8 154 1 - 94 19 -71 -4 213421 

MIL - 71 l ll 25 6 11 25 10 155 7 - 101 33 -56 -9 212654 

GWM-2 4 l ll 13 6 13 23 30 157 7 92 39 51 -2 212544 

CR0-08 J. 12 12 6 13 23 33 157 7 ~o 4 86 10 214400 

HSK-2 5 l 12 J.3 6 13 23 41 157 l 55 28 -46 46 213064 

HAW - 12 l 1L L3 6 13 23 41 l5o 7 - lot 74 - 5 - 15 211417 

STN- 00 1 12 L3 6 13 23 47 156 6 - 117 40 - 46 -2 1 2124do 

GOS-28 l ll 24 6 13 23 47 150 6 - 111 37 26 -48 212629 

MAR- 95 l 12 i.6 6 13 23 48 150 b - 111 37 -51 - 17 212629 

TEX - 16 l 12 26 6 13 23 51 1S5 7 - 94 22 -68 -4 2l33d7 

MIL - 71 0 21 4 6 13 23 53 155 6 - d7 8 -82 3 214239 

PKS - 96 l d 4L 6 13 27 13 157 1 56 30 55 29 212811 

GWM-24 l 12 18 6 15 21 59 157 6 106 67 22 -6 211129 

CR0-08 l l2 l:> 6 1 5 Ll 59 158 1 ob 29 59 21 213212 

HSK-25 l ll L't 6 15 l2 10 157 1 L5 44 - 43 18 212477 

STATION JERMiNATION UATA 

DAY HRS 111N SEC KA DEC AZ ELI/ x Y RANGE 

b 12 31 10 157 7 &9 28 62 l ll3022 

b 12 37 18 157 1 64 20 - 50 58 213436 

6 12 37 23 156 7 156 73 7 - 15 211351 

b 12 37 31 156 6 - 130 48 -35 -25 21L087 

b 12 37 31 156 6 - J.22 46 27 - 3b 212180 

6 12 37 32 "156 6 - 122 46 - 40 -22 212181" 

6 12 31 36 156 6 - 101 33 - 57 - 9 212783 

6 12 37 38 155 6 - 85 4 - 86 5 21439Z 

6 12 37 36 155 6 - 92 18 - 72 - 2 213580 

6 14 35 44 158 6 98 56 34 - 5 211954 

6 14 35 45 158 1 73 19 70 16 213661 

6 14 35 53 158 7 39 39 - 44 29 212626 

6 14 36 4 157 6 - 123 63 - 23 - 14 211752 

6 14 36 11 156 6 - 104 27 - 62 - 13 213249 

6 14 36 12 156 6 - 100 23 21 - 65 213455 

6 14 36 14 156 6 - 100 23 - 67 - 9 213456 

6 14 36 17 156 6 - 87 7 - 83 3 214398 

6 13 44 57 156 6 - 84 3 - 87 b 213541 

6 14 35 55 158 7 41 41 38 35 212555 

6 lb 34 17 158 6 147 dl 5 - 7 211581 

6 16 34 14 159 6 53 43 41 lb 212624 

b 16 34 25 158 7 l 48 - 42 0 212422 

_) 
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VEHICLE l KAUAR T At;L E 

TKACKll~G TIME 

HKS MIN SE(. 

PKS- 96 l 12 lL 

HAW - 12 l 12 21 

GDS - 28 0 :)4 .l9 

STN-00 1 12 16 

MAR - 9 5 0 38 47 

CR0 - 08 l l.L i.6 

GWM - 24 l 12 31 

PKS- 96 l 12 29 

HSK- 25 l 12 2.1 

HAW-12 l 12 L8 

CR0-08 l 12 l3 

GWM- 24 l 12 14 

PKS- 96 u J4 45 

HSK- 2 5 J. a 12 

GWM- 24 l 14 19 

MAD-23 1 J.2 22. 

CR0- 08 l 12 LB 

HSK - 2 5 0 :>4 41 

CYI - 04 0 'tO 30 

ACN- 75 u 33 't4 

CYl - 04 l lL 18 

MAD- 23 l 12 LO 

STATION ACWUlSITlON OATA 

OAY HR S MIN SEC RA DEC AL HV x Y RANGE 

6 15 22 11 1 5 7 

6 15 22 12 157 

6 15 22 16 156 

6 15 L2 16 156 

6 15 22 17 156 

6 17 20 35 158 

6 17 20 36 158 

6 17 20 42 158 

6 17 20 43 158 

6 17 20 45 15 7 

6 19 19 17 1 59 

6 19 19 18 158 

0 19 19 25 158 

6 19 19 26 158 

6 21 15 50 159 

b 21 17 16 160 

6 21 17 39 159 

6 21 11 44 159 

6 21 49 6 161 

6 21 55 56 161 

6 23 15 50 161 

b 23 15 52 161 

7 27 46 24 38 2 12390 

6 - 110 53 - 35 - 12 2 12125 

6 - 92 14 10 -76 214050 

0 - 96 18 - 72 -6 213813 

6 - 92 14 - 76 - 2 214049 

0 40 51 28 29 21L385 

6 - 130 80 - 7 - 7 211672 

7 - 16 49 - 14 39 2 12438 

7 - 17 46 -42 - 11 212543 

0 - 95 21 - 63 - 4 213483 

6 - 9 59 -6 31 212264 

5 - 99 53 - 36 - 5 212444 

6 - 52 . 36 - 48 30 213186 

6 - 51 33 -44 -40 213288 

5 - 91 25 - 65 - 1 213961 

5 90 1 -2 83 214968 

6 - 52 45 - 38 26 212929 

b - 13 13 -52 - 69 214576 

4 87 3 87 3 213951 

5 85 3 87 5 213930 

4 ~7 22 68 -6 214253 

4 110 28 33 56 213909 

J 

STATION TERMkNATION DATA 

OAY HRS MIN SEC RA DEC AZ HV x Y RANGE 

6 16 34 23 158 1 2 5 0 l 40 212320 

6 16 34 33 157 6 - 100 38 - 52 - 8 212881 

b lb 16 35 157 5 - 8 5 3 -57 - 85 213882 

6 16 34 32 157 5 - 86 4 - 86 4 214133 

6 16 l 4 157 6 - 87 6 - 84 3 213.272 

6 18 33 2 '159 6 13 58 d 31 212222 

6 18 33 1 159 5 - 106 65 -25 - 7 .21.2053 

6 18 33 11 159 6 - 40 43 - 35 35 212819 

6 18 33 9 159 6 - 39 40 - 43 - .29 212923 

6 18 33 13 158 5 - 89 ll - 79 l 2H512 

6 20 31 31 160 6 - 38 53 - 25 28 212573 

6 20 31 32 159 5 - 94 36 - 53 - 3 213260 

6 19 54 9 159 6 - 59 30 -56 2o 212226 

6 20 31 38 159 6 - 65 22 -46 - 57 214017 

6 22 30 9 160 4 - 87 8 - 82 3 2l't975 

6 22 29 38 161 • 102 19 30 68 214298 

6 22 30 8 160 5 - 66 32 - 56 20 213655 

6 22 12 25 160 5 - 81 3 - 71 - 81 214383 

6 22 29 36 162 4 91 11 · 79 -1 214761 

6 22 29 40 162 5 84 ll 79 6 214791 

7 0 28 8 162 4 107 36 52 - 14 213555 

7 0 28 12 162 4 126 39 36 39 213•23 

°' I 

°' ---:J 



VEHICLE KAUAR TAtlU: 

TRA(,11.!1% TIMc SIATION A(,~UiSITluN DAIA 

HkS MiN SEC DAY HRS MIN SEC. RA l.JE(, Al l:LV x Y KANGc 

ACN - 75 l 1L 17 6 23 15 56 l6L :> iH 22 67 8 214209 

CR0-08 J.L .d 6 Z3 16 23 160 j - 73 22 - 67 16 2J.4226 

BDA-02 12 24 7 l 14 b 162 ,. 88 4 86 2 2.l.5473 

CYI-04 l 12 2.6 7 l 14 13 162 4 116 46 41 -18 213214 

MAD -2 3 l 12. 23 7 l 14 17 162 4 J.39 46 36 27 213220 

ACN- 75 J. lL 20 7 14 21 162 4 73 51 38 11 2 13031 

MIL - 71 0 5 44 7 2 20 44 163 .:I d8 3 87 2 215261 

MIL - 71 l L2 2.b 7 3 12 48 16.:1 3 94 15 75 - 4 214963 

BDA - 02 J. 12 25 7 3 12 51 163 3 105 28 62 -13 214230 

CYl-04 l 12. 29 7 3 12 59 163 .:I 1 58 64 10 -24 2.l.2741 

MAD-2 3 l 12 28 7 3 12 59 162 3 - 177 53 37 - 2 213089 

ACN- 75 l 12 Z7 7 3 l3 3 163 4 35 76 8 12 212505 

TEX-16 o j7 n 7 3 27 44 163 3 88 3 87 2 214920 

MAR - 95 l 12 18 7 5 11 ll 164 3 9L 8 82 - 2 215524 

GDS-28 l 12 lJ 7 5 ll 15 164 3 92. 8 14 82 215519 

STN-00 l 12 1't 7 5 J.l 15 J.o4 3 d9 3 87 l 215776 

TEX-16 1 12 15 1 5 J.l 16 J.64 ~ 100 25 65 - 9 2 14520 

MIL - 71 l 12 17 7 5 11 18 164 3 111 39 49 - 16 213811 

BDA-02 J. J.2 l 7 7 5 J.l Z2 164 3 130 49 33 -25 213376 

MAD-23 l 12 lE 7 5 11 34 163 3 - 135 43 37 -31 213624 

CYl-04 l lL 16 1 5 11 36 16..; 3 -1~9 59 - 22 -2 3 213032 

ACN- 75 l 12 16 7 5 11 42 163 4 - b2 00 - 21 11 212831 

STATION TcRM~NAT!ON DATA 

DAY HRS 11 IN ScC RA DEC Al. ELV x ¥ RANGE 

7 0 2.8 13 162 4 78 39 50 10 213423 

1 0 28 4 5 161 5 - 82 7 - 83 8 215219 

7 2. 26 29 163 3 98 18 72 - 1 214685 

7 2 26 39 163 3 136 5 8 23 - 2.2. 212836 

1 2 2.6 40 163 3 164 52 37 10 213057 

7 L 26 41 .163 4 60 67 20 11 212609 

1 2 26 2 9 163 3 88 4 86 2 215486 

7 4 25 13 164 3 104 29 60 - 12 214225 

7 4 Z5 16 164 3 118 41 45 -2 1 213658 

7 4 £5 2 8 163 3 -162 64 - 9 -~5 ~12839 

1 4 25 27 163 3 - 150 48 38 -19 213350 

1 4 25 30 163 4 -39 15 -9 11 212610 

1 4 25 10 164 3 95 15 75 -4 215017 

1 6 23 29 165 2 103 21 68 - 12 21•791 

7 b 23 28 165 2 103 21 30 6~ 21•789 

1 6 £3 2 6 165 2 100 J.7 73 - 10 215051 

7 6 23 31 165 3 112 4u 48 - 11 213855 

1 6 23 35 165 3 128 52 32 - 22. 213339 

1 6 23 39 165 2 l5b 58 15 - 29 213147 

7 6 23 51 164 2 - 118 32 37 - 48 214235 

7 6 23 52 164 3 -1 19 46 - 40 - 19 213570 

7 6 23 58 164 3 - 75 50 -39 9 213433 

_) 
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I 
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VEHICLE 1 KAUAI{ T AillE 

Tk.Al;KiNG TlME STATION A~~ulSlTlLN DATA 

Hk:; MIN StC DAY HRS MIN SEC RA Ut~ AZ HV x Y RANGE: 

STN-00 l ll 25 7 1 9 41 lb5 L 108 lb 63 - 16 214630 

GDS-28 1 .i. L l.4 1 1 9 42 165 2 11.i. 30 31 54 214379 

MAR-95 1 ll 24 7 7 9 42 165 l lll 30 58 - 18 214381 

TEX - 16 l 12 24 7 1 9 45 165 3 ll.2 49 17 - 20 213536 

MIL- 71 l 12 2.9 7 1 9 46 lb5 3 l't5 59 19 -25 213174 

BDA- 02 lL l.9 1 1 9 51 lb't 2 171:1 60 1 -30 213145 

MAD-2 3 l 12 31 7 1 9 56 l6't 2 - lOd 24 36 - 60 214722 

CYI-04 1 12 27 7 7 10 2 l6't 3 - 109 37 - 51 - 15 214043 

ACN-75 1 .i.l 30 7 7 10 5 l6't 3 - 1:10 39 -5 1 B 2l39bl 

HAW - 12 0 j't .i.8 1 1 47 45 l6b l 89 3 87 l 214685 

HAW-12 0 27 5b 7 9 ti 19 160 2 97 21 69 -6 215009 

STN- 00 0 27 51 7 9 8 24 160 L 135 45 35 - 30 213823 

GDS-28 0 21 50 7 9 a 25 lob 2 140 50 33 25 213642 

MAR - 95 0 21 50 1 9 B 25 166 2 .i.40 50 29 - 30 213645 

TEX-16 o n 45 7 9 8 30 165 2 169 64 5 -25 213172 

MIL - 71 o n 41 7 9 8 34 165 2 - 154 61 -13 -26 21324d 

BDA- 02 0 27 39 7 9 8 36 lb5 2 - 133 50 - 32 -26 213634 

CYI - 04 0 2.1 31 7 9 B 44 l6't 2 - 94 12 - 78 - 4 215546 

ACN - 7 5 0 2.1 25 1 9 ti 50 164 3 -80 10 - 80 4 215623 

16 APR 72 JH TO PC2 LAl 72. l 

ACN- 75 0 L 55 7 9 36 2B 16;, 2 - 87 4 -86 3 214853 

CYl - 04 0 U. Ll 7 9 3b 28 16;, 2 -'11 6 - 84 -1 214738 

HAW - 12 0 't4 11 7 9 3o 28 160 2 100 27 62 -9 213490 

~ ~ 

STAT ION TERMlNATIUN DAJA 

DAY HH.5 MIN SE:C RA DEC AZ Elll x ¥ RANGE 

7 B 22 6 166 2 123 38 47 -L5 214086 

7 8 22 6 166 2 126 43 33 36 213870 

7 8 2L 6 166 2 126 42 41 -26 213873 

7 8 22 9 166 2 145 60 18 -24 213231 

7 8 22 15 165 2 -179 64 0 - 26 213132 

7 8 22 20 '165 2 - 150 56 - 19 -29 213364 

7 8 22 28 165 2 -9 7 11 32 -7 7 215567 

7 8 22 29 165 2 - 100 22 - 68 - 9 214924 

1 8 22 35 164 3 - 84 22 - 68 6 214935 

7 8 22 3 166 2 92 10 80 - 2 215562 

1 9 36 15 166 2 100 27 62 - 9 213497 

1 9 3b 15 166 2 144 48 28 - 32 212513 

1 9 36 15 166 2 150 53 33 18 212357 

7 9 36 15 166 2 150 53 21 - 32 212360 

7 9 3b 15 165 2 - 175 64 - 2 - 26 211999 

7 9 36 15 165 2 - 143 58 -21 -25 ~12181 

7 9 36 15 165 2 - 120 45 -39 - 24 212653 

7 9 36 15 165 2 - 91 6 - 8't - 1 lllt 71t0 

7 9 36 15 165 2 - 81 4 - 86 3 ll4855 

7 9 39 23 165 2 - 87 3 - 87 3 214845 

7 9 48 51 165 2 -90 3 - 87 0 214845 

7 10 20 39 167 2 105 37 52 -12 2l't272 

0\ 
I 
0\ 
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VEHICL E 1 !(Ai.JAR T A8LE 

