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FOREWORD

'rhe spacecraft operational trajectory for Mission F iB composed of
five vohunes which summarize the lunar orbital. missions for a 3-month
launch period, May, June, and July 1969. The contents of each volume
are briefly described below.

1. Volume I - Operational Mission Profile,
Dete.iled mission description of the first launch
injection opportunity, of the May launch window.
March 26, 1969.

Launched May 17,1969:
opportunity, first

MSC IN 69-FM-65,

•

•
•

2. Volume II - Operational Mission Profile Trajectory Parameters,
Launched May 17,1969: Listing of significant trajectory parameters
computed at selected time points during each phase of the same typical
mission described in Vol~me I. MSC IN 69-FM-66, March 10, 1969.

3. Volume III - Mission S'L:IllIllaries: May 1969 Launch Window:
Summaries of CSM trajectory parameters at selected time points for each
launch date in the May 1969 launch window. MSC IN 69-FM-67.

4. Volume IV - Mission Summaries: June 1969 Launch Window:
Summaries of CSM trajectory parameters at selected time points for each
launch date in the June 1969 window. MSC IN 69-FM-68.

5. Volume V - Mission Summaries: July 1969 Launch window:
Summaries of CSM trajectory parameters at selected time points for each
launch date in the July 1969 window. MSC IN 69-FM-69.

In addition to the five volumes of the operational trajectory
described above, two additional documents supplement the operational
trajectory:

1. Howell, E. C.; Hunt, C. R.; and Simmons, V. W.: Preliminary
Lunar Orbit Attitude Sequence for Mission F. MSC IN 69-FM-51,
February 21, 1969. This document contains the mission attitude timeline
that shows the sequence of events for the lunar orbital phase of the
mission. The event times were obtained from Volume II of the operational
trajecto~J doc~~ent and from the preliminary flight plan for Mission F.

iii



2. Brewer, B. A.; and Vick, M. B.: TLI Ship Position and Coverage
Data for Apollo Mission F Lunar Launch Opportunities for May 1969.
MSC IN 69-FM-56, March 5, 1969. This document shows the injection ship
positions and the launch azimuth range coverage for each day for both
injection opportunities. The entry ship positions are not show.
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SPACECRAFT OPERATIONAL TRAJECTORY

FOR APOLLO MISSION F

VOLUME I - OPERATIONAL MISSION PROFILE LAUNCHED MAY 17, 1969

By Lunar Mission ./\.nalysis Branch, Lunar Landing Branch,
and Orbital Mission Analysis Branch

1.0 SUMMARY

This volume is the first in a series related to the Apollo Mission F
(CSM-106/LM-4) Spacecraft Operational Trajectory. This volume and
Volume II present a detailed operational mission profile for a typical
lunar orbital mission that would occur within a 3-month launch period:
May, June, and July 1969. Mission summaries for each of the 3 months
are presented in volumes III, IV, and V. For all three monthly launch
windows, translunar injections are from the Pacific. The operational
trajectory was designed to reflect the changes in mission ground rules
and constraints since the publication of the F mission reference tra
jectory. The most important changes are the following.

1. The launch date is May 17, 1969.

2. The total 36° launch azimuth range is used.

3. The TLI maneuver is biased to compensate for a CSM evasive

maneuver that follows LM extraction. a

4. The time from LOI-l to Dor is now approximately 24.4 hours
rather than 22.4 hours.

5. After the nominal rendezvous, an APS burn to depletion is
planned rather than a CSM rescue simulation.

6. The shorter range transearth flight times are planned.

,. The entry range is 1350 n. mi. (relative).

•
aThe TLI bias and the

the translunar trajectory.
the trajectory.

evasive maneuver are not actually included in
The change was made after the generation of
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The launch date for the profile is May 17,1969; the launch azimuth
is 72°; translunar injection occurs during the second orbit over the
Pacific. The targeted lunar site is site 1, located at a selenographic
longitude of 34.03° E and at a selenographic latitude of 2.63° N.
The duration of this specific mission is approximately 7 days 23 hours;
lunar orbital stay time is approximately 52 hours, and transearth flight
time is 63 hours. The operational trajectory demonstrates the capability
of the launch vehicle and spacecraft to meet all of the F mission objectives.

2.0 INTRODUCTION

This volume and volume II present the mission profile for the first
launch opportunity (72° launch azimuth) first injection opportunity on
May 17,1969. The sequence of major events is presented in table 2-1.
A timetable af mission events is presented in table 2-11. The elapsed
times between all major lnission events can be obtained from this chart,
which is similar to the mileage charts on road maps. The May launch
window summary is presented in table 2-111. The targeted lunar site is
site 1, which is located 34.03° E, 2.63° N. The lunar site selenographic
coordinates and elevation above the mean lllnar sphere are listed in
table 2-IV.

A complete trajectory description is provided in volume II,
Operational Mission Profile Trajectory Parameters. The ground rules
used in the design of the operational trajectory are defined in section 3
of volume 1. The spacecraft (se) weight summary and engine performance
data are contained in tables 2-V and 2-VI, respectively. The aS3umed
mission-independent expendables are presented in table 2-VII. Radar
acquisition and termination data. for all phases of the mission are
provided in table 2-VIII. The AOS and LOS tracking information was
computed for 0° and 5° minimum elevation angles for each mission phase.
The tracking info~mation and the tables and bar charts are for only the
selected launch azimuth (72°) and for the first injection oppcrtunity.

An earth orbital insertion ship and t·wo translunar inj ection ships
are used to provide the desired support (ref. 1). The ship locations
for May 17 are as folluws.

1. Insertion Ship - 25° N, 49° w

2. Injection Ship 1 - 34° s, 130° E

3. Injection Ship 2 - 14° s, 145.5° E

•
•

•

•
•
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The insertion ship provides the required coverage for earth parking
orbit insertion for the total 36 a launch azimuth spread. The coverage
requiremtnt is I I!linute of po~tinsertion coverage above a 5° minimum
elevation angle. The injection ships are placed to provide coverage for
the last 2 minutes of the preignition sequence for as much of the daily
window as possible. The mission shadow timelim. is shown in table 2-IX(a)
and 2-IX(b). The most significant points refle2ted by the data in
table IX are that launch occurs in daylight and that earth landing occurs
approximately I hour and 20 minutes prior to sunrise.

3.0 SYMBOLS AND NOMENCLATURE

AGS abort guidance system

AOS acquisition of signal

CDR commander

APS ascent propul3ion system

C cross-product steering gain constant

• CDH constant delta height

CMC command module computer

CMF comnland module pilot

CSI concentric sequencing initiation

CSM command and service modules

c.g. center of gravity

DOl descent orbit insertion

DPS descent propulsion system

EI entry interface

EPO earth parking orbit

EMS entry monitor system

•
•

DSKY

FTP

display keyboard

~ixed thr0ttle point
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a

h
P

1GA

1MU

IVT

.Jerk

I,/D

LLM

LM

LMP

L01

LOS

LPO

LOX

LV

MGA

MNBY

MSFC

OGA

OPS

PC

PDI

PGNCS

PTC

4

apogee altitude

perigee altitude

inner gimbal angle

inertial measurement unit

intervehicular transfer

time derivative of acceleration

lift-to-drag ratio

lunar landing mission

lunar module

lunar module pilot

lunar orbit insert~on

loss of signal

lunar parking orbit

liquid oxygen

launch vehicle

middle gimbal angle

mean nearest Besselian year

Marshall Space Flight Center

outer gimbal angle

oXYGen purge 8ystem

plane change

powered descent initiation

primary guidance and. navigation control subsystem

passive thermal control

•
•

•

•
•
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RDG

RCS

REFSMMAT

RT

SC

SPS

T&D

TEl

t lG

TLl

Tf

TPF

TPl

VHF

1
J

5

position target for 1M powered descent guidance

reaction control system

transformation matrix from the basic reference coordinate
system to the stable member (lMU) coordinate system

target vector for Lambert guidance scheme

spacecraft

service propulsion system

transposition and docking

transearth injection

time at ignition

translunar injection

6t from ignition time (t lG ) to Lambert target vector (RT)

terminal phase finalization

terminal phase initiation

very high frequency

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

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

The design of the mission and the resultant launch windows were
based on the following primary guidelines and constraints.

a. The monthly launch windows will consist of six possible launch
days across a 9-day period with launches scheduled for the first,
second, fourth, seventh, eighth, and ninth days.

b. All launch dates are selected to achieve favorable lunar
lighting conditions for the primro'y G mission landing sites.

c. Two additional launch days are added to the normal G mission
window, which consists of only the first four launch days. The additional
launch days, which are targeted to site 5, accept the resultant high
sun elevations at the site.

d. Daylight launch is highly desirable.

e. A launch azimuth range of 72° to 108 0 will be targeted.

f. The launch window is designed for Pacific injection.

g. Two TLI opportunities are targeted: the first on the second
revolution and the second on the third revolution.

h. TLI will be targeted for a free-return circumlunar trajectory.

i. The LOI maneuver will -lJe performed ir, two stages; the first
burn, LOI-l, will result in a 60- by 170-n. mi. elliptical orbit, and
the second burn, LOI-2, will circularize the orbit at 60 n. mi. two
revolutions later.

j. The lunar orbit orientation will be selected 30 that the
spacecraft will pass over a primary G mission site on the thirteenth
revolution after LOI-l. This ad entation results in a delta time
of approximately 24 hours from LOI-l to DOl.

k. Luna~ operations will simulate the G mission timeline as closely
as possible. The operation will include a G mission type of ~endezvous

and an APS burn to depletion.

1. The APS burn to dep12tion will he targeted to escape the earth
moon system.

m. The time from LOI-l to TEl nominally will be apprcximately
52 hours (26 rev01ut~ons), which allows for a rest period after rendezvous.
However, an option will exist for performance of TEl on an earlier

•
•

•

•
•
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revolution if the full rest period is not desired or on a later revolution
if observation of an additional G candidate site for the G mission would
be possible .

n. The TEl maneuver will be targeted to return as soon as possible
to 165° Wlongitude within the available ~V capability and without
exceeding a return inclination of 40°.

o. The earth relative entry range target will be 135C n. mi.

5.0 MISSION SUMMARY

In this section, a mission profile is summarized for a May 17,1969,
launch date. The burn times, propE.llants used, and most mission phase
times that are presented in this section are typical of the lunar orbital
missions planned for the May and June launch window

The profile is concisely presented in table 2-1. In this section,
major events, spacecraft performance characteristics, and significant
trajectory parameters are described in detail for each phase.

In the design of the spacecraft operatione.l mission, the LV II,ission
phases were simulated independently of the exact LV operational trajectory.
The trajectory data presented here for the LV mission phases were simulated
with LV data received from the MSFC for the Apollo 8 mission. This
vehicle configuration is considerably lighter than the actual Mission F
configuration. No attempt was made to duplicate exactly the LV operational
mission, and the information for the LV phases will differ from that in
the official traj ectory docwnent (ref. 2). The par8111eters for the LV
mission phases would be considered as typical values only.

5.1 Earth Launch
a

The launch time for this mission was determined to provide an
optimized inj ected payload to support two inj ection opportunities. The
la~mch time, in particular, differs slightly from the offi~ial launch
time in the MSFC LV operational trajectory.

aThe parameters for this ~hase are presented for information only.
The official source for this phase is the MSFC LV operational trajectory
(ref. 2).



8 •To provide a daylight launch and acceptable lighting at the target
lunar landing site, the mission was designed for a Pacific injection.
The. launch is summarized as follows.

h m s
Insertion into EPO occurs at 00 11 21.6 g.e.t. The insertion

conditions are as follows.

Date, month, day, year .

Time, hr:min:sec, e.s.t.

Azimuth, deg .

Location (Cape Kennedy, Complex 39B)

Geodetic latitude, deg:min:sec
Longitude, deg:min:sec ....

5.2 Earth Parking Orbit a

Insertion location

Geodetic latitude, deg
Longitude, deg .
Altitude, n. mi.

Inclination, deg .

32.7
-54.3
103.3

32.6

May 17,1969

11:33:49:4

72

28° :37' : 38.31"
279°: 22' : 44 . .'36"

•

•
The insertion ship positioned at 25° N latitude and 49° W longitude

tracks the vehicle for app::ox::'mately 3 minutes after insertion; minimum
elevation angle is 0°. A ground track of the EPO phase is given in
figure 5.2-1.

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 2
h

20
m

.

5.3 Translunar Injection

The TLI burn is initiated near the western coast of Australia during
the second revolution in EPO. Note that the LV/SC weight model used to
simulate the TLI phase was the Apollo 8 configuration and that the burn

aThe parameters for this phase are approximate and are presented for
information only. The offical source for this phase is the MSFC launch
vehicle operational trajectory (ref. 2).

•
•
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par8Jlleters below do not represent realistic values for the Apollo 10
(Mission F) configuration.

•
TLI burn initiation

Time, hr:min:sec, g.e.t.
Geodetic latitude, deg
Longitude, deg .

I'Ll cutoff

Geodetic latitude, deg
Longitude, deg ..
Burn duration, sec
S-IVB propellant used, lb
Plane change, deg

2:31:36.4
-27.8
128.6

-18.3
151.8
307.0
149. 000
1.0

•
The TLI m~leuvers is initiated in darkness, ~ld the vehicle enters

sU:llight approximately midway through the TLI burn. (Coverage for the
major part of the preignition sequ.ence is provided by Carnarvon, which
also provides coverage during the early part of the burn. Additional
support of the burn and preignition sequence is supplied by the injection
ships (section 2.0). The tracking and lighting and mission events
sUlI'JIlary is shown in figure 5.3-1.

The TLI burn is biased for a 2 m/sec overburn to compensate for the
SPS evasive maneuver that is performed after 1M extraction (section 5.5).

5.4 Free-Return Circumlunar Trajectory

Free-return touchdown assumes perfect execution of TLI and no
correction maneuvers. It is planned to occur in the Indian Ocean
southeast of Madagascar. A more desirable landing position can be
insured by application of a corrective maneuver at an acceptable time
during either the translunar or transearth coast phases of the circum
lunar trajectory. The free-return trajectory is characterized by the
following.

Pericynthion

•
•

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

Return vacuum perigee altitude,
n. mi .

Transit time from TLI to entry interface,
hr:min: sec . . . . . . . .....

76:11:50.3
59.3
1.97
178.5

15.2

147:44:12
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Earth entry

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

Touchdown

Geodetic latitude, deg
Longitude, deg ..

5.5 Posttranslunar Injection Events

150:15:48.2
65.8
-18.0
45.2
33.5

67.1
-27.9

•
The summary of the major events from TLI cutoff ttrough S-IVB

LOX blowdown is given in table 5.5-1. To determine the separation
attitude maneuver (TB-7 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 eSM shadow on the S-IVB for the
docking phase. The onboard se event times will be referenced to TLI
ignition (column 1 of table 5.5-1), and the LV event times will be
referenced to TB-7. Therefore, the se event times will vary with respect
to TB-7 as the TLI burn time varies. The se maneuver times referenced
to TB-7 in the table assumed a 300-second TLI burn time. The purpose
of the evasive maneuver at approximately TB-7 plus 9600 seconds is to
decrease the probability of S-IVB recontact and to avoid the ice
particles expected to be expelled by the S-IVB during the LOX dump.

The ~urrent profile combines an early SPS confidence burn with
the evasive maneuver. This SPS burn will have a 6V of 20 fps and will be
approximately 3 seconds in duration. To achieve a burn of this magnitude
without jeopardizing the ReS capability to reture to a free-return cir
c'mUunar mission, the TL1 burnout conditions will be biased ~or a
2- m/sec overspeed at burn termination. The SPS evasive maneU\"er tnen
will be performed in a direction which will c~mpensate far the TLI bias.
Tile attitude will be pitched down 75° vi th Yespect to the Ioea} horizontal.
This attitude will provide for se high gain S- band coverage ':.I"i th the
steerable antex:na, and a roIl of approximately :r600 (based on the eSM/s-IVB
separation ~titude) provides for visual monitoring of the S-IVB during
the evasive maneuver burn. At approxi.mately 2 hours after TLI, the
S-IVE is ground commanded to assume a local horizontal attitude for
the LeX blowdcwn. The local horizontal attitude components are the
following: pitch, 194°; yaw, 0°; roll, 180°. The magnitude
of the 6V that results from the LOX dump is expected to be approximately
120 fps.

The LOX dump maneuver is designed to reduce the probability of se
recontact with the S-IVB and also to prevent S-IVB impact with the
earth or moon. Nominally, the LOX durr~ maneuver results in a

•

•
•
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sling-shot trajectory; the S-IVB will pass behind the trailing edge of
the moon and will be accelerated by the lunar gravitational field. The

. result is a heliocentric orbit which avoids either earth or lunar impact .

5.6 Translunar Coast

A ground track of the translunar coast phase is given in
figure 5.6-1. Time histories of altitude and true anomaly for the first
10 hours of translunar coast are provided in figures 5.6-2 and 5.6-3,
respectively.

Passive thermal control attitude will be maintained throughout most
of the translunar coast phase. Four nri.dcourse correction maneuver points
have been defined at the following times.

1. TLI plus 7 hours (MCC-l)

2. TLI plus 24 hours (MCC-2)

3. LOI minus 22 hours (MCC-3)

L~ • LOI minus 5 hours (Mcc-4)

The third midcourse correction (MCC-3) will be the prime maneuver
to establish the desired lunar approach trajectory. The first two
maneuvers will not be performed unless the magnitude of the MCC-3
maneuver exceeds 25 fps. The MCC-I or MCC-2 maneuver or both will
then be performed only if their values exceed the SPS minimum impulse
("'3 fps). The MCC-l and MCC-2 residuals will not be trimmed.

To avoid use of the SPS for the Mcc-4 maneuver, the MCC-3 maneuver
will be performed if the predicted magnitude of Mcc-4 is greater than
3 fps using the SPS. Residuals will be trimmed to wi thin 0.5 fps. If
MCC-3 is less than 3 fps and if LOI-l targeting cannot absorb the
"QIlcorrected approach dispers ions ,-Ii thout a shift greater than 45° in the
line of apsicles of the 60- by nO-no mi. orbit, MC8-3 will be peri'ormed
-with the SM RCS; however, if LOI-·I targeting .can absorb the dispersions
with less than a 45° apsidal shift, MCC-3 will not be performed.

The Mcc-4 maneuver will not be performed if the dispersions can be
absorbed by the LOI-I targeting with apsidal rotation less than L,5°;
otherwi se the maneu.ver will be performed ,-lith Lhe SFS if the !:.V greater
than 3 fps or the SM RCS if the ~V less than 3 fps. The residual will
be trimmed to wi thin I fps if the SPS is requil-ed for the Mcc-4 maneuver.

The :r.:taneuvers are GNCS controlled and use external ~V guidan~e.

Unless gimbal lock problems occur, the pad Hill alinement (REFSMMAT)
will be used for the MeC-l; the PTC REFSMMAT, for MCC-2 and MCC-3; and
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the descent REFSMMAT, for Mcc-4. The CSM remains in sunlight during
the entire translunar coast phase [table 2-IX(a)]. The duration of
the pha.se is 73 houys 37 minutes . Altitude above the lunar surface for
the last 10 hours of trar:slunar coast is ;Jrovided in figure 5.6-4.

5.7 Lunar Orbit Insertion

The L01-1 is designed to insert the CSM into approximately a
60- by 170-n. mi. LPO. A time hi_story of trajectory parameters during
the b'_lrn is presented in figure 5.7-1. The burn was simulated with the
external !'::.V guj.dance. A description of the burn is as follows.

LOI initia.tion

•
•

Time, hr:mln:sec, g.e.t ...
Al.t:i tude, n. mi. . . . . . .
Selenographic latitude, deg
Selenographic longitude, deg

Burn duration, IYlin: sec

Inertial burn are, deg

Plane change, deg

/:,V, fps

SPS propellant used, lb

LOI burnol,t (start LPO)

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

Period of LPO, hr:min:sec

Altitude of pericy~thion of LPO, n. mi.

Al~itude of apocynthion of LPO, n. mi ..

76:08:17.6
84.0
0.5
-165.0

5 :52.5

23.0

0.5

2867

22 971

76:14:10.1
58.9
2.6
172.0
174.3

2:08:36

58.9

168.9

•

•The LOI-l burn parameters were computed without simulation of the
SPS thrust buildup and tailoff. The effect of these, however, is re
flected in t~e burn parameters presented in the simulaticn data packa~e

(ref. 3).

•
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The REFSMMAT used for the L01-l burn as well as for all other burns
in LPO is the landing site alinement at the nominal G mission landing
time relative to DOl.

The target loads for the LOI-l burn are given in table 5.7-1 .
More detailed inforrr.ation about the burn, including reset points,
navigation updates, and ignition gimbal angles, is given in the F Mission
Simulator Data Package (ref. 3).

5.8 Lunar Orbit Circularization

A coplanar circularization burn (LOI-2) is performed to place the
CSM in approximately a 60-n. mi. circular LPO after two revolutions in
the 60- by l70-n. mi. orbit. The target al+'itude of the orbit
(60 n. mi.) is measured relative to the lunar target site (table 2-IV)
and not relative to the mean lunar radius.

The landing REFSMMAT (table 5.8-1) is used, and the CSM is oriented,
heads down. The burn is initiated near pericynthion of the second
revolution. More det'3.iled information is given in reference 4. The
characteristics of the burn are the following.

• Circularization burn initiation

Time, hr:min:sec, g.e.t.
Altit'ude, n. mi. ....
Selenographic la.titude, deg
Selenographic longitude, deg

Burn duration, sec

Inertial burn arc, deg

6V, fps . . .

SPS propellant used, lb

80:32:12.0
58.9
2.8
167.1

14.5

0.7

137.5

946.2

•
•

5.9 CSM/LM Coast From LOI-2 to Undock

h4 mAt a g. e. t. of 81 5 or at about 1 mim..te 13 seconds after LOI-2,
the ere"'" begins preparat.j on :for 17T to the LM. In the LM, general
housekeeping and equipment storage is performed. Also, short checkout
will be perf8rmed 0:1 the LM VHF and 8PS s:JTs+,en:s. After about
2 hours 40 minutes in the LM, the CDR and LMP perform IVT to the CSM

and close the hatch. At a g.e.t. of approximately 84h40m
, landmark

tracking is performed on a pseudosite vith a sun elevation an~le o-f'

e.pprox:Lm5.tely 3°. An inerti5.l hold is initiated at a g.e.t. of 86
h

OO
m

for an 8-hour crew rest period.
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The rest period is ended. at a g.e.t. of 94
hoom. After a I-hour

eat period, the CDR and LMP perform IV'I' to enter the LM and begin LM
,..-h m ( .) k' .checkout .I\t a g. e. t. of 9rJ 50 revolutlon Jl , landr.mrk trac _lng ] s

performed on the target site. The LM checkout is completed, ana undocking

occurs at 9Sh30
m

during revolution 12 or approximately 4 hours 30 mi.nutes
after wakeup. The 11.111ar ground tracks for the +,otal lunl'Lr orbital phase
::.s shown in figure 5.9-1. The CSM tracking, lighting, and events summe,ry
for the total lunalA orbi.tal phase is shown in figure 5.9-2.

5.10 LM Undock anG. CSM Separation

Undocking will occur 30 minutes prior to the RCS separation burn.
After the CSM undocks from the LM, the CSH will perform stati0l1keeping
at R. d~_stance 0:' 30 feet from the LM for Ltv! inspection. After complet_'.on
of the i.nspection, the 1M Ifill perform stationkeeping w:lile the CMP pr'=p'ITes
for the BCS separation. At approxima.tely a lSOo cent.ral angle prior to
Dar, the CSM perforrr.s a 2.5 fps radially downward sepe,ration maneuver,
which places the LM and CSM in equiperiod orbits. Rendezvous will be
accomplished from the equiperiod orbits if the DOl maneuver is not
performed.

5.11 Rendez'Tous Sequence

5.11.1 Sequence summary.- The basic objective of the rendezvous
sequence on the Apollo Mission F is to simulate as nearly as possible
the LLM rendezvous profile after LM insertion following ascent from
the lunar surface. The rendezvous sequence is shown in table 5.11-1.
After separation of the LM and CSM, the rendezvous activities are
initiated by the CSM separation maneuver (mini:ootb8.11, section 5.10) at

9Sh55m40
s

g.e.t. Then the LM must perform a Dar maneuver and a phasing
maneuver to esta.blish the propel' relat:i.vE: conditions (LM h9.4 n. rni.
below and 2'70.0 n. mi. behind the CSt!.) at the simulated insel'ti on poir;t
over the target site (34 0 E). After the insertion maneuver has been
compl eted, the LM will compute and execute the coelliptic sequer,ce
that is planned for the LLM rendezvous. The sequence of CSI, CHD, and
TPI will result in LM approach, braking, and decking at approximately

l06h32mOOs g.e.t., 10Thich completes "the 7.5--hcur exercise tllat began
¥ith separation. A detailed discussion of the rendezvous activities
is given in sections 5.11.2 through 5.1~.9.