fl(A(.K 1.~G TlME SJATION AC~UISITION DATA 

HKS Ml N Sl:C IJAY HRS MIN SEC RA DEC Al. l:LV x Y RANGE 

STN- 00 0 44 ,o 7 9 Jo 28 160 2. 144 48 28 -32 212507 

GDS-2 8 0 44 20 7 9 36 28 160 2 l:.O 53 33 18 2J.2352 

MAR - 95 0 44 20 7 9 3o 28 l6b 2 150 53 21 - 32 212354 

TEX - 16 0 't4 30 7 9 36 28 165 2 -115 64 -2 -26 211994 

M IL - 7 l u 44 Jo 7 9 36 28 16!;> L - 142 58 - 21 -25 212171 

SDA-02 0 44 _j() 7 9 36 28 16:. 2 -125 45 -39 -24 212650 

HAW - 12 l 12 30 7 11 6 46 167 2 113 47 41 -15 213&94 

MAR - 95 l 12 32 7 11 o 56 loo 2. -172 56 - 6 -34 213563 

STN-00 l lL 33 7 ll 6 56 166 2 179 54 l -36 213023 

GDS - 28 J. 12 34 7 11 0 56 160 2 -112 56 34 -5 2135ol 

TEX-16 l 12. 2.9 7 ll 7 4 160 2. -134 55 - 27 -23 213585 

MIL - 71 J. 12 . .H 7 11 7 8 166 2. -U.7 42 - 44 - 19 2J.4081 

SDA-02 l 12 3J. 7 11 7 8 165 2. -107 28 -61 -15 214779 

HSK - 25 o .. a 38 7 11 30 40 167 L a;. 3 - 60 84 215147 

GWM-24 (J 41 17 7 11 3 7 52 16 7 2 a9 3 87. 1 214988 

GWM-24 l 12 32. 7 13 5 28 168 l 94 24 66 -4 215146 

HAW- 12 J. 12. 35 7 13 5 35 lo7 1 l!;>!;> 67 10 -2 1 213375 

HSK - 25 l 1L 2.9 7 13 5 36 108 2 71 22 - 40 61 215265 

STN- 00 l lL 35 7 13 5 42 161 l -137 45 -34 -31 214091 

GDS -2 8 l lL 36 1 13 5 43 lol 1 -130 43 34 -3 4 214163 

MAR-95 12 36 1 13 5 43 167 l - 130 43 - 39 - 28 214105 

TEX- 16 l 12 36 7 13 5 47 160 1 - 108 32 - 56 -15 214084 

STATION TERMlNATION DATA 

OAY HRS MIN Sl:C RA DEC Al. ELY x 'I' RANGE 

1 10 .20 48 166 1 159 52 15 - 35 2.13625 

7 10 .20 49 166 2 167 56 34 7 213512 

1 10 20 49 166 2 167 55 9 - 34 213515 

7 10 20 58 166 2 - 153 61 - 14 - 2.5 213341 

7 10 21 4 166 2 - 128 51 -3 2 - 23 213685 

7 10 21 4 "166 2 - 116 37 -5 0 - 21 2.11.217 

1 12 19 16 167 l 132 61 23 -19 213488 

7 1.2 19 28 167 l - 144 50 - 26 - 31 213852 

1 12 19 28 167 1 - 153 51 -20 - 35 213832 

7 12 19 30 167 l - 144 50 34 - 22. 2.13851 

7 12 19 33 167 1 - 116 42 -45 - 19 214186 

7 12 19 38 166 1 - 105 28 -61 - 13 214884 

1 12 19 38 166 1 - 97 13 - 76 -7 215687 

7 12 19 17 168 2 78 12 - 43 13 215730 

1 12 19 9 168 1 92 12 78 - 2 215723 

7 14 17 60 169 1 100 40 49 - 8 214386 

7 14 J.8 11 168 l - 159 67 - 9 - 21 213462 

7 14 18 5 169 2 58 35 -38 44 214666 

1 14 18 17 167 1 - 12.0 34 -52 - 25 214703 

1 14 18 18 167 l - 114 31 34 - 51 2.14849 

7 14 18 18 167 1 - 114 31 -56 - 21 214850 

7 14 18 23 167 1 - 98 17 - 73 -8 2l5bl3 

J 
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VEHICLE 1 RAl.lAA TABLE 

TkACK!NG HME STATION AC~U!SlTJ.ON DATA 

HR!) 11' N SEC DAY HRS HIN SEC RA UtC AZ tLV x Y RANGt 

MIL - 71 l 'l 42 7 13 5 48 l6b l - 99 18 - 72 - 8 215473 

BDA-02 0 2 "t4 7 13 5 50 lbo l - 91 4 -86 - 1 216302 

PKS-96 0 29 58 7 13 48 8 168 2 b5 30 58 21 2136lb 

CR0-0 8 0 2.6 34 7 13 51 27 168 2 87 3 87 3 2J.5222 

GWH-2 4 l 12 l3 7 15 4 14 168 l 106 52 37 - 10 213977 

CR0- 08 l 12 19 7 15 4 16 lb9 2 79 19 70 11 215527 

HSK-25 l J.l Ll 7 15 4 23 l6d 2 4b 42 - 38 32 214356 

PKS-9 6 1 J.2 LO 7 15 4 24 168 2 48 43 38 29 214297 

HAW - 12 1 12 28 7 15 4 26 168 1 - 135 61 - 21 - 20 213651 

GDS-2 8 l .i.2 2.8 7 15 4 30 167 l - 106 22 34 - 63 215353 

STN-00 J. ll 2.8 7 15 4 30 167 l - 111 26 -63 -18 215105 

MAR - 95 l 12 2.1 7 15 4 32 167 l - 106 22 --4>7 -15 215353 

TEX - 16 0 17 35 7 15 4 34 167 l -93 7 -83 -3 216235 

CR0- 08 l 12. 36 7 17 2 40 169 l 61 44 42 20 214406 

GWM-2 4 J. J.l 38 7 17 2 42 169 l 149 75 8 - 13 2B491 

PKS - 96 1 12 35 7 17 2 52 169 1 7 56 5 34 213967 

HSK-25 l 12 31 1 17 2 53 169 l 5 53 - 37 3 214053 

HAW - 12 l 12 39 7 17 2 53 160 0 - 108 38 -51 - 14 214690 

CR0- 08 l 12 35 7 19 1 36 170 l 21 63 11 25 213869 

GWM-24 l 12 37 7 19 l 39 169 0 - 120 65 - 22 - 12 213821 

HAW- 12 0 J::i :JO 7 .19 l 43 169 0 - 95 11 -79 -5 216247 

HSK - 25 l J.2 33 7 19 l 45 169 J. - 40 46 -37 - 26 214431 

J 

STATION TERHiNATlUN DATA 

DAY HRS HIN SEC RA DEC AL EL\I x Y RANGE 

7 14 15 31 167 1 -91 3 - 87 - 1 216302 

7 13 8 34 166 l - 91 3 - 87 - 1 .£16206 

7 14 18 6 169 

7 14 18 l 169 

7 16 16 36 169 

7 16 16 34 ·110 

7 lo 16 45 169 

7 16 16 44 169 

7 16 16 54 168 

7 16 16 58 168 

7 16 16 58 168 

7 16 16 59 168 

7 15 22 9 167 

7 18 15 16 170 

7 18 15 20 170 

7 18 15 27 170 

7 18 15 25 170 

7 18 15 32 169 

7 20 14 10 171 

7 20 14 15 170 

7 19 31 32 169 

1 20 14 18 170 

2 60 35 51 24 214626 

2 84 9 81 6 216087 

0 122 67 20 - 12 213590 

1 

1 

70 35 54 17 214789 

24 51 - 37 15 214093 

1 26 53 19 33 214016 

0 - 116 48 -3 9 - 17 214216 

0 - 96 8 34 - 80 216273 

0 -99 12 - 78 - 9 216038 

0 - 96 8 - 82 -5 216274 

-91 3 - 87 - 1 215623 

1 42 57 24 24 213996 

0 - 142 73 -10 - 13 213598 

l - 24 54 - 16 33 214111 

l - .2.:i 51 - 36 - 14 214_204 

0 -99 22 - 68 - 9 215607 

0 -18 64 -9 25 213942 

0 -106 49 -40 - 11 214445 

0 -92 3 - 81 -'-2 2154 77 

0 - 58 36 -36 -4~ 215006 

(j\ 
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VEHICL E l kA.JAK T AllLE 

TRACKING TlMt SIATION AC~UISITluN DATA 

HkS MIN Sl::C ()~Y HR S MlN SEC l{A DEC Al HV x Y RANLI: 

PKS - 96 l 12 33 1 19 l 46 169. l - 41 49 -30 30 214336 

GWM-2 4 l 12 26 1 2 1 0 23 170 0 - 101 38 - 52 - 9 214942 

CR0- 08 l lL 23 1 21 o 20 110 0 -~() 5 8 -22 24 214110 

HSK-2 5 l lL LO 1 2 1 0 .H 170 0 - 68 2 7 -36 - 55 215446 

MAD-23 0 12 10 1 22 0 5 17.£ - l 94 3 54 85 216303 

MAD-2 3 l 1£ j!) 1 22 58 24 172 - 1 104 14 44 70 216342 

CYl - 04 l 12 32 1 22 58 26 172 - 1 95 1 83 -5 Llo772 

ACN- 75 l 12 33 1 22 58 29 172 0 89 9 81 l 216621 

CR0- 08 l 1.£ 40 1 22 58 51 171 0 - 70 37 - 52 16 215105 

GWM-2 4 u 2.6 !:>9 7 22 58 52 171 - l - 93 9 -81 -3 216594 

HSK- 2 5 0 Ii 28 1 22 58 55 171 0 - 87 5 - 35 - 84 216871 

CYl - 04 0 J..6 33 8 0 57 13 173 - 1 111 31 57 - 18 215493 

MA0- 23 o lo .jl 8 0 5 7 15 173 - 2 128 34 4 .3 41 215384 

ACN- 75 u lo 28 8 0 51 18 173 - 1 85 38 52 4 215170 

CR0- 08 0 16 3 8 c 5 1 43 172 - 1 - 85 11 - 79 4 216596 

16 APR 72 PC2 TO SBN LAZ 72. l 

CR0-08 0 u 6 8 l 14 2 172 - 1 - a1 8 - 82 3 210015 

CYl - 04 0 5!:> 39 8 l .l4 2 173 - £ 114 35 53 - 19 214509 

MAD- 23 0 55 . 40 8 l 14 2 173 - 2 132 36 43 37 214455 

ACN- 75 0 55 42· 8 1 14 2 173 - 1 84 42 48 4 214171 

BDA- 02 () () ;) 1 8 2 . 8 33 174 - 2 94 3 87 - 4 2~7120 

BOA- 02 l . 12 46 8 2 55 21 174 - 2 101 13 77 - 10 216645 

CYl - 04 l - l L 44 8 2 55 32 174 - 2 139 53 27 - 27 214086 

STATION TERMINATILN OAJA 

DAY HRS HIN SE:C RA DEC AZ ELV x Y RANGE 

1 20 14 19 170 0 - 59 38 - 48 24 214919 

7 22 12 49 171 - 1 - 96 21 - 69 - o 215918 

7 22 12 50 171 0 - 61 46 - 40 19 214650 

7 22 12 53 171 0 - 80 14 - 35 - 73 216296 

1 22 12 15 172 - 1 96 5 49 82 .216 79.2 

8 

8 

8 

0 10 59 '173 - 2 117 26 43 53 215727 

0 10 58 173 - 2 104 2.2 6~ - 13 2i5971 

0 ll 2 173 - 1 87 20 o4 3 .215709 

8 0 11 31 172 - 1 - 80 22 - 68 9 215985 

7 23 25 51 171 - 1 - 9.2 3 - 87 - 2 215820 

1 23 7 23 171 o - as 3 - 34 - 80 .21655.2 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

l 13 46 173 - 2 114 35 53 - 19 214523 
O' 

l 13 't6 173 - 2 132 36 43 37 214468 ~ 
I\) 

l 13 46 173 - 1 84 42 48 4 2l't185 

1 13 46 172 - 1 - 87 8 - 82 3 .£16023 

l 36 8 172 - 1 - 90 3 - 87 o 21!>8o2 

2 

2 

2 

2 

4 

4 

~ 

9 'tl 174 - 2 125 45 39 - L4 il4940 

9 42 174 - 2 147 4L 43 L4 Ll5052 

9 44 174 - 1 

9 30 174 - 2 

81 55 34 !> £1454b 

9't 3 87 ~4 Ll7153 

8 6 175 - 2 112 27 62 - 20 215917 

8 17 174 - 2 108 ~9 7 - 30 ~14527 

J 



VEHICLE l RAD AK T ABU: 

TKA(;KlNG TIMt 

HkS MIN St:C 

MAD-23 l 12 't3 

ACN - 75 l 12 42 

MIL - 71 u 5o 38 

TEX- 16 l 12 42 

MIL - 71 l 12 44 

BDA-02 l 12 47 

CYI -0 4 l 12 47 

MAD-23 l 12 47 

ACN - 75 l 12 47 

GDS-28 0 LO 17 

MAR-95 0 4 .H 

MAR-95 l 12 35 

GDS-28 l 12 33 

TEX- 16 l 12 37 

STN-00 l 12 32 

MIL- 71 l 12 3o 

BOA- 02 l 12 37 

CYI - 04 l 12 <tO 

MAl>-23 l 12 39 

ACN- 75 l 12 ~7 

HAW- 12 l 12 42 

STN-00 l 12 48 

.. 

STATION ACQUIS!TlON OATA 

CAY HR S MIN SEC RA OEC Al t:LV x Y RANGE 

8 

0 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

2 55 34 173 - 2 102 46 43 12 2J.4935 

2 55 39 174 - 1 75 67 23 6 214203 

3 ll 26 174 - 2 94 3 87 - 4 216459 

4 54 10 175 - 2 98 10 80 -8 216906 

4 54 10 175 -2 107 24 65 - 16 216093 

4 54 11 175 - 2 121 36 50 - 25 215516 

4 54 20 174 -2 - 169 59 - 6 - 30 214560 

4 54 21 174 -2 - 156 44 43 - 17 215110 

4 54 27 174 -2 - 48 81 - 7 6 214128 

5 4o 34 170 -~ 9o 3 62 84 210417 

6 2 21 176 - 3 98 6 84 - 8 216991 

6 52 46 170 - 3 106 16 73 - 15 210667 

6 52 48 170 - 3 lOo 16 43 68 210063 

6 52 48 176 - 3 115 35 53 -2 1 215077 

6 52 49 176 -3 103 12 78 - 13 216933 

6 52 So 175 - 3 131 47 3o - 21 215128 

6 52 5o 175 - 3 155 52 18 - 34 214918 

6 53 8 175 - 3 - 127 45 - 39 -25 215199 

6 53 B 175 - 3 - lL4 30 45 - 46 215916 

6 53 17 175 -2 - d3 54 -36 4 214847 

8 51 15 177 - 3 9o 6 84 - 6 217358 

8 51 18 176 - 3 125 32 52 -29 215899 

l 

STATION TERMINATION DATA 

OAY HRS MIN SEC RA DEC AZ Elll x Y fi.ANGt 

8 4 8 17 174 -3 - 172 47 43 - 5 214973 

8 4 8 21 174 .:..2 40 82 5 6 214087 

8 4 8 4 175 -2 101 14 75 - 11 216001 

8 6 6 52 176 -3 108 25 64 - 16 216134 

8 6 6 54 176 -3 120 38 48 -23 215463 

8 6 6 58 ·175 -3 139 47 32 - 31 215096 

8 6 7 1 115 -3 - 140 52 - 26 -28 2l4886 

8 6 7 8 175 - 3 - 135 36 44 - 34 215559 

8 6 7 14 175 -2 - 78 65 -24 5 214495 

8 6 b 51 176 - 3 99 7 51 79 217165 

8 6 6 52 176 -3 99 7 83 - 9 217 168 

8 8 5 22 177 - 3 118 29 5 8 - 25 216017 

8 8 5 21 177 -3 118 29 41 50 216014 

8 8 . 5 25 176 -3 131 47 35 - 27 215170 

8 8 5 22 177 -3 115 24 64 - 23 216270 

8 8 5 32 176 -3 155 56 16 - 31 Ll4865 

8 8 5 33 176 - 3 - 176 54 - 3 - 3b 214910 

8 8 5 48 175 - 3 - 113 31 -57 - 20 215934 

8 8 5 47 175 -3 - 110 17 48 - 63 216670 

8 8 5 55 175 - 3 - 88 36 -54 2 215669 

8 10 3 57 178 - 4 104 22 68 - 13 216503 

8 10 4 6 . 177 - 4 143 42 34 - 37 215502 
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VEHICL E l kAi.JAR TAbLE 

T KACK ! NI> T HIE 

Hk!> 1'11N StC 

GDS-26 1 12 46 

HAR- 95 l 12 4 7 

TEX- 16 l J.2 4 7 

Hll - 71 l 12 50 

BDA-0 2 l u 47 

HAD-2 3 I) .u 11 

CYI -04 l 12 50 

ACN- 75 l 12 43 

HAW - 12 1 12 46 

STN-00 1 12 50 

HAR - 9 5 l 12 49 

GDS -2 8 l 12 4S 

TEX- 16 l 12 41 

BDA-02 l 12 48 

HIL- 71 l 12 47 

HSK-2 5 I) 0 42 

GWM- 24 l 12 L9 

HAW - 12 1 12 H 

STN-00 1 12 41 

HSK -25 l 12 2.1 

GDS-2 6 l 12 !>7 

MAR - 95 l ll 35 

STATION AC~UISlTlON DATA 

DAY HRS MIN SEC RA DEC Al tLV x Y RANGt 

8 8 51 19 170 - 3 129 37 40 39 215067 

8 8 51 19 176 -3 129 37 46 -30 215670 

8 8 51 23 176 -~ 146 54 22 -29 214956 

8 8 51 25 170 - 3 l7o 58 2 - 32 214820 

8 8 51 29 l7o - 3 - 157 52 - 17 -34 215030 

8 s 51 31 175 - 3 - 102 9 53 -75 217186 

8 8 51 37 175 - 3 - 106 21 - 68 - 15 216475 

8 B 51 50 175 - 3 - 89 25 - 65 l 210268 

8 10 50 6 177 - 4 110 32 56 - 17 215994 

8 10 50 9 177 - 4 158 47 19 -40 215339 

8 10 50 11 177 - 4 165 50 12 -39 215208 

8 10 50 11 177 - 4 165 50 39 9 215205 

8 10 50 17 177 - 4 -161 57 - 12 -31 214946 

8 10 50 21 170 - 4 -123 35 - 50 -26 215837 

8 10 50 21 176 - 't - Bo 't9 - 31 - 29 215252 

8 11 56 13 178 - 3 9L 3 31 87 217390 

8 12 48 39 17~ - 4 'J6 9 81 - 6 2!739.8 

8 12 48 45 178 - 4 136 55 26 -24 215123 

8 12 48 49 178 - 4 -l59 46 -19 -40 215450 

8 12 48 53 178 - 3 84 14 - 23 75 217110 

8 12 48 54 177 - 4 - 151 46 40 -20 21~444 

8 12 48 56 177 - 4 -151 't6 - 25 - 37 215446 

.. 

STATION TERMINATlUi~ OATA 

DAV HRS IHN SEC RA DEC AZ ELY x Y RANGE 

8 10 4 5 177 - 4 149 46 39 21 215324 

8 10 4 6 177 - 4 149 46 27 - 36 215328 

8 10 4 11 177 - 4 177 59 2 - 31 214875 

8 10 4 15 177 - 4 - 153 54 - 18 - 31 215012 

8 10 4 16 176 - 4 - 134 43 -3 8 - 31 215462 

8 9 23 42 "176 - 4 - 97 3 68 - 82 Ll6306" 

8 10 4 27 176 - 4 -97 6 - 84 -7 211449 

8 10 4 32 176 -3 - 92 8 - 82 -2 217347 

8 12 2 52 178 - 4 123 47 38 - 22 215415 

8 12 2 59 178 -4 - 176 48 - 4 - 42 215353 

8 12 2 59 178 - 4 - 168 50 - 10 - 39 215299 

8 12 2 59 178 - 4 - 168 50 40 - 8 215296 

8 12 3 4 177 -4 - 136 48 -32 - 28 215351 (j\. 

8 l.<'. . 3 

I 
--.:J 

9 177 - 4 - 110 22 - 67 - 19 Ll664l .i:--

8 12 3 8 177 - 4 - 120 36 -5 0 - 24 215898 

8 12 2 54 179 - 3 91 4 ll 80 217647 

8 14 l 7 179 -4 102 25 64 - 10 21~507 

8 14 l 23 179 -5 167 63 7 - 21 214956 

8 14 l 31 178 -5 - 138 38 -40 - 35 215866 

8 14 l 20 179 - 4 73 28 - 29 58 216392 

8 14 l 32 178 -5 - 131 37 41 - 37 215943 

8 14 l 31 178 - 5 - 131 37 - 45 - 32 215945 

J 
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VEHICLE l KADAR TABLE 

TRACKING T lME 

HkS HIN St::C 

TEX- 16 l 12 40 

IUL - 71 1 12 40 

BDA-02 o 4o 18 

GWM-24 J. 12 40 

CRD-08 l J.2 36 

HAW - 12 l 12 45 

PKS-96 l J.2 3o 

HSK-25 l 12 :H 

STN-00 l .l2 45 

MAR -95 l J.2 44 

GDS-28 l 12 't3 

TEX- 16 l 4 ,;j3 

GWM-24 1 12 4't 

CR0-08 l 12 39 

PKS-96 .I. 12 43 

HSK -25 J. J.O 54 

HAW-12 l J.2 52 

GDS-28 0 J.ll 57 

STN-00 0 39 14 

MAR-95 0 3 56 

GWM-24 J. 12 42 

CR0-0 8 l J.2 32 

STATION ACUUISJTluN DATA 

CAY HRS MIN SEC RA Ill:: l. AZ HV .x Y RANGE 

8 12 48 58 177 - 4 - 123 40 - 4't - 25 215098 

8 12 49 2 177 - 4 - 1.1.1 27 - 02 - 19 216368 

8 12 49 4 177 - 4 - 103 J.2 - 77 - 13 2!7177 

8 14 47 15 179 -4 106 37 52 - 13 215988 

8 14 47 21 179 - 4 90 9 81 0 217496 

8 14 47 24 178 - 4 - lo8 63 - 6 - 26 2!4981 

8 14 4 7 27 l 79 - 4 o7 37 50 19 21595! 

8 14 47 27 179 -4 64 37 -30 46 215976 

8 14 47 28 178 -5 - 1,6 32 -53 - 30 2lo22J. 

8 14 41 29 178 -5 - 121 29 -57 - 26 216348 

8 14 47 31 178 -5 - 121 29 42 - 49 216345 

8 14 41 33 178 - 4 - 104 17 -73 - 14 211037 

8 16 46 5 180 - 5 

8 16 46 8 - 180 - 4 

8 16 46 14 180 - 't 

8 16 46 15 180 - 4 

129 . 62 22 - 17 215098 

11 35 54 11 216138 

34 57 20 27 215254 

31 55 -31 17 215316 

8 16 46 15 179 -j - 124 46 - 38 -23 215628 

b 16 46 17 179 - 5 - 101 7 58 - 77 217700 

0 16 4o J.8 179 - 5 - io5 11 -79 - 15 2J.141lO 

ll 16 'to J.8 179 - 5 - 101 1 -83 - 11 2J.77uo 

8 18 44 43 - 180 - 5 - 151 70 - 8 - 18 2.1.5000 

8 18 44 47 - 179 - 5 52 60 25 18 215260 

J 

STATION TERMiNATION DATA 

DAY HRS MIN SEC RA DEC AZ HV x Y RA~Gf 

ll 14 J. 38 178 -5 - 111 26 - 62 - 19 2lo481 

8 14 l 42 178 -5 - 102 12 - 78 - 12 217298 

8 13 35 22 178 -5 - 97 3 - 87 - 7 216642 

8 15 59 55 - 180 - 5 117 52 35 - lo 215384 

8 15 59 57 -180 - 4 6.3 25 65 7 216053 

8 lb 0 9 ~79 -5 - 137 55 -26 - 25 215307 

a lo 0 3 180 - 4 50 50 33 24 215412 

8 lo 0 5 180 -4 47 49 - 31 29 215522 

8 16 0 14 179 -5 - 113 19 -69 -2 1 216970 

8 lo 0 13 179 -5 - 108 16 - 73 - 18 217159 

8 16 0 15 179 -5 - 108 16 48 - 66 217159 

8 15 52 6 179 -5 - 97 3 - 87 - 7 217514 

8 17 58 49 - 180 -5 108 H 4 - 19 214963 

8 17 58 47 - 179 - 5 o5 50 37 16 Ll5554 

8 17 58 57 - 180 -5 1 62 0 28 215192 

8 17 57 9 - 180 - 5 0 59 - 31 0 215183 

8 17 59 1 180 -5 - 112 32 -56 - 10 210403 

8 l7 5 14 179 -5 - 99 3 70 - Ill 217030 

8 17 25 31 179 -5 -99 3 - 87 - 9 Ll6 700 

a lo 50 14 179 -5 - 101 6 -84 - ll 217556 

~ 19 57 25 - 179 - o - l2o 5d -2 7 - Ill 215370 

8 19 5 7 19 - l 79 - 5 18 69 7 20 215082 

0\ 
I 

--..::i 
V1 



VEHICLE KAUAK T AtllE 

TKACKl 1~(; T lME STATION ALUUlSIJIUN DATA 

HKS l'llN StC OAY HRS HIN SEC KA UtC Al tlV x Y RANGE 

HAW- 12 l LL :n B 18 44 55 180 -5 - 106 22 -68 - 14 216934 

PKS -"6 l l.2 33 8 18 44 56 - 180 - 4 -23 60 -13 28 215249 

HSK-25 l. 12 32 b 18 44 57 - 180 - 4 - 23 51 -31 - 12 215331 

GWM-24 l l2 41 8 20 43 28 - 179 - b - 115 49 -39 - 16 215725 

CR0-08 l 12 38 8 2C 43 28 - 179 - !) - lo 69 -o 20 215092 

PKS -96 l 10 40 8 20 43 34 - 179 - 5 - bl 43 -44 20 215954 

HSK-25 1 12 42 8 20 43 34 - 179 -5 - 61 41 -29 - 41 210032 

GWM-24 l J.2 41 8 22 42 17 -179 - o -lU2 21 -68 - 11 217115 

CR0-08 l 12 37 8 22 42 18 - l7d - j -oo 51 -36 15 2.1.5698 

HSK -25 l. 12 35 8 22 42 24 - 179 - 5 - 83 19 -20 - 10 217248 

MAD-2 3 0 So 52 8 22 57 27 - 177 -o lOl 3 75 78 217450 

ACN - 75 0 44 3 8 23 10 18 - 177 - o 96 3 87 - 6 217025 

CYl-04 0 18 42 8 23 35 34 - 176 - 7 99 3 87 - 9 2.l.B48 

ACN - 75 0 10 47 9 0 38 24 - 176 - b 93 24 66 - 3 217158 

MAD-23 u d !)9 9 0 40 13 - l7o - l 119 21 52 55 217274 

CYI-04 0 d :>B 9 0 40 14 -176 - 7 107 17 72 - 17 217484 

CR0-08 0 ti 19 9 c 40 53 - 178 - o - 84 26 -64 5 216951 

16 APR 72 SdN Tu TEI LAL J:i .• l 

CYI-04 i. 5 51 9 0 49 14 - 176 - 7 109 19 70 - 18 210934 

MAD-2 3 l j S':i 9 0 49 14 - 170 - 7 121 22 52 53 216747 

ACN - 75 1 6 2. 9 0 49 14 - 170 - o 93 27 63 - 3 216484 

CR0-08 l b 35 9 0 49 14 - 1711 - o - d5 24 - 66 4 216637 

MAD-23 ·1 14 4 7 9 2 40 55 - 170 - 7 147 37 49 26 216502 

STATION TERMINATION DATA 

DAY HRS MIN StC RA DEC Al ELV x ¥ RAhGE 

8 19 57 32 - 179 - 6 -99 b - 84 - 9 217947 

8 19 57 29 - 179 -5 -50 51 -32 24 215620 

8 19 57 29 - 179 -5 - 49 49 - 30 - 29 215702 

8 21 5b 9 - 178 - 6 - 106 32 -56 - 14 216539 

8 21 56 1 - 178 -6 -53 61 -24 17 215399 

8 21 54 14 - 178 -5 -7o 30 - 59 lL 21657( 

8 21 5o 16 - 178 -5 - 15 28 -25 -58 216755 

8 23 54 57 - 178 - 7 - 98 5 - 85 - 8 Ll8191 

a 23 54 55 - 118 -6 - 78 37 -53 9 216432 

8 23 54 59 - 178 - 6 - 93 5 33 -84 218lo3 

8 23 54 19 - 176 - 7 111 13 58 66 217696 

8 23 54 22 - 176 -6 95 13 77 - 4 217657 

8 23 54 16 -176 - 7 

49 12 - 176 - 6 

101 7 83 - 11 218028 

9 0 93 27 63 -3 216486 

9 0 49 12 - 176 - 7 121 22 52 53 216750 

9 0 49 12 - 176 - 7 109 19 70 - 18 216936 

9 0 49 12 - 178 - 6 - 85 24 - 66 4 216638 

9 l 55 11 - 175 - 7 119 31 55 _,4 216795 

9 l 55 13 - 176 - 7 135 . .H 50 37 216801 

9 l 55 16 - 175 - 7 92 43 47 ....: 1 216260 

9 l 55 49 - 177 - 6 - 92 10 - 80 - 2 218006 

9 3 ~5 42 - 175 - 8 170 41 48 l) .<:16403 

(}\ 
I 
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VEHICLE KAuAK TA8LE 

TKAl.KlNI. TIME 

HKS MIN SEC 

CYl - 04 l 14 45 

ACN- 75 l 14 43 

BDA- 02 0 54 16 

MlL - 71 l 14 45 

BDA- 02 l 14 41 

MAD- 23 J.4 SS 

CYl - 04 l H :H 

ACN- 75 l 14 55 

TEX - 16 0 42 21 

TEX- 16 9 .H n 

MIL - 71 8 25 53 

BDA- 02 7 18 29 

MAD- 2 3 3 9 14 

CYl - 04 4 7 10 

ACN - 75 4 24 lll 

GOS - 28 10 34 B 

MAR- 95 10 4 14 

STN- 00 10 30 2 

HAW- 12 lU :>d ll 

HSK- 25 12 0 5d 

GWM- 24 11 10 36 

PKS - '16 1 46 21 

STATION ACQUlSlTlUN DATA 

DAY HKS MIN SEC RA ua:c Al ELV x Y KANGt 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