~he o~bital schematic for the nominal F mission rendezvous is
presented in figure 5.11-1. The relative motio~ o¥ the descent sta~e

with respect to the ascent stage after the staging sequence is presented
in fig1J.re 5.11-4. A tracking, lighting, and mission events summa~y for
the rendezvous sequence is presented in figure 5.11-5.

•
•

•

•
•
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h m ..
5.11. 2 DOL - After the CSM separation maneuver at 98 55 40'"g. e. t. ,

.the LM will fine aline the platform and will aline the AGS to the PGNCS
in preparation for the DOr maneuver. The DOl maneuver is ground computed
to be executed 195° :prior to the target site, which duplica.tes the sellle
maneuver required in the LLM. The DOr maneuver is externa.l ~V maneuver
performed with the DPS in a horizontal retrograde direction so that the
resultant LM pericynthion is 50 000 feet (referenced to the landing site
radius) and is ::"5° up range from the landing site. The 72.8 fps maneuver

is performed at 99
h

54
m

12
s

g.e .. t. with la-percent thrust for 15 seconds and
40-percent thrust for 12.7 seconds. The target loads for the DOl maneuver
are shown in table 5.11-11.

5.11.3 Phasing.- After the DO! maneuver, the LM will prepare for
a landing radar test to be conducted as the vehicle passes over the
target site at 3~0 E longitude and at an altitude of approximately
50 000 feet. Because the LM will lead the CSM (fig. 5.11-4) during
this first pass over the site, a phasing maneuver is performed approxi
mately 10 minutes after the site is passed to place the LM in a dwell
orbit so that eventually the LM will fall behind the CSM and will trail
the CSM by approximately 270 n. mi. at the time of the second pass,
at which time the lunar landing mission relative profile can be simu
lat.ed. The phasing maneuver is a ground-computed maneuver with an exter--

nal f::,V of 193.5 fps initiated with the DPS 8,t lOlh06m35 s g.e.t. By use
of the two-impulse processor, the maneuver is targeted to establish the
nominal LLM phase and height offset relative to the CSM at the time of
insertion. The target loads for the phasing maneuver are shown in
table 5.11-11. Tte posigradeburn at a 26.1° pitch above the local
horizontal will place the LM in a 194.4- by 9.8-n. mi. oroit. The
DPS burn will be started at lO-percent t~1rust for 26 seconds and ,{ill
be increased to full throttle (92.5 percent) for 16 secands.

5.11. 4 Insertion. - During the LM phasing orbit, the LM and CSM
will condu~t onboard tracking to determine the orbits. The onboard
tracl~ing data may be used by the ground to update the required insertion
maneuver. The insertion maneuver will initiate the sequence that is
designed to simulate the in-orbit ascent rendezvous 0: the 1M after the
lunar li ftoff on the LLM. Prior to :;.nsertion, the LM wi.ll stage -i:he DPS
so that the burn may be eX2cut2d with the APS. Current plans call

ror the staging t~ occur at 102
h

53
m

26
s

g.e. t., approxir.1ately 10 minutes
priar to insertion. wTIile in Q retrograde attitude, the 1M will thrust
posigrade 2 fps with the -X ReS jets, will stage, and immediately will
null this f::,V with 2 fps retrograde with the +X jets. The result of the
separation maneuver is to send the descent stage aheai of and abovp. the
e.scent stage so that no recontar;t can occur after the ascent stage
performs insertion. The relative motion of the des~ent stage with

respect to the 1M can be seen in figure 5.11-2. At 103
h

03
m

29
s

g.e.t.,
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the APS thrusts at a 152.6° pitch for 15 seconds to impart a retrograde
.6V of 213 fps and to place the LM into a 43.6- by 9.8-n. mi. orbit.
Apocynthion occurs 51 minutes later. The 43.6- by 9.8-n. mi. orbit is
identical to the orbit planned after 1M insertion in the LLM, and the
insertion maneuver is scheduled 5 minutes prior to entry into darkness
to duplicate the LLM lighting conditions. The insertion maneuver is
also targeted by the ground two-impulse processor which establishes the
nominal CSI offset (LM 14.7 n. mi. below and 148 n. mi. behind the CSM)
at the nominal time. Target loads for the insertion maneuver are shown
in table 5.11-IV.

5.11.5 CSI.- After insertion, the LM will realine its platform
and will begin radar tracking of the CSM to determine the orbits of the
vehicles for onboard computation of the coelliptic sequence. The CSI

maneuver will be scheduled for the apocynthion at 103h54m40s g.e.t. and
will be calculated to cause TPI to occur at the midpoint of darkness
approximately 94 minutes later. The nominal relative condition will be
such that the CSI will place the LM in a 46.2- by 42.9-n. mi. orbit,
15.0 n. mi. below the CSM orbit at the time of CDH, one-half an orbital
period after the CSI. The CSI will be performed with the four +X RCS
jets so that the interconnect can be opened and APS propellant can be
used. The 32.1-second burn is horizontal and adds a posigrade 6V of
50.5 fps. The target loads are shown in table 5.11-V.

5.11.6 Plane change technique.- An out-of-plane component, which
nominally is not required, will be applied in conjunction with the CSI
if an out-of-plane velocity is detected prior to the CSI. The out-of
plane component will be targeted to null to zero the out-of-plane
velocity, which will force the existence of a common node approximately
90° later where the separate PC maneuver is scheduled. At PC, the out
of-plane velocity is again nulled to zero and a coplanar situation is
established. If the out-of-plane situation is not determined soon enough
to begin the PC at the CSI, the nodal shift would be initiated at the
time of PC and completed in conjunction with the CDH. However, the
CSI-PC sequence is more economical than the PC-CDH sequence because the
in-plane component at the CSI is considerably larger than the in-plane
component at CDH.

5.11.7 CDH.- After the CSI, the 1M will continue to track the CSM
h m s

and will compute the required CDH maneuver to be done at 104 52 41 g.e.t.
Normally, the CDR will be a small radial burn designed to coellipticize
the LM orbit with the orbit of the CSM. If the CSM orbit were perfectly
circular, the CDR would be zero; however, because of the simulated
61- by 58-n. mi. CSM orbit, a downward 6V of 5.8 fps is required. The
two-jet +z thrusters were used in this simulation; however, the -X jets
could be used so that radar lock-on at an elevation angle of approxi
mately 9.5° above the local horizontal would not be disturbed. The

•
•

•

•
•
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7.3-second burn places the LM in a 46.2- by 42.9-n. mi. orbit, 15 n. mi.
below the CSM orbit and coelliptic with it. The target loads for the
CDH maneuver are presented in table 5.11-VI.

5.11.8 TPI.- Radar tracking continues after CDH so thaG the 1M may
compute the required burn (TPI) when the elevation angle to the CSM
reaches 26.6° above the 1M local horizontal. Nominally, the maneuver
should occur approximately 36.5 minutes after CDH, when the 1M is
23 minutes into darkness. TPI will be calculated to start the LM on an
intercepting orbit; theoretically, rendezvous would occur after 130°
of CSM central angle travel. The 25.3-fps burn is planned to be executed
with the four +X jets to use the APS propellant through the interconnect.
However, this arrangement may cause a temporary loss of radar lock, which
is not considered to be a problem. The TPI ignition is at

105
h

2S
m

59
s

g.e.t., and the burn duration is approximately 16 seconds.
The target loads for the TPI maneuver are presented in table 5.11-VII.

5.11.9 Rendezvous midcourse corrections and braking.- The LM will
track the CSM after TPI and will perform nominally zero midcourse cor
rection maneuvers 15 minutes later and 30 minutes later. The braking
schedule assumed for this trajectory simulation calls for a reduction
in range rate to 15 fps at the l-n. mi. gate, to 5 fps at 1000 feet,
and to 0.25 fps at 300 feet. The braking schedule may be changed
slightly after further simulations; line-of-sight corrections will be
made as required. Final approach and stationkeeping should occur at

approximately 106h17mOOs g.e.t., approximately 25 minutes after the
vehicles enter sunlight on the backside of the moon. Docking should

h m s
begin at approximately 106 32 00 g.e.t. to complete 7.5 hours of
rendezvous activities.

5.12 APS Burn to Depletion

At approximately 107h15mOOs g.e.t., just prior to earth LOS, the
CSM/1M establishes an inertial attitude which is suitable for 1M steer
able antenna communications during and after the APS burn to depletion.
The antenna is in a locked position. Near 90° E longitude, the unmanned
LM is jettisoned in attitude hold, and the CSM performs a radially up
ward separation maneuver of approximately 2 fps, which will place the
CSM above and behind the LM at the time of the APS burn.

The ullage maneuver and the APS burn are initiated under PGNCS con
trol, and after confirmation of burn initiation a command is sent to
transfer control to the AGS. The ascent stage will have been in attitude
hold since jettison. Whether either or both of the RCS interconnects
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will be open will depend on the RCS usage up to that time in the mission
,and will probably be a real-time decision. The need for attitude hold
to be maintained during the burn and as long thereafter as possible
could be satisfied either with one interconnect open or with both closed.
However~ if the RCS margin is low enough at the time of jettison~ both
interconnects would be open to assure attitude control during the entire
burn. In this case, ascent stage tracking after the burn would not be
assured. The characteristics of the burn are as follows.

Burn initiation

•
•

Time~ hr:min:sec, g.e.t.
6t from 1M jettison~ min
Selenographic latitude, deg
Selenographic longitude, deg
Estimated propellant

available, Ib .
Vehicle attitude, local horizontal

Pitch, deg
Yaw~ deg
Roll~ deg .

Burn termination

Burn duration~ min:sec
Burnout velocity, fps .
6V attained, fps
Selenographic latitude~ deg
Selenographic longitude, deg
Burn are, deg .
Selenographic longitude of the

lunar sphere exit, deg W

109:03:41.4
30

-.22
0.0

2373

o
o
o

3:2.5
8960
3616
-1.6

-13.8
13.8

~134

•

The resultant ascent stage trajectory is hyperbolic with respect
to the earth-moon system, which assures a heliocentric orbit.

5.13 CSM Coast from APS Burn to Depletion to TEl

Shortly after the APS burn to depletion at a g.e.t. of 110hOOmOOs,
an inertial attitude hold is initiated for an 8-hour crew rest period.
After the rest period~ four consecutive revolutions of landmark tracking
will be performed, which will involve tracking either three or four
landmarks per sunlight pass. After these four revolutions of tracking
have been performed, one revolution of terminator-to-terminator stereo

strip photography will be performed.
a

aThe terminator-to-terminator stereo photography will require adding
one revolution to the lunar orbit timeline which is not included in this
document.

•
•
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5.14 Transearth Injection

h m s
The TEl maneuver occurs 51 37 00 after LOI-l. A time history of

significant parameters during the burn is provided in figure 5.14-1.
The burn was targeted for a 63-hour transearth flight time. The target
loads and REFSMMAT for the burn are presented in table 5.14-1. The
cha.racteristics of the burn E'.re presented below.

~

Initiation time, hr:min:sec, g.e.t
Selenographic latitude, deg .
Selenographic longitude, deg
Burn duration, sec
/:,V, fps . . . . . . . .
SPS propellant used, Ib •
Plane change . . . . .
Burnout

Flight-path angle, deg
Altitude, n. mi.
Selenographic latitude, deg
Selenographic longitude, deg
Entry velocity (inertial), fps

5.15 Transearth Coast

127:51:34.8
0.5

168.0
159.6

3250.9
10 400

1. 75

3.0
60.4
1.3

157.6
36 210.5

~

~

A groundtrack of the transearth coast phase is provided in
figure 5.15-1. Altitude above the moon is shown for the first 10 hours
of coast in figure 5.15-2. Three midcourse decision points have been
defined for the transearth phase.

1. MCC-5, TEl plus 15 hours

2. Mcc-6, EI minus 15 hours

3. 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 5.15-3. The CSM remains in
sunlight from TEl until darkness, which occurs approximately 21 minutes
prior to EI. TIle last ground station co'v'erage is by Honeysuckle
[table 2-VIII(c)], which terminates at 0° elevation approximately
3 minutes prior to EI.
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5.16 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 5.16-1.

At the nominal EI, 191hlSm16s after lift-off, the CM is at an alti
tude of 399 720 feet, and the coordinates are 18.315° S geodetic latit~de
and 171.29° E longitude. Inertial velocity, flight~path angle, and aZl
muth at this point are 36 210 fps, 6.49° below the local horizo~tal, and
98.56°, respectively.

A plot of the CM maneuver footprint and the nominal ground trace on
a map of the entry area are presented in figure 5.16-2. The footprint
is extended to a 3500-n. mi. entry range. The nominal touchdown target
location is 1350 n. mi. down range from the entry interface position,
and the coordinates of the target are 165° W longitude and 20.25° S
geodetic latitude. A sequence of pertinent events is given in
table 5.16-1 and includes the periods of communication blackout which
occur along the trajectory. The guidance phases are shown in
figure 5.16-3, which shows altitude as a function of range to the target .
Time histories of the bank angle commanded by the guidance system, by
the load factor, and by altitude are presented in figure 5.16-4. The
load factor at the c.g. reaches a first maximum of 6.35g and a second
maximum of 5.99g. Time histories of the total heating rate and the
total heat load are presented in figure 5.16-5. The maximum total heat
ing rate is 277.8 Btu/ft 2 /sec, and the total heat load is 24 355 Btu/ft 2 .
Time histories for inertial and relative velocity and flight-path angles
are presented in figure 5.16-6.

The CM ReS uses 11.55 pounds of propellant for the separation and
attitude hold maneuvers before the spacecraft reaches 400 000 feet. The
RCS uses 19.24 pounds of propellant to perform the guidance commands
during the remainder of the entry. A time history of the total RCS
propellant consumed from separation is presented in figure 5.16-7. In
figure 5.16-8, the altitude is plotted in relation to relative velocity,
and the boundaries for S-band and C-band communication blackout are
shown (ref. 6). Time histories for the primary DSKY displays, commanded
bank angle, inertial velocity, and altitude rate are shown in
figure 5.16-9. Time histories for the final phase DSKY displays, com
manded bank angle, cross-range error, and down-range error are shown in
figure 5.16-10.

The drogue parachute deployment sequence begins at an altitude of
23 300 feet, 8 minutes 32 seconds after EI. The two drogue parachutes

•
•

•

•
•
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references 10 and 11
reference 12

•

•
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are deployed 2 seconds later. At an altitude of 10 500 feet, the low
altitude baroswitch closes, and the drogue parachutes are disconnected.
The three main parachutes are deployed 1 second after the baroswitch
closes. The CM, suspended on the main parachutes, reaches splashdown
14 minutes 20 seconds after E1. The relative velocity and relative
flight-path angle are plotted against time from drogue chute deployment
in figure 5.16-11. Load factor and altitude are plotted against time
from drogue chute deployment in figure 5.16-12.

An EMS scroll (NON-EXIT pattern) is presented in figure 5.16-13(a)
with the reference trajectory from 0.05g superimposed upon it. This
pattern has limit lines which allow the crew to monitor the entry tra
jectory to-prevent an exit by the spacecraft from the atmosphere
(g < 0.2). The commanded bank angle and EMS range-to-go are plotted
against the inertial velocity in figure 5.16-13(b).

The following input was used in the generation of the operational
entry trajectory.

CM RCS engine performance data reference 7
CM mass properties for entry. table 5.16-11, reference 13
Conditions at entry interface

and target point . . .
Aerodynamic coefficients
Parachute aerodynamics .
Aerodynamic heating data
Entry guidance . .
Atmospheric model
Entry REFS~~ffiT and gimbal angles

at E1 . . . . . . . . . . . . .
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TABLE 2.0-1.- SEQUENCE OF MAJOR EVENTS

[Launch occurs at 11:33:49 e.s.t. with a 72° launch azimuth]

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

Data Swn:nary

Earth orbit insertion 00:11:21.6 Latitude, deg N 32.7
Longitude, deg W -54.3
Inclinat ion, deg 32.6

Translunar injection 02:31:36.4 Burn time, sec 307.0
Plane change, deg -1.03

Free return, circwnlunar 76:12:46.6 Altitude, n. mi. 61.0
pericynthion Selenographic

latitude, deg 2.3
Longitude, deg 174.1

Free-return entry 150:15:48.2 Altitude, n. mi. 65.8
Longitude, deg 45.1
Latitude, deg -18.0
Flight-path angle, deg -6.8
Velocity, fps 36 141.5
Equatorial inclination,

deg 33.5
Vacuum perigee altitu1e,

n. mi. 26.9

Lunar orbit insertion 76:08:17.6 Mass at ignition, Ib 93 132.9
Burn time, sec 352.5
Propellant used, Ib 22 971.1
Inclination of LPO, dee; 5.6

LOI-2 80:32:12 Mass at ignition, Ib 70 115.9
Burn duration, sec 14.5
Propellant used, Ib 946.2

Undocking 99:25:44

LM separation 98:55:43.9 Mass at ignition, Ib 37 768.2
Burn time, sec -7.1
Propellant used, Ib -10.6

DOl 99:54:12 Ignition longitude, deg -128.5
!JV, fps 72.8
Burn duration, sec 27.7

CSM pass over target 100:59:10.0 Sun elevation at site,
site (REV 13) deg 8.7

Phasing 101:06:35 Ignition lonGitude, deg 0.3
!JV, fps 193.5
Burn duration, sec 42.0

Insertion 103:03:29 Ignition longitude, deg 31. 3
toV, fps 213.3
Burn duration, sec 15.5

~ime refers to g.e.t. of ignition for burns.

•
•

•

•
•
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TABLE 2.0-1.- SEQUENCE OF MAJOR EVENTS - Concluded

[Launch occurs at 11:33:49 e.s.t. with a 72° launch azimuth]

Time,aEvent
hr:min:sec g.e.t. Data summary

CSI 103:54:40 Ignition longitude, deg -131.8
f::,V, fps 50.5
Burn duration, sec 32.1

CDR 104:52:41 Ignition longitude, deg 47.6
f::,V, fps 5.8
Burn duration, sec 7.3

TPI 105:28: 59 Ignition longitude, deg -65.1
f::,V, fps 25.3
Burn duration, sec 16.0

TPF (impulsive) 106:11:41 Ignition longitude, deg 163.0
f::,V, fps 31. 5
Burn duration, sec 39.8

LM jettison 108:34:01.9 Mass at ignition, lb 37 957.5
Burn time, sec 5.7
Propellant used, lb 8.5

APS burn to depletion 109:03:41 Ignition longitude, deg 0.0
Burn duration, sec 207.7
Mass at ignition, lb 7 725.5
Propellant used, lb 2 372.9
f::,V, fps 3 616.2

Transearth injection 127: 51 :34.8 Mass at ignition 37 858.0
Burn time, sec 159.6
Plane change, sec -1.8
Propellant used, lb 10 399.7

Entry interface 191:18:15.9 Velocity, fps 36 210.6
Flight-path angle, de.,; -6.49
Latitude, deg -183.2
Longitude, deg 171.3
Time from TEl, hr:min 63:24

Splashdown 191:32:35 Latitude, deg -20.25
Longitude, deg -165.0
Local time, a.m. 5:06
Time of sunrise, a.m. 6:25

~ime refers to g.e.t. of ignition for burns.
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TABLE 2.0-IV.- LUNAR TARGET SITE POSITIONS

Lunar Latitude, Longitude,
a

target site
Altitude,

no
deg deg n. mi.

1 2.632 34.025 -0.818 I

2 0.732 23.647 -1.66 I
3 0.374 -1.345 -0.502

I 4 -3.643 -36.698 -1.323

II 5 1..772 -41.939 -1. 539

aAssumed mean lunar radius of 938.5 n. mi.

•
•

•

•
•
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TABLE 2.0-V.- SPACECRAFT WEIGHT SUMMARY

Total CSM dry, lb

CSM inert, lb
8M inert, lb
SLA ring, lb

Total SPS propellant tanked, lb

SPS propellant usable, lb .
SPS propellant unusable, lb .

Total 1M loaded, lb ...

LM descent stage inert, lb
LM DPS propellant tanked, lb.
LM ascent stage inert, lb ..
LM APS propellant tanked, lb

SLA, lb .

Total injected Saturn payload, lb .

23 098

12 300
10 700

98

40 634

40 264
3'70

30 849

4 703
18 134

5 393
2 619

4 000

98 581
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TABLE 2.0-VI.- ENGINE PERFORMANCE SUMMARY

Propulsion I Thrust per
Flow rate

sp' per engine,
system sec engine, lb lb/sec

(a) Service module

SPS 314.6 20 500 65.16

SM RCS 277 .3 102.8 0.371

(b) Lunar module

DPS 302.1 9712.5 32.15
(full throttle) (average)

APS 306.3 3500.0 11.43

LM RCS 273.0 100.0 0.37

•
•

•

•
•
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TABLE 2.0-VII.- ASSUMED MISSION-INDEPENDENT EXPENDABLESa

Mission-independent SPS budget

•

Translunar MeC, fps •
Transearth MCC, fps .
Total . • . . .

SPS propellant allowances

Unbalance meter, lb •
Mean outage, lb
Dispersions, lb
Total . • • . .

Other expendables

Translunar coast, lb
Lunar orbital coast, lb •
Transearth coast, lb
Total . . . . . . . . . .

120
00

120

100
52

548
700

332
298
290
920

•
•

. aThese figures were used only as estimates to compute the
end of mission propellant reserves. A detailed dispersion
and consumables analysis will be performed and will be pUblished
later •
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TABLE 2.0-VIII.- MISSION RADAR T1MELINE

Cal Radar station characteristics

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

Keyhole, FTINDC: 0 = none
1 = north-south
2 = east-west

RADAR = ~EPRITT ISLANl CA. LATR= 28.424862, LUNR =
ALTR = 390317, SRA"GE = 2~4,)O.(). FTINDC

RADAR = PAT'ICK AFB CB • LATR= 28.226553. LONR •
AL TR = 4q.215. SRANr.E = 2340('l.~, FTINDC

RAnAR = CAPE KENNEDY CR • LATP= 28.481767, LONP =
AL TR = 45.934. SRANGE = l010.n, <TlNDC

RAnAR = GRAND RAHAMA CR • LATR= 26.636350. LONR =
ALTP = 39.372, SPANGE = 21400.0, FTI"DC

RADAR = GRAND TIJRK CR • LATR= 21.462889. LONR =
AL TR· 'Il.A68, SRANr.r = 234()').'). FTINDC

RADAR = 8EPMUDA CB • LATR= 32.348103, LONR =
.~LTR = 5q.r58. SRANGE = 23400.0, FTINDC

RADAR = ANTIGUA ISLAND CR, LATR= 17.144031. LDNR =
ALTR = 190.298, SRANGF = 23400.n. FTI"'DC

RADAR = GRANn CANARY C9 • LATR= 27.763706. LONR =
AL TR = 682.2('8. SRMIr.<' 2532.(1, FTlNDC

RADAR. ASCENSION CB • LATR= -7.972761, LONR =
ALTR = 46q.18J. SRANGE = 2340'.0. FTINOC

RADAR = PR<TORIA CB • LATR= -25.943733. LONR =
ALH = 5334.Q~6. SRANGE = ,'340,0.,0, FTI"'DC

RADAR. CARNARVON C8 • LATR= -'4.8Q7413, LONR •
ALTR. 203.42', SRANGi:' = 2l4r".n, FTINDC

RADAR = HAWAII CR ,LATR= ".P2,')Q2, LONR =
AL TR 3740034'). SRANGE = 23',')').0. FTI"'DC

RAOAR • PT ARGU~LLO CR ,LATR= 34.582903, LONR =
ALTR = 2119.526. SRANGE· 23',00.0. FTINDC

RACAR = Io/HITF ~ANDS C8 • LATO. P.358222, LL1NR •
ALTR = 4"4201 9 2. SRANGE' 234,n.'. FTINDC

RADAR. EGLIN AFR CR ,LATR. 3').4'1767, LONR •
AL TR = ql.A68. SRANGF = I 'JO.O. FTINDC

RADAR = TANANAPIVE TL~ • LATR= -IQ.')13Jlq. LONR •
AL TR = 4329.,,')8, SRANG< = 23411.'. FTI"OC

RADAR = KANO NIGFRIA Tl~ ,LATo. 11.961722, LONR •
AL TR = 1"01.128, SRANr,<. 1'i'0.0, FT IN'lC

RArAR. ~ER~ITT rSL~Nn ~A. LATR. 2R.51A'72. L,)NR'
AL TR = 32.81). SRA~GF. 225'~0.O. Fll r-;DC

RA'lAR • ~RANn RAHA~A S8 • LATR= 26.632857, LnNR •
AL TR = Ih.4''',. SRANr.E • n5~1~.", FTl~DC

RAnAR = RFR~IJDA SR • LATO= 32.HI 'Ab. LlINO =
ALTR = hR.q('ll. SRANr.t· 225)'').). FTINDC

RADAR. A'lTlr.UA ISLAND SP, L.HR. 11.116 9 17, L1NR •
AL TR. 141.C83. SRANG< • 225)1)).'). FTI "'lC

RdnAR • r.RANO CANARY SO • LATO= 27.7,,4535, LnNR •
ALTO = 567.hI3. SRANG< • 22511').(', FTINDC • I."

oAnAR • ASC~r-;SIUN SA ,LATP' -7.~55D56. Ulr-;R •
AL TR = 1843.922, SRANr.< • 22'1110.". FTINOr.