2 40 55 - 170 - 7 1L8 40 43 -29 216356 

2 41 0 - 170 - 7 90 54 36 0 21577b 

3 l 14 - 175 - 7 101 3 87 -11 217414 

4 41 B - 174 - 8 105 11 79 - 14 218002 

4 41 8 - 175 - 8 115 22 65 -23 217328 

4 41 15 - 175 - 8 - 175 42 48 - 4 216350 

4 41 15 - 175 - 8 167 54 9 -35 215866 

4 41 22 - 17, - 7 82 84 6 l 215233 

5 13 32 - 174 - 8 100 3 87 -10 217197 

16 APR 72 lEl JO ENT L.AZ 7:2.l 

6 31 11 - 174 - 8 110 19 70 -19 217957 

6 31 13 - 174 - 8 122 32 54 -26 217200 

6 31 14 - 174 - 8 139 40 38 -35 216865 

6 31 18 - 175 - 8 - 142 34 50 -31 217170 

6 31 19 - 175 - 8 - 149 50 -2~ -34 216472 

6 31 24 - 175 - 7 - 90 69 - 21 0 215880 

6 40 9 -174 - 8 102 3 76 78 218573 

6 54 57 - 174 - 8 104 6 84 -14 217794 

1 2 58 -174 - 8 102 3 87 - 12 217651 

9 18 55 - 174 - 8 100 3 87 - 10 212685 

9 12 11 50 - 174 - 7 'H 3 65 83 200839 

9 12 54 58 - 174 - 8 99 3 81 - 9 205389 

9 14 24 21 - 174 - 7 79 30 60 10 200861 

_) 

STATION TERMINATIUN DATA 

DAY HRS MIN SEC RA DEC Al ELV x Y RANGE 

9 3 55 4C - 175 - 8 149 50 23 - 34 216040 

9 3 55 43 - 175 - 7 89 72 18 0 215414 

9 3 55 30 - 174 - 8 108 13 76 - 18 217864 

9 5 55 53 - 174 - 8 116 25 63 - 23 217279 

9 5 5 5 56 - 174 - 8 130 35 48 - 32 216780 

9 5 56 13 ...: 174 - 8 - 152 37 49 _,, .216671 

9 5 56 12 - 174 - 8 - 163 53 - 13 - 35 2l6023 

9 5 56 17 - 174 - 8 - 89 78 - 12 0 215407 

9 5 55 53 - 173 - 8 106 12 78 - 15 218047 

9 16 4 33 -175 - 8 - 101 3 - 87 - u 199010 

9 14 57 6 -175 - 8 - 101 3 - 87 - 11 201297 

9 13 49 42 -175 -8 - 102 3 - 87 - 12 203543 

9 9 40 32 -175 - 8 - 103 3 11 - 10 211943 

9 lo 38 2<> - 115 - 8 - 101 3 - 87 - 11 209968 

9 10 55 42 - 176 - 1 - 97 3 - 87 - 7 209391 

9 17 14 16 - 175 - 9 - 103 3 11 - 11 190669 

9 16 59 11 - 175 - 9 - 105 6 - 84 -15 197001 

9 17 32 60 - 175 - 9 - 103 3 - 87 - 13 196000 

9 20 17 5 - 175 - 9 - 101 3 - 87 - u 190397 

10 0 18 48 - 175 - 8 - 98 3 69 - 82 181860 

10 0 5 34 - 175 - 9 - 100 3 - 87 - 10 182334 

9 22 10 48 - 175 - 8 -79 30 - 60 9 184885 

O'\ 
I 

--J 
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VEHICLE l KAiJAk T AtiLE 

TkAC.KINli TIME 

HkS MIN SEC 

CR0-08 11 :>5 31 

MA0-23 lU 1L 3 

ACN- 7 5 11 ;;j] 36 

CYl-04 lO 4L 46 

8DA-02 lU 30 10 

M IL - 71 lU 38 14 

TEX- 16 10 _j9 J.l:j 

GOS-28 10 19 6 

MAR-9 5 'ii 4d 2 

STN-00 10 Lo:! 42 

HAW - 12 10 48 10 

HSK-25 12 L:> 32 

GWM-24 H 3 26 

PKS-96 8 2 l'il 

CR0-08 12 8 20 

ACN- 75 l! 42 31 

MAD-23 9 32 21 

CYl-04 10 l7 42 

BDA-02 9 j4 <jj 

MIL - 71 lU j 33 

TEX - 16 .ll) :> 38 

GDS-28 9 .:d 3o 

STATION ACQUISITION DATA 

CAY HRS MIN SEC RA DEC Al ELV x Y RANt:.E 

9 14 38 3 - 174 - 7 ~7 

'ii 23 18 6 - lH - 'ii !OS 

9 23 18 52 - 173 - 8 9!i 

9 23 49 8 - 173 - 9 102 

10 3 11 47 - l7_j - 10 103 

10 4 12 13 - 173 - 10 103 

10 5 18 34 - 173 -~o 103 

10 6 46 6 - 17.::J -!O 105 

10 1 l 47 - 173 - 10 101 

10 1 10 22 - 173 -10 105 

10 9 24 9 - 172 - 10 102 

10 12 6 44 - 172 - 10 100 

10 13 0 13 - 1 72 - 11 lU2 

10 14 19 49 - 17l -10 82 

10 14 35 55 -172 - 10 100 

lO 23 23 6 - 171 - .1.2 102 

lo 23 39 4o - 111 - .1.4 111 

11 

11 

11 

11 

11 

c 5 0 - 171 - 13 107 

3 33 b - 110 - 1s iu9 

4 32 44 - 170 - 15 109 

5 39 58 - 170 - 15 109 

1 14 22 - 169 - 16 112 

3 87 - 7 201936 

3 79 75 184030 

3 87 - 8 184005 

3 87 -12 1829.£2 

3 87 -13 175545 

3 -87 -13 173296 

3 87 -13 110799 

3 78 75 167458 

6 84 -17 106673 

3 87 -15 100521 

3 87 -12 161284 

3 73 80 154729 

3 87 -12 152519 

30 60 1 147657 

3 81 -10 148508 

3 87 -12 124689 

3 82 69 123878 

3 87 -17 122649 

3 87 -19 112146 

3 87 -19 1U'il012 

3 87 -19 105401 

3 82 68 lU0183 

STATION TERM~NATlON DATA 

DAY HRS MIN Sl:C RA DEC AZ. l:LV x Y RANGE 

10 2 33 34 - 175 - 9 -9!1 

lO 9 30 9 - 175 - 11 - 107 

10 10 56 28 - 175 - 10 - 100 

10 10 31 54 - 175 - 11 - 104 

10 13 41 57 - 174 - 11 - 105 

10 14 50 28 ~ 174 -11 - 105 

10 15 51 52 - 174 - 12 - 105 

10 17 5 12 - 174 - 12 - 107 

10 16 49 50 - 174 - 12 - 109 

10 17 23 5 -174 -12 - 108 

10 20 12 19 - 174 - 12 - 105 

11 0 32 16 - 173 - 12 -102 

11 0 3 39 - 174 - 13 - 104 

10 22 22 8 - 174 - 12 -84 

11 2 44 15 - 173 - 13 - 103 

11 ll 5 43 - 172 - 16 - 106 

11 9 12 7 - 172 - 17 - 115 

11 10 22 43 - 172 - 17 -1.1.l 

1.1. 13 21 18 - 171 - .1.9 - 115 

ll 14 38 17 -171 -20 - 115 

11 15 45 35 - 171 -2 1 - 115 

11 .1.6 42 57 - 170 -22 - 120 

3 - 87 - 8 176959 

3 80 -73 .1.61044 

3 - 87 - .1.0 .1.!>7589 

3 -87 - 14 .1.58576 

3 -87 - .1.5 150779 

3 -87 - 15 147888 

3 -8 7 - 15 145000 

3 80 - 73 142069 

6 -84 - .1.9 142563 

3 -87 - 18 141283 

3 - 87 - 15 133674 

3 76 - 77 121315 

3 -87 - H 122716 

30 - 60 5 126082 

3 - 87 - 1.2 114678 

3 - 87 - 16 8657.2 

3 83 - 64 93413 

3 - 87 -21 89198 

3 - 87 -25 17528 

3 - 87 - 25 72748 

3 -87 -L 5 68031 

3 84 - 60 63863 

(}\ 
I 
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VEHICLE l H.AJAK TABLE 

TRACll.l o~G TIME STATION ACQUISITIC~ DATA 

HRS M 1 1~ SEC DAY HRS HIN SEC RA DE:C Al tlV x y 

HAR -95 8 j4 5o 11 7 31 2l. - lo9 - lo us 6 83 - 25 

STN-00 '} .l6 24 11 7 40 55 - 169 - lo 113 3 87 -23 

HAW - 12 10 12 33 11 9 48 2b - 168 - 17 .l09 3 87 - 19 

HSK -25 14 .l4 b 11 12 3 53 - 160 - lo 107 3 80 73 

GWH-2 4 10 jl) 37 11 13 2.6 14 - 167 -18 HO 3 87 -20 

PKS -96 ll jl u 11 14 20 39 - 101 - 11 9L 30 60 -2 

CR0-08 ll L9 L5 u 14 41 33 - 160 - 17 108 3 87 - 18 

STATION TERMlNATluN UATA 

RANGE DAY HRS MIN SEC RA DEC Al ElV x ¥ 

99045 11 lo 26 l.6 - 170 -22 - l.22 6 -83 - n 

98082 ll lo !:>1 20 - 170 -22 - 121 3 - 86 - 31 

912oL 11 20 0 ~8 - 169 -26 - 120 3 - 87 - 29 

dL934 1.2 2 lJ 59 40 - 1 97 3 67 84: 

7760! ll 23 56 51 - 160 -38 - 131 3 - 86 - 41 

U43o 12. 2 12 l 42 - 74 162 30 29 -55 

12!:>29 12 2 10 58 29 -50 145 3 85 - 55 

J 

RANGE 

649!2 

62792 

48052 

1629 

24280 

1924 

3278 

-----
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VEHICLE 

MA0-23 

GLIS-211 

MAR.,9!> 

s Tr-i-oo 

MI L. .. 71 

BLlA-02 

CYl-O'I 

A01-7!> 

Tt.X., 1 o 

RADAR TABLE 

TRACKING TIME 

HRS MIN SEC 

0 12 2 

0 12 2 

0 12 2 

0 12 2 

0 12 2 

0 12 2 

0 12 2 

0 12 2 

0 12 2 

TABLE 6-l. - MI SSION RADAR TIMELINE - Continued 

(h) LM acquisition and termination during descent - 3° minimum elevation 

STATION ACQUISITION DATA STATION TERMINATION DATA 

DAY HRS MIN SEC RA DEC AZ ELV X Y RANGE DAY HRS MIN SEC RA DEC AZ ELV X Y RANGE 

'I 

'I 

'I 

'I 

'I 

'I 

'I 

'I 

'I 

16 APR 72 1-M TKACK!NG fROM POI TO I-ANDING 

2 3'1 'ti 126 18 - 128 S9 20 -2'1 20'13'12 

2 J'I 'II 1211 18 76 · 12 -so 72 206S72 

2 J'I 'II 12~ 18 76 12 78 I'+ 206S72 

2 3'1 'II 128 18 73 8 81 17 20678'1 

2 3'1 'II 128 18 90 '12 '18 O 20'199~ 

2 3'1 'II 127 18 IOS SS J'I •8 20'1'167 

2 3'1 "' 127 19 -122 7'+ -13 -8 203983 

2 J'I '+I 

2 3'1 'I I 

127 

1211 

j9 

18 

-29 · S9 -16 27 20'1J37 

82 27 1>3 7 2os127 

I-AZ 72 • I 

't 

't 

'I 

'I 

'I 

'I 

't 

't 

'I 

2 '16 '12 127 18 -12'+ S7 20 -27 20'1260 

2 '16 '12 128 18 77 I'+ -'II 71 206310 

2 '16 '12 128 18 77 I'+ 76 . 12 206310 

2 '16 '12 128 18 7S 10 79 IS 206525 

2 '16 '12 1 28 18 91 'l'I '16 -1 20'17S'I 

2 '16 '12 128 18 107 S7 32 -9 20'12S7 

2 "" '12 121 18 -111 12 -16 :8 203883 

2 '16 '12 127 19 -33 SB -19 . 27 20'12'12 

2 '16 '+2 128 18 83 . 29 61 6 20S'l6'1 
°' I 
CP 
0 
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TABLE 6-1.- MISSION RADAR TIMELINE - Continued 

VEHICLE I l<AOAR 
(i) LM acquisition and termination during ascent - 3° minimum elevation 

TASLE 

T i<ACK IN(, TI ME. 5 TAT I ur; ACIOulSIT!Or. OAIA STAllUN TEl<MINATI01< UATA 

HRS Mli'I SEC OAy Ht<S Ml" sc;c RA OE( AZ ELV A y KAN(at. OAl 111'<!~ 11 Ir. SEC KA Ut.C. Al. 1:.1. V A y HAIHaE 
16 Al-'~ 72 LM ASCENT Tt<ACKING I. Ai. 7 2 •I 

MAD-23 u 7 I 'I 7 3 'b 'I 163 3 -1 b'I SI 37 -10 211d'l7 7 .J so: .;:J 103 .J -16 I S.I 37 -12 2118!> I 
X-Y UStl-8S 

MIL-71 Cl 7 l'I 7 3 'IS 'I 16'1 3 98 21 69 -tt 21.;J3c I J S..: 23 I o'I J 99 4:3 67 -'I 2131~'1 

X-Y USB-JO 

BOA-02 0 7 l'I 7 3 'IS 'I 163 3 11 O 3'1 SS -17 212072 I .J s2 23 I o'I J 112 JS. S.3 - 18 212s'lo 
X-Y UStl-30 

CYl-0'1 u 7 l'i 7 3 'IS 9 163 3 I 7 6 6S 2 -2s 211'169 7 J s2 23 163 3 -180 6S u -2s 211'1u7 
X-Y USl:!-JO 

A(N-7S u 7 l'I I J 'IS 'I 163 'I 2 78 
A-Y USB-30 

0 12 2 1 1232 1 .J s2 2J 163 " -6 78 -1 12 211169 

TEX-lo Cl 7 l'i 7 3 'IS 9 16'1 3 90 7 Isl 0 21'1187 7 J s2 23 j 6'1 3 'II 8 i:l2 -1 2l'I03i x-v USB-30 O'I 
·I 
CD 
I-' 