RADAR = CARNARVON SR • LATR= -24.Q1h547, 1I1No •
AL'R = 82.('7'i, SRANG<' 22510,l.'J. FTI"nc

RAOAO • ';UA"I SA ,LATo= 13.31Q244, L'1NR =
ALTR - 41h.687, SRMJr.F • 275 1 1').0. FTINDr.

RADAo _ HAwAII SA • LATO= 22.1~4R97. LONo =
ALTR = 3773.150. SRANr,r. 22'i)10.0, FTIN0C

RADAR = GIIAY~AS SR , LATo= 27.Q,1206. Li)NR •

ALTR. 1>2,))Q. SRANGF' 225)00.0. FTI"DC' 1.0
RAnAR = CORPUS TEX SA • LATR. 27."53750. UINR. -07.37845"

ALTR - 32.AI1. SRANG< • 275)10.0. FTI~nc • 1."
RAnAo • MADRID OS • LATR= 41.454QQ2. LUNR. -4.1/)79~4

ALTR - 2553.q31, SRANr.E • 3"0100.0. FTINDC - 7."
RADAR = CANRrRRA OS • LATO. -J5.5834Q4. LONR. 148.Q782R6

ALTR = 375~.4~J, SRANr.F = 3'(')~0.". FTI"DC - 7.~

RADAR = r.OLDSTrNF OS • LATR= \5.141'iQ4. LnNR • -116.8732)0
ALTR - 2976.175. SRANGF - 3,,'))00.0, FTI"DC - 2.0

RADAR' INSERTION SHIP. LATR-75.'0. L1NR--4Q."
ALTR=D.'). SRANC,E-73400.('. FTlNnC-IJ.1

•
•

•

•
•
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TABLE 2. O-VIII. - MISSION RADAR T1MELINE - Continued

(c) CSM acquisition and termination - o· minimum elevation

T""lKING T IMt STATI IN ACQulSITIUN J"TA STATlllN HRMlr<.ATILN CATA

,,~S lIN SEC LAY H"S MIl; SEC "A DEC Al Ely x LlAY HKS MIN S~C ~A l~C At ElV x Y R"'NG E

EARTH ORBIT INSERTION oday 0 hr 11 min 22 sec

!iDA S8

Bl,;A CB

o

19

11 22 149

11 n 14<;

t5

545

12 41 155

C' 1241155

5

5

64

04 9' 85C

~HIP 1 4 11 11 22 -41 ~o -3 r b -70 00 553 58 849

l YI SB

LYI Cil

KNC TM

o

I> 4"

16 2~

r. 2 3 4~~

14 15 -73

36 45 -44

'. -9~ 17

\.. -9L 17

L -"1' 40

~48

848

B39

o 23 35 -167 -20 113

23 35 -167 -2C 113

30 26 -133 -14 1'_5

9( -23

or -15

841

841

832

jj o 36 59 133 63 -zr 824 42 32 -89 3 67 9C 827

CFG Cil 5 50 o L 52 11 146 -28 -121 oJ -'1 ..... -31 834 58 -1 -32 126 0': -36 834

CF.: 5"
SHI? 2

ESK i:S

o
o

5 51
6 57
I> 3

~ 52 11 146 -211 -121
o 0 55 12 178 1 -89

n ~ 5~ 2~ -155 lC -78

~ --J_ -31
o -90 1
'. -9) -711

834
835
832

o
c

( 58 2 -1 - 3 2 126
1 2 10 -9 13 75
1 5 32 -14 37 42

oC - 36
o 90 15
(-OC 42

834
834
829

GYM Sll 4 o 2~ 13 -41 -25 -1111 84C 35 17 134 13 OC 14 848

lAl C8

I>lJ (;S

4 15

4 j-J

20 z:

20 55

7 -5 .. -169

-51 -163 839

32 35 1'1 -21 lit

33 34 1"6 -19 114

O' -26

or 66

844

845

~H5 Cll o 44 29 41 -2B -31 -12" 1139 36 25 132 09 847

TE" Sll 31 844 38 " 152 21 1;7 o~ 23 850

EGl Cll

'4l~ Sri

a

I> :>3

" '}3

33 3j -20 -2 -93

34 5~ -29 10 -79 J -", II

d47

848

40 41 159 12

41 53 169 18

41 53 169 18

76

,,9

9, 14

0- 2.

85f

85f

85C

6 53 3'i 848 41 54 169 18 o~ 2: 85C

• •

35 -2~ 11 -70

•

41 52 1,,9 19 1;0 9'

•

21 85C

•



•• •
T"ACKI"'G THIt:

•
STATIUN ACQUISITION uATA

•
STATILN TERMINATI[~ DATA

dRS MIN SEC CAY HRS MIN SEC RA DEL Al ELII Y RANGt DAY HRS MIN SEC RA DEC Al El V x Y RANGE

Gill Co

GBI S8

( b 30

6 30

C 35 42 -31 19 -oG

35 43 -31 19 -69 Ii -9C d

849

849

o 42 13 174 24

42 13 174 25

62

62

9': 28

(, 9" 28

84<;

849

IlDA S8

BOA CB

o

G

10

7 10 '1

38 26

38 20

-9

-9

4 -B5

4 -B5

C -90

o -9C

5

5

85('

85( c

45 35 173 -4

45 35 173 -4 95

( 9C -5

9'~ -5

848

848

55 20 173 -57 161

GT I CIl

SHIP 1

CY I SA

o

o

o

4 16

6 42

5 1.9

o

o

n

38 31 -4C 4~ -36

42 29 -6 31 -56

51 -lC -H'l

(; -90 ~4

o -90 34

C -90 -11

849

849

843

c

n

42 47 -167 47

49 11 -165 5

38

84

9C 52

9 r 6

9( -71

848

845

835

C YI CB

KNU TM o

5 19

j .l5

5C

57

51 -Ie -101

72 -2 -92

C -GI.J -11 843

833

o

2

55 2C 173 -57 161

2 37 -139 -68 162

9': -71

r. 90-72

834

827

o 51

1 51 -161 63

2 15 5t> -51 -35 121

PRko Cll

TAN TM

o 3 5

:J

2

2 9

7

I> 119 15 -14

C 91i 113

o -9C' It>

824

827 o

2 11 -99 27 bC C 9C 30

C 9r - 37

826

829

ORO l.1:l I) o 11 2 25 19 166 -33 -127 C -9J -37 834 2 31 35 12 -14 106 C 90 -16 833

066
2 34 35

o 2 36 43 30 -38 126 15 71 -34
2 42 55 -64 -41 -135 C -9~ -45

2 42 50 36 16 74 0 90 16 2252
5 17 3C 81 3:3 64 56 :3 2 14 23400

ORO SB
SHIP 2

SHIP 3

HAW Cil

o
o

6
3

11
22 o

2
2

25 19 166 -33 -127
28 15 -155 6 -83

TLI IGNITI ON

TLI CUTOfF

C -9 .. -37
o -90 7

834
835

o day 2 hr

o day 2 hr
481

2268

':' 2 31 35-
o 2 31 36

31 min 36 sec

36 min 43 sec
o

12 -14
-84 43

106
-11

C 9C -16
11 -44 74

833
396

HAW S8 12 54 24 42 55 -64 -41 -135 C -91.J -45 2269 o 15 37 20 96 29 -59 r -9( 31 77182

l.AL (tJ 2 32 16 (' i 49 33 -32 -18 -112 3742 c 5 21 49 75 31 -Ill 82 -7 -3 234CO

GUl [;S 10 26 IB 2 5'; 17 -20 -16 -1(9 l 9·J-71 39G6 r:: 13 16 36 94 28 -54 ( -90 -54 67734

GY'I So 9 32 56 2 51 -3,' -8 -99 o -90 -9 4089 C 12 24 4 92 29 -57 (-90 33 63992

wHS LB 2 28 o 2 52 2~ -24 -6 -lCO L -9C -10 435C 5 20 2" 73 31 -86 69 -21 234(\0

TEX SIl Il 29 24 2 54 35 -2l; r -91 C -9J -1 4832 'e. 11 23 5<; 91 29 -57 (-W 33 59545



STATIUN ACwUISITION UATA

7 -li2

Y RANGE V RANGExAl ELYRA DEC

89 29 -51 0 -9C 33 53895

STATION TERHINATION DATA

DAY HRS HIN SEC

Q 10 11 216033tlo -90

Ai ELYRA DEC

-6V 24

LAY Ht<S HIN SEC

7 10 5a

rlkS MIN SEC

To<.ACKING TIHE

HLA 511

HLA Ct! 2 13 ~5 3 25 -6 1 -82 C -90 B 6036 (\ 5 14 10 69 31 -73 44 -44 12 2341'0

PAT CII 2 13 ~o G 3 o 27 Cl 6044 ;) 5 14 1 69 31 -73 ~4 -44 12 23400

Gill CB 2 11 39 35 -4 9 -8C o -9(, 10 t>212 o 5 13 14 68 31 -71 42 -47 14 23400

Gill 511 6 51 59 J 36 -4 9 -80 o -9\.1 10 6214 C 9 53 35 88 29 -51 0 -9C 33 52459

GT I CB 2 ~ 11 5" 3 15 -74 \J -90 16 7126 o 5 10 1 61 31 -66 33 -54 20 23400

tWA SB 6 2 25 o 3 7 53 9 11 -77 (. -90 13 15('1 9 10 18 81 29 -55 C -9C 35 48869

tlDA C8 2 o 1 53 'l 11 -71 o -90 U 7502 o 5 9 26 61 30 -13 32 -57 15 23399

66 31 -63 23 -64 25 23396ANT CB

ANT SB

52 10

~ 48 29

o 3 13 ~I

3 13 46

14 2C -69

14 20 -69

\J -9(, 21

Q -90 11

8584

8598

o 5 5 51

2 15 83 30 -59 C -90 31 42901

SHI P 1 3'l 11 ') 3 21 10 26 20 -67 o -90 23 10293 o 5 2 29 65 29 -64 16 -73 25 23391 ~

A

GUH 58 14 J 46 o 5 7 26 83 3G 59 \J 9(, 31 24900 o 19 8 12 99 29 -I>C "-9( 30 9C 094

ESK (;5 tl 40 5~ 7 51 35 'll 35 46 !,; -90 46 41915 o 16 32 28 91 31 -50 ;; -9[ - 50 8e 618

CRO SB 10 15 95 33 53 \J .. 0 31 51331 :) 19 41 15 99 30 -56 C -9C 3~ 91999

HAD OS 15 ~8 11 1~ 52 lCO 2t! 52 'J -9;" 52 14225 6 40 11 105 21 -53 -9C -53 125565

CVI Stl 14 18 47 o ID 25 46 1~2 28 57 o 9U .H 80269 6 44 33 104 28 -58 C -9C 32 125162

ASC Stl 11 25 0 17 50 5 103 3C 6e J 9" 30 85451 5 15 I> 104 29 -61 C -90 29 121621

tlCA Sil 1~ 41 51 I, 35 2~ 103 28 50 G "lJ 34 91668 1C 11 11 11)6 27 -57 o -9C 33 135158

ANT Sil 13 17 54 IJ 2 ...: 6 36 104 29 60 (, 90 3", 93455 9 24 3C 105 28 -61 [-90 29 132880

lot! 1 5tl 14 6 41 C 2~' 49 F4 28 58 \J 'l(.. 32 95845 10 55 41 106 21 -59 -9C 31 136801

• • • • •



• •
T"ACKING Til'!E

•
STArluN ALUUISITICN UATA

•
STATIGN TfRMINATIUN DATA

•
d,,5 ,>111'. 51'L CAY leKS MIN 5EC RA DEC Al El V ;( Y RANGE OAY HR5 MIN SEC RA aEC Ai ELV x Y RA~GE

MlA 5a 14 17 l3 2. 53 37 lC4 28 58 c ~~ 32 °61C3 11 Ii) 5C 1"6 27 -58 r -9- 32 137443

T EX 5B

l>YM 5tl

14 11

14 12

7

5 '1

22.

22

4 56

5f 52

1-: 5

lJ5

28

28

58

58

L 9~ 32 l'ce21

C 90 3i 1'2913

12

13

16

10

3

57

Ie 6

106

27 -59

27 -59

-9'

_gr

3114C178

?l 142444

GlO 05 14 57 35 J 23 r 37 105 2 tl 55 C -90 55 1:3C':'7 13 58 12 le7 27 -56 r -9. -56 144371

HAw 51>

GUM SB

HSK 05

13 31> 16

12 ~4 29

8 50 47

2 35 24 l~b 213

b 43 18 1~8 28

tl 29 47 I n t! 2~

6e

61

53

e ~) 30 113973

V 9) L~ 1257(2

o -9v 53 13:471

16 13 40 107 27 -6e

19 37 47 108 27 -62

172') 34 lC7 29 -54

-9- 3,' 149766

-9: 28 157577

r -9 -54 152358

eRO 51l 9 59 13 I,: 17 47 lUB 29 58 ~ 90 32 135174 20 17 (' 108 28 -59 C -9' 31 159029

MAD DS 15 22 38 1~ 29 55 IJ9 27 54 G -9v 5~ 148045 2 6 52 33 llCi 26 -54 ( -9f -54 181091

CYI 5tl 14 10 16 57 34 110 27 59 C 9J 31 151479 2 6 58 44 110 27 -6C C -9, 30 181291

ASC. 513 11 21 16 10 13 17 110 20 62 G 90 2H 154384 2 5 34 33 109 27 -62 o -9C 28 178524 v.>
V1

1l0A 5d

ANT 51>

GI>l 58

MlA 58

TEX 51>

14 25 59

13 7 24

13 53 43

14 3 41

13 ~tJ 44

20 2 35 llC 27

r 3C 42 11 (' 27

21 13 38 11'1 27

21 18 30 llC 27

22 28 II III 27

58

61

60

59

59

L 90 32 156504

o 90 29 159544

J 9C 30 161124

L 9G 31 1613~2

C 90 31 16383~

2 10 28 34 11~ 26 -58

2 9 38 6 lle 27 - 62

2 11 7 21 11 (. 26 - 6C

2 11 22 II liO 26 -6.;

2 12 26 55 110 2t: -6C

(\ -9C 32 187994

C -9< 28 1864'11

o -9C 3f 189206

C -9C 30 169668

C -9C 3,j 19167C

GYM 51> 14 o 23 21 14 III 27 59 o 90 31 165729 2 13 21 15 1 H" 2 6 - 6e C -9C Y 193336

GlO L5 14 43 10 23 24 7 lil 27 57 o -9v 57 165834 2 14 717 III 26 -57 C -91' -57 194738

HAw 55

GUM 51>

13 30

12 49

7

8

L

2

53 31 III 27

o 57 3~ 112 27

61

02

u 90 29 173124

~ 90 21l 181248

2 16 23 37 lil 26 -61

2 19 46 38 lil 26 -63

-% 29 198873

~ -90 27 2)4830



STATIUN TERMINATION DATA

2 17 35 4C 111 27 -55

AZ ELV

C -9C -55 200962

\J.J
0-

Y RANGEX

C -9r 30 206067

30 -17 -58 218039

37 -52 11 217700

21 -65 31 218530

79 -9 -5 216406

74 -12 10 216475

87 3 0 216352

84 5 -2 216363

70 20 1 216558

58 32 3 216870

53 1 37 217040

13 76 23 218976

RA DEC

112 27 -120

111 27 -6C

111 26 -8f,

111 26 -77

111 27 -57

112 27 -49

112 27 89

112 27 lC8

112 27 88

112 27 84

112 26 92

113 26 67

2 20 29 3

340 5

340 6

3 4 C 8

3 3 59 59

3 4 0

3 3 59 58

3 3 59 57

3 3 59 54

3 3 59 52

3 3 59 51

3 3 59 47

UAY HRS MIN SECY kANGE

31 2 r 5598

55 1'l765C

~1 187892

l.7 .1.02282

2B ~r.b38(j

31.1 zr",208

30 2C7651

30 207781

3;; 2(1977C

55 IB4421

3;; 211331

57 211429

28 217714

STATIUN ACQUISITION uATA

CAY HRS MIN SEC kA DEC Al ELV X

2 a 36 7 112 28 55 ~ -90

2 IJ 25 39 112 28 59 ~ 90

2 1~ 4, 1 113 20 55 0 -~~

2 17 8 37 113 20 6C ~ 9~

IB 2C 11 113 27 63 0 9u

2 20 12 31 113 26 59 v 90

2 2C 39 12 113 26 62 C 9C

2 21 22 41 113 26 60 u 9u

2 21 27 27 113 26 6C ~ 9C

2 22 36 8 113 26 6C U 9L

23 29 2 113 26 6~ 0 90

2 23 32 29 113 26 57 C -9C

2 58 II 113 20 62 G 9v36

B ~'l 32

9 39 sa

7 47 28

7 2') 49

6 37 17

6 32 30

5 23 47

4 30 50

4 27 22

LO 3 24

.2 17 4

10 51 29

dkS MIN SEC

T""CKIIoG TIME

CRG Sd

ANT SIl

GBI Stl

HSK "S

TEX Stl

MLA SB

bLD CS

bY" 5B

MAD DS

lY 1 Stl

ASC 5B

BOA S6

HA.. Stl

LOIIlI IGNITION

LOI III CUTOFF

3 day 4 hr 8 min 18 sec

3 day 4 hr 14 min 10 sec

HAlo Stl

bYM S8

GLD CS

TE X SIl

MLA Sd

Gill Stl

BOA 56

24

24

24

24

24

24

24

45

49

50

50

~2

50

4tl

3

3

'+

4

'+

4

4

4

4

34

34

34

34

34

34

34

4

12

13

16

21

21

2'>

113

112

112

112

112

112

111

27 6 Q

27 67

27 <;8

27 91

27 -123

27 -dB

27 -1(4

21 08

66 24

au 4

7tl 12

87 -3

85 -5

7Z -17

20 219133

d5231

30 215383

" 21001)3

-2 d 5926

J 215933

-4 216078

3

3

3

3

3

3

5

5

5

5

5

5

58

59

59

59

59

59

59

49

(\

2

7

13

12

13

114

113

113

113

113

113

112

26 73

26 102

26 124

26 -10C

26 -9(

26 -85

26 -9C

38 5(

83 6

75 8

84 -6

69 -21

67 -23

55 -35

13 217216

-1 215957

12 216045

-1 215957

!) 216164

2 216213

J 216551

• • • • •



•• • • •
~TATIUN ACQUISITICN oJAlA

LAY HKS ~d;' SEC kA UtC Ai fLV '" Y kAI\GE

3 .. 34 27 III 27 -61 01 -2~ II ,16182

" 34 29 III 26 -75 24 -31 -62 217953

3 4 34 33 III 26 -14 ~_ -59 L4 ~I7639

3 4 34 36 III 27 -6~ 14 -74 29 218511

3 6 42 20 114 26 74 48 41 i~ 21,,752

3 6 42 35 113 20 167 dl ~ 2 215929

3 ,,42 36 113 27 -Ill 8e -4 -I ,15893

~ 6 42 41 113 26 -9C 74 -10 oJ 2160',8

CjoJ 27 d83~O

4 -d6 21 219063

2 -60 -51 219178

v.>
.......

RA DEC A1 fLV X Y RANGE

112 27 -69 5C -38 14 216758

1I2 26 -64 9 _7 C -62 218BIG

1I2 26 -67 13 -76 22 2186(9

112 27 -63 r -9'- 27 218479

115 26 75 66 23 6 216177

1I4 26 -116 72 8 -16 216066

114 26 -89 68 -22 216142

114 26 -84 56 -33 4 216472

113 26 -79 42 -48 8 217041

113 26 -17 3q -50 Ie 217155

ll3 26 -76 29 -6e 12217664

112 26 -55 C -90 -55 218623

112 26 -60 G -90 30 218269

1I3 26 -68 22 -67 20 218C61

115 26 66 13 76 24 218522

STATI~N TERMINATIU~ DATA

DAY HRS MI~ SEC

3 5 59 16

3 5 59 16

3 5 59 17

3 5 41 22

3 R 7 lC

3 8 1 20

3 8 7 22

3 8 7 24

3 8 7 21

3 8 7 26

3 8 7 27

3 6 55 57

3 7 3 3(

3 9 7 29

3 8 7 2

4 216842

2 216352

4 21642757 -33

59 -31

46 -44

4~ -49 16 "17111

-fj4

-82

-69

63

-57

-02

-86

26

26

27

26

20

26

26

114

112

112

1I2

112

112

112

44

45

47

48

45

44

45

o 42

2

b 42

t 42

6 42

6 42

6 42

3

3

3

3

3

3

24 44

24 43

24 42

6 46

24 4-:,

24 4~.

24 45

24 50

24 41

24 4"·

24 '13

o 13 1.2

o 20 <,2

24<tl

4 11

dKS Nil'. :>LC

T"ACKING TIMf

TEX :>8

MLA Sb

G81 StJ

bCA S5

MAU CS

GY,,", Sf;

C YI Stj

ANT Stl

MALi CS

ANT Sfi

HAW StJ

GLU CS

\. YI StJ

ASC Sb

(,UM S8

LOI(2) IGNI TI ON

LOI (2) CUTOFF

3 day 8 hr 32 min 12 sec

3 day 8 hr 32 min 26 sec

,,~ o~ 21 "17856

03 6 -,6 216144

,-ti7 54 219(86

77 13 5 215876

bUM Sb

CNtl CS

HA" Sll

(,LU CS

(,YIo\ StJ

II

II

II

U

II

44

,,3

4)

"J

31

3

3

3

3

3

o

d

t

51

51

52

52

5"

4"

57

:>

13

H

115

ll~

114

114

114

21, 67

n 54

20 6<;

Z~, -l~t:..

26 -85 btJ -3L 3 2162~4

3

3

3

3

3

1'2

Ie

10

F

l r

3

3

3

3

3

32

4(

46

53

55

ll6

116

ll5

ll5

ll4

26 67

27 44

26 -35

26 -9r.

26 -8S

39 49 18 217020

12 -73 42 218412

85 -3 4 215761

49 r -41 216579

43 -46 a 216827



I

I
I

HACKING TIM~ STATION ACQUISITION DATA STATION TERMINATION DATA

rlRS 'lIN SEC CAY HRS MIN SEC RA DEC Al ~LV x Y RANGE DAY HRS MIN SEC RA DEC Al ELV x Y RANGE

80A 58

TEX 58

(081 58

"LA 58

11 35

11 36

11 38

11 37

3

3

3

3

d 52 20 113 2b -71 20 -69 Id 218033

8 52 21 113 26 -80 46 -43 7 216714

8 52 2, 113 26 -74 19 -00 14 ,17509

B 52 22 113 26 -75 32 -57 lL 217374

3 10

3 10

3 10

3 1')

3 56 114 26 -64 6 -83 26 218790

3 58 114 26 -75 32 -58 13 217381

3 60 114 26 -68 15 -74 21 218291

3 59 114 26 -70 18 -71 19 218135

ANT 58 o 57 7 3 52 24 113 26 -66 12 -77 24 218499 3 9 49 32 114 H -63 C -9C 27 2181t38

CRO S8 11 ,3 3 Iv 50 16 116 27 59 3 db 31 l18978 3 12 2 9 11 7 26 50 16 10 38 218187

GUM S8

HSK OS

11 53

11 58

Ie 50 18 116 26

3 10 5C 23 116 27

65 49 3d 16 216578

34 18 -08 32 l18067

3 12

3 12

2 11 111 26

2 21 117 27

51 64 22 14 216055

20 25 -64 18 217615

HA~ S8 11 to 3 10 50 31 115 26 -71 76 -14 5 215848 3 12 2 30 116 26 -16 60 -29 7 216169

MLA S8 o 43 57 3 10 50 36 114 26 -65 8 -81 25 218672 3 11 34 33 115 26 -61 o -90 29 211913

GLO ..S 11 55 3 10 50 37 114 26 -84 40 -7 -5~ l16974 3 12
'-"

2 33 115 25 -76 26 -21 -61 211653 00

G81 S8 o ,8 14 3 lu 50 37 114 26 -64 5 -84 26 l18837 3 11 18 52 115 26 -61 o -90 29 217901

(OYM S8

TEX S8

11 56

11 57

3 1~ 50 39 114 26 -76 33 -56 12 217288

3 IG 50 39 114 26 -71 21 -67 17 217896

3 12

3 12

2 35 115 26 -70 19 -70 19 218051t

2 36 115 25 -65 1 -82 25 218101

~RO S8 11 41 3 12 4d 44 117 27 42 23 57 43 217746 3 14 o 26 118 26 29 33 37 48 211217

bUM Sd 11 40 12 48 50 116 26 4C 73 11 13 215851 3 14 o 30 117 26 -19 11 -It 13 215752

CN8 Ds 11 43 3 12 48 53 116 27 8 27 -63 217532 3 14 o 36 117 26 -9 27 -62 -8 2111t96

HAll S8 11 41 j 12 4'l 116 26 -7b 5(, -39 9 216498 3 14 o 44 116 26 -73 34 -54 14 217153

4 115 25 -70 17 -49 -64 218128

3 13 36 59 116 25 -61

GLLl OS

"YM sa

11 36

C 47 53

3 12 49

3 12 49 611526 -6b .. -de' 24 218573

3 14 o 40 117 25 -62 4 -82 -61 218851

(\ -90 29 217916

• • • • •



• •
TRAC"-ING TIME

•
STATION ACQUI~ITIUN uATA

•
STATIUN TERMINATION DATA

•
dRS MIN SEC CAY HRS MIN SEC RA VEL Al [LV x Y RANGE DAY HKS MIN SEC RA DEC Al ELV x Y RANGE

CRO 5il 11 60 3 14 41 6 117 26 16 31 21 5j ,17C14 3 15 59 5 118 26 -3 39 -3 51 216879

GUM 5~ 11 58 3 14 41 ~ 111 26 -4S le -10 13 LlS862 3 15 59 8 118 26 -64 56 -31 14 216208

HSK CS

HA.. S~

MAD CS

CRO Sll

GU,'" Sil

11 59

11 54

11 32

11 36

11 36

3 14 47 12 III 26 -21 25 -64 -19 L11616

3 14 41 11 116 26 -11 24 -05 17 217672

3 16 45 22 119 25 62 6 -78 61 L18683

3 16 45 45 118 26 -16 37 -2C 50 ~16933

3 16 45 5a 111l 20 -67 45 -42 16 216570

3 15 59 11 118 26 -36 18 -68 -34 217943

3 15 59 12 117 25 -61 "-8e 23 218491

3 11 56 55 12C 25 72 17 -45 65 217936

3 17 57 23 119 26 -33 31 -43 46 217217

3 17 57 26 119 25 -68 3( -58 19 217271

HSK US 11 39 3 16 45 51 118 26 -45 12 -73 -~4 216265 3 17 57 29 119 26 -56 2 -81 -56 218867

CYI S8 o 19 53 3 11 31 12': 25 62 ~ 90 28 217989 3 17 56 54 120 25 64 4 86 26 218736

CYI S~

MAD CS

11 50

11 56

3 1 H 43 29 12G 25

3 18 43 32 12) 25

69 13 76 21 21H191

19 26 -22 02 211471

3 19 55 25 121 25

3 19 55 26 121 25

15 27 62 13 217325
w

89 39 -1 51 216761 -0

CRO 58 11 53 3 III 43 6~ 119 26 -43 24 -51 ~2 211542 3 19 55 53 120 26 -54 13 -74 35 218157

GUM 58 11 46 3 18 44 116 25 -68 19 -6Y 21 211819 3 19 55 51 119 25 -65 4 -85 24 218681

A SC S8 11 14 :; IH 44 13 120 25 64 o 9C 26 218939 3 19 55 27 121 25 61 15 73 26 218024

ASC S~ 11 42 20 42 6 121 25 57 25 61 29 217457 3 21 53 47 122 25 49 39 43 31 216706

C YI S8

MAl; LS

11 31

11 40

3 2:c 42

3 2J 42

6 121 25

6 121 25

79 3H 5L 9 216809

01 48 6 ~2 216367

3 21 53 43 122 25 85 53 37 3 216124

3 21 53 47 122 24 113 60 13 27 215874

CRO 5~ (j 20 34 3 2~ 42 32 11~ 25 -6( 4 -86 3u 218648 3 21 3 6 12;; 25 -62 C -9[ 28 217861

~DA Sll 1 ,1 :; 2C 46 16 121 25 61 C 9u 29 218696 3 21 53 37 122 24 69 12 77 21 218130

ANT S~ o 41 56 :; 21 11 40 122 25 64 C 9C 26 ~11619 3 21 53 37 122 25 67 8 81 23 218328



Tt<AC.KlfIoG TI"E STATIUN ACQUISITION DATA STATluN TERMINATION DATA

dRS MIN SEC LAY HRS MIN SEC RA DEL Al ELV x Y RANGE DAY HRS MIN SEC RA DEC AZ ELV x Y RANGE

ANT 58

Gill 58

"LA Sil

tlOA 58

C.YI sa

ASC. sa

"AD os

11 49

11 49

11 47

11 48

11 51

11 52

11 45

3 2, 40 15 122 25 69 19 70 20 217735

3 22 4n 15 122 24 67 b 81 23 218359

3 22 4~ 16 122 24 66 7 82 24 218432

3 22 40 III 122 24 74 21 oil 1~ 217600

3 22 4C 25 122 25 90 63 27 0 215793

3 22 40 26 122 25 39 47 31 32 216346

3 22 40 32 122 25 131 611 15 10 215667

3 23 52 4 123 24 72 34 54 15 216843

3 23 52 3 123 24 73 22 67 16 211466

3 23 52 3 123 24 73 21 68 16 217553

3 23 52 6 123 24 82 35 54 7 216196

3 23 52 16 123 24 103 78 12 -3 215438

3 23 52 18 123 25 18 55 12 33 215910

3 23 52 17 123 24 117 74 16 1 215501

TEX S8 o 36 5 3 23 15 57 123 24 62 " 90 28 217493 3 23 52 3 123 2't 66 1 83 24 218314

TEX 58 11 44 4 o 38 42 123 24 71 16 73 18 217807 4 50 26 124 24 11 31 59 11 216948

77 31 511 11 217014

GYM sa

GLO os

MLA sa

11 41

11 41

11 46

4

4

4

o 38 43 123 24

o 38 45 123 24

C 38 45 123 24

66

63

6 !l4 24 218445

4 -Ill 63 218538

4

4

4

50 25 124 24

50 25 124 24

50 32 124 24

73 19 10 16 217562 ",.
o

72 11 -46 b6 217122

84 46 44 4 216261

aDA sa

ANT 58

Gill sa

11 48

11 51

11 44

4

4

4

U 38 46 123 24

U 38 47 123 25

o 38 47 123 24

87 45 45 2 216342

72 45 43 13 216349

77 33 ~7 11 ,16925

4

4

4

50 35 124 24

50 37 124 24

50 31 124 24

97 60 30 -4 215160

1C 61 28 9 215131

83 48 42 5 216181

MAU os 11 54 4 ~ 38 59 122 24 -147 71 16 -10 215525 4 50 53 123 24 -117 61 14 -25 215124

3d 6J 122 24 169 !l7CYI sa

AS'- Sil

11 52

11 50

4

4 G 39 2 122 25

-3 215354

-1 57 -1 H 215890

4

4

50 51 123 24 -ICC 15 -15 -3 215426

50 58 123 25 -28 53 -19 32 215993

DY" Sil

GLJ [;$

o 18 41

o 18 40

4

4

2 37

37

124 24

4 124 24

77 30 6C 11 217017

78 26 -23 62 ,17204

4

4

2 55 44 124 24

2 55 44 124 24

18 33 56 10 215813

80 3C -16 59 216068

• • • • •



• •
Tr<.ACldNG TIMt:

•
STATIUN ACQUISITIUN DATA

•
STATION TERMINATluN DATA

•
tik:> i~IN SEC LAY HRS MIN SEC kA DlC Al ELV x Y RANG!: DAY HRS MIN SEC RA DEC Ai ElV x Y RANGE

TEX 5ll o 18 37 4 2 37 7 124 24 81 .. 1 4B 7 216449 4 2 55 44 124 24 83 45 45 5 215335

MlA 5B 18 23 4 2 37 10 124 24 88 56 34 d5862 4 2 55 44 124 24 91 6~ 3,- C, 214198

GBI 5tl

I>DA 5B

ANT S8

o 18 ;12

o 18 _,2

o III <9

4

4

4

2 37 12 124 24 86 50 32 2 215192

2 31 12 124 24 lC8 69 2v -0 215491

2 37 15 124 24 64 11 17 0 21546r

4

4

4

2 55 44 124 24 8& 62 28 1 214735

2 55 44 124 24 115 13 15 -1 214492

2 55 44 124 24 58 15 13 b 214460

49 9 -4~ 215159

(;Y I ~[j

MAD l:S

o

o

18

IB

16

15

4

4

L 37 28

2 31 2)

123 24 -91 64 -20 -1 2156C5

123 24 -le4 53 II.- -36 215~58

4

4

2 55 44

2 55 44

123 24 -89

123 24 -1~0

6: -3( 21419C

ASC 51> " 18 10 4 2 37 34 123 25 -41 46 -32 32 2162C2 4 2 55 44 123 25 -45 43 -31 31 215401

LM SEPARATION BURN IGNITION

LM SEPARATION BURN CUTOFF

4 day 2 hr 55 min 44 sec

4 day 2 hr 55 min 51 sec

2 55 51 124 24 78 33 56 10 215861 3 48 51 125 24 83 44 46 5 216243

GlD CS

GYM SI>

(' 52 58

o ~2 60

4

..
2 55 51 124 24 80 3u -16 59 216S62 4

4

3 48 49 125 24 81 4" -4 5J 216448
-eo
~

TEX So

G8 I 5B

MLA 58

bDA 58

o 53 2

o 53 6

o ~3 6

:J 53 9

4

4

4

't

2 55 51 124 24 83 45 45 ~ 215329

2 55 51 124 24 88 62 20 1 214129

2 55 51 124 24 91 oe .Ie u 2141~2

2 55 51 124 24 115 73 1~ -7 214407

4

4

4

4

3 48 53 125 24 88 56 34 1 215193

3 48 51 125 24 95 13 11 -2 215361

3 48 51 125 24 99 11 19 -3 2154C5

3 48 60 125 24 155 81 4 -8 215266

ANT 51> L 03 9 4 555112424 58 75 Jj 8 214454 4 3 49 I) 125 24 lC 83 1 215249

49 ~ -40 215154 4C 2 -5~' 216452MAD CS

CYI 58
"
c

53

53

18

20

4

't

2

2

55

55

51

51

123 24 -lil

123 24 -be; ou -30 U 2141!J5

4

4

3

3

49

49

9

11

124

124

24 -92

24 -f'5 49 -41 3 216060

A5,- Stl

HAW 51>

( 53 24

c
"
4

2 55 51 123 25 -40 43 -37 31 2154~3

48 43 125 24 64 '- ,( 26 2ld626

4

4

3 49 15 124 24 -53 34 -5~ 3; 216128

3 48 41 125 24 64 C 9C 26 218629

HAw So 11 37 " " 35 26 125 24 bb Ie 79 21 ~18028 4 5 41 4 126 24 13 25 64 15 211101



T/(ACKING TIME STATILlN ACQUISITION UATA STATIUN TERMINATION DATA

lAY HRS MIN SEC

88 55 35 1 215829

93 67 23 -1 215480

.:j .. 1 i16J27

Y RANGE

9 26 2155C9

Al ElVRA DEC

47 11 126 23 lC-8 63

5 47 14 126 24 97 70 2C -3 215348

5 47 17 126 24 116 81 8 -4 215178

4

4

4

DAY HRS MIN SECY ·RANGExAl .:LV

94 49

RA DEC

4 35 35 125 24

4 35 32 125 24

4 35 33 125 24

4

4

4

11 39

11 42

11 42

HI<S MIN SEC

TEX Stl

GlLl CS

GYM S8

"LA S6 11 42 4 4 35 39 125 24 119 til tl -4 215243 4 5 47 21 125 24 -121 81 -8 -5 215185

G81 5tl 11 44 4 4 35 4" 125 24 114 84 " -3 <.15220 4 5 47 24 125 24 -1~4 8C -I( -3 215201

tlUA S6 11 40 4 4 35 45 124 24 -139 79 -7 -8 ~15257 4 5 47 25 125 24 -IC6 66 -23 -6 215428

ANT S8 11 44 4 4 35 46 124 24 -53 7b -IJ 215273 4 5 47 31 125 24 -71 63 -26 9 215518

MAO OS 11 42 4 4 35 53 124 24 -84 31 -10 -~9 216853 4 5 47 34 125 23 -74 18 -4C -66 217515

LYI S8 11 42 4 4 35 54 124 24 -81 39 -51 7 ~16467 4 5 47 37 125 23 -75 24 -65 14 217187

A5C 58 11 42 4 4 35 57 124 24 -59 24 -,,2 28 ~17191 4 5 47 39 125 24 -64 lC -79 26 217999

HAlo! S6 11 51 4 6 33 41 126 24 76 35 ~4 11 216567 4 7 45 31 127 23 8l 51 39 6 215813

GllJ CS 11 51 4 6 33 51 126 24 125 72 11 15 2153~C 4 7 45 42 127 23 -176 78 12 -1 215133
.l:>
N

(,YM 5tl 11 51 4 I:; 33 52 126 24 113 8~ 9 -4 <.15178 4 7 45 43 127 23 -124 82 -7 -4 215091

TEX Stl 11 47 4 6 33 6J 125 24 -14: 85 -3 -4 ~15133 4 7 45 46 126 23 -98 71 -19 -3 215249

MLA S8 11 46 4 6 34 2 125 24 -1"( 71 -19 -3 L15323 4 7 45 48 126 23 -9C 56 -34 ~ 215646

,,6 I Stl 11 44 4 34 " 125 24 -~3 o~ -21 -1 ~15339 4 7 45 51 126 23 -81:; 54 -36 2 215726

bOA S6 11 42 .. I:; 34 125 24 -96 ,7 -33 -3 Z15676 4 7 45 49 126 23 -87 42 -4b 2 216187

ANT Stl 11 4/:; I:; 34 125 24 -73 52 -30 lu 215823 4 7 45 54 126 23 -73 37 -52 13 216439

/:; 34 13 125 23 -71 14 -75 19 2177C4

MAD CS

l YI Sb

o 58 18

11 ~ b

4

..
" 34 II 125 23 -68 9 -66 -06 217965 4

4

7 32 3C 126 23 -59

7 45 39 126 23 -64

o -9f -59 217806

-9f 26 218475

•• • • •



• •
T""CKING TIMI::

•
5TATI0N ACQUISITION UATA

•
STATIGN TERMINATIUN DATA

•
rlKS MIN 5~C CAY HR:. MIN SEC RA DtC Al EL\I >. Y t<ANGt DAY HKS 'lIN SEC RA eEC Al El\l x Y RANGE

GUM S6

HAW SI}

II 44

11 5J

4

4

d 32 6 127 23

tl 32 15 127 23

68 b bl 22 ~17979

81 62 2'; 4 LI5444

4

4

9 43 50 129 23

9 44 5 128 23

7C 23 65 18 217009

83 78 12 2 215C54

GlD [;S II 51 4 ,; 32 25 126 23 -134 74 12 -12 215171 4 9 44 16 127 23 -I ( 7 61 9 -27 215412

GYM SB 11 51 4 ,; 32 26 126 23 -101 72 -18 -3 ~15194 4 9 44 18 127 23 -9C 57 -3; 21553C

lEX Sb

MlA Sb

bOA SB

Gal SB

ANT Stl

11 5::>

II 53

II 53

II 49

11 53

4

4

4

4

4

6 32 28 126 23 -91 60 -3u U 215476

8 32 31 126 23 -85 4::> -44 4 2160'5

d 32 33 126 23 -81 32 -5b 7 Ll~625

8 32 33 126 23 -82 43 -47 0 L161 r 6

8 32 36 126 23 -72 26 -03 16 216949

4

4

4

4

4

9 44 23 127 23 -84 45 -45 4 21598C

9 44 24 127 23 -79 31 -59 1~ 216666

9 44 26 127 23 -74 18 -71 15 217356

9 44 22 127 23 -77 28 -61 12 216797

Q 44 29 127 23 -69 Ie -79 21 217790

HSK CS o 25 44 4 ~ 18 13 128 24 6\: U -'1U ou L1722 0 4 9 43 57 128 24 ':>7 4 -82 56 218117

GUM SlJ

HSK CS

11 4(1

11 4'.

4 10 3C 31 128 n

4 Ie 3; 37 128 24

71 34 54 16 210434

49 12 -7L 47 217648

4 II 42 12 129 23

4 II 42 21 129 24

70 5C 38 13 215660

36 21 -64 33 217026
~
VJ

HAW S6 11 31l 4 Ii.. 3C 43 128 23 52 db 1 214942 4 11 42 26 128 23 -64 76 -14 214987

GlD OS II 3: 4 11 3" 5b 127 23 -97 52 o -3d 2b665 4 11 42 32 12B 2.3 -B7 3B -3 -52 21620B

GYM S6 11 37 4 I~ 3~ 53 127 2; -85 47 -~3 j d::>865 4 11 42 35 128 23 -79 32 -56 9 216511

/:lOA SB o 40 15 4 I~ 3. 59 127 23 -68 tl -81 21 217846 4 II 17 14 128 22 -63 r -9~ 27 217156

TEX S/:l

MlA 5B

11 34

11 35

4 I" 3C 6v 127 23 -tiC 35 -55 d 216399

4 Ii. 3( 6 ~ 127 23 -74 2(, -o'i 15 2171 53

4 11 42 34 128 23 -74 2( -6e; 15 217135

4 11 42 34 128 22 -68 6 -83 22 217934

11 ;5 127 23 -73 III -71 10 L173'1 4 11 42 36 128 22 -tlGtI I SB

eRO 5tl it ~

4 IC 3 I

4 II 16 lZ~ ~3 64 o 9~ Zo 217117 4 II 42 12 130 23 61

3 -8t> 23 218099

5 8t, 29 217975



CRG Stl

GU04 56

P.Sr. CS

HAw So

GYM So

GLO CS

rEx SB

T"ALKINl. TIMl

rlkS MIN S!:L

059

C 5 7

o 5 2

o 4 55

o 4 53

o 4 53

C 4 49

STATIU~ ACQUISITIUN DATA

CAY MRS MIN SEC kA DEC AZ ELY A

4 12 28 52 129 23 55 14 73

4 12 28 55 129 23 66 61 27

4 12 2, 129 24 L5 26 -01

4 12 2, 7 lZR 23 -e3 6' -~,

4 12 29 9 lZ8 23 -7, 21 -08

4 12 2q ~ lZ8 23 -HI 28 -10

4 12 2S 13 128 2= -7t: lL -79

Y RA"GE

~4 217431

11 215289

<.2 d0741

.j 2151111

1.. z17018

-01 210655

"u 21 7672

STATION TERMINATION DATA

DAY HRS MIN SEC RA DEC AZ ELY X Y RANGE

4 12 34 2 129 23 55 15 72 34 217108

4 12 34 2 129 23 66 62 26 11 214991

4 12 34 2 129 24 24 27 -61 21 216456

4 12 34 2 12~ 23 -83 63 -26 3 214954

4 12 34 2 128 23 -75 2t -69 15 216822

4 12 34 2 128 23 -81 27 -10 -61 216452

4 12 34 2 128 23 -69 9 -8r 21 217479

LM JEniSON BURN IGNITION

LM Jrnl SON BURN CUTOFF

4 day 12 hr 34 min 02 sec

4 day 12 hr 34 min 08 sec

~~ -2v 3 21~S5~

27 -ci Zl Z1D451

t7 -io -cl il~~4~

j~ 41 .. 4 <1~2g5

~

~

(-9[ 25 21723C

26 55 4G 216671

75 11 10 214892

31 - 5<; 7 216447

49 -41 6 215638

14 -4 0 -68 217363

-83 21 217799

4C 19 47 215878

71 -16 10 214868

2H -6e -2~ 216489

o -9r -63 216864

23 -67 14 216791

4C -2: 46 215693

22 -65

23 45

23 48

23

22 -81

22 -73

22 -69

23 17

22 -59

23 -23

22 -63

22 -74

23 -18131

13':

13r

13 r

129

131

129

12°

13C

129

130

129

131'

"

7

13

16

e

2C

54

46

45

41

39

39

58

39

36

41

39

40

41

41

40

20

40

13

13

1 5

15

15

14

15

17

13

13

13

1 3

13

4

4

4

4

4

4

4

4

4

4

4

4

4

9 21,,799

-,," £16395

-ab "-1784"

g ,,-16C51

"" 215765

H -,9

S -77

.Je -51

01

20 -b~ 1~ ,1,81R

9 -OV 21 217475

15 72 ~ .. 2171:2

0"- 20 11 "-14985

.. 2 3

-1

-5

-t 7

35

55

,'4

66

-7e

-74

-01

-P3

-69

2J

2 '

22

23

22

23

23

2~

''"

,>,-

23

23

23

l-L

1=1

Lo

13C'

12"

129

l~t.j

13 C

liE

12'"'

1':' 9

129

128

p

5!

3 j

21

4

2"

2'>

2. 7

2 7

3 ..

, '
"'

34

27

3 't

27

3 ..

3 ..

34

34

I"

1..

14

10

14

1 ..

1 <

12

1<:

12

12

1~

Ii

4

4

4

4

4

..

4

..

H

3;

~3

22

J3

,>,

47

"6

"

,s

,7

.. ~6

o

~

1 ,

11

11

11

11

,0

46

r

t1A" Sr1

TEX S~

~S

:,,~ ~d

G'-l~ SB

I:S

Gl..; L:)

GlC l;S

S.-J

:'0

uY'-.A SiJ

hAN 5~

GUM S~

• • • • •



• •
Ti{ACKl;~G TIME

•
STATluN ACQUISITION UATA

•
STATIUN TERMINATIUN DATA

•
dRS MI,< SlC LAY hRS MIN SEC RA UI:C Al ~ LV x Y RANGE UAY HRS MIN SEC RA CEe Al ELV Y RANGE

GUM SI3 11 59 4 10 25 55 13C 22 -68 01 -27 11 215~83 4 17 37 54 131 22 -72 45 -44 13 215591

HAw SI3 C 59 It> 4 16 25 58 130 22 -71 I, -77 1~ 217343 417251413122 -67 -9( 23 217371

HSK OS II 60 4 16 25 58 13C 23 -34 23 -03 -3L 216695 4 17 37 58 131 23 -48 15 -6~ -46 217143

MAll CS C 23 41 4 17 13 37 132 21 61 C -9u 01 21~896 4 17 37 18 132 21 65 4 -81 65 217764

MAO US

CRO SB

GUM Sll

11 ~9

11 39

11 38

4 10 2~ 54 132 21 72 12 -55 otl ,17254

4 10 24 23 131 23 -31 30 -36 4~ 215942

4 18 24 26 131 22 -72 34 -55 15 216032

4 1q 35 33 133 21 82 24 -16 64 21645~

4 19 36 2 132 22 -46 26 -55 39 216365

.. Ie; 36 4 132 22 -71 18 -71 18 216823

HSK CS a 43 59 4 Id 24 27 131 23 -56 7 -7ll -55 ,1752C 4 19 8 26 132 22 -62 o -9C -62 216685

72 12 77 17 217137CY I Sll

ASC S8 o

4 27

4 29

4 18 31

4 19 31

4 132 22

3 134 22

65

68

C 9~ 2~ 2176~~

o 90 22 217640

4 19 35 31 134 21

4 19 35 32 134 22 otl 89 22 217807

C Y 1 Sci 11 &0 4 2C 22 11 133 21 77 22 67 12 216559 4 21 34 11 134 21 84 37 53 5 215699 .j:>,
VI

ASC sa 12 4 2~ 22 12 133 22 66 12 77 24 217164 4 21 34 14 134 22 61 27 6e 26 216214

MAU CS 11 5/) 4 2~ 22 15 133 21 'Ie 34 -1 ~6 215973 4 21 34 11 134 21 102 46 11 43 215298

GUM S8 () 34 2il 4 2C 22 37 132 22 -7C 7 -d2 2", £174:7 4 2f 57 6 132 21 -68 o -9r 22 216497

CRO Sll 11 5·j 4 2; 22 38 132 22 -54 18 -otl 34 216775 4 21 34 37 133 22 -63 5 -84 27 217477

tlDA Sd

ANT SB

C Y I SB

A:>l. StJ

MAU OS

11 34

11 35

11 30

11 41

! 1 ,5

4 22 2" 39 134 21 69 7 tl} 2J 217349

4 22 2_ 39 134 21 69 4 06 21 217524

4 22 2 n 45 134 21 88 48 42 1 21521C

4 22 2C 46 134 22 55 37 47 27 2156BC

4 2£ 2" 4tl 134 21 113 ~5 15 32 21494C

4 23 32 13 135 21 78 2( 69 11 216454

4 23 32 14 136 21 73 19 7C b 216525

4 23 32 21 135 21 98 63 27 -4 214608

4 23 32 27 135 21 42 50 3e 28 215028

4 23 32 23 135 21 138 65 lq 16 214541



I .