TABLE 6-I.- MI SSION RADAR TIMELIN E - Concluded 

(j) LM acqui sition and termination during rendezvous - 3° minimum elevat.ion 

COAST TO RENDEZVOUS RADAR TRACKING PRIOR TO TPJ 

VEHICLE 2 RADAR uai.E 

TRACKING TIME STATION A'QUISIT I ON DATA 

HRS MIN SEC HRS MIN SEC RA DEC AZ El,.V x Y RA,.GE 

HAD•2l 0 10 0 171 S2 23 l•l l "'l'l Si 37 •12 2119'19 
11. .. v usa .. as 

HIL .. 71 0 10 0 171 S2 23 1•'1 l 99 23 ., .. , 213290 
X•Y usa-Jo 

aD, .. 02 o 10 0 171 S2 V 1''1 J llZ JS SJ ·18 212•'1Z 
x .. v use-Jo 

CY!·O'I 0 10 0 171 S2 2l Ul l )BO 6S o .. 2s 211sos 
X•Y USB .. lO 

ACN"'7S 0 10 0 171 S2 23 )63 .. -1 78 -1 12 211268 
X•Y USB.,.JO 

T[X•l6 0 10 0 171 S2 ·2l 16'1 l 91 8 82 .. , 21'113'1 
X•Y USB•lO 

RENDEZVOUS NAUAR TRACKING . PRIOR TO TPI 

HAD•2l 0 17 •O 172 2 2J UJ J -1se so 38 .. , .. 2121'10 
X•Y usa-as 

HIL•71 0 17 •O 172 2 2l l•'I l IOI 2S •s •IO 2133'17 
x .. v use .. 30 

Blh .. 02 0 17 •O 172 2 2l l•'I l i l l 37 Si •19 212721 
x-v use .. 30 

CY!•U'I 0 17 •O 172 2 2l l•l l •17'1 •s -J •2i 21167'1 
x .. y USB•lO 

STATION TERMINATION DATA 

HRS MIN SEC RA DEC AZ ELY x Y RANGE 

I 7 2 2 2J ) 6J J •IS8 SO 38 •l'I 2121'10 

172 2 23 16'1 J 101 2s •s -10 2113'17 

172 2 23 U'I 3 Ill 37 Si •19 212721 

112 2 23 j 63 3 •17'1 •S •3 •2S 21167'1 

172 2 2J 163 .. •18 78 .... 12 211'137 

172 2 23 , ... J 92 10 •o .. 2 21'1180 

172 20 23 1•3 3 •IS2 '19 ll •18 21301• 

)72 20 23 1•'4 3 103 28 •J •II 213972 

172 20 23 16'1 3 117 '10 '17 •20 213390 

172 20 23 1'3 3 •16'1 ... .,.7 •2S 212Sll 

(j\ 
I 
co 
f\) 
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VEHICLE 2 l<AOAN TASl,E 

TRA,lqNCi TIMf. STATION AC~UISITION DATA STATION TERMINATION DATA 

HRS MIN Sf.' HRS HIN SE!; RA 1.a:c; Al £:1.V x Y RAN(if. HRS HIN He RA Die AZ tLV x y RANfiE 

ACN•7S 0 17 40 172 2 2J i 63 'I al8 78 •'t 12 21i'tl7 112 20 23 143 'I •lS 7• •8 II 212281 
x .. y USl•JO 

Tf.X•l4 0 17 40 172 2 23 111'1 l 92 10 80 .. 2 21'1180 172 20 23 , ... l 9'1 l't 71> .... 21'1780 
X•Y USB•JO 

COAST TO Tl'I 

HXtol I> 0 't 12 172 20 23 1''1 3 9't l't 74 •'t 21'1780 112 2't 35 l•'I l 9't IS 7S •'I 21'19'19 
X•Y use-Jo 

MlL .. 71 0 't I 3 172 20 23 1'11 l 103 za l>I •II 213972 112 2't lb 1"'1 l 10'1 29 40 •12 2t'll't9 
x .. y usa .. 30 

Blh•02 0 'I 19 172 20 23 U't J 111 110 't7 •20 21JJ9o 172 2't '12 11>'1 l 111 'ti 't4 ·21 2IJSl2 
x•Y us1 .. 30 

CYi•O't Iii 'I 30 172 20 23 1'3 l '"14'1 •'I •7 •2S 212Sll 172 2'1 SJ 143 l •142 4'1 •9 •ZS 2127S4 
x•Y use .. 30 

MA0.,23 0 'I J2 17Z 20 2J 11>3 J -1s2 '19 Ja •18 21301• 172 2'1 SS 1'3 l •ISO '18 38 •19 213270 
x-v usa .. as 

Ac;Ntt7S 0 
X•Y USB•JO 

'I JS pz 20 2J 1'3 'I e3i 7• •ii II 212281 172 2'1 58 1'3 .. ..)9 75 ., a\ 
I 

ES 
II 212il2 

UL!,.ACiE f"OR TPI 

TPI 

COAST TO IST BRAKING CiATE 

Ci0S•28 0 t. II 173 11 J 'I I l>'t l 92 8 l't 82 21SSl'I 173 17 2S 14'1 l 93 9 18 81 21!il't0 
x .. v use.as 

STN"OO 0 I> 11 173 11 1 't 11>'1 l 89 l 87 I 2IS771 173 17 25 l•'I l 90 s as o 215398 
A"E USBISO 



VEHICL.E 2 HADAR TABLE 

TRHKING TIME STATION A~WUl$1TION DATA 

HRS HIN Sf;C HHS P1IN SEC RA DEC Al Et..V x Y RANGE 

HX•l6 Q 6 8 17J II 111 U'I l 100 25 65 •9 21'1!11'1 
x,.y USll•JQ 

P1 I L .. 71 Q 6 !i 17 J 11 20 16'1 l 111 J9 '19 •16 21l8Q'I 
X•Y USB•lO 

Bl)AwQZ Q 6 2 173 II 23 16'1 l 130 '19 J~ •ZS 213370 
X•Y usa .. Jo 

CY l •O'I 0 5 !iJ l7l 11 lZ 16l J •ll9 59 •21 •2l 21l030 
x .. y usa .. 30 

P1AD•Zl 0 5 SI 17l 11 l'I 16l l •IJS 'll l7 •ll 2il621 
x-v usa .. as 

ACN•75 0 5 !16 l7l 11 'IQ 16.l 'I •62 66 •21 Ii 2128lO 
x .. y usa .. 30 

COAST TO 2ND IRAKING GATE 

P1AD•Zl 0 2 17 Pl 17 ZS 16l l •Ill '12 l7 •ll 21ll71 
x .. y US8•8!i 

liDs .. zs o 2 17 173 17 zs 16'1 l 93 9 18 81 2151'10 
XotY US8•8!i 

P1 I L,.71 Q 2 17 Pl 17 zs U'I l llJ 'IQ '17 •17 21l'ISI 
x•Y use-Jo 

llDA.,02 0 2 17 l7l 17 zs 16'1 3 ill !ig l2 •Zi 21~0'10 
x•Y uss,.30 

$TATION TERP1INATION DATA 

HRS l'llN SEC RA DEC AZ ELY x Y RANCiE 

l7l 17 ZS 16'1 l 101 Z6 •l -10 21'11'15 

j7l 17 25 , ,, .. l Ill '10 '17 •17 2ll'ISI 

17l 17 ZS 16'1 l ll2 so lZ •25 2ll0'10 

l7l 17 25 '163 l •ll7 58 •Zl •2l 212770, 

Pl 17 25 1u l •Ill '12 37 •ll ZllJ71 

Pl 17 25 163 'I ·•'I 6!i •Zl ii 212579 

173 19 112 1u l •Ill '12 l7 •33 2ll272 

173 19 '12 1•'1 l 9l 9 19 80 215000 

17l 19 '12 16'1 l Ill 'II '17 •17 21ll17 

Pl 19 '12 16'1 3 ill Si Ji •ZS 212fll 

O'\ 
I 
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YEHICl.E 2 RUlAR TABLE 

TRA,KiNCi TIME 

HRS HIN SE' 

'Yl-o'I o 2 j7 
X•Y USB•30 

A,N,.7S 0 2 j7 
x .. y U5B•30 

TEx-16 0 2 17 
X"Y U5i•30 

5TN•00 0 2 j7 
A•E U581SO 

HAD•23 0 o Is 
X•Y use .. as 

<iiOs-2e 0 0 IS 
ll"'Y U51•85 

HIL•71 0 O Is 
X,.Y U51•30 

BOA,.02 0 O Is 
x .. y U51•30 

CY l"O'I 0 o Is 
X•Y U58•30 

AtN .. 7S 0 O IS 
X•Y usB .. 30 

STATION A'QUISITIQN DATA 

HR5 HIN $Et RA DH Al ELY l Y RANCiE 

17J 17 2s 163 3 •137 SB ~23 •2J 212770 

173 11 2s 163 'I ~6'1 65 .,23 II 212S79 

173 11 2s 1•" 3 101 2• •J •10 21'11'1S 

173 l7 25 16'1 l 90 S Bi 0 21Sl98 

IST BRAKIN~ HAN~UYER • 

ill 19 'll 10 

173 19 '12 16'1 

173 19 '12 U'I 

173 19 'IZ 16'1 

3 "Ill 'lz 37 • 33 213272 

3 93 9 19 BO 21SOOO 

3 113 'II '17 •17 2133l7 
• 

3 133 Si 31 •25 212'113 

173 19 '12 1•3 ·3 •136 iB •2'1 •23 212•67 

173 19 '12 IU 'I ~6'1 6'1 ,2'1 11 212'171 

J 

5TATIO~ TERMINATION DATA 

HRS HIN HC RA DEC AZ ELV x Y RANCiE 

173 19 '12 163 3 •13• SS •2'1 •23 212•67 

173 l'i '12 163 'I •6'1 o'I •2'1 11 212'171 

173 19 '12 16'1 3 102 27 63 .. 10 2l'IOOS 

173 19 '12 ·1•" 3 9o 5 IS 0 llS258 

173 l9 Sii 1•3 3 •133 '12 37 •33 213261 

173 19 58 U'I 3 93 9 " 10 . 21'1'8'1 

173 19 Se 16'1 3 113 'II '17 .. 17 213302 

173 19 Se 1•'1 3 1i3 SI 31 .. 2s 212899 

173 l'i se 163 3 ·136 sa ·Z'I .. 23 2&26ss 

173 19 ii 163 'I "6'1 6'1 •2'1 11 212'167 

(}'\ 
I 

CD 
\Jl 



VEHICL.E 2 l(AQAI( UBL.[ 

TRA,KlNG TIME STATION ACQUlslTION OATA 

HRS MIN S[C HRS HIN SEC RA DE!; AZ El.V x T RAN<OE 

TEx-16 U 0 IS 173 19 't2 16't 3 102 27 63 •10 21'tOOS 
x .. v use .. 30 

STN•OO 0 o Is 173 19 't2 16't 3 to S SS 0 21s2ss 
A•E use1so 

CUAST TO JRP BRAKING <OATE 

HAD•2l 0 0 S7 173 U Si 163 3 •ill '12 37 •33 213241 
x-Y use-as 

<0os .. 2s o 0 S7 173 19 Si 16't 3 9l 9 If IQ 21'191'1 
x-Y use-as 

HI L. .. 71 0 0 57 173 19 SI 16't 3 113 'II '17 .. 17 213302 
x .. v use .. 30 

eOA .. 02 0 0 S7 173 19 Sf U't 3 Ill SI Ji •25 212S99 
x-Y uss .. 30 

CYl•O't 0 0 !> 7 173 19 sa 16l 3 •j36 S8 ~2'1 •23 2126SS 
X•Y USB .. 30 

ACN"7S O 0 S7 173 19 Si 163 'I 96't 6't .. 2'1 11 212'167 
x .. y USl•30 

TEX,.16 0 0 S7 173 19 SI 16'1 3 102 27 63 .. ,Q 213919 
X'"Y USB•lO 

STN,.00 0 0 S7 173 19 58 16'1 l 90 s 85 0 21S2'tl 
A•E use H•O 

STATlO~ TER11INATION OATA 

HRS 11hf SEC RA DEC Al ll. V ll y RAN'[ 

173 19 SI 16't 

173 U SS 16't 

17 3 2Q SS 163 

173 20 SS 16'1 

173 20 !i!i 16'1 

173 20 SS 16'1 

)73 20 SS 163 

17J 20 SS 163 

173 20 SS 16'1 

173 20 SS 16'1 

3 102 27 63 -10 213989 

l 90 s es 0 2IS2'tl 

3 •132 '12 37 •l'I 2132)9 

3 93 10 lt IQ 21~926 

3 113 'II '16 •17 2132'17 

3 Ill Si ll •26 2121'!6 

l -13• s1 -z'I -23 21261J 

(]'\ 

'I ... 5 6'1 •2'1 11 2U't25 (p 
(]'\ 

3 102 27 62 •ID 2llt32 

3 to S IS 0 21SU't 

J 



( ( 

.ZNO ~RAKING MANEUVER • 

VEHICLE 2 HAOAll TAllL.£ 

TRACKjNC:i TIME STATION A<;QUISITION DATA 

HRS MIN SEC MRS MIN SEC RA DEi: A~ ELV ,, Y RANGE 

MAD·2l .. 0 9 173 2ij s> U3 J •ll2 '12 37 ,.31f 213il9 
x .. v us11 .. a!i 

Gos .. 28 o 0 9 173 20 SS Ulf 3 93 10 19 80 21'1921> 
X•Y USB-l!i 

MI L.•71 o 0 9 173 20 SS Ulf 3 Ill 'II If• .. 17 2132'17 
X•Y USB•lO 

BDA,.02 0 0 9 173 20 s.s .... 3 iJJ SI Ji .. 21> 212Blfl> 
XwY UU•lO 

,YI,.O'I 0 0 9 173 20 SS 1'3 J ~13• 57 •2'1 •2J 2121>13 
,w; .. y USB•lO 

A(;N•H• 0 0 9 173 20 Si 163 If ~•s 6'1 ~2'1 II 212'12S 
.w; .. y USB-30 

nx .. 1• o 0 9 173 2Ci SS 11>'1 3 102 27 62 •10 213932 
X•Y USB•30 

STN•OO 0 0 9 173 20 S!i .... 3 •o i IS 0 21Si81f 
A .. E US8 I !iO 

tOAST TO 'ITH BRAKING GATE 

MAD•2l 0 JO 17 3 21 If uJ 3 •)32 '12 37 •3'1 2132Il 
x .. y use .. a!i 

Gos-2a 0 JO 17 J 21 .. . ... 3 93 10 19 80 21'1917 
x .. y use .. e!i 

~ _) 

STATION TERMINATION DATA 

HRS Mll'i SEC RA DEC AZ EL.V x Y RAN•E 

173 21 If 1 •J 3 -132 '12 37 ,.31f 21J2il 

17 3 21 'I .... 3 93 10 19 8Q 211ftl7 

173 21 If Ulf 3 Ill 'II "' ~11 213231 

17 3 ;i I If .... J 13J SI 3! •2• ZlflJI 

I7J 21 'I IU 3 •1J• 57 •2'1 •23 211•0• 

173 21 'I 1 u 'I •h!i 6'1 •2'1 11 212'111 

173 21 'I , ... J 102 27 62 •IO 21l9ZJ 

173 21 'I I •'I l 91 !i i!i .,, 21!il7• 

17 3 22 33 1'3 J ·132 'II 37 •llf 2lll!i0 

)73 22 3J 16'1 3 9'1 10 20 7~ 21'112• 

CT\ 
I 
OJ 
-J 
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YEH1CLE 2 RADAR TAIJLE 