T"AC"ING TINE: STATION ACQUISITION DATA STATluN TERMINATIUN DATA

rlllS I~IN SEC CAY HRS MIN SEC RA DEC Al EL~ X Y RA~GE DAY HRS MIN SEC RA DEC Al ELV x Y RANCE

G81 SI! o 31 31 4 22 54 42 135 21 61 ~ 9C 23 2163B8 4 23 32 13 136 21 11 7 82 19 217207

NLA SB o 30 38 4 23 35 135 21 66 o 9l) 24 2I64C6 4 23 32 13 136 21 n 6 84 20 211292

GBI SB 12 o 5 18 41 135 21 15 17 12 14 216618 5 30 48 136 20 82 32 58 7 215704

83 30 0"

TEX SB

BOA SB

11 56

11 58

5

5

o 18 4~ 135 21

o IB 5v 135 21

67 2 oil 23 217552

6 215919 5

30 45 131 20

30 48 136 20

15 16 74 15 216605

92 44 46 -2 215133

NLA SB 11 56 r IB 50 135 21 75 16 14 15 216108 30 41 136 20 82 3C 6( 1 2158'10

ANT Sii 11 58 5 o lB 50 135 21 15 30 5<; 13 215931 5 30 48 136 21 78 46 44 9 215076

MAD CS 12 2 o 16 59 135 21 165 7L 2L 5 214425 31 136 20 -150 68 2G -11 214319

C.I SB II 58 5 18 6~ 135 21 110 13 16 -6 214363 5 30 58 136 21 -179 83 r -7 214146

o 22 40

27 57 17 29 214761

30 44 131 20

-3 61 -2 29 214549

"'"0-4 85 21 21726369

3 136 21315

v 9(· 23 21646967

2 135 21

4 136 2C8

195212

GYM SB

ASC SI!

GLD CS " 12 54 5 11 51 136 20 65 "-90 05 210016 5 30 45 136 20 67 2 -84 67 211392

T EX SB 11 38 17 22 136 2' 19 20 64 Ii) 210 r 12 29 o 131 2(' 81 41 49 3 215166

GLJ CS 11 34 11 22 130 2': 73 11 -55 70 216831 5 3 28 51 131 20 82 25 -16 64 215964

GYM Sd 11 37 11231362' 14 14 7" 15 ,16655 5 28 59 137 20 81 29 61 9 215143

GBI SB 11 40 11 24 136 2 r ~6 43 41 3 ,15102 5 29 4 131 20 94 58 32 -2 214503

MLA Sd 11 40 17 25 136 2C P1 41 4<; 3 215211 29 5 131 20 96 56 34 -3 214580

BOA Sll 11 40 5 11 29 136 2' lOG 54 35 -6 214111 29 9 131 20 119 68 20 -~ 214236

ANT 5B 11 41 2 17 31 136 21 71l 57 32 o d4632 29 12 131 20 16 73 17 4 214139

CYI So 11 45 2 17 39 135 21 -12f 11 -11 -7 214164 5 29 25 136 20 -lf~ 62 -21 -4 214390

• • • • •



• •
T"ACKII'<G TIM!

•
STATIUN ACQUISITIUN UATA

•
STATILN TERMI~ATIU~ DATA

•
rlKS MII~ SEC LAY HRS MIN SEC KA DEC Al ElV x Y KANG E UAY HRS MIN SEC RA DEC Al ELV x Y RANGE

MAO DS

ASC S~

GLU OS

GYM SB

TEX Sci

MLA S8

GBI StJ

11 41

11 44

11 ?6

11 56

11 ?6

11 53

11 5"

5

5

5

5

5

5

?

2 17 41 135 20 -128 62 Id -22 214434

2 17 43 13? 21 -24 56 -14 29 214583

4 15 31 137 2J 69 34 -2 So 215456

4 15 32 131 2c ti6 3~ SI 3 ~15218

4 15 37 131 20 92 51 J9 -1 214715

4 15 43 131 zr lC5 bu ~3 -6 214251

4 15 45 137 20 1(3 be 21 -5 2141 q 6

5

5

5

5

5

5

5

3 29 23 136 20 -leA 5': 15 -3R 214803

3 29 27 136 21 -46 48 -32 21 214854

5 27 27 138 20 ICC 48 9 41 214725

5 27 29 138 20 95 54 36 -3 214495

5 27 33 138 2C l e 4 66 23 -6 214149

5 27 36 138 20 139 79 7 -A 213926

5 27 37 138 20 144 €2 5 -7 213898

tJDA S8 II 53 5 .. 15 45 137 20 146 70 6 -12 214066 5 5 27 38 138 20 -147 75 -8 -12 213974

ANT S" 11 5] 5 4 15 48 137 ?' 57 04 5 3 213978 5 5 27 41 137 20 -73 79 -11 3 213932

4 15 60 136 2' -Ga 41 Ie -4d 215118 5 21 45 137 19 -87 2a -5 -62 215687MAD OS

C YI SB

11 4~;

II 47

5

5 4 16 136 2n -92 52 -36 -1 214673

5

5 5 27 48 137 20 -85 37 -53 4 215246 ""'"......

ASC Stl 11 46 5 4 16 7 136 21 -55 3~ -4? 26 215184 5 5 27 53 137 20 -63 25 -62 24 215842

HAW S~ IJ 46 47 5 4 40 3h 138 2~ 68 o 9~ 22 216195 5 5 27 22 139 20 73 9 8e 17 216704

HAW Sti 11 43 5 6 14 138 r 76 2v 69 13 216074 5 7 25 46 139 19 81 35 54 7 215152

GLD DS 11 46 6 14 9 139 2" 11 0 57 12 50 2143b~ 5 7 25 55 139 19 136 69 15 14 213951

GYM StJ II 46 5 b 14 12 138 2'; 1(3 05 25 -:> 2h15C 5 7 25 58 139 19 134 78 9 -R 2138C3

TI: X S8

MLA SB

u~1 Sb

11 :,1)

11 :,0

11 '.9

~

5

5

b 14 13 138 2C 121 7c 12 -1 dj9?5

b 14 11 137 2( -155 61 -4 -9 213868

6 14 19 137 zr -136 dl -Q -7 213863

5

5

5

7 26

7 26

7 26

3 139 19 -152 81 -4 -8 213777

7 138 19 -112 68 -2C -7 213975

7 138 19 -103 67 -23 -5 214011

HL,' SB 11 'J 3 5 c 14 1~ 137 2° -IIG 08 -20 -11 214(72 5 7 26 12 138 19 -1:.-2 54 -3:, -1 214393



T.... ACK I NG TI ME STATION ACQUISITION LlATA STATION TERMINATION DATA

rlRS MIN SEC CAY HRS MIN SEC KA DEC Al "LV x Y KANGE DAY HRS MIN SEC RA DEC Al ELV x Y RANGE

ANT Sil 11 56 5 6 14 22 137 2C -79 68 -22 4 214C76 5 7 26 16 136 20 -60 51 -36 6 214491

MAll OS 11 45 5 6 14 26 137 19 -8e 19 -27 -09 216125 5 7 26 11 136 19 -7') 6 -73 -69 216795

CY I Stl 11 50 5 6 14 28 137 2J -8C 26 -04 9 215719 5 7 26 18 138 19 -74 11 -78 16 216492

ASC Stl

HA.. Stl

6

43

14 5 6 14 31 137

TEl IGNI TI ON

TEl CUTOFF
c 31 139

20

2C

-67

84

14 -75

44 46

2~ 216377

5 day 7 hr

5 day 7 hr
4 2151Cl

5 7 20

51 min 35 sec

54 min 14 sec
5 17 45

46

37

138

138

2C

20

-7C

-69

C -9C

-9C

28 2l688C

21 195007

GLLl CS 7 16 43 5 8 36 13B 19 161 73 16 5 214208 5 15 19 18 138 19 -66 -9(' -66 200452

GYM Sd 6 37 6 8 37 U8 2r -177 il2 5 14 39 43 138 19 -68 (' -9C 22 201948

TE~ Sb

MLA SB

42 40 2 39 138 20 -119 75 -13 -7 214181

2 41 138 19 -let 6e -29 -5 214503

5 13 45 27 137 19 -68

5 12 40 21 137 19 -68

C -90 22 203990

C -9r 22 206411

G81 So 4 24 20 5 2 41 138 20 -96 59 -31 -3 214560 5 12 27 2 137 19 -68 G -9C 22 206915

BOA SB

ANT So

40 46

2 2d

5

5

8 2 42 138 19 -95 46 -44 -4 215e13

2 44 138 20 -79 43 -47 8 215163

5 11 43 29 137 19 -67

5 11 5 11 137 20 -7(

C' -9C 23 20856C

(' -9C 20 209994

CYI SB o 10 19 5 44 138 19 -7C -d6 2Ll 217270 5 8 19 3 137 19 -68 -9C 22 216772

';U"! SB

HSK CS

U 32 13

9 50 41

5 42 37 139 2)

9 45 38 139 2~

7r ~ 90 20 215726

C -90 65 2131"11

5 21 14 5G 138 20 -7C

5 19 36 18 138 21 - 64

o -9C 2r 187051

CHQ 511 10 35 5 11 44 59 139 20 67 -I" 2 j 2C 85' () 5 22 20 5 138 2C -67 -9C 23 184523

MAll CS 14 16 15 64 -90 04 194843 8 5 (' 14(' 19 -64 -9C -64 1&0785

C YI Stl 13 22 35 5 19 25 14C 19 C 91, 22 192148 8 24 o 140 19 -66 (' -9r 22 159971

ASC Sd 11 31 31 7() l, 'iu 20 1<;;234 6 7 23 11 139 20 -1( C -9C 20 1&2556

tlDA Sil 13 4) 42 9 40 14(; 19 67 C 'l, 2:> lil493C 6 11 50 30 14r 19 -67 (' -9(' 23 150955

• • • • •



• •
TMACKING TII'lE

•
STATIO~ ACQUISITION UATA

•
STAT InN TEMMI~ATIUN DATA

•
rlkS MIN SEC CAY HR~ MII~ SEC RA DEC Al ELV )( Y RAtoGt: DAV HRS ",IN SEC KA DEC Ai ELV x V RANGE

ANT SB

G81 Sll

MLA SB

T EX S8

12 46 26

13 18 51

13 25 52

13 22 49

'> 22 25 16 14S 2~

5 2 l 15 25 14:) 19

5 23 21 52 14C 19

6 " 3: 4~ 141 19

69

68

6B

68

o 9C 21 184328

L 'Iv ,2 IB2314

o 90 22 182122

C 90 ,2 119416

6 11 11 42 14C 20 -69

6 12 34 23 14C 19 -68

6 12 41 44 140 19 -68

6 13 53 29 141 19 -68

(' -90 21 152616

r -9C 22 148991

-9[ 22 14838<;

-9f 22 145403

GYM 56 13 24 4 6 23 53 141 19 68 ~ 90 22 177304 6 14 41 51 141 19 -68 o -9~ 22 142897

(,LD CS

HAIj SB

bUM 58

HSK CS

13 53 45

13 3 57

12 3" 27

<; 51 17

6

"
6

(,

33 4A 141 19

4 51 34 141 2L

b 5C 16 142 2~

9 55 29 142 21

66

69

1C

64

U -'Iv "6 1 769'~9

C 9j 21 1638~9

C 9~ 2L 158843

-90 "" 156015

6 15 27 33 141 19 -66

6 17 55 31 141 19 -69

6 21 26 43 142 2C -70

6 19 46 45 142 21 -<:4

r -9C -66 141051

"-9[ 21 134('25

(' -90 2r 123536

C -9( -64 128564

6 11 5~ 3:' 143 21 6 22 32 33 142 21 -67ORO SB

MAl) CS

Iv 36 51;

14 21 31 6 Id 2 40 144 19

61

65

~ 9" 23 15:722

C -90 05 133615 1 8 24 19 141 18 -66

C -9C 23 120141

r -9C -66 86263

.s:=
-0

(; YI SB

ASC Sll

'lOA Sll

AN I SI;

13 28 n

11 37 4,

13 48 5-r

12 :'5 11

" 19 16 4f 144 19

6 2~ 7 15 145 2,

b 22 27 55 145 19

b 22 43 11 146 19

6tl

70

67

1C

o 9~ 22 13~063

C 9~ 2v 127546

~ 90 23 12~389

C 9~ 20 119593

1 8 45 13 146 19 -69

1 1 44 20 146 20 -1(

1 12 16 51 149 18 -69

7 11 38 21 148 19 - F

C -9C 21 84922

o -9C 20 88188

'_ -9C 21 10569

C -9( 2, 13296

uBI Sci 13 2d 41 b 23 34 2'> 146 19 68 'ole 22 .i.l"9~ 3 7 13 3 6 149 18 -1C c -9r 2) 67209

MLA 58 13 35 43 " 2~ 41 146 19 68 ~ ,,~ 22 116552 7 13 16 43 149 18 -69 C -9( 21 66202

TtX S8 13 34 23 7 51 146 19 68 'J "C <-2 1 U8 r 2 1 14 25 21 15~ 18 -1<j (-9C 2" 60982

"VI" Stl 13 37 ~ j 7 45 18 147 19 6d ~ 'Iv 22 1~9842 7 15 22 41 151 18 -70 (' -9C 20 56442

vllJ CS 14 i> : 5 7 55 55 147 19 67 C -90 67 lr~257 7 16 2 49 153 11 -69 r -9' -69 53131



I
!

TKACKING TIME STATION ACQUISITIUN clATA STATIUN TERMINATION DATA

nKS Mli'; ~[(. CAY ~K5 MIN SEC RA DEC Al ELV x Y RANGE DAY HRS MIN SEC RA OEC Al ELV x Y RANGE

HAW 58 13 30 9 7 17 37 149 19 6; " 90 Ll 97728 7 18 47 46 IS7 17 -72 C -90 18 38180

GUM S8 13 49 45 '1 24 151 19 70 t.. qO Lt.. 82399 7 23 13 46 -67 -75 173 C 9C -83 1722

HSK OS 10 4d 18 7 1" 32 9 152 21 64 C -90 64 77852 7 21 2:) 27 168 22 -62 o -9C -62 20978

CRD SB 10 34 11 7 12 38 22 154 ?l 1:7 C <10 23 6~Cll 7 23 12 33 -46 18 70 r· 9C 20 2018

MAD OS 40 35 7 20 16 48 173 13 73 (j -9(, 7 ~ 2B741< 7 21 57 23 -168 7 81 C -9' 81 15842

eRO Cd 2 26 11 7 2" 46 22 167 23 -34 34 -39 4~ 2340r 7 23 12 33 -46 18 70 G 9C 2'- 2019

TAN TM 7 33 7 2') 48 9 176 ?l 50 30 53 34 23400 7 22 55 42 -113 15 74 C 9C 16 5796

PRE: l.1l 42 17 20 56 14 179 22 59 11 77 30 234()(1 7 22 38 32 -141 20 68 C 90 22 9127

HSK CS o 24 11 22 51 13 -led 24 -6e o -90 -bO 6708 7 23 15 24 -61 51 18 C -90 18 1330

• •

ENTRY INTERFACE

•

7 day 23 hr 18 min 16 sec

•

V1
o

•



• •
TKAI.KING TIMe

•
TABLE 2.0-VIII. - MISSION RADAR TIMELINE - Continued

(dl CSM acquisition and termination - 5° minimum elevation
>TATI IN A(. ",U I SITIUN Ji<TA

•
STATiliN TERMll\;ATlUfIl CATA

•
H"S 1'111" Sf:C CAY HRS Mil, SEC ~A DEC Al ['LV x Y f<AI\;GE OAY HRS MIN SEC RA DEC Al ElV Y RANGE

EARTH ORB IT INSERTI ON oday 0 hr 11 min 22 sec

BOA sa

BOA (.lJ

\)

v

C' 15

o 15

11 22 149

11 22 149

H

8

85

85

7 tJ 3

7 03

5

5

545

545 ')

11 36 15('

r 11 36 15 f ,

7

7

tl5

85

5 85

5 85

5

5

6Cl

601

SHIP 1 o 2 44 r; 11 22 -41 5t -~~ 6 -7ti Ov 553 14 5 -In 41 3') 5 82 51 or 1

CYI Su c 4 5'; 17 32 ;'917 -74 5 -a5 10 599 (, 22 31 -172 -18 11~ 5 85 -23 594

CYI Ca o 4 58 c. 17 32 1917 -74 :> -tJ5 10 599 n " 22 31 -172 -18 113 5 85 -23 594

KNO TM o " 30 o 24 48 40 53 -36 5 -d2 53 59(, G 29 18 -137 -6 97 5 85 -1 586

TAl. TM (\ 2 2;, 38 34 -170 oe 4 5 38 84 578 o ( 40 58 -103 23 63 5 84 26 579

ORO SB o 2 5'. ~ 53 4: 139 -48 -141 5 -132 -:>1 567 ') (' 56 33 8 -52 146 5 81 - 56 587

ORO La
SHIP 2

HSK CS

r..
o
o

2 53
4 48
j 2J

~

o

"
o
1

53 4~ 139 -48 -141
56 17 -176 1 ,-85

49 -141 19 -62

, -lj<: -51
5 -85 5
:> -79 -o.!.

587
587
584

r
o
r

') 56 33 8 -52 146
1 1 5 -16 12 71
1 4 12 -35 43 26

5 81 -56
5 85 19
5 -84 26

587
586
582

V1-
liYM S6

OIH:> (,tl

o

G

4 55

" 25

;]

c'

29 18 -34 -24 -121

3S 5~ -16 -34 -136

5 -cl4 -31

5 -tJ3 - .. b

594

5'l3

,j

'1

34 12 128 13

3516123 -4

78

<;;8

5 85 12

5 85 -8

599

597

TEX sa v 4 52 ~~ 32 12 -36 2 -91 5 -05 -1 597 " 37 4 15(' 21 62 5 84 28 6C)e

EGl ell (; 't :,8 ':; 34 38 -25 -9'. 5 -05 c 599 c' 3'l 3615611 74 5 85 16 601

MlA SI} " ;s6 36 fl -28 19 -71 5 -135 19 6',(; \, 40 44 168 27 62 5 84 28 601

MlA ('[l

ONV Cd

PAT ('[l

(,B I (.0

(,0 I Srl

C

o

I)

c

c

4 \5

4 36

4 :12

3 to

3 60

I"~

c

36 9 -26 19 -71

36 1, -2& 19 -71

36 11 -28 21 -69

36 5ci -32 33 -56

36 5d -32 13 -50

5 -d5 19

5 -lj 5 19

5 -85 21

5 -84 34

5 -d4 34

6."~

6r,

6' ~-

6re

6,.,'

o

.~

~

"

('

4C 44 168 27

40 45 168 21

40 43 169 28

40 57 176 38

4C 58 176 38

62

62

6C

5('

5,;

5 84 2tl

5 84 2!l

5 f,4 Ji"

5 83 4)

5 83 4f

601

601

601

601

601



Tr<ACKING TIME STATION ACQUISITION uATA STATION TERMINATIUN DATA

ilkS MIN SEC CAY liRS MIN SEC II.A DEC Al ElV Y RANGE DAY liRS MIN SEC RA DEC Al ELV x Y RANGE

8DA S8

80A C8

o

o

5 o

o

39 30

39 30

-5

-5

7 -85

-85

-85

5 -115

5

5

601

601 o

44 31 168 -2

44 31 168 -2

95

"15

5 85 -5

5 85 -5

600

600

SHIP 1 o 4 19 43 41 -6 42 -46 5 -83 44 6CO o 47 60 -166 17 74 5 85 16 597

CII S8

C YI C8

KNO TM

o

o

o

37

37

2 25

o

o

51 53

51 53

58 37

73 -32 -131

73 -32 -131

83 -23 -115

5 -113 -4\.

5 -84 -25

592

592

584

o

2

53 3C 117 -56 -169

53 3C 11 7 -56 -169

2 145 -72 -175

-66 -78

5 -66 -78

-46 -83

590

590

581

TAN TM o 4 40 J 2 lC 11 122 8 -79 5 -85 11 58C o 2 14 51 -55 -41 132 83 -42 581

CRO Sd o 3 43 o 2 26 36 162 -48 -141 5 -82 -51 586 n 2 30 18 14 -29 12(, 5 84 - 30 586

CRO OS
SHIP 2

SHIP 3

HA~ Cd

o
o

o
2

3
2

3
33

42
5

10
50

o

o

2 26 36 162 -48 -141
2 29 31 -142 15 -69

TLI IGNITION

TLI CUTOFF
2 36 43 30 -38 126

2 43 4~ -57 -4~ -137

5 -82 -51 5116 0 2 3~ 18
5 -85 4 586 0 2 31 36

o day 2 hr 31 min 36 sec

o day 2 hr 36 min 43 sec
15 71' -34 -481 0 2 39 53
5 -83 -47 2152 0 5 17 30

14 -29 121'
-84 43-11

32 7 82
81 33 1>4

5 84 -3~

11 -44 74

5 85 8
56 32 14

586
396

1347
23400

V1
N

HA~ Sd 12 27 8 2 43 41' -57 -40 -137 2153 o 15 10 48 96 2"1 -61 5 -84 2'1 75158

CAL Ctl 2 31 5 2 50 43 -27 -15 -112 3711 c 5 21 49 75 31 -Ill 82 -7 -3 234(~

GLD OS

GY'" Sil

'I 53

20

2 51 32 -24 -13 -11r 76 -7,;

5 -8~ -8 4(86

() 12 44 41

') 11 54 47

93 29 -58 5 -81 -58 65177

-84 3'~ 61549

2 ~I> H 2 53 47 -21 -5 -99 5 -85 -~ 436'1 5 20 20 73 31 -86 60 -21 23400

TEX S8

MLA Sll

7 58 (,

I> 37 21>

56 18 -15 2 -9C

2 54 -1 1~ -f,2

-lI5

~ -d5

c 4899

6239

J 1 r. 54 18

C 9 40 19

9(' 29 -6r

88 29 - 59

5 -84 3" 56915

5 -84 30 51015

"'LA Cb 11 I ~ 2 5'; -1 10: -82 ~ -lj, Ii 6243 5 14 10 69 31 -73 44 -44 12 23400

~AT \.0 2 11 IJ 50 -1 If' -82 8 6252 " 5 14 1 60 31 -73 44 -44 12 234(11)

GBI Cll 2 Ii 57 4 17 12 -7° 6512 o 5 13 14 68 31 -71 42 -47 14 2341'10

• • • • •



• •
T.{AC"I"'~ lIME

•
STATIUN ACQUISITIUN uAT.