TRACKjr;<; TjHE STATION ACQUISITION DATA 

HRS HIN SE;C HRS PUN SH RA DEC Al U.Y x Y RANGE 

cn .. o<t o 0 " Pl 22 33 163 J "'135 57 •2'1 -23 2125'11 
x .. y use .. 30 

ACN,.7S 0 0 't 173 22 lJ 163 l •65 6'1 •2'1 II 21235'1 
x .. y use .. 30 

TEX,.16 0 0 't 173 22 H U'I 3 102 27 62 •II 213833 
,. .. y use ... 30 

STN .. oO o 0 't 173 22 H lo'I l •1 6 B'I -I 2IS086 
A"E USBISO 

~OAST TO STH IRAKINCi COATE 

HAD•2l 0 IS 173 22 31 16l 3 "132 'II 37 .. 3'1 21Jl'l7 
x .. y USB•li 

coos-.;i8 0 IS 173 22 38 16'1 J 9'1 ID 20 79 21'1ij22 
x .. y use .. ai 

HIL•71 0 IS 173 22 lit 16'1 3 11'1 'II '16 •18 21Jl '18 
ll•Y use .. Jo 

BDA,.02 0 IS 173 22 JI 16'1 3 Ill SI 30 "26 2127S3 
x-Y use .. 30 

c;YJ .. o'I o IS 173 22 38 163 3 •iJS 57 •2'1 •23 2125311 
x .. y us11 .. 30 

ACN,.7S 0 1s 173 22 38 16J l e6S 6'1 .. 211 II 212351 
x .. y us1 .. 30 

J 

STATION TERMINATION DATA 

HRS HIN SEC RA PEC AZ ELY x Y RANCIE 

j73 22 38 10 J -&JS 57 •2'1 -2J 212538 

173 22 JI 163 3 •65 6'1 -2'1 II 212351 

I 7 3 2 2 · 38 16 'I 3 102 21 62 -11 213129 

173 22 38 ·11111 J 91 • e11 •1 21soa1· 

173 23 i3 163 l •132 'II 37 •3'1 21309'1 

173 23 SJ 16'1 3 9't ID 20 79 21'17'17 

173 23 SJ 16'1 3 11'1 '12 '16 -11 213077 
CT'\ 
I 
CP 

173 n SJ j6'1 3 ll'I ii lO -26 212686 '° 

173 23 il 163 3 -IJS 57 •ZS •23 212'18'1 

173 2J SJ 163 3 -65 63 -zs 11 212297 



YEHICl.E 2 RADAR TASl.E 

TRACKJNCi T !HE STATION .AtiUls!TION DATA 

HRS HIN SEC HRS HIN SEt RA 0£C AZ U.V x Y RANGE 

TEX•I" 0 I!> 17J 22 JI 1•'1 l 102 21 62 -11 213829 
x .. y USB•JO 

STN•OO 0 I!> 17J 22 Ji 1''1 l 91 6 8'1 -1 215081 
A•E USll!>O 

'ITH 8RAKINCi MANEUYCR 

HAD•23 0 0 .. 17J 2J SJ UJ 3 •132 'II J7 •l'I 21309'1 
lt,.Y USB•lll 

liDS•28 0 0 .. 173 .?J SJ JO'I l 9'1 10 20 79 21'17'17 
a; .. y USl•l!i 

1111.-11 0 0 .. 17J 23 SJ U'I 3 11'1 '12 "'•I• 213077 
it• .Y USi,.30 

ilDA .. o2 o a .. 17J 23 !>3 16'1 3 13'1 SI JO ·2• 212''' 
x .. y usa .. 30 

CY i"O'I 0 0 .. 173 23 SJ 163 3 •IJ~ 57 -211 •23 212'18'1 
X•Y USl.,JO 

A<;N .. 7S 0 0 .. 173 23 SJ 1'3 3 w6!it 4'3 .. 2r, I I 212297 
X•Y USB•JO 

Th .. I" 0 a .. 173 23 SJ 16'1 3 102 21 62 •II 2137!:.S 
X•Y USB•30 

$TN•OD 0 0 .. 173 2J SJ 1''1 3 91 6 B'I •I 2lS0(,l7 
A•[ US8i50 

STATION. TERMINATION DATA 

HRS 111N SEC RA DEC AZ El.Y x Y RANGE 

173 23 SJ 16'1 l 102 28 62 •II 2IJ7SS 

17J 2J SJ 16'1 l 91 6 8'1 -1 21!>007 

173 2J S7 U3 l ·132 'II 37 •l'I 213091 

173 23 57 16'1 3 '" 10 20 79 21~7'13 

173 23 !i7 1''+ 3 11'1 '12 "'•II 213073 

173 23 !it7 16'1 l ll'I Si 30 •26 212•12 

173 23 S7 1"3 3 ~13s 57 •2!> •23 212'111 

173 23 f.7 163 3 ... § bl -2s 11 21229'+ 

17 J 23 !117 16'1 l 102 28 62 •II 2137111 

173 .iJ i7 16'1 J 9j 6 ... •I 21!>003 

°' I 
\.{) 
0 



(_ (_ 
~ _/ 

COA5T TO DOCKINCi 

Yf;H ICl.E 2 RADAR TA81,,F; 

TRACKINCI TIME 5TATION A'~Ul$1TION DATA 5TATION TER"INATION DATA 

HR5 "IN 5H HRS lllN SEC RA DEC AZ ELY II y RANCiE HRS 111N SEC RA DEC AZ ELY x y RANCIC 

11AD.,zl 0 'f 21 173 23 s 7 Ul l -ll2 111 l7 •311 213U91 173 21 Ii 16.l J .. po 'fl H •35 212922 
X•Y U58 .. li 

c;os .. ze 0 'f 21 17 l 23 S7 16'1 l 9'1 10 20 79 21'17113 Pl 28 18 16'1 l 911 11 22 78 21'1'197 
X•Y US8•8i 

11I1. .. 11 0 .. 21 173 23 S7 16'1 l 11'1 '12 "' .. 19 213073 173 28 18 16'1 3 11 s '12 'IS •18 212139 
X.,Y U58•l0 

BDA•02 0 .. 21 173 23 57 1611 3 ll'f 51 Jo .. 26 2126&2 173 28 18 16 .. 3 llS 52 29 •26 212'1•2 
x .. v usa .. 30 

"1-o'f 0 .. 21 173 23. S7 1"l 3 •PS i7 w25 •23 2121181 17l 21 18 1'3 l '"1 ll s• •2• ,.zz 212306 
x .. v usa .. 30 

ACN .. 75 0 .. 21 173 23 S7 1"l 3 •65 •3 .. 25 1 1 21229'1 173 28 18 103 3 •67 •Z •26 11 2l2122 
X•Y U:ii•JO 

Th .. 16 0 .. 21 17 l 23 57 "" l 102 2• 6.l? •11 213751 173 28 18 1•11 3 11.13 29 •1 •11 21350• 
X,.Y U51h30 

S7 92 
O'\ 

STN•OO 0 .. 21 173 23 l•'I l '1 • 8'1 - 1 215003 173 28 18 1'11 l 7 13 .. 2 21'1757 I 

A,.E U5ilSO \.0 
\-' 



TABLE 6-IT.- MISSION SHADOW TIMELINE 

(a) CSM 

16 APR 72 EOl JO TLI LAZ 7L. l 

VEH IN :>UNl..IGHT AT PHASE INITIATION 

TIME SPENT IN REGION 
DAYS HRS MINS SECS DAYS HRS MINS SECS 

VtH ENTERING EARTH PENUMBRA 0 0 21 J.3. 2 

0 0 0 1.1 

VtH ENTERING EARTH UMBRA 0 0 21 20.9. 

0 0 37 15.5 

VEH ENTERING EARTH PENUMBRA 0 l 4 36.4 

0 0 0 8.7 

VEH tNTERlNG SUNLIGHT 0 1 4 45.1 

0 0 50 14.3 

VEH ENTERING EARTH PENUMBRA 0 1 54 59.4 

0 0 0 8.3 O'. 
I 

\D 
VEH tNTERING EARTH UMBRA 0 1 55 1.1 f\) 

0 0 37 14.1 

VtH tNTERING EARTH PENUMBRA 0 z. 32 21.8 

0 0 0 7.3 

VEH ENfE~lNG SUNLIGHT 0 2 · 32 29. l 

(_ '._/ 



(_ 
-...__./ 

LIGHTING CONDITION FOR VEH l 

16 APK 72 Tll TO LOI LAZ 72.l 

VHI IN SUNLIGHT AT PHASE INITIATION 

TIME SPENT IN REGION 
DAYS HkS MINS SECS DAYS HRS MINS SECS 

VEH ENTERING LUNAR PENUMBRA 3 0 u. 1.9 

0 0 3 7.5 

VEH ENTERING LUNAR UMBRA 3 0 25 9.4 

0 l 38 39.8 

VEH ENTERING LUNAR PENUMBRA 3 2 3 49.3 

0 0 l 4.9 

VEH ENTERING SUNLIGHT 3 2 4 !">"t. l 

__/ 
.._/ 

O'\ 
I 

\D 
w 



LIGHTING CONDITION FOR YEH 1 

l.b APR 72 LOI TO DUI LAl 7.2.1 

VEH IN SUNLIGHT AT PHASE lNlTIATION 

TIME SPENT IN REGION 
DAYS HRS MINS SECS DAYS HRS MINS SECS 

VEH tNTEKING LUNAR PENUMBRA 3 3 43 51.7 

0 0 0 U.3 

VEH ENTERING LUNAR UMBRA 3 3 /t.4 3.0 

0 0 44 22.2 

VEH ENTERING LUNAR PENUMBRA 3 4 28 25.2 

0 0 0 10.5 

VEH ENTERING SUNLIGHT 3 4 28 35. 7 

0 1 23 55.6 

VEH tNTERING LUNAR PENUMBRA 3 5 52 3J..3 

0 0 0 ll.3 

VtH ENTERING LUNAR UMBRA 3 5 52 42. 6 

°' I 

'° + 

(_ .. .__.., ...._.,. -



(_ 
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LIGHTING CONDITION FOR VEH 1 

lo APK 72 DOI TO SEP LAZ 72.1 

VEH IN LUNAR UMBRA AT PHASE INIT IAT lUN 

TIME SPENT IN REGION 
DAYS HRS MINS SECS DAYS HRS MINS SECS 

VEH l:.N fER I NG LUNAR PENUMBRA 3 b 37 9.1 

0 0 0 11.2 

VEH l:NftKING SUNLIGHT 3 6 37 20.3 

0 l 54 10.2 

VEH l:NTERING LUNAR PENUMBRA 3 8 31 30.6 

0 0 0 15.3 

VEH ENTEklNG SUNLIGHT 3 8 31 45.9 

0 1 5 35.2 

VEH ENTERING LUNAR PENUMBRA 3 9 37 21.1 

0 0 0 11.5 

Vl:H ENTEklNG LUNAR UMBRA 3 9 37 32.6 

0 0 48 14.0 

Vl:H ENTERING LUNAR PENUMBRA 3 10 25 46. 6 ()'\ 
I 

0 0 0 11.2 
\.0 
Vl 

VEH ENTEKING SUNLIGHT 3 10 25 57. 8 

0 l 54 10.7 

VEH l:NTERING LUNAR PENUMBRA 3 12 20 8.5 

0 0 0 10.6 

VEH l:NTER ING SUNLIGHT 3 li 20 19. 0 

0 l 5 38.l 

Vl:H ENTEkING LUNAR PENUMBRA 3 13 25 57.1 



LIGHTING CONDITION FOR VEH 1 

TIME SPENT ~N KEGION 
DAYS HRS MINS SECS DAYS HRS MINS SECS 

0 0 0 11.1 

VEH ENTERING LUNAR UMBRA 3 13 26 8. 3 

0 0 48 15.9 

VEH ENTEKING LUNAR PENUMBRA 3 14 14 24.2 

0 0 0 11.2 

VEH ENTERING SUNLIGHT 3 J.4 14 35.4 

0 1 54 11.0 

VEH ENTEKlNG LUNAR PENUMBKA 3 16 8 46.4. 

0 0 0 10.6 

VtH ENTERING SUNLIGHT 3 16 8 57.0 

0 l 5 36.5 

VtH fNTERlNG LUNAR PENUMBRA 3 17 14 33.5 

0 0 0 10.8 

VEH ENTERING LUNAR UMBRA 3 17 14 44.4 

0 0 48 17.5 CJ". 
I 

\0 
VEH ENTERING LUNAR PENUMBRA 3 18 3 l. 9 °" 

0 0 0 11.1 

VEH tNTERlNG SUNLIGHT 3 18 3 13.0 

0 l 5 58.8 

VEH E:NTERlNG LUNAR PENUMBRA 3 19 9 11.8 

0 0 48 12.5 

VEH tNJERING LUNAR PENUMBRA 3 19 jJ .24.3 

(_ "---' 
._/ _/ 



(_ (_ 
.__/ 

----- __,,, 

LIGHTING ~UNOITlON FOR VEH 1 

TIME SPENT lN REGION 
DAYS HKS MINS SECS DAYS HRS MINS SECS 

0 0 0 10.7 

VEH ENTERING SUNLIGHT 3 19 ;1 35.0 

0 l 5 35.2 

VtH ENftRING LUNAR PENUMBRA 3 21 3 10. 2 

0 0 0 10.6 

VtH ENTERING LUNAR UMBRA 3 d 3 20.8 

0 0 48 18.9 

ViH ENTERING LUNAR PENUMBRA 3 21 51 39. 7. 