•
SfATICN TEkMINATIUN DATA

•
dkS ,"lIN Sh. LAY hRS 1-I1~; SEC KA DEC Ai ELV x Y RAII;GE UAY HKS MIN SI:C RA flEe Al ElV A Y RANGE

G61 5B 6 18 35 3 4 18 12 -7<; , -ti5 .i 0515 C 9 22 53 87 29 -6f ') -84 3, 4~628

GT I C"

BOA 5a

2 0 3'1

5 24 26

:; q 27

~ 11 44

q 17 -73

14 14 -77

5 -85 17

5 -d 5 13

75~ 5

793'

;

(1

5 10 7

8 36 11

67 31 -66 33 -54 r 234((

85 29 -59 5 -84 31 45633

BCA eB 57 43 11 44 14 14 -77 5 -05 13 7<;31 5 9 Z 6 67 30 -73 32 -57 15 23399

A"'T CB 46 46 19 5 ze· 23 -68 5 -d5 22. ,Z61 c 5 5 51 66 31 -63 23 -64 25 23396

ANT SB 4 11 U 3 1 c; 11 2' 23 -08 j -6::> 2Z i27 Q c 7 30 23 81 30 - 6r 5 -84 :;- 39651

SHIP 1 30 44 ~ 31 44 32 23 -67 5 -65 23 11417 5 2 29 65 29 -64 16 -73 25 23391

GUM 58 13 44 r 5 41 55 ti6 31 6e 5 04 3~ Z~578 18 43 3 c; 96 29 -61 5 -84 2q 88357

HSK 05 7 25 36 l' ti 3" 55 92 35 4("1 5 -83 40 45156 " 15 56 31 97 32 -45 5 -83 -44 78102

eRO Stl <.; 2 32 C 10 1 '! 16 96 33 5'- 5 03 4~ 53497 ) 19 12 46 99 31 -53 5 -84 37 9C.C55

f1AO DS 14 41 43 15 20 4 1;'; 1 28 57 5 -81 50 76156 6 7 47 I n 4 27 -58 5 -81 -58 123780
V1
U)

C YI 56 13 24 40 lJ 16 53 19 l( 2 29 6" 5 d4 3) 8169~ 6 17 59 lC4 26 -61 5 -64 29 124247

A5C SB 1C 37 5 IH 14 18 1:)3 3( 59 5 04 31 bb612 4 51 23 104 29 -6r 5 -64 3' 12C214

tWA 58 13 44 50 (, 2,' 4 lZ 1(4 28 6r 5 84 3" G3GZI 9 49 11) 105 27 -61 5 -84 29 133652

ANT 58 12 2'1 <: 2C 31 1<; 1"4 L~ 61 5 64 2& 9~552 9 (l 2' 105 28 -62 5 -84 27 131524

Gdl Stl

MLA Sf;

13 13 ,3

13231<, <:

21

21

15 4 ..

2-,) 5')

114 28

1)4 28

61

61

5 64 2-J

5 d4 29

97'129

97319

lr 29 36

I·', 44 13

lC6 27 -/:;2

lC6 27 -61

5 -84

5 -64

28 1353%

28 136C14

T EX 5tl 13 17 5J. J 22 31 51 1:5 20 61 5 d4 <.9 1'1172 114942 I n 6 27 -62 5 -64 28 138778

"YM 51> 13 18 4Z 23 25 51 1'5 20 61 ::> ti4 29 '.C39 12 44 33 106 27 -62 5 -64 28 141058

(,LU CS 13 50 27 2c 3' 3.. IJ5 28 59 5 -b~ 5~ 1:4287 13 29 106 27 -bC 5 -8, -6, 142664



T«AlKING TIME STATION ACQUISITION UAr~ STATION TERMINATION DATA

<1I<S HIN SEC CAY Hil.S I'lli'< SEC I<A DCC Al ELV A Y RA""E DAY HRS MIN SEC RA DEC AZ rLV x Y RANGE

HAOI sa 12 48 12 3 36 le7 28 62 ~ t)4 20 11 .. 9'-'9 15 48 49 107 27 -62 5 -84 27 148469

l;UM St!

HSK (;5

12 7 26

46 54

7

9

6 58 lOt! 28

48 IG8 29

62

48

5 d4 20 126477

5 -83 48 131579

19 14 24 108 27 -63

16 48 43 107 29 -49

5 -84 27 15640C

-82 -49 150824

eRO Sd 9 5 59 Ie 44 29 IG8 29 55 5 84 35 136015 19 50 28 1~8 28 -56 5 -84 34 157743

MAD as 14 It! ~6 16 6 C
' 1,)9 27 58 5 -tlu ,d 149011 2 6 20 56 110 26 -59 5 -BC -50 179757

CY I sa 13 8 55 17 23 49 110 27 62 04 20 152194 6 32 44 lie 27 -62 5 -84 27 180142

ASC sa

dDA 58

10 35 2

13 30 48

18 36 27 110 28

20 3C 20 11~ 27

61

61

5 d4 29 154964

5 84 2~ 159233

2 5 11 29 109 27 -61

2 IC 1 8 110 26 -62

5 -84 29 177460

5 -84 2B 186831

ANT 58 12 19 57 2' 54 31 III 27 63 5 04 27 16"121 2 9 14 28 llC 27 -64 5 -84 26 185352

G81 Sd 13 2J 21 39 28 III 27 62 5 a4 26 161706 2 l r 41 48 110 27 -63 5 -84 27 188107

ML~ St!

TE~ Sb

13 11 13

13 6 49

21 44 51 III 27

22 54 16 III 27

62

62

04 20 161962

5 04 2d 164467

2 Ie 56

2 12

4 110 27 -62

4 llC 26 -63

5 -84 27 188554~

~

5 -84 27 190573

GYM Sd 13 23 47 22 III 27 02 5 04 Lo 166357 2 12 55 23 11~ 26 -63 5 -84 27 192245

GLll CS

HAN St..>

13 45 34

12 4') 51 L

23 53

18

III 27

~ III 27

b 1

63

5 -e~ 0'- 16i:>5~1

a" L7173661

13 3B 40 III 26 -61

15 58 tor 111 26 -63

5 -8e -61 193568

-84 26 197822

2: 43 112 27 19 23 54 III 27 -64uU~ .:iu

,ocr: CS

12 11

57 4~ 2 , 7 112 26

64

5'

5 0" 261blr2

5 -82 'u 1851 8 217 4 5C 111 28 -51

-84 26 203883

-87 _5 r
, 19'H52

Sd 11 III 1. 51 4, 112 U 56 5 a.. .,)3 Itjo4"'9 r 25311127 -57 -84 33 204995

~AU OS 11 45 42 Ie 14 2\ 113 26 6: 5 -tlu ,~ lc~2H2 4 o 5 III 26 -8r 3(' -17 -58 218039

l Y 1 st! 10 20 d 17 3~ ," 113 26 6' 5 o~ L7 ir)628 4 n 6 III 26 -77 37 -52 11 217700

• • • • •



• •
TKACKING TIME

•
STATIUN ALOUISITILN LlATA

•
STATll,N HKM ItJAT lOr; CATA

•
dKS MIN SEC LAY HKS MIN SEC RA DEC Ai ElV J( Y j.(AJ\GE DAY Hj.(S MIN SEC RA UEC Al EL V Y RANGE

ASC sa '" 16 50 2 16 4~ 19 113 27 62 ., 04 28 2r267~ 3 4 o 8 III 27 -57 21 -65 31 21853C

oUA Stl 7 20 .3 2 2~ 39 ,>" 113 26 62 5 o't 20 Zr 61'2 3 3 59 59 112 27 -12C 79 -'I -5 2164G6

ANT S8 6 57 41 .2 21 2 2: 113 26 64 5 04 ,b ,,6730 3 4 o 112 27 -49 74 -12 lJ 216475

(,tll So

MLA Stl

& 12 18

6 & 22

2 21 47 4' 113 26

2 21 5, .3't 113 26

63

63

') 04 L7 ,.~061

5 84 27 Z'624°

3

3

3 59 58 112 27 89 87

3 59 57 I 12 2 1 1, 8 84

.3 216352

5 -2 216363

TEX So 4 57 5~ 2 23 6" 11326 63 5 ti4 27 ,1~233 .3 3 59 54 11 2 27 88 F 2' 216558

"YM So 4 4 55 2 23 54 57 113 26 03 5 b4 27 211796 .3 3 59 52 112 27 A4 58 32 3 21687Cl

(,LD LlS 3 5il 51 3 .~ 113 26 61 5 -bC bi i11971 .3 3 59 51 112 26 92 53 37 217041'

HAw Stl

HAlo. S8

.) 37

24

4',

45

.3

3

.3

4

22 .3 113 2"

LOUl) IGNI TI ON

LOI (l) CUTOFF
34 4 113 27

64

69

5

21

<>4

00

2b 21'J214

3 day 4 hr

3 day 4 hr
2" ,18133

3 3 59
8 min 18 sec

14 min 10 sec
3 5 58

47

49

113

114

2t

26

67

73

13

38

76

5'~

23 218976

13 217216

CJl
CJl

(,YM Stl

GLO CS

24 4i

24 5G

.3

3

't 34 12 112 27

~ .34 1, 112 27

87 b& 24 1 L16231

98 &0 4 .30 L16383

3

3

5 59

5 59

8 113 26 102 83

2 113 26 124 75

6 -I 215957

8 12 216r45

TEX So 24 5J 3 4 3.. 16 112 ?7 91 7d .. , '" ZI"CC3 3 5 59 7 113 26 -IC~ 84 -6 -1 215957

MLA SB 24 ~2 4 3~ 21 112 27 -123 07 -3 -,2 215926 3 5 59 13 113 2t -9" 69 -21 , 216164

Gtll S8 24 "".V .3 4 34 21 112 27 -&8 05 -~ l.J Ll5933 3 5 59 12 113 26 -85 67 -23 2 216213

ouA So 24 ',tI .3 4 34 25 III 27 -1[4 72 -17 -'t 216078 3 0; 59 13 112 26 -C;' 55 -35 ,', 216551

Af'>T 58 24 ~lO 3 4 34 27 III 27 -61 67 -2" 11 2161A2 3 5 59 16 112 27 -69 5' -38 14 216758

~Ad LlS 24 ,,7 4 34 21 III 26 -75 24 -31 -b2 0217953 3 5 59 16 112 26 -64 9 -7i -62 218810

C Y [ Stl 24 -.5 .3 4 34 33 III 20 -74 3" -5~ 14 217639 5 59 17 112 26 -67 13 -76 22 2186':9

AS\. Stl 't I 59 4 34 36 III 27 -6C 14 -74 2~ ,18517 3 5 16 34 111 27 -1>2 5 -84 2R 217527



T.<ACKING TIMe STATIUN ACI.lUI SIT ION DATA STATIUN TERMINATION DATA

rlkS MIN SEC CAY HRS MIN SEC RA DEC Al ELY x y RAlliGE DAY HRS MIN SEC RA DEC ,Ill ELY x Y RANGE

HAW 58 24 ~4 3 b 42 26 114 26 74 4ll 41 lu l16752 J 8 7 Ie U5 2b 75 b6 23 6 216177

GLLl CS 24 45 o 42 35 113 26 167 dl 9 l 215929 3 8 7 20 11~ 26 -116 72 " -lb 216Q66

liYM S8 24 46 3 o 42 36 113 27 -Ill llo -4 -1 215893 3 7 22 11~ 26 -89 68 -22 C 216142

TEX 58

MLA Sll

24 44

24 43 3

o 42 41 113 26 -90 74 -10

6 42 44 112 26 -86 ~~ -31

o d6(1C8

2 2lb352

3

3

8

8

7 24 114 26 -84 56 -33

7 27 113 2b -79 42 -48

4 216472

8 2170~1

G81 Sll

oDA Sll

24 42

~4 43 3

6 42 44 112 20 -82 57 -3~

6 42 45 liZ 26 -84 ~6 -4~

4 ~10427

~ 216842

3

3

8

8

7 26 113 26 -77 39 -5( 10 217155

7 27 113 26 -76 29 -6e 12 217664

ANT Sll 24 41 3 o 42 4d 112 27 -6S 40 -~~ 16 217111 8 7 29 113 2b -68 22 -67 23 218061

"UM Sll

"UM Sll

(; 39

11

8

44

27 54 115 26

LOll21 IGNITI ON

LOI (2) CUTOFF
51 411 115 26

64

1>7

5

n

ll'<

05

~6 d 75(,9

3 day 8 hr

3 day 8 hr
il d 7856

3 8 7

32 min 12 sec

32 min 26 sec
3 lC 3

2

32

115

116

26

26

bO

67

13

3'l

76

49

24 218522

18 217C2C

CJ1
en

HAW ,8 11 40 52 5 114 2~ f,S 77 U 5 £15876 10 3 46 115 26 -35 85 -3 4 215761

uLJ CS 11 4;;' 52 13 114 26 -IC 2 63 e;, -26 ~16144 l!" 3 53 115 26 -9C 4'l ~ -41 21657'l

(,YM Sol II 37 52 11 114 26 -85 58 -jL 3 tlc21~ 11 3 55 114 26 -P( 43 -40 R 216827

llDA S~ 11 35 5t 113 2b -71 20 -0' 10 <1"cj~ F 3 ?b 114 2c -64 6 -83 26 21879C

T eX 50 11 36 52 21 113 26 -Fe 40 -~3 ~1e;,1l4 I~ 58 114 26 -75 32 -5P 13 217381

l.BI Sd

MLA S>\

11 B

11 37

52 2'- 113 2& -74 ~9 -t>v l~ 2175'9

II 52 22 113 26 -75 3t -57 12 ~1737~

3 I"

3 1"

6C 114 26 -68 15 -7" 21 2182'l1

3 S9 114 26 -70 III -71 1'l 218135

A"r Su C H 49 5~ 2~ 113 2b -66 12 -77 24 21lJ4~9 9 24 13 114 26 -64 -84 26 217587

"c;: L 5 () 51 : 4 11 46 115 27 52 ~ -e" ~I ~11S1" 3 I' 3 ~c 116 27 44 12 -73 42 218412

••

JUJrol )j II ~3

•

Ie 5 r 13 11~ ~6 b5 49 ,a 10 ,10578

•

12 2 II 11 7 26 57 64 22 14 216055

•



• •
T,{ACKING TIM!:

•
STATIUN AC~UISITIUN Jkr~

•
STATIUN TERMINATION DATA

•
dKS MIN SeC CAY HKS MIN SEl. RA UEl Al ELII )( Y RANGE DAY HkS MIN SEC RA DE-C Al ELII x Y RANGE

HSK 1.:5

HAw Sll

11 5tl

11 oJ

3 IJ 5C 23 116 27 34 It! -6tl ~~ l1S0b7

3 1, 5~ 31 115 26 -71 76 -14 5 215848

3 12

3 12

2 21 117 27 2~ 2"0 -64 18 217675

2 30 116 26 -76 6C -29 7 216169

MLA SB o 10 10 3 10 50 36 114 26 -65 8 -81 25 ~lR672 3 II 6 52 114 26 -63 5 -84 26 218e23

GLO DS II 55 3 1~ 5~ 37 114 26 -b4 40 -7 -j~ 21~974 3 12 2 33 115 25 -76 26 -27 -61 217653

Gtli S5 o 38 3 1~ "0" )7 114 26 -64 "0 -tl4 26 21d837 3 1~ 52 16 114 26 -64 5 -84 26 218771

GYM SB

TEX SB

11 56

11 "07

If> 5f 3, 114 26 -76 33 -50 12 21121>8

3 1~ 5r 39 114 26 -71 21 -07 11 211896

3 12

3 12

2 35 115 26 -7(

2 36 115 25 -65

19 -1'" 19 218(54

7 -82 25 2187el

eRO Stl 42 ) 11 27 116 Z7 58 5 84 32 Ll~332 3 12 2 9 11 7 26 50 16 7(' 38 218187

CRO SB

GUM Stl

11 41

II 4~1

3 U 48 44 1 17 27

3 12 48 50 116 26

42 23 :>7 4~ L17746

4C 73 11 13 L15851

3 14

3 14

r 26 118 26 29 33 37 48 217217

o 3C 117 26 -19 77 -4 13 215752

HSK OS II 43 12 4H 53 116 27 8 27 -0 ~ 7 217532 3 14 a 36 11 7 26 -9 27 -62 -8 217496
CJ1
~

HAw SlJ 11 41 3 12 49 3 116 26 -76 ~v -39 '1 .216498 3 14 o 44 116 26 -73 34 -54 14 217153

GLD CS :, u 12 49 4 11"0 25 -7C 17 -49 -04 21J12H 3 13 54 16 116 25 -63 5 -79 -62 218460

GYM SB (, 20 12 .3 12 4<, u 11~ 2b -66 9 -tlJ 2~ 218573 3 13 9 18 115 25 -64 5 -84 26 217805

CRO Sb II OJ 3 14 47 " 117 26 16 37 21 :,,, 217~14 3 1') 59 5 118 26 -3 39 -3 51 216879

GUM SB 11 5t! 14 47 q 117 26 -49 70 -10 13 21"0862 3 15 59 8 118 26 -64 56 -31 14 2162~8

HSK DS II j9 3 14 47 12 117 20 -21 25 -04 -19 ~17618 3 15 59 II lIB 26 -36 18 -68 -34 217943

HAW Stl 11 ~.4 3 14 47 17 116 26 -71 24 -o~ 17 217672 3 15 59 12 117 25 -67 9 -Be 23 218491

MAD 1.:5 11 n 10 45 22 119 25 62 o -7d 01 ~18663 3 17 56 55 12C 25 72 17 -45 65 217936

CRO Sb 11 .36 3 Ie 4"0 45 118 26 -Ie 37 -2", )(, 21,,933 3 17 57 23 119 26 -33 31 -43 46 217217



HAC,O"'G TIME STATluN ALQulSITIUN UATA STATIUN TERMI"'ATION DATA

rlkS HIN SEC CAY HR~ I1Ir_ SEC kA DI:C Al ELV x y ~ANGE OAY HkS MIN SEC RA DEC Al ElV x Y RANGE

GUM S8 11 36 3 lb 45 5~ 118 26 -67 45 -42 16 21b57r 3 17 57 26 119 25 -68 3f'l -5B 19 217271

HSK OS o 51 30 3 10 45 51 118 26 -45 12 -7~ -44 218265 3 17 37 21 118 26 -53 -82 -53 217691

LYI SIl

MAD OS

11 56

11 56

3 18 43 29 120 25

3 Id 43 3) 12~ 25

69 13 70 21 21d191

79 26 -22 02 217471

3 19 55 25 121 25

3 19 55 26 121 25

75 27 62 13 217325

89 39 -1 51 216761

CRO Stl 11 53 3 la 43 o. 119 <6 -43 24 -57 42 LI ' 542 3 19 55 53 120 26 -54 13 -74 35 218157

GUM Stl 7 41 3 I d 44 118 25 -6d 19 -o~ <I LI7819 19 51 43 119 25 -66 -85 24 218418

ASC SIl C 47 38 3 19 7 4'1 121 25 63 5 d4 26 £17517 3 19 55 27 121 25 61 15 73 28 218024

ASC S8

CYI So

11 42

11 37

3 2C 42

3 2'- 42

o 121 25

6 121 25

57 25 01 29 217457

79 3d 52 9 2168r9

3 21 53 47 122 25

3 21 53 43 122 25

49 39 43 31 2167C6

85 53 37 3 216124

HAD OS 11 40 3 2~ 42 6 121 25 97 48 o 42 L16367 21 53 47 122 24 113 60 13 27 215874

8DA So G 38 21 3 21 15 17 122 24 64 04 20 217272 21 53 37 122 24 69 12 77 21 218130
CJ1
ex>

ANT Stl o 16 31 3 21 37 122 25 66 5 8'> 24 <17 7C 6 21 53 37 122 25 67 8 81 23 218328

A"T Stl

(,0 I Sri

11 4.

11 4 ..

22 4- 10 122 25

L.:. 4C b 122 24

bG 19 7u 2~ 217735

07 0 01 <3 21~359

23 52

2; 52

4 123 24

3 123 24

72 34 54 15 216843

73 22 67 16 217466

MLA sa il 47 22 4~ 16 122 24 60 O~ "' .... ,-16~3£. 23 52 3 123 24 73 21 68 16 217553

uDA Stl

C VI Srl

11 HI

11 51

n 4c

22 4c

18

2'j

1 0-".
122

24

25

74 LI 00

9C 03 27

b 2176-(

c d5793

23

23

52

52

6

10

123 24 B2 35 54 7 216796

123 24 1,3 78 12 -3 215438

ASC Stl

MAll OS

11 ~2

11 45

22 4C 20 122 25 3S 47 >1 >L L10346

Z2 4C 32 122 2, 131 oil 15 10 L15667

3 23 52 18 123 25 18 55 12 33 21597C

3 23 52 17 123 24 177 74 16 1 2155~1

TEx sa s d 41 3 <3 43 22 123 24 65 05 L, Zi8C27 23 52 3 123 24 66 7 83 24 218374

• • • • •



• • • • •

CJ1
tl:)

STATION TERMI~ATION LATA

DAY HR5 MIN SEC NA DEC Al ELV K Y RANGE

4 1 5'1 26 124 24 77 31 59 II 216948

4 1 50 25 124 24 73 19 7C 10 217562

4 1 50 32 124 24 84 46 44 4 216261

4 1 5C 35 124 24 ~7 6; 3, -4 215760

4 1 50 37 124 24 7f 61 28 9 215731

4 1 50 31 124 24 H3 48 42 5 216181

4 1 5,:) 53 123 24 - 117 61 14 - 25 215724

4 1 50 51 123 24 -1C\ 75 -15 -3 215426

4 1 50 58 123 25 -28 53 -19 32 215993

4 1 50 25 124 24 72 17 -46 66 217722

4 2 55 44 124 24 78 33 56 1e 215873

4 2 55 44 124 24 80 3C -16 59 216068

4 2 55 44 124 24 83 45 45 5 215335

4 2 55 44 124 24 91 b( 3, C 214798

4 2 55 44 124 24 88 62 28 1 214735

4 2 55 44 124 24 115 73 15 -7 214492

4 2 55 44 124 24 58 75 13 8 21446:J

4 2 55 44 123 24 -89 br -3f C 21479C

4 2 55 44 123 24 -100 49 9 -40 215159

4 2 55 44 123 25 -45 43 -37 31 215407

55 min 44 sec

55 min 51 sec

4 day 2 hr

4 day 2 hr

2

2

2

2

LM SEPARATION BURN IGNITION

LM SEPARATION BURN CUTOFF

4

4

4

4

4

4

4

4

4

4

4

STA.TluN ACQUISITIJN DATA

CAY ~NS MI~ SEC RA DEC At fLV K Y NANGE

4 38 42 123 24 71 16 73 18 2178~7

4 [ 38 43 123 24 66 0 d4 24 21d445

4 _ 3~ 45 123 24 77 31 ~o 11 211014

4 v 36 4~ 123 24 87 4~ 4, L ,1~342

4 C 38 47 123 2? 72 45 43 13 216349

4 ~ 38 41 123 24 77 3i ~1 11 21&925

4 38 59 122 24 -147 71 10 -IJ 215525

4 J 38 60 122 24 16~ 87 1 -3 £15354

3~ 2 122 25 -1 51 -1 33 £15890

44 9 12~ 24 64 5 -79 04 ,181~9

37 3 124 24 77 30 bU 11 217017

37 4 124 24 78 2b -23 til 2172J4

2 37 1 124 24 81 ~1 4D 7 216449

37 l' 124 24 88 50 3~ 1 ~15862

37 12 124 24 86 3d 32 2 21?792

2 37 12 124 2~ lCb 09 2C -0 215497

2 37 15 124 24 04 71 17 b ,1540,

2 37 2A 123 24 -91 b4 -20 -1 215015

2 37 29 123 24 -1~4 ~3 1~ -~o 21595B

2 37 3' 123 2? -41 40 -3L 3L 21n2(2

1"ACKII'<(, TlME

,tkS ,,\11. SEC

11 44

11 41

11 4c

11 48

11 51

11 44

11 54

11 52

11 ~o

6 17

() IS 41

() 18 4C

(. 1 Ii 37

i; Id 33

o 18 32

.."l Iii 32

C 18 29

C 18 II>

C 1~ h

r 18 1)

MAD CS

bOA. SB

ANT SB

GBI SB

tlOA 5H

TEX Sl>

bYM SB

MLA SB

CYl 58

ASC ~u

GLD OS

Gil"" Sll

GLD OS

TE: X 5B

ANT Sb

MLA 5tJ

Gtll 58

l. Yl 5B

MAO L5

",SC ~"



TKACKIr.G TI"E STATION AC~UISITIUN UATA STATION TERMINATION DATA

dl<.S MIN SEC C~Y hRS Hlr. SEC RA GEC Al EL~ Y RAr.GE DAY HRS MIN SEC RA DEC Al ELV x Y RANGe

""LU uS " 52 5d 4 2 55 51 124 24 Be 30 -16 j9 216062 4 3 48 49 125 24 87 40 -4 50 216448

GYP' So o 52 60 4 55 51 124 24 78 33 ~b 1~ 215867 4 3 48 51 125 24 83 104 46 5 216243

TE~ SB o 53 2 4 2 55 51 124 24 83 45 4~ 5 215329 4 3 48 53 125 24 88 56 34 215793

GBI So 53 6 4 2 55 51 124 24 88 62 £0 .214729 4 3 48 57 125 24 95 73 17 -2 215361

MLA Sb 53 4 2 55 51 124 24 91 bL 30 0 214792 4 3 4B 57 125 24 99 71 19 -3 215405

bUA SIJ o 53 4 2 55 51 124 24 115 73 15 -7 214487 4 3 loB 6e 125 24 155 81 4 -B 215266

ANT So oJ 53 9 4 55 51 124 24 58 75 b tl 214454 4 (I 125 24 1[' 83 7 215249

"lAD CS o 53 10 4 2 55 51 123 24 -lrc 49 9 -40 215154 4 3 49 9 124 24 -92 40 2 -50 216452

CVI S8 o 53 20 4 55 51 123 24 -89 be -3u G d4785 4 3 49 11 124 24 -85 49 -41 3 216060

ASC So 53 24 4 55 51 123 25 -4~ 4~ -37 31 2154C3 4 49 15 124 24 -53 34 -50 3(1 216728

II 37 4 4 35 20 125 ,4 6E Ie 79 21 ,18028 4 5 47 4 126 24
en

73 25 64 15 217107 ~

GltJ ~5 4 .. 35 32 125 24 94 49 41 d6C27 4 47 11 126 23 lC8 63 9 26 215509

11 42 35 33 125 24

-4 215178

-5 21518~

b

-881

81

97 70 2r -3 215348

24 lit

24 -121125

12617

21

475

5 47 14 126 244

4

..
215829

-1 d548(,1253'>3;44

4

4

42

42

11

11

Tt~ So

11 44 I:> -~ 21522(' 4 5 47 24 125 24 -1:4 8e -IJ -3 215201

oDA S" 11 4) 35 45 124 24 -1~9 T~ -7 -d 215257 4 5 47 25 125 24 -IC6 66 -23 -6 215428

II '4 , 35 46 124 24 -53 To -.c ib273 4 5 47 31 125 24 -71 63 -26 9 215518

MAi,) i.:S 11 42 4 4 5 47 34 125 23 -74 18 -lor -66 217515

C YI 58 II 42 4 , 35 54 124 24 -81 39 -51 210467 4 5 47 37 125 23 -75 24 -65 14 217187

• • • • •



• . '

T"ACKING TIM~

•
STATIUN ACQUISITIUN uATA

•
STATIUN TbRMINATION DATA

•
rlRS MIN StC CAY hRS MIN SEC kA DEC Ai ELV x Y RANGE DAY HRS MIN SEC RA DEC Ai ELV )< Y RANGE

A5C 5d Xl 42 4 35 57 124 24 -59 24 -02 ~u 217191 4 5 47 39 125 24 -64 1~ -79 26 217999

HA" Stl Xl 51 4 o 33 41 126 24 76 35 ~~ 11 216567 4 7 45 31 127 23 8e 51 39 6 215813

GLD DS

GYM SI.>

T EX 5B

11 51

11 51

11 47

4

~

4

o 33 51 120 24 125 7L lJ. 15 .::153. r

j 33 52 126 24 113 du 9 -4 21517A

o B 6': 125 24 -140 05 -3 -~ 215133

4

4

4

7 45 42 127 23 -176 78 12 -1 215133

7 45 43 127 23 -124 82 -7 -4 215091

7 45 46 126 23 -96 71 -1" -3 215249

MLA Stl Xl 46 4 b 34 2 125 24 -1°C 11 -19 -3 i153~3 4 7 45 48 126 23 -q( 56 -34 215646

(,1;1 Stl

BOA Stl

ANT SLl

11 44

II 42

II 46

4

4

"

6 34

6 34

t 34

~ 125 24 -93 09 -21 -1 215339

7 125 24 -96 57 -j~ -3 L15676

d 125 24 -73 52 -30 1~ £15623

4

4

4

7 45 5 1 1 2 6 2 3 - 86 54 - 36 2 2 15726

7 45 49 126 23 -87 42 -4R 2 216187

7 45 54 126 23 -73 37 -52 13 216439

6 34 13 125 23 -71 14 -75 19 £177:4 1 19 44 125 23 -66

MAD CS

CYI sB

C 26 47

G 45 32

4

4

t 34 11 125 23 -6e 9 -60 -00 £17965 4

4

7 () 59 125 23 -64 5 -19 -63 217006
C)

5 -85 23 217C12 ....

(,UM Sll

HA.. Sci

11 44

11 511

4

4

8 32 0 127 23

o 32 15 127 23

68 tl d1 22 217979

81 62 20 4 ~15444

4

4

q 43 5C 129 23

9 44 5 128 23

7r 23 65 18 217C09

83 78 12 2 215054

GLD CS 11 5 I ~ d 32 25 1~6 23 -134 74 12 -12 21')171 4 9 44 16 127 23 -1C7 61 9 -27 215402

9 44 23 127 23 -84 45 -45 4 215980

GYM Sll

TEA StJ

11 5 J.

11 ') ';

4

"

32 20 126 23 -leI 72 -10 -3 215194

K 32 2~ 126 23 -91 6~ -3~ c· 215476

4

..
o 44 IB 127 23 -9C 57 -33 " 21553:'

"'LA Sd

bOA Stl

Glli Sd

ANT :,,,

11 ')3

11 53

11 49

11 j 3

4

4

"..

~ 32 31 li6 23 -85 ,,5 -4" ,,216e'5

d 32 33 126 23 -81 32 -50 7 ~lo625

6 32 33 126 23 -tl2 43 -47 0 i101~6

M 32 30 126 2~ -72 ~6 -03 16 21~949

4

4

4

4

9 44 24 127 23 -79 31 -59 Ie 216666

c; 44 26 127 23 -74 18 -71 15 217356

9 44 22 127 23 -77 28 -61 12 216797

9 44 29 127 23 -69 l r -7~ 21 21779C



T"AL"U;:; TIl'll STATILN ACQulSITICfIo UATA STATION TERMINATION DATA

dkS MU" SEC LAY HilS ~,(;, SEL KA eEC Al ELV 1. Y RaNGE DAY HRS "IN SEC RA DEC AZ ELV x • RANGE

~U'1 5d

"fIotl 85

11 .. J

11 44

4 Iv 3C 31 128 23

1~ 3( 37 128 24

71 34 ?4 10 216434

4S 12 -Ii 47 217648

4 11 42 12 129 23

,. 11 42 21 129 24

70 5C 38 13 215660

36 21 -104 33 217026

Hh 5B 11 38 4 1~ 3f 4tl 128 23 52 dB "-14942 4 11 '02 26 128 23 -84 76 -14 214987

(,LO es 11 36 4 Ie 3r 50 127 2' -97 ~2 o -3tl 2151065 4 11 42 32 128 23 -87 38 -3 -52 21b2C8

LY,", SLl 11 37 4 Ie 3i 58 127 23 -ti5 47 -~~ 3 <:15865 4 11 42 35 128 23 -79 32 -58 9 2110511

aDA 5tl ( 19 21 4 1, 3r. 59 127 2} -68 d -81 n 2178410 4 1~ 49 20 121 23 -610 5 -85 24 21112C

TEX Stl 11 34 4 1~ 30 60 127 23 -80 35 -~5 " 216399 4 11 42 34 128 23 -74 20 -109 15 217135

.~L~ SB 11 3? 1 'J 6" 127 23 -74 2l. -o'} 15 211153 4 11 42 34 126 22 -66 I. -63 22 217934

"til So 4 4 lj 51 127 ", -73 18 -7: 10 ~173Cl 4 11 35 4 128 22 -87 5 -65 23 217622

55 14 73 ~4 21 7 431

4 11 42 12 13 r 23
CTl

55 15 72 34 217108 N

LA" St;

\...A~ ':>J

"
u

J 23 ~ 11 ~I 4~ :30 23

4 12 28 52 1<0 23

61 5 "" <8 2179101

4 12 34 2 129 23

101 5 84 29 217975

GU~ Sb a 4 1< 28 55 120 23 106 01 21 11 215289 4 12 34 2 129 23 66 62 26 11 214991

CS u 2 4 12 2 S 129 24 25 ib -01 <2 216741 4 12 34 2 129 24 24 27 -61 21 216456

<; 128 23 -75 <1 -oj ,,, 217Gld 2 128 23 -75 2f -6Q 1~ 216822

riA!'\' ~d

GY,. 5J

J

~

.. ,5

4 ").'

4 12 2"

4 12 2 S

12b 2, -"3 oS -<> 3 21 ')181 4 12 34

4 12 34

128 23 -83 103 -26 214954

GL,) US n :;.;) .:.,. 10::: ~ Q 120 IJ -81 ib -'U -01 ~16b5S 4 12 34 2 128 23 -01 27 -IP -6l 216452

TEl .)0

TE1- StiJ

4~

"- J

4

4

1" 29 I, 128 23 -7: 12 -7,

LM JETII SON BURN IGNITI ON

LM JETT! SON BURN CUTOFF
l~ 34 S 128 23 -bS Y -~~

20 217672 4 12 34 2

4 day 12 hr 34 min 02 sec

4 day 12 hr 34 min 08 sec
~l 21747~ 4 12 54 17

128

128

23 -89

22 -07

9 -8f

5 -65

21 217479

23 216784

••

.):)

:;Ufw\ S2.

•

33

6 3q

Ii 3 ....

12 ?:4

12~ 2 ~

129 23

55157.. }42171'2

66 b2 ~b il ~:~985

•

4 13 40 41 13n 23

4 13 4a 48 13~ 23

45 26 55 40 216871

48 75 11 n 214892

•



• •
1"ACI<.ING 11 .."I[

•
STATI0ill ACQUISITION UATA

•
STATluN TERMINATION DATA

•
r1KS MIN Stl. LAY Hr<.S Mlill SEC KA OtC Ai ELV A Y kANuE uAY ItRS MIN SEC RA DEC Al ElV x Y RANGE

HSK OS

HAW S6

6 46

6 55

4 12 34

4 1< 34

8 129 24 24 27 -61 21 21b451

8 128 23 -83 63 -20 3 L1495C

4 13 40 54 130 23 8 31 - 59

4 13 41 2 129 22 -81 "" -41

7 2164"7

6 215638

GLO CS 6 55 .. 1<' 34 8 128 23 -61 27 -IB -01 210448 4 13 41 3 129 22 -73 14 -49 -68 211363

t,YM Stl 6 50 4 1.< 34 8 128 23 -74 2C -b9 15 <'loa18 4 13 41 3 129 22 -69 7 -83 21 217799

CRO Stl II 46 4 14 27 21 130 Z3 35 33 41 ..4 216295 4 15 39 7 131 23 17 'oC 19 47 215878

t,UM Stl 11 47 4 14 27 20 13C 23 -1 01 j ~ 21 .. 799 4 15 39 13 130 22 -59 71 -16 lC 214868

HSK OS 11 43 4 14 27 33 130 23 -5 31 -59 -4 216395 4 15 39 16 Be 23 -23 28 -6e -2C 216489

GLO CS o ~4 4 14 27 3B 129 22 -67 5 -77 -bb 217842 4 14 29 32 129 22 -b6 5 -78 -t6 217768

HAW SB 11 39 4 14 27 4~ 12'1 22 -78 Jb -~1 9 210051 4 15 39 20 130 22 -74 23 -67 14 216791

II 5~ 4 16 25 55 132 22 -6P 61 -27 11 215083
c:n

4 17 37 54 131 22 -72 45 -44 13 215591 ~

CRO 58

GUM SB

1,0 8 4 16 25 52 131 23 3 42 J ..0 215765 4 17 36 C 131 23 -18 "C -2, 46 215693

HAW SB Q 34 2.2 4 16 25 58 13l 22 -71 12 -77 19 217343 4 17 C 19 13(; 22 -68 5 -85 21 216420

HSK OS

MAU US

CRO S£J

GU""I S£J

11 tlJ

11 39

11 3}

11 3d

4 10 25 58 130 23 -34 2j -bj -31 215695

4 10 23 54 132 21 72 12 -55 btl 217254

4 Id 24 2l 131 23 -31 36 -30 44 215942

.. ill 24 26 131 22 -72 34 -55 1~ 216032

4 17 37 58 131 23 -4A 15 -69 -46 217143

4 19 35 33 133 21 82 24 -16 64 216450

4 19 36 2 132 22 -46 26 -55 39 216365

4 19 36 4 132 22 -71 18 -71 18 216823

HSK OS c u u Id 24 21 131 2l -56 7 -7d -55 21752C 4 19 36 40 131 23 -58 5 -81 -57 216997

L Y I SB o H 4tl 4 IB 57 43 133 21 68 5 85 .<2 216317 4 1 q 35 31 13 4 2 1 72 12 77 17217137

L YI SB 11 oJ 4 2} 22 11 133 21 77 22 61 12 210559 4 21 34 11 134 21 84 37 53 5 215699

AS': StJ 1.2 4 2, 22 Ii 133 22 66 12 17 24 217164 4 21 34 14 134 22 61 27 be 26 216214





•
TKACKlt.G TIMe

•
STATION ACQUISITIUN uATA

• •
STATION TERMI~ATION DATA

•
fiRS MIN SEC CAY HRS MIN SEC RA DEC Al ElV A Y F-AN';E DAY HRS MIN SEC RA DEC Al ELV X Y RANGE

GYI~ S6 11 37 5 2 17 23 136 2C 74 14 75 1~ Z16655 5 3 28 59 137 20 81 29 61 8 215743

GBI S6 11 40 ~ 17 24 136 r db 43 ,,7 J '" 151R~, 5 3 29 4 137 2C 94 58 32 L 214503

MlA SB 11 40 5 2 1 1 25 13 6 2r' 81 41 49 3 Ll5271 5 3 29 5 137 2C 96 56 34 -3 214 c,8r

tiCA SB 11 41) 5 2 17 29 136 2( lor 54 35 -6 i14717 5 3 29 9 137 20 119 68 2C -1' 2l423t

ANT Sti 1 11 41 5 i' 1 7 31 136 21 7d 57 32 6 214632 5 3 29 12 137 20 76 73 17 L:. ?1~t13C

CYI SB 11 45 5 2 17 39 135 21 -12C 77 -11 -7 L14164 5 3 29 25 136 20 -len 62 -27 21't39C~

MAD US

ASC Stl

11 41

11 44

5

5

2 17 41 135 2C -IZe b2 18 -LZ L144a4

2 17 43 135 21 -24 58 -14 29 214583

5

5

3 29 23 136 20 -1'. il 5( 15 -38 214803

3 29 27 136 21 -46 48 -32 27 214854

GlD OS

GYM SB

T EX S6

11 56

11 'j6

11 50

5

5

5

4 15 31 131 28

4 15 32 137 2C

4 15 37 137 2C

8~ 34 -2 ~o L15456

86 39 51 3 215218

92 51 3~ -1 L14715

5

5

5

5 27 27 13& 20 ICC 48 9 41 214725

5 27 29 138 20 95 54 36 -3 214495
en

5 27 33 138 20 104 66 23 -6 214149 ~

MlA S8

GBI SB

11 ~ 3

11 52

5

~,

4 15 43 137 20 le5 00 23 -6 21~257

4 15 4'j 137 20 le3 6d 21 -5 L14196

5

5

5 27 36 138 20 139 79

5 27 37 138 2C 144 82

7 -R 213926

5 -7 213898

tlUA SB II 53 ~) 4 15 45 137 zr 146 76 8 -12 i l'tr6b 5 5 27 38 138 20 -147 75 -8 -12 2[3974

ANT SB 11 ~3 'J ., 15 48 137 20 57 b4 5 3 213978 5 5 27 41 137 20 -73 79 -11 3 213932

MAO OS 11 45 5 " 15 6r 136 2C -98 41 10 -4tl ~1511R 5 5 27 45 137 19 -87 28 -5 -62 215687

CYI SB 11 ',7 5 4 16 136 2C -92 52 -38 -1 214673 5 5 27 48 137 20 -85 37 -53 4 21524t:

ASC SB 11 46 5 " 16 7 136 21 -55 39 -45 La il5184 5 5 27 53 137 20 -63 25 -62 24 215842

hAw Stl o 21 15 5 5 6 7 138 2" 71 5 05 19 215961 5 5 27 22 139 20 73 9 8' 17 216704

HA" So 11 ,,3 ::> 6 14 .3 13 B 2r 76 LL b~ l~ 216074 5 7 25 46 139 19 81 35 54 7 215152



STAT Iu" ACWGI 51 TIUi'< UAT.:. STATION T[KMINATION C~TA

.,K:' i~ I i'< Su.. Lin r-K') MIN SEC KA lJf:L Al ~L\I CAY hKS MIN SEC ~ A DEC Al El\l x Y ~ANGE

GLLJ [;S

GYM Stl

11 40

11 46

5

'i

5

5

7 25 55 139 19 136 69 15 14 213951

7 25 58 139 19 134 7ti c -8 2138~3

TEX Scl

MLA S8

GB I SU

11 S':;

11 49

5

b 14 1, 1~8 2C 121 70 14 -7 213925

~ 14 17 137 2~ -155 dl -4 -9 21386R

(; 14 1~ 137 2~ -136 til -~ -7 ~1;8b3

5

5

5

1 26

7 26

7 26

3 139 19 -152 81 -4 -8 213177

7 138 19 -ll r 66 -2~ -7 213975

7 138 19 -H 3 67 -2< -5 214Cl1

II DA SB 11 53 5 Ie 14 1'7 137 2' -lIe; btl -2v -11 '-14072 5 1 26 12 138 19 -1:2 54 -36 -7 214393

ANT S8 11 ?O (; 1.. 22 D 7 ~( -79 60 -'-t. .. 2141, 76 1 26 III 138 20 -5~ 51 -38 " 214491

MAU [;:> 11 .. 5 ~ 14 2') 137 1° -8~ 1~ -27 -o~ 216125 5 1 26 11 138 19 -7f 6 -13 -69 216195

11 ') ~ 5 7 26 18 138 19 -74 11 -78 16 216492

ASC 5d 43 1 d

')

o 1" 31 137

TEl IGNITI ON

TEl CUTOFF

-t7 1.. -75

"4 .. b

23 d 0377

5 day 7 hr

5 day 7 hr
.. L151'1

5 6 51

51 min 35 sec

54 min 14 sec
5 17 22

5:'

51

137

138

2C

2C

-(9

-11

5 - 85

') -85

21 21564C

19 195534

7 5 14 52 "2 IB 1'1 -r s -7t: -H 201157

5

,
.<.

1 d

3713'02 -177 02

-7 '-14lbl

5

5

14 15 16 137

133

19 - 71

19 -71

5 - 85

') -85

P 202578

19 204<;56

.. d 7 ') 5 12 15 4H 137 19 -71 5 -85 l'i 2C'7C 47

, --
bD 1 ,)0

') 12 3 22 137 19 -71 5 -85 1" 2C7483

') ') 11 1~ lA 137 10 -11"

5 1: 42 45 137 2r -71 5 -85 19 21'~573

11 .. ~ .. ; ') 15 lie. 71 5 zc 52 55 138 2C -71 ') -Il" 19 187594

2

• •

0.. '- I I 7, 5

•

5 19 8 29 138 21 -6 " -Be -(, 191573

• •



• •
T"ACKING r IMt

•
STATI;J:~ 1\l.. "uISITIlJI~ uATA

•
STt.T Id-J TEf<~IP!\TIUi; OAT.\

•
........

tiKS ,'''IN SEC CAY ,",r{S NIN SEC I'll DEC III ~L V x Y hANGE [JAY HRS MIN SEC RA DEC Al ELV x Y RANGE

CRO SU 9 46 36 ? 12 '1 Itl 13S 2L 05 5 tJ~ 2~ 2e7201 5 21 55 54 138 21 -05 "-84 25 185161

MAD LJS

CY I Skl

13 18 31

1.2 ;l3 ? 8

5 IH 11 35 14C 19

5 1~ 25 44 140 2'

69

11

5 -70 00 10344~

':> o~ 19 1~'925

I>

6

7 36 12 14 r 19 -6<;

1 59 42 14" 19 -71

5 -76 -68 161709

5 -85 19 16071)9

Ase Stl 10 48 6 5 2~ 13 22 14r 2 C /0<; 5 o~ 21 Ib~lc6 6 7 211 139 20 -6e; "-85 21 163173

[lUll Sf; 12 49 jC ? n 35 2<: 14 0 1') 7: 5 d':> LV Itl3637 6 11 24 53 14,' 19 -1" 5 -85 20 151794

ANT So 12 4<' ':> 2 Z 47 37 1.. , 2r 71 ':> tJ5 19 1~315? c lC 49 19 14: 2C -71 "-85 19 153364

GBI Stl

MLA So

12 jJ 4d

1 Z 36 50

5 2j 39 3, 14l ?

5 2j 46 2<. 14: 1'1

71

71

':> 0':> b le1l31

':> o? 19 16~86?

6 12 1n 1 7 14( 19 - 71

6 12 23 11 14 r 19 -11

5 -85 B 140171

5 -85 19 149193

TEX So 12 34 11 o 54 5g 141 2', 71 ? 6':> 19 17<3152 6 13 29 10 14: 19 -11 5 -85 19 146212

12 35 11 48 14 141 19 6 14 23 31 141 19 -71GYM Sb

GLG CS 13 21

6

6 2 ,'. 27 141 19

71

1f'

':> b~ 19 176131

5 -70 09 175543 c 15 ~

" ?3 141 19 -1('

5 -65 19 143724

5 -76 -69 141998
OJ
..:J

HA" Sb

"UM So

lL 11 3?