0 0 0 11.1 

VEH ENTERING SUNLIGHT 3 21 51 !i0.8 

0 1 5 31.7 

VtH ENTERING LUNAR PENUMBRA 3 22 57 22.4 

0 0 0 9.3 

VEH ENTERING LUNAR UMBRA 3 22 57 31".' 7 

0 0 48 30.6 CT'> 
I 

'° VEH ENTERING LUNAR PENUMBRA 3 23 46 2.3 -:J 

0 0 0 10.8 

VtH ENTERING SUNLIGHT 3 23 46 13. i 



LIGHTING CUNDlTlON FOR VEH l 

16 APR 72 SEP TO CIR LAZ 72.l 

VEH lN SUNLIGHT AT PHASE INITIATION 

TIME SPENT IN REGION 
OAYS HRS MINS SECS DAYS HRS MINS SECS 

VEH cNTEKING LUNAR PENUMBRA 4 0 51 46.3 

0 0 0 10.0 

VEH ENTERING LUNAR UMBRA 4 0 51 56.3 

0 0 48 26.3 

VEH ENTEtUNG LUNAR PENUMBRA 4 l 40 22. 6 

0 0 0 ll.3 

VEH ENTERING SUNLIGHT 4 l 40 33.8 

(_ (_ ...___..,, .._/ 

O'\ 
I 

'° CP 

____, 
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LIGHTING CONIH T lUN FOR VEH l 

16 A?!{ 72 CI R TO PCl LAL 72.l 

VEH IN SUNLIGHT AT PHASE INITIATION 

TIME SPENT IN REGION 
DAYS HRS MINS SECS DAYS HRS MINS SECS 

VEH l::NTERI NG LUNAR PENUMBRA 4 2 53 10. 9 

0 0 0 8.l 

VEH ENTERING LUNAR UMBRA 4 2 53 19.0 

0 0 45 so.a 

VEH ENTERING LUNAR PENUMBRA 4 3 39 9.9 

0 0 0 10.7 

VEH ENTERING SUNLIGHT 4 3 39 20.5 

0 l 12 41.2 

VEH ENTERING LUNAR PENUMBRA 4 4 52 1. 8 

0 0 0 10.6 

Vl::H ENTERING LUNAR UMBRA 4 4 52 12.4 

0 0 45 48.4 
0" 
I 

VEH ENTERING LUNAR PENUMBRA 4 5 38 .8 "° "° 0 0 0 10. 7 

Vl::H ENTERING SUNLIGHT 4 5 38 u. 5 

0 1 12 35.2 

VEH ENTERING LUNAR PENUMBRA 4 b 1 50 46.8 

0 0 0 10.5 

VEH E1HERING LUNAR UMBRA 4 6 50 57.3 

0 0 45 51.7 

VEH ENrERING LUNAR PENUMBRA 4 7 36 48.9 



LIGHTING CONDITION fOR VEH l 

TIME SPENT .IN REGION 
OAYS HkS MINS SECS DAYS HRS MINS SECS 

0 0 0 l0.4 

VEH ENTERING SUNLIGHT 4 7 36 59.3 

0 1 lL _j3.2 

VEH ENTERING LUNAR PENUMBRA 4 il 49 32.4 

0 0 0 8.2 

VEH ENTERING LUNAR UMBRA 4 8 49 40.7 

0 0 45 54.l 

VEH ENTERING LUNAR PENUMBRA 4 9 35 34.8. 

0 0 u 10.7 

VtH tNTERlNG SUNLIGHT 4 9 35 45.5 

0 1 12 39.9 

VcH ENTERING LUNAR PENUMBRA 4 10 48 25.4 

0 0 0 10.6 

VEH ENTERING LUNAR UMBRA 4 10 48 35.9 O'\ 
I 

0 0 45 49.7 
I-' 
0 
0 

VtH ENTERlNG LUNAR PENUMBRA 4 11 34 25.b 

0 0 u 13.6 

VEH ENTERING SUNLIGHT 4 11 34 39.2 

0 1 12 31.0 

VEH ENTERING LUNAR PENUMBRA 4 lL 47 10. 3 

0 0 0 10 .6 

VEH ENfERING LUNAR UMBRA 4 12 47 20.9 

l (_ 
"---" J 
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LIGHTING CUNUITION FOR VEH 1 

TIME SPENT ·IN REGION 
DAYS HRS MINS SECS DAYS HRS MINS ~cCS 

0 0 45 52.8 

VEH ENTERING LUNAR PENUMBRA 4 13 33 13.6 

0 0 0 10.3 

VEH ENTERING SUNLIGHT 4 13 33 24.0 

0 1 12 30.2 

VEH ENTERING LUNAR PENUMBRA 4 14 45 54.2 

0 0 0 8.3 

YEH ENTERING LUNAR UMBRA 4 14 46 2. 5 

0 0 45 57.3 

VEH ENTERING LUNAR PENUMBRA 4 15 31 59.8 

0 0 0 10.7 

YEH ENTERING SUNLIGHT 4 15 32 10. 6 

0 1 12 38.4 

VtH ENTERING LUNAR PENUMBRA 4 16 44 49.0 " (}'. 
I 

I-' 
0 0 0 10.5 0 

I-' 

VEH ENTERING LUNAR UMBRA 4 16 44 59.4 

0 0 45 54.l 

VEH ENTERING LUNAR PENUMBRA 4 17 30 53.5 

0 0 0 3.8 

YEH ENTERING SUNLIGHT 4 17 30 57. 3 

0 l 12 36.7 

YEH ENTERING LUNAR PENUMBRA 4 lB 43 34.0 



LIGHTING CUNOlTION FOR VEH 1 

TIME SPENT ·IN REGION 
DAYS HRS MINS SECS DAYS HRS MINS SECS 

0 0 0 10.6 

VEH ENTERING LUNAR UMBRA 4 18 43 44.6 

0 0 45 53.8 

VEH ENTERING LUNAR PENUMBRA 4 19 2.9 38.4 

0 0 0 10.3 

VtH ENTERING SUNLIGHT 4 19 2.9 48.7 

0 1 12. 27.4 

VcH ENTERING LUNAR PENUMBRA 4 2.0 42 16. l 

0 0 0 15.3 

VEH ENTERING LUNAR UMBRA 4 2.0 42 31.4 

0 0 45 53.6 

VEH tNTERlNG LUNAR PENUMBRA 4 2.1 28 25.0 

0 0 0 10. 7 

VEH tNTERING SUNLIGHT 4 21 28 35.8 0\ 
I 
I-' 

0 l 12 36.9 0 
f\) 

VEH ENTERING LUNAR PENUMBRA 4 22 41 12.6 

0 0 0 10.3 

VEH tNTtRING LUNAR UMBRA 4 22 41 22.9 

0 0 45 48.8 

VEH ENTERING LUNAR PENUMBRA 4 23 27 11.0 

0 0 0 10.2 

VcH ENTERING SUNLIGHT 4 23 2. 7 21.9 

'-.._../ _./ 
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lluHTlNG CONDITION fOR VEH l 

TIME SPENT 1N REGIUN 
DAYS HRS MINS SECS DAYS HRS MINS SECS 

0 l 12 35.9 

VEH tNTEKING LUNAR PENUMBRA 5 0 39 57.9 

0 0 0 10.7 

VtH ENTERING LUNAR UMBRA 5 0 40 8.6 

0 0 45 54.7 

VtH ENTERING LUNAR PENUMBRA 5 l 2.6 3.3 

0 0 0 10.2 

VEH tNTtKING SUNLIGHT 5 l 26 13. 5 

0 l 12 ::Sl.3 

VtH ENTERING LUNAR PENUMBRA 5 2 38 44.8 

0 0 0 10 .2. 

VtH ENTERING LUNAR UMBRA 5 2 38 55. 0 

0 0 45 55.4 

VtH ENTcRlNG LUNAR PENUMBRA 5 3 24 50.3 CJ\ 
I 

0 0 0 10.7 !-' 
0 
w 

VtH ENTERING SUNLIGHT 5 3 L5 l. l 

0 l 12 35.2 

VtH ENTERING LUNAR PENUMBRA 5 4 37 3o. 3 

0 0 0 10. l 

VEH ENTERING LUNAR UMBRA 5 4 37 46.3 

0 0 45 so.2 

VEH ENTtRING LUNAR PENUMBRA 5 5 23 3o.5 



LIGHTING CONDITION fOR VEH l 

TIME SPENT ·IN REGION 
DAYS HRS MINS SECS DAYS HRS MINS SECS 

0 0 0 10.4 

VEH ENTERlNG SUNLIGHT 5 5 23 46.9 

0 1 12 35.0 

VEH ENTERING LUNAR PENUMBRA 5 b 36 21.9 

0 0 0 10.8 

VEH ENTERING Ll.t4AR UMBRA 5 b 36 32. 7 

0 0 45 55.5 

VEH ENTERING LUNAR PENUMBRA 5 1 22 2s.2 · 

0 0 0 J.4.6 

VEH ENTERING SUNLIGHT 5 7 22 42.8 

0 l 12 25.6 

VEH ENTERING LUNAR PENUMBRA 5 8 35 8.4 

0 0 0 10.3 

VEH ENTERING LUNAR UMBRA 5 8 35 la.1 (J"\ 
I 

0 0 45 57.0 
I-' 
0 
~ 

VEH ENTERING LUNAR PENUMBRA 5 9 21 15. 7 

0 0 0 10.7 

VEH E~TERING SUNLIGHT 5 9 21 26.4 

0 l 12 33.4 

VEH ENTERING LUNAR PENUMBRA 5 10 33 59. 8 

0 0 0 3.8 

VEH ENTERING LUNAR UMBRA 5 10 34 3.b 

(_ ....__,, _/ 



. ..._.,, ___/ _/ 

LIGHTING CONDITION FOR VEH l 

TIME SPENT JN REGION 
DAYS HRS MINS SECS DAYS HRS MlNS SEC5 

0 0 45 58.0 

VEH ENT ERING LUNAR PENUMBRA 5 11 20 1. 6 

0 0 0 10.b 

VtH tNfERING SUNLIGHT 5 11 20 12.2 

0 l lL 33.9 

VtH E~TiKlNG LUNAR PENUMBRA 5 1.2 32 46. l 

0 0 0 10.8 

VEH ENfERING LUNAR UMBRA 5 12 32 :.o. 9 · 

0 0 46 .1 

VEH ENTtKING LUNAR PENUMBRA 5 l3 18 57. b 

0 0 0 8.5 

VEH tNTEKlNG SUNLIGHT 5 l3 19 6.1 

0 l 12 26.2 

VEH 8~TERING LUNAR PENUMBRA 5 14 31 32.3 
cj\ 
I 

0 0 0 10.4 !--' 
0 
Vl 

VEH tNfEkING LUNAR UMBRA :. 14 31 42. 7 

0 0 45 56.5 

VcH tNTEKING LUNAR PENUMBKA 5 15 17 41.2 

0 0 0 10.o 

VEH ENTERING SUNLIGHT :. 15 17 51.8 

0 l 12 24.9 

VcH ENTERING LUNAR PENUMBRA 5 16 30 16.8 



LIGHTING CONUITION FOR VEH 1 

TIME SPENT ·IN REGIUN 
DAYS HRS MINS SECS DAYS HRS MINS SECS 

0 0 0 13.9 

VtH tNTERING LUNAR UMBRA 5 16 JO 30. 7 

0 0 45 56.3 

VEH tNTERING LUNAR PENUMBRA 5 J.7 lo 21.0 

0 0 0 10. 7 

VEH b~fERING SUNLIGHT 5 17 16 37.7 

0 l l.:'. 32.1 

VEH tNTtRING LUNAR PENUMBRA 5 18 29 10.4. 

0 0 0 10.1:1 

VEH ENTERING LUNAR UMBRA 5 18 29 21.3 

0 0 45 59.7 

VEH ENTERING LUNAR PENUMBRA 5 19 15 21.0 

0 0 0 8.4 

VEH tNTERING SUNLIGHT 5 19 15 29.3 °" I 

f--' 
0 l 12 21.0 0 

0 \ 

VEH ENTERING LUNAR PENUMBRA 5 20 21 56.3 

0 0 0 10.5 

VtH ENTERING LUNAR UMBRA 5 20 £8 6.8 

0 0 45 59.9 

VtH ENTERING LUNAR PENUMBRA 5 21 14 6. 7 

0 0 0 10.6 

VEH ENTERING SUNLIGHT 5 21 14 11. 3 

l _/ -'-
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LIGHTING CONDITION ~OR VEH 1 

TIME SPENT ·IN R t~ION 
DAYS HRS MINS StCS DAYS HRS MINS SECS 

0 l 12 26.6 

VtH tNTERING LUNAR PtNUMBRA 5 L.2 26 43.9 

0 0 0 ll.O 

VtH ENTEKING LUNAR UMBRA 5 22 26 54. 9 

0 0 45 57.7 

VtH ENTEKING LUNAR PENUMBRA 5 23 12 52.6 

0 0 0 10.8 

VtH ENTERING SUNLIGHT 5 £3 n 3.4 . 

0 1 12 31.5 

VEH ENTERING LUNAR PENUMBRA 6 0 25 34.9 

0 0 0 10.8 

VEH E~TEKING LUNAR UMBRA 6 0 25 45.8 

0 0 45 58.5 
(}'\ 
· I 

VtH ENTERING LUNAR PENUMBRA 6 l 11 44.3 !-' 
0 

0 0 0 9.9 -.:J 

VEH ENTERING SUNLIGHT 6 l 11 54.2 

0 1 12 26.4 

VEH ENTERI1~G LUNAR PENUMBKA 6 2 24 20.6 

0 0 0 10.6 

VtH ENTERING LUNAR UMBRA 6 2 24 31.l 

0 0 46 1.2 

Vth lNTERING LUNAR PENUMBKA 6 3 10 32.3 



LIGHTING CONDITlON fOR VEH 1 

TIME SPENT ·IN REGION 
DAYS HRS MINS SECS DAYS HRS MINS SECS 

0 0 0 10.5 

VtH ENJtRlNG SUNLIGHT 6 3 10 42.B 

0 l 12 26.l 

VEH ENTERING LUNAR PENUMBRA 6 4 23 8. 9 

0 0 0 8.3 

VEH ENTERING LUNAR UMBRA 6 4 23 11.2 

0 0 46 1.2 

VEH ENTERING LUNAR PENUMBRA 6 5 9 18. 4. 

0 0 0 10.9 

VEH ENTERING SUNLIGHT 6 5 9 29.3 

0 1 12 30.2 

VEH ENTERING LUNAR PENUMBRA 6 6 21 59.5 

0 0 0 10.8 ()"'. 
I 

VEH ENTERING LUNAR UMBRA 6 b 22 10.3 f-' 
0 
co 

0 0 45 58.9 

VEH ENTERING LUNAR PENUMBRA 6 7 8 9.2 

0 0 0 13.9 

VEH ENTERING SUNLIGHT 6 7 8 23.1 

0 l 12 21.9 

VtH ENJcRING LUNAR PENUMBRA 6 s 20 45.0 

0 0 0 10.7 

VEH ENTERING LUNAR UMBRA 6 8 20 55. 6 

"--'" ..__/ _) 
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LIGHTING CONLJITION fuR VEH 1 

lo APR 72 PCl TO JET LAZ 7.t!.l 

VtH IN LUNAR UMBRA AT PHAS E INITIATION 

TIME SPENT IN RtGION 
DAY S HKS MINS SECS DAYS HRS MINS SECS 

VEH tNTtRING LUNAR PENUMBRA 6 9 b 52.5 

0 0 0 10.4 

VEH tNTERING SUNLI GHT 6 9 1 2.9 

0 l 12 29.l 

VtH ENTERING LUNAR PENUMBRA 6 10 19 32.0 

0 0 0 10.8 

VEH ENT ERING LUNAR UMBRA b 10 19 42. 8 

0 0 4o .8 

VtH t NTERING LUNAR PtNUMBRA 6 11 5 43.6 

0 0 0 1!>. 8 

VEH tNTERlNG SUNLIGHT 6 11 5 59.4 

0 1 12 19.1 (]'\ 
I 
I-' 

VEh tNTERING LUNAR PENUMBRA 6 12 18 18. 5 0 
\Q 

0 0 0 10.3 

VEH ENTERING LUNAR UMBRA 6 IL 18 28.8 

0 0 4o 1.3 

VEH t~T t RlNG LUNAR PENUMBRA 6 13 4 30.2 

0 0 0 10.8 

Vth ~~TERlNG SUNLIGHT b 13 4 41.0 

0 1 12 28.3 

VtH EN TEr\lNG LUNAR PtNUMBRA 6 14 17 9.3 



LIGHTING CONOITION FUR VEH 1 

TIME SPENT JN REGION 
DAYS HRS MINS SECS DAYS HRS MINS SECS 

0 0 0 10.3 

VtH ENTERING LUNAR UMBRA 6 14 17 19.6 

0 0 45 55.9 

VEH t NlERING LUNAR PENUMBRA 6 15 3 15.5 

0 0 0 lO.o 

VtH tNTtKING SUNLIGHT 6 15 3 26.1 

0 1 12 28.2 

VtH t~TEklNG LUNAR PENUMBkA b 16 15 54.3 . 

0 0 0 10.9 

VEH ENTERING LUNAR UMBRA 6 16 16 5. l 

0 0 46 1.5 

VEH ENTERING LUNAR PENUMBRA 6 l1 2 6.6 

0 0 0 14.5 °' I 

Vt:H t iHtRING SUNLIGHT b L1 2 .21. 1 I-' 
I-' 
0 

0 l 12 19.4 

VEH tNTERlNG LUNAR PENUMBRA 6 18 14 40.5 

0 0 0 10.4 

VEH ENTERING LUNAR UMBRA 6 18 14 50.9 

0 0 46 2.7 

VtH ENTERING LUNAR PENUMBRA 6 !9 0 53.6 

0 0 0 10.8 

VEH ti-HERING SUNLIGHT 6 19 l 4.4 

(_ ..._, ,- ..__/ 
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LIGHTING CONOITION fuR VEH l 

TIME SPENT ·IN REGION 
DAYS HRS MINS SECS DAYS HRS MINS SECS 

0 0 46 5.2 

VEH ENTEklNG LUNAR PENUMBRA 7 6 53 40.7 

0 0 0 10.7 

VtH ENTERING SUNLIGHT 7 6 53 51.4 

0 l 12 17.6 

VtH ENTERING LUNAR PENUMBRA 1 8 6 9.l 

0 0 0 14.0 

V~H ENTERING LUNAR UMBRA 1 8 6 23. l 

0 0 46 2.1 

VEH ENTERING LUNAR PENUMBRA 1 8 52 25.8 

0 0 0 10.9 

VEH ENTERING SUNLIGHT 7 8 52 36.7 

Cf'\ 
I 

I:' ...... 
w 



LIGHTING CONDITION fOR VEH 1 

lb AP,{ 72 JET TO PC2 LAZ 72.1 

VEH IN SUNLIGHT AT PHASE INITIATION 

TIME SPENT IN REGION 
DAYS HRS MINS SECS DAYS HRS MINS SECS 

VEH tNTERING LUNAR PENUMBRA 7 10 5 4.4 

0 0 0 u.o 

VEH ENTERING LUNAR UMBRA 7 10 5 15.4 

0 0 46 4.5 

VtH ENTERING LUNAR PENUMBRA 7 10 51 19.9 

0 0 0 8.5 

VEH tNTERING SUNLIGHT 7 10 51 28.4 

0 l 12 29.b 

VEH ENTERING LUNAR PENUMBRA 7 12 3 57.9 

0 0 0 10.7 

VEH ENTERING LUNAR UMBRA 7 12 4 8.7 
O'\ 

0 0 46 6.1 
.. . 
I-' 
I-' 

VEH ENTERING LUNAR PENUMBRA 7 12 50 H.8 .i:--

0 0 0 10.6 

VEH ENTERING SUNLIGHT 7 12 50 25.4 

0 l 12 26.9 

VEH ENTERING LUNAR PENUMBRA 7 14 2 52.3 

0 0 0 8.5 

VEH ENTERING LUNAR UMBRA 7 14 3 .8 

0 0 46 7.8 

VEH ENTERING LUNAR PENUMBRA 7 14 49 8.6 

-__... __/ ~· 
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LIGHTING LONDlTION fOR VEH l 

TIME SPENT 1N REGION 
OAYS HRS MINS SECS DAYS HRS MINS SECS 

0 0 0 u.o 
VEH ENTERING SUNLIGHT 1 14 49 19.6 

0 1 12 32.4 

VtH ENTERING LUNAR PENUMBRA 1 lo l 52.0 

0 0 0 10.8 

VEH ENTERING LUNAR UMBRA 1 16 2 2.8 

0 0 46 .4 

VEH ENTERil~G LUNAR PENUMBRA 1 16 48 3.2 

0 0 0 10.3 

VtH ENTERING SUNLIGHT 1 16 48 J.3. 5 

0 J. 12 31.7 

VEH ENTERING LUNAR PENUMBRA 7 18 0 45.2 0"' 
I 

0 0 0 
f-' 

10.9 f-' 
Vl 

VEH ENTERING LUNAR UMBRA 7 18 0 56.2· 

0 0 46 6.1 

VEH ENTERING LUNAR PENUMBRA 1 18 47 2.3 

0 0 0 15.4 

VEH ENTERING SUNLIGHT 1 18 47 11.1 

0 l 12 22.3 

VEH ENTERING LUNAR PENUMBRA 1 19 59 40.0 

0 0 0 10.5 

VEH ENTERING LUNAR UMBRA 1 19 59 50.5 



LIGHTING CONUITIUN fOR VEH 1 

TIME SPENT IN REGION 
DAYS HRS MINS SECS DAYS HRS MINS StCS 

0 0 46 6.9 

VEH tNfERING LUNAR PENUMBRA 7 20 45 57.4 

0 0 0 L0.9 

VEH ENf~RlNG SUNLIGHT 7 20 46 8.3 

0 1 12 21.1 

VcH tNTERING LUNAR PENUMBRA 7 21 58 30.0 

0 0 0 13.6 

VEH tNTE~lNG LUNAR UMBRA 7 2.1. 58 43.6 . 

0 0 46 1.2 

VEH ENTERING LUNAR PENUMBRA 7 22 44 50.7 

0 0 0 .1.0.9 

VtH ENTE~ING SUNLIGHT 1 22 45 1. 7 

0 1 12 31.3 (j\ 
I 

VEH ENTERING LUNAR PENUMBRA 7 23 57 33.0 · I-' 
I-' 
(j\ 

0 0 0 u.o 

VEH tNTERING LUNAR UMBRA 1 23 57 44.l 

0 0 46 6.5 

VtH ENTERING LUNAR PENUMBRA 8 0 43 50. 6 

0 0 0 9.0 

VtH tNTERING SUNLIGHT 8 0 43 59.6 

(_ c '---" 
) 
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LIGHTING CONDITION FOR VEH 1 

16 APR 7 2. PC2 TO SBN LAL 72.l 

VtH IN SUNLIGHT AT PHASE INITIATION 

TIME SPENT IN REGION 
DAYS HRS MINS ~ECS DAYS HRS MINS SECS 

VEH ENTERING LUNAR PENUMBRA 8 l 56 2.l. 9 

0 0 0 10.7 

VEH tNTERING LUNAR UMBRA 8 l 56 32.6 

0 0 46 6.9 

VEH ENTtRING LUNAR PENUMBRA 8 2. 42 39.5 

0 0 0 10. 7 

VEH t 1HERlNG SUNLIGHT 8 2 42 50.2 

0 l 12 28.2 

VEH ENTERING LUNAR PENUMBRA 8 3 55 18.4 

0 0 0 8.5 

VEH ENTERING LUNAR UMBRA 8 3 55 27.0 
O'. 
I 

0 0 46 6.2 .!--' 
I-' 

VEH ENTERING LUNAR PENUMBRA 8 4 41 33.2 
~ 

0 0 0 11.1 

VEH ENTERING SUNLIGHT 8 4 41 44.2 

0 l 12 31.9 

VtH ENTERING LUNAR PENUMBRA 8 5 54 16. l 

0 0 0 11.0 

VEH ENTERING LUNAR UMBRA 8 5 54 2.1. l 

0 0 46 7.9 

VtH ENTERING LUNAR PENUMBRA 8 6 40 35.0 



LIGHTING CONDITION FOR VEH l 

TIME SPENT ·IN REGION 
DAYS HRS MINS SECS DAYS HRS MINS SECS 

0 0 0 3.8 

VEH ENTERING SUNLIGHT 8 0 40 38.8 

0 l 12 30.B 

VEH tNfERING LUNAR PENUMBRA 8 7 53 9.5 

0 0 0 10.':I 

VtH ENTERING LUNAR UMBRA 8 7 53 20.5 

0 0 4o 1.CJ 

Vl:h LNTERING LUNAR PE NUMBRA 8 B 3':1 21. 5. 

0 0 0 10.5 

Vl:H l:NTERING SUNLIGHT 8 8 39 38. 0 

0 l 12 Ll.6 

Vl:H ENTERING LUNAR PENUMBRA 8 9 51 59.6 

0 0 0 15.B 

°' VEH ENTERING LUNAR UMBRA 8 9 52 15.4 · I 
f--' 
f--' 

0 0 46 6.9 CP 

VEH ENTERING LUNAR PENUMBRA 8 10 38 LL. 3 

0 0 0 11.0 

VEH ENTERING SUNLIGHT 8 10 38 .:H.3 

0 l 12 30.4 

VEH ENTERING LUNAR PENUMBRA 8 ll 51 3.7 

0 0 0 2.4 

VEH ENTERING LUNAR UMBRA 8 l.1 51 6. l 

l l "---" .. .__/ 
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LIGHTING CONOITION FOR VEH l 

TIME SPENT JN kEGlON 
DAYS HRS MINS SECS DAYS HRS MINS SECS 

0 0 4o 9.7 

VEH ENTERING LUNAR PENUMBRA 8 12 .H 15.8 

0 0 0 10.9 

Vl:H ENTERING SUNLIGHT 8 12 31 20.1 

0 1 12 31.0 

VEH ENTERING LUNAR PENUMBRA 8 13 49 57.8 

0 0 0 11.1 

Vl:H ENTEKING LUNAR UMBRA 8 13 50 8.9. 

0 0 4o 8.8 

VEH ENTER ING LUNAR PENUMBkA 8 H 3o 17. 7 

0 0 0 8.5 

VEH ENltl{ING SUNLIGHT 8 14 3b 2b.2 

0 l 12 25.7 
(}\ 

Vl:H ENTER !NG LUNAR PENUMBRA 8 15 48 51.9 
I 
I-' 
I-' 

0 0 0 10.8 \0 

VEH ENTERING LUNAR UMBRA 8 15 49 2. 7 

0 0 4b 8.4 

VEH ENTERING LUNAR PENUMBRA 8 lb 35 11.1 

0 0 0 10.7 

Vl:H ENTERING SUNLIGHT 8 lb 35 21.9 

0 l 12 Z.b.b 

VEH l:NTERING LUNAR PENUMBRA 8 l7 47 48.5 



LIGHTING CONDITION FOR VEH l 

TIME SPENT JN REGION 
DAYS HRS MINS SECS DAYS HRS MINS SECS 

. 0 0 0 8.6 

VtH ENTERING LUNAR UMBRA 8 17 47 57. l 

0 0 46 7.7 

VEH ENTERING LUNAR PENUMBRA 8 18 34 4.8 

0 0 0 11.1 

VEH tNTERING SUNLIGHT 8 18 34 15.9 

0 l 12 30.3 

VEH ENTERING LUNAR PENUMBRA 8 19 4o 4b.2 . 

0 0 0 11.0 

VEH tNTERING LUNAR UMBRA 8 J.9 4b 57. 2 

0 0 46 10.0 

VEH ENTERING LUNAR PENUMBRA 8 .£0 33 1.2 

0 0 0 3.1 
(j\ 
I 

VtH ENrERING SUNLIGHT 8 20 33 10.3 I-' 
[\) 

0 l 12 29.4 
0 

VEH tNTERING LUNAR PENUMBRA 8 21 45 39.8 

0 0 0 11.0 

VEH tNTERlNG LUNAR UMBRA 8 2J. 4~ 50.7 

0 0 4b 8.5 

VEH tNTERING LUNAR PENUMBRA 8 u . 31 59.2 

0 0 0 10.5 

VtH ENTERING SUNLIGHT 8 22 .;2 9.7 

l .......__.. .._/ . 
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VtH ENfEKJNG LUNAR PENUMBRA 

VcH ENTERING LUNAR UMBRA 

VEH ENTcRING LUNAR PENUMBRA 

VEH ENT ERING SUNLIGHT 

LluHTlNG CONOlTlON fOR VEH l 

TIME SPENT lN REbiuN 
OAYS HRS MlNS SECS OAYS HRS MINS SECS 

0 l 12 . .w.2 

8 23 44 29.9 

0 0 0 15.8 

8 23 44 45. 7 

0 0 46 8.4 

9 0 30 54. l 

0 0 0 11.0 

9 0 31 5.1 . 

~ 

()'\ 
I 

I-' 
[\) 

f-' 

~ 



LlGHTING CONUITION FUR VEH l 

lo .\PR 72 SBN TO TEI LAZ 72.1 

VEH IN SUNLIGHT AT PHASE INITIATION 

TIME SPENT lN REGION 
DAYS HRS MINS SECS DAYS HRS MINS SECS 

VEH ENTERING LUNAR PENUMBRA 9 l 45 34.7 

0 0 0 9.2 

VtH ENTERING LUNAR UMBRA 9 1 45 43.8 

0 0 45 55.6 

VEH tNTERlNG LUNAR PENUMBRA 9 2 31 39.4 

0 0 0 11.2 

VEH ENTERING SUNLIGHT 9 2 31 !>O. 6 

0 1 14 22.a 

VEH ENTERING LUNAR PENUMBRA 9 3 46 13.4 

0 0 0 10.9 

VEH ENTERING LUNAR UMBRA 9 3 46 24.4 0\ 
·l 

0 0 45 55.5 I-' 
[\) 

VEH ENTERING LUNAR PENUMBRA 9 4 32 19.8 
')) 

0 0 0 11.1 

VEH EN£ERING SUNLIGHT 9 4 32 30.9 

0 1 14 21.J. 

VEH ENTERING LUNAR PENUMBRA 9 5 46 52.0 

0 0 0 11.1 

VEH ENTERING LUNAR UMBRA 9 5 47 3.1 

_) 
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LIGHTING CONUITIUN FOR VEH 1 

lo APR 72 TEI TO ENT LAZ 72.l 

VEH IN LUNAR UMBRA AT PHASE INITIATION 

DAYS HRS MINS SECS 

VEH ENTERING LUNAR PENUMBRA 9 6 21 19.5 

VtH ENTERING SUNLI GHT 9 6 21 24.6 

TIM E SPENT IN REGION 
DAYS HRS MINS SECS 

0 0 0 5.1 

~ 

(]'. 
I 
f-' 
f\) 
VJ 

J 



16 APR 72 

Vt:.H IN SUNLIGHT 

(_ (_ 

TABLE 6-JI.- MISSION SHADOW TIME LINE - Continued 

(b) LM descent 

L.M TRACKING FROM PUI TO LANDING 

AT PHASE INITIA!ION 

DAYS HRS MINS S[CS 

LAZ 72•1 

TIM~ SPENT IN REGION 
DA!S HRS . HIN~ SECS 

'----" 
_) 

O'\ 
I 
I-' 
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-.;:-
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TABLE 6-Il.- MI SSION SHADOW TIMELINE - Concluded 

(c) LM rendezvous 

Ll~HTINb CuNJlllCN FUN VEH 2 

RENutlVUU::. RADAR TRACKING PRICR TU TPl 

Vt:H 11• PtNUMdRA Al l'hASt INlTl"TICN 
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