11 52 18

:>

6

':> 14 45 1'+ 1 2'

9 12 1~ 142 2 c

11

71

5 65 19 161633

5 tJ? 1~ 157593

6 17 32 20 141 19 -11

6 21 4 31 142 2C -71

5 -85 19 134843

5 -85 19 124361

HSK L5 tJ 54 54 t l( 23 3 j 142 21 6J ':> -eo oj 154485 6 10 18 32 142 21 -6e 5 -Be -59 129662

CRG Sb 9 4b J t 1~ 2' 143 21 to4 5 04 ,; 149327 6 22 8 3 142 21 -64 5 -84 26 121110

MAO CS 13 23 24 ~ 1& 31 51 144 1~ 09 ':> -70 0-1 l:J1962 7 7 55 15 146 18 -71' 5 -76 -7C 818"6

C Y I Stl

ASC 50

"OA SlI

U 39 1"

1<:' ?2 5j

12 5<> 41

~ 19 41 14 145 1°

~ Z. 20 14 14? 2~

6 ZZ ?3 51 146 I~

71

6<;

71

':> j5 1~ 120547

~ bj 21 126145

5 05 19 I1d137

7 8 2C 3C 146 19 -11

7 7 22 8 145 211 -60

7 11 50 41 148 18 -72

5 -85 18 86205

5 -85 21 89874

5 -85 18 72131

ANT So U 'i jJ o 23 53 14;' H 71 ':> 05 l'i .1"1 6 1 11 15 23 14A 19 -72 "-85 1~ 14598



I"ACKING TIME STATION AC~UISITION LJATA STATION TERMINATIUN DATA

dRS 011 .. SEC CAY HR S MP. SEt. RA GEC AZ [LV )( Y RANGE DAY HKS MIN SEC RA DEC Al ElV x Y RANGE

Gel Sd 12 39 30 6 23 5f 49 146 19 71 5 ti5 1~ 1153('0 7 12 38 19 149 18 -72 5 -85 18 68721

MLA 58

TEX S8

12 45 34

12 44 35

7

7

(; S 5" 146 19

15 44 147 I"

71

71

5 85 19 114928

5 <l5 19 111162

7 12 51 30 149 18 -72

7 14 Q 19 150 18 -72

5 -85 18 67761

5 -85 18 62619

GYM Sb 12 47 8 7 1 0 147 19 71 d5 19 U~17{ 7 14 57 15 151 18 -72 -85 17 56183

GLLJ llS 13 L: 12 7 22 5d 147 19 7C , -7'> 7u If 745':> 7 15 35 lC 152 17 -72 -74 -72 55126

HAlo S3 12 4J 44 7 5 41 22 149 1') 71 d~ 1'1 ~6C16 7 1 ~ ?2 615617 -74 5 -85 16 40386

GUM S~ 13 25 51 7 ~ 46 5~ 152 19 71 5 b' 19 a~5'o11 7 23 12 45 -105 -71 -177 <; -30 -84 1090

ES~ cs 4 3<:t 3:; 11 5l 152 21 59 S -o'~ 5~ 75525 7 2C 36 3C 164 22 -58 5 -81 -58 26154

CF:" se 10 7 12 13 4 31 15S 21 t4 ~ 04 20 h~7"B 7 23 11 43 -53 21 64 5 84 20 1939

2. 4t 22 le7 2' -34 ;4 -;9 43 2J4,CCF':.: CH

I A.. 1'1 2

~5 d

4 Jj 2,: 4,. 17' ?1 S( 3~ jj j't 2j4f~

7 23 11 43 -53 21

22 52 42 -11<) 17

64

71

5 84 20

85 19

1939

6119
~
Q:)

PRIc Cd ,2 'to ~'. 5~ 14 17q ~2 59 11 77 30 2~4-r 7 22 29 r -15: 21 64 84 20 lC 514

LS o '! 2: 4 3' -lS7 iq -48 ') -j~ -';0 ) t - :3 7 23 13 3~ -9" 49 -5 - 85 -5 1490

• •

ENTRY INTERFACE

•

? day 23 hr 18 min in sec

• •



• 69

TABLE 2.0-VIII.-MISSION RADAR TIMELlNE· Continued

(e) LM acquisition and termination - OOminimum elevation

l'" 7H 3) Sb

l't dJ It!) 'tS

~TA11U). TE.I.lMl"lATlON DATA

-6 ",1'td'U

1 .ll :'b-1u

9 i 1 S 'pI L

't i 1 't9 I /j

Al ~L V

-'i8 'tl:l -'t2

112 3 I :'k

19 35 ~'t

tI't 't 7 't3

I-lA DEl

IlJ 2"

12~ 2'+

12~ 2'"

12"1 2"

D"Y HkS MIN St.c

"I
"I

"I

"I

-7 21~lS"

Ii 210U62

10 21~Abl

S 21!:1J2'i'

OAY HK::J Mil. ~l(

Ss ~l

!::IS Sl

S~ ~I

S':a 51

bU

bU

bU

be

T~.q-_rl-,(, \tMl

HI<~ Mltj ~t.(

HA·\ (t'

(d I Cf~

PRE. Lb

CAI-l (Ii•
RENlJfZVuU~ j-(A[)AR 1l"(ACI<INu •

':11 iLJ i't _9b lie -'t,l -0 21"8"17

3 £lo£'1tl

~ "lou'1)

" t15~l:l2

12S i"t ijb 3Y Sl

liS 2't 83 "13 "7

liS 2"1 ~7 :.5 JS

I 21 ':abl.iU

~ .2 i S't"ll

't 21 "1"1 I tt

tLl )1 ~t>

7'" j!:i ~'t

8'1 "'7 't,j~ I Ii'" i'l

COAST To 1J\.l1 flU""

JtI 1't

3K 1 "l

Jtl 1"

}H l'i

G T I (U

Pt(t (~

CA~ (tl

DU I l'iUf-<il

b'

'tl:l 'tl:l Il';, 2't t37 'tU ';,0 l. tlo't"!:)

't8 ~b Il':r. L'i 1:11 't'i "If:, , ~lb.l'tU

'tl:l ~lJ Ii, 214 tl8 ':Jb.JIi 1 il!:l/9w

'49 ll't 2 .. -'/1 'to -':In -I L)b'tSu

11S i'+ So 39:'1 j ZlbZ"lH

l~!-l ",.. tU "j .. } S 2.lbU"lJ

Il!-l i'l 8/!:i~ J':a l 2t':aStLi

il'l i'l _'ill 'it .'1~ -~ 21t>lSl, ..
."

'to,} '\Z Il~ l';

lJLLo\b[ F"O~ iH)j ••hJ"N

~ riC lJ

A':l r t,·

P~I:. (h

(A~ (. t,

• t~lJ.ul:,~u;J~ KADAr? !I(A(J<.I~~ •

.1R I.~ Ii'! L'i .. tj't .30 -bU

A~C ell

HAl'! ce

G T I (b

1 H l "l

I H 1 ~

1 H 1 ':a

t" t.,

1/1

J.

Jo

JH i Z i': ~ 2 't

.H~ II \ 2"> l.'t

I'ty 11 1'1 £1 i 117'Hi

If" ~u "'.J -j 21'000

'6 J.l I.lo 214

!:I 0 i. I 1l!::J lli

~b '" li~ .l't

';,t> '-J I Zl;> 2"

10 114 IS 19 o<:loo/j

9 7 ~J -'6 £ I 'ill..,

bU

ou i7 126 i't 11 I b I) 19 £ 1 6 J':J 1

•
•



•
•

,'1 I'd

,J""l-

I 'J,

J'; I.: '1 l.l ··~u 2';)

H A r.t)L

.! '!,j'/,'

ji!:';"

li"·· ..'

1.1'i}"

1/1'1'·,11'

u i. I" 3;: I91 01 J. '/

Ii :,

.,,; 11 J'I'

Ai. i:.l,V

70

1 j.) L'"

i I I .L ~ ,. ' .•

1.7 11 ... L'1

1.' U'> l"t

STATIUr.. A(.~')I~JTiul~ lli'TA

ULLAlJi:. ftH< r-'~1Ji'-., Ir.(, bUf.tN

~b I! I <t', "'i
nAY tUb MIN 5ll

."

rt.' 4 (j( II",.) T I HE

HR':I MJf~ SE.C

Ct'

>'H t (J

91 bl 1'1 .1 l.1~J;IJ

99 73 j, .. J ;: I "[I'tl>
-! i I '4'.1'+';

'I i}

j'l' ':>!.:

<.; I 6 I

9~ I J

I / : .' ~, L I

i'l,!," 1,1 -dU

17 12!) 1"

.' j '~ti.""

II .! I r. ~ I',71 10

99 S..,

jS Ii.';' .;"

J:1 Ii.S J."

J ':> l<I~ S J..,

J~ liS ":'1

')j (,.

(OAST AT VUH'~ ATTllVv( •

9 j (" L',' - I I \, .\

1; 11

•
u'

I',ll

'12 1.>1

I,)

I':, i" l;.'1 ;J -/9 ;to; -t·t

LI'!"

'I ~.. ; ':> ? ';, i

ii.':;. .: ..

I 1 1.L 'J i"

! I Ii u i ~

I i I Z';, J. ,

r Ll Jf T f 1,",\lN Li t. ':> ( ( ',r ~ r A tilCOASf

F ~:;. (,\

(, T ~ :. ti

, l I I} I I '"I ~ I ~'. :. ; I I ifl 1.1 ,j I

1 't :. ~ I', i! J 'Q i"l I J 1 ,:>) j.,
j".J., i l II]"

•
•



• 71

11~ ./Itr. J NC, T I ME..

tjH~ ~l1N su.

3'i ~tJ

"

':)1"1101' AClolul51TluN OAT"

WAN(,E

... ) 215612

... If i1S't!:JU

j.70

81

17 -/2 I~ 21781Y

itO ~o 10 21~bOI

7~ 11-11,,1't~~1

81f -Ii i1lt't~,

82 -8 -~ il'tq/J

b _l:l) Z~ 1I.17qt;~

Y8

"8
2J "" 1 'i

2'+ 11

2'+ I J 1

2'+ I J I

iii ·0116

2J ... b~

11 •

126

11.

116

Il.

11.

11.

11.

..
18

J3

l.

1.

1.

l.

1.

03

03

03

S3

!>3

STAIIU~ l~~MINATION UATA

DAY H~S MIN SEC RA OE( AL ~LVH:ANGl

"'1 21 '+328

OOJ 21"lU15

2"1 -b6 lU 21~99~

37 ~j 11 21657U

72 1 .. -II 2153,+7

81 -'t 2152J2

&'t -"I -'t 21~~O~

9 _8t 23 2t80lHt

AI. El.V

~ J -1'1

l.oj 7b

l.'t 12t1

2'f 1 17

Z" -I J 1

23 -tl7

I'(A Ute

11.6 ;l't 9;. bJ 27

12!J l.'t .. U I 7':J I ~

_U

1/

"
17

1.

I.

<I

)J

DAY HKS MIN Slt

1 _

1_

10

1U

I"

I'.

,.
l'

1.1

CA~ lH

HA;~ (~

G r 1 (0

ASC Ctl

P~f tH

CAf-I CR

HAil C E\

(" T I (8

•
GT I (8

ASC Cd

Pf-Il tb

C~1oI ':B

HA" ell

b -83 2~ 217'48,

'to So 10 21~661

75 I J -II ZIIfSS 7

8't -"I 21 't't~ 1

3.

J.

J...
J_

11.

11.

ll6

llb

11_

23 "'0':1

2" 77

2'+ IJ7

21t 1 J 1

2'+ -116

6 -a3 z5 Zl''I/9

ltO 't9 10 1/.1SO~i

IS I I -11 I/. 1'i~'t Cj

81i -'I 21't'i'i~

81 ""8 -Ii 211i'i6S

!.l.l Jh 12b ~'t -jl0 (il -tJ -lot 21't'tb~

COA~r Tu IN'::lofl<TJI),j

-btl ".tfJ :.:!~Zlr't77

/I 'to 't" lu 21!i1 u 't9

S3 Jl:l 126 2't -lib 81 -8 -'12Iq'ib)

ll& 2J -0050 6 -1:13 2~ ~I/li/7

12. 2'1 17 "tU "t9 10 21~o't'"

126 l"t 137 /5 II -II 21'i~'U

lio 2't IJZ t;'t '"'Ii 21't"''ib

ill liS l.J -bJ S -t1S 2/ 21'1'18

.l:t1 III 1<+ 78 "to! '0 'J 21S1Jl.

!tJ Jij

bJ J8

bJ Jl:l

~J Jti

1f"J IU 21&65ol

11 -II 21 'f~'t',J

-loi ill't"lIfY

11 "+0

131 I.

I J I it It

53 36 12~ ,,3

,j 36 Jio i."

b3 36 126 1"1

~J J6 12b ,it,,!

'-13 3H 12';) lJ

,6 ~J JH 12~ i.'t

bTl {b

ASC (u

c; T I (b

ASC tll

P~E. c.~

CAH (I,

HAW ("ti

•

•
•



•
•

R,))"-,'f

-11II"

In,y.'HI

H)IiW)

-~/old

)lJ1(,,"

,1)IJI)

C;~II

,...nI

It

It

II

I"1C,h

,,

('Ii"\"7'i!1C",I,

,.1>"..I!I1"~

~11c,1.,~,

~(',l-I"'7Ifh.."I",,'l"'III'-II,17

C;!"/tl/"Rp-1!q-r1'fl71It

1...Il11(1'cP"c",

P,,01,Il

"11

hq,..r1

b'=ilrl
"

q~6fl7'r..

Q"qr171_

tQI,f1711..G

,'qe,l,I/if"rc;OPrz/11"I-

c,~q/r,If'flr_('l6c;..C"7q71':n'7r

•
fhnh17h_Ul·URnll....Z971'it.

1,00+011h_c;R6+'tt,lq71C'j..

•"'Nl~)v~q~yn'O''lC;n(\~7Jnf!l'"(rt1<;\f(l)

rl1-ORnlI.."l....Zf"7

Gil(,fo,rI'r!fill~?

g).......

~)Ii")

~)11-1d

~)15't'

~)II')

9I

9,

9'
0'
0'

(1911t,.,

It?17Ihl

I"llT.,ItG",-C;

rflr!,f'rr..(,

IlI'l'-,llt.I;,

r7.'n,

..ZitI

IobOltl?,'1'"'I)'H....,

,.tIIi17"it.7...Bl

q<;n."l.....u,...OR011-'"qtl".,

nntl!1'15861'""Z"71,.,.,

t-Il'lnt~tl(llltqS~11

~e.,0I,'lI,..Ill-DR~ll-1."91.191

c;lrthl?h_C;~b""hl9lt9l

PJ...__~

~11'1\1)

q)1Hd

~)'''W'
q,I!Ie)

",,,,I'r.,co?!<p

~(f"ill97

r~-f?57!97

C;llth1?11-b9l
"
".,

h.d(lfiji',

8/ItZl7.1

(q-f"lCiZ'

rnlttlT11-bfll

•~'17"1)"H1Yl'4..,.~c;Nlwt;)lHAyn

....unNOll"1NlloolHllNn1l111C;Y('IIqtJnrlr<;r"I'l)t<M01J\fJ(j

~11-hl911

7fl..,?Zl

leIhl9?1

/h

/

t"

)'1<;NIW<;~I-I

11-1Jj<)~,I'lI1'"/ol!

)"H1Viol ~117'"

9"''''•.'1

I'"Sh"T1..T1
"

011-I,Z'iZ1

6"I..l'97t

.....1rZ'71

Rr:;nh1?01-08

C;lnttll"h_CiA

c;n,.",11-b,t

•



73

STATION AC~UlSJTlON DATA

RANc.ERAo DEl

STATiON TERMINATION DATA

.. '0 127 23 -117 18 ". -12 21'931

DAY HRS MIN SEcRANGEAZ ELYHI, ute

21 't!; 120 23 I !Ill 77

DAY HHS MIN SI;:CH~S M1 tl SEC

22" :t~

'tHACI(IN<J fll'tl

PRE co

,1 21 't5 126 ZJ --I'~ BS -1 -If 2131"

21 1f5 126 23 -10'1 7. _1 .. -3 213986

-7 -'t 21~U't3

-I -Ll 21S0113

38 • 21Sl't3

71

82

~I

23 -17't

23 -122

23 80

121

121

121

3.

'tit 'to 126 23 -" 71 -I' -3 21S03.

.... 'to 127 23 -125 82 -, -'t 21't887

3. 7 21~627

... -"t 211.887

78

82

~I23 8U

127

121

121

'7

CO"ST TO (51

~.

22 55

lose (8

HAW (8

(loR CB

CAR Cts

!tHE (8• HAW CB •• 'U 126 23 -99 71 .1. ·3 21~03' 't7 'ti 126 23 -'8 70 -I, -3 21~ZU8

cs I BURN

COAST TO RENDEZVOUS RADAR TRACklN y •

If't ;1 126 23 -127 72 -as -II 21'ho'tJ

tV I CB

ASC' (ij

10 Jif ]9 I~' 23

l'f 't8 121 23

••
'tit 't 1 127 23

68 II 78 21 21 7 ;t:3'

112 6S 25

3'1 !;tb 126 4!3 -IOU 72 -Jtl -3 21St6) If't Ifl Ill> 23 -'8 10 -20 -J 21'ho8,

H"'~ CB 38 3~ 1.l4 23 .91 .U -Ju a 2IS .... J

(OA::.1 TO COrl

3 21't37u

., 13 77 21 J.167~2

52 '+1 12D lJ -97 D6 -/.2 -2 J.1'tJ3~

~2 "+1 127 23

~2 'tl 126 23 -lll 70 -17 -11 21"+281

.. 11'tttOO

U 11 Ie 21 217239

If If 1ft loll .2 3

If.. If 1 128 23

""I "1 l.l6 lJ .. 9d 70 .21.1 -3 21lotoS!:a

(IHi IWHN

6U

6U

6"
. &U

PRE. (tt

Cl'1 CO

CAR (A

HAW (8

Ast ell

• (y I (8 ;2 'tij 12b 23

ASC Ca "2 "'1 121 .lJ til 6. l.t J 21'U7U 62 06 23 J J.1"+Jb~

PRE (8 ~2 Ifl 12'" 23 -12J 70 -II -11 21"+,2RI ;2 '11) lolD 2J -123 lu -17 -11 21't/.17

•
•
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• r "l'A.C~ I !U, 1'1 Ml:. 5TATJOI~ AClolUJ5JrJl)ij DATio :JTATlwr. TlIo(MINA1JOr, DATA

':11 b~ Jj oJ ~

-,
ij) 71 13 J. .0: I '::IiJ h'

ll} i.J b9 1 9 ~') 6 '1

~) l~ 1 b ~ I.: <oj j"

Al t.l..V

.,

lolA Dt:.C

'0 Jl 12d ~ ..

'0 Ju Ild lit

'0 Ja I~b 2J

'I) lJ 129 2J

29 I!:I '128 21t

i.9 Ib 127 LJ -'12' t"O'''JG -I iiI;·;>

l.Y l~ 1.2b ,0

I'fANG(

lU .10 Co'll IY lJb'!2J

tU 7'1 lb l 211f322

AI.. EL. v:' ,Ai-IA L.lt.C

29 IS 128 lit $9- J...., 8f' 31 217,"198

19 15 126 2"1 ft"l .• 2. 811 31 217£103

29 l~ 128 -Z'3 .. $J 71f 16 .2 lllt;)3J

29 I!:. 128 23 1u Zp 4' IY 216't3J:

iii S'i Ii' 23 .. 'u 600 -30 -1 21 .. 636

2A ~9 III ~j -JII b~ .2" .. .., 2J&+5»J

COA~r ~o 15T B~AKlfl~ GATE

OAr HH':l '1;'j Sll

'6

,6

'6

,6

16

,6

lit 16

1'+ 2:1

..
1If • 1~

tjio\~ Mlt~ 5[C

A~( CB

WHS (13

CYI CB

A~C Cd

C riC [J

PRE. .C~•
PRE (lj

CAR CB

Jot JJ

lit 33

I ~ ., l

)27 13 -111 6'6 -lit

127 23 .. Y2 600 .. 30

-9 ll't5"lO

-1 21 '+65U

3 21&06't

I Z 1 -0 J.1SJb.,

• (.OA') 1 1 'J ~T ~l 111'(,\0l,.\ ell.! (iATl

(vA'::, T r f) LJUCP<: I rj"

(u,l,':) I T ,) .~t.. IJ['-V,JU~ r<AOA'l Tf(~lKI'~~ •

•
•





'Ii

~EHICL.E 2 RADAR TA6L.E

TRACKING TIME

HRs MIN SEC

GIL Cil 9 60

TABLE 2.0-VIII. - MISSION RADAR T1MElINE - Concluded

If) LM acquisition and termination - 50 minimum elevatlClfl

PRE C6

CAlf CB

HAw Cil

GTJ C8

PRE C6

CAR C6

HAW C6

9 60

o 9 60

9 60

o 3. 14

o 38 1..

3. 14

38 14

STATION ACQUISITION DATA

DAY HilS MIN SEC RA DEC AZ ELY X Y RANGE

.. 2 S5 51 123 2.. -100 49 - ..0 -7 21515"

.. 2 55 51 12" 2.. 80 30 60 8 216062

.. 2 55 51 12" 2.. 78 33 56 10 215867

.. 2 5S 51 12" 2.. 83 ..5 ..5 5 215329

RENDEZ~OUS RADAR TRACK tNG *

.. 3 5 51 123 2.. -98 ..8 ....2 -6 21..897

.. 3 5 51 125 2" 82 31 58 7 2156..0

II 3 5 51 125 211 79 35 5'1 9 21511112

.. 3 5 51 12" 2.. 8....7 ..3 .. 21..918

COAST TO Dol BURN *

STATION TERMINATION DATA

DAY HRS MIN SE~ RA DEC AZ ELY X Y RANGE

.. 3 5 51 123 2.. -9' ... -..2 -e 214897

.. 3 5 51 125 2.. 82 31 58 7 2156..0

.. 3 5 51 - 125 ... 79 35 54 9 215"42

.. 3 5 51 124 2.. '4 '17 43 4 2149 18

'I 3 '1'1 5 124 24 -92 41..... -2 216151

- 'I 3"'1 5 125 24 86 39 51 3 2162'18

'I 3 11'1 5 125 2.. '3"3 '17 5 2160'13

II 3 1111 5 1111 24 87 III 311 I IUIIl.2

001 tlURr,

.. 3 44 5 124 24 -92 ..1 - ..9 -2 216151

UL.L.AGE FOR 001 BURN

3 5 125 2.. 86 39 51 3 2162..8

3 5 125 2.. 83 ..3 .. 7 5 2160 ..3

49 8 12.. 2'1 -91 '10 -50 -1 216'150

~ 3 48 48 125 24 e7 40 50 2 216445

3 "8 4A 1~5 2.. 83.... ..6 5 2162'10

.. 3"8 50 125 2.. 88 56 3"

..
125 24 87 55 35 ~ 215582

RE;<DEZ~OUS RADAR TRACKING •

44.... "5

5 ..

.. "3

GTl Ctl

PRE Cil

CAR CIl

•
.. .. 38 13 125 2" 9.. 67 23 -1 215268

.. .. 38 9 125 2" 9.. 50 .. 0 -3 215808

.. 38 26 12.. 2.. -8.. 30 -60 5 216681

.. 4 38

.. .. 56 27 125 2.. 90 50 31

.. .. 56 27 125 2.. 97 71 19 -2 21 .. 292

.. .. 56 27 12.. 2.. -81 27 -63 8 215969

.. 'I 56 27 126 2.. 70 1" 75 19 2166 73

.. .. 56 27 125 2.. 97 53 36 - .. 21 ..779

215608

125 2.. 69 11 79 21 217798

38 12 125 24 88 55 35..

18 2..

18 18

18 15

18 15

o 18 ~GIl Cd

ASC Cll

PRE Ctl

CAR Cll

H~W Cll

COAST TO PHASE MANeUVER

GTl Ctl

ASC Ctl

PRE Cb

9 60

9 6U

9 60

.. .. 56 27 12" 24 -81 27 -63 8 215969

.. .. 56 27 126 24 70 1" 75 19 216673

56 27 125 ~4 97 53 36 - .. 214779

4 5 6 27 12.. 23 -80 25 -6" 9 215R55

5 6 27 126 2.. 71 16 73 19 216351

4 5 6 27 125 2.. 99 5~ 3" -5 21 ..508

•



VEHICL~

CAR CB

HAW CB

2 HADAIl TAB~E

THAC'ING TH,E

HRS MIN SEC

9 60

9 60

76

STAll O'l AC"UISllION DATA

DAY HhS MIN SEC RA DEC ~Z <LV X

~ 56 27 125 2~ 90 59 31

56 27 125 2~ 97 71 19

ULLAGE FOR PHASING BURN

RANGE

21~589

-2 21~292

STATION TERMINATIO" DATA

DAY HRS "IN SEC RA DEC AZ ELV X

4 5 6 27 125 2~ 91 61 29

~ 6 27 125 24 99 73 17

Y "ANGE

o 21~321

-3 21~O~7

6TI CB

ASC CB

PHE CB

CAR CB

HAW W

7 27

5 27

27

1:7

27

PHASING BU~N

12~

126

125

125

125

23 -80

2~ 71

2~ 99

2~ 91

2~ 99

25 -6~

16 73

55 3~

61 29

73 17

9 215855

19 216351

-5 21~508

21~321

-3 21~O~7

5

5

5

5

5

6

6

6

35

35

35

35

35

12~

126

125

125

125

23

2~

24

2~

24

-80

71

99

91

9 Q

25 -6~

16 73

55 3~

61 29

73 17

9 215656

19 216 349

-5 21~506

n 21432n

-3 214n~6 •
IHI CB

ASC CD

PRE Cil

CAR Cil

HAW CB

35 12~ 23 -60

5 35 126 2~ 71

5 .6 35 125 2~ 99

5 j5 125 2~ 91

5 35 125 2~ 99

COAST AT eURN ATTlTuCE •

25 -6~

16 73

S5 3~

61 29

73 17

9 215856

19 2163~9

-5 21~506

214320

-3 214046

4 5

5

5

7

7

7

17

17

17

17

17

124

126

125

125

125

23

2~

24

2~

24

-80

71

99

91

QQ

25 -65

17 73

55 30

61 29

" 16

9 215859

19 216338

-5 21~~99

-1 214313

-3 214040

17 12~ 23 -PO 25 -65

17 12h 2~ 71 17 73

5 17 125 2~ 99 S5 3~

5 17 125 20 91 61 29

5 17 125 2~ 99 73 16

COAST TO JETTISON DESCENT STAGE

611 CB

A~C CU

PRE CB

CAR CB

HAW CB

ASC CB

PRE CB

CAR CB

60

6D

7 60

60

7 60

5

15

15

17 1<'6 20

17 126 24

17 12h 20

IP 71

~7 33

63 27

9 215859

19 216338

-5 214499

-1 2H313

-3 21~04D

18 216307

-6 214511

-1 214328

5 I')

15

10

15

15

50

50

50

17

17

17

17

17

11

15

124

126

1<'6

126

125

126

126

126

23

24

24

24

24

23

23

24

-79

71

Inl

92

In 1

24 -66

IA 11

57 33

63 27

75 15

25

63

70

10 215995

IR 216307

-6 214511

-1 21432R

-3 21~n75

1~ 2173~n

-A 21~771

-~ 2,.,fJl? •

•
•



•
•

G) 1 \,.11

.tl~C Ct:

t'hL e:l

l.Jll C.d

I dAU, l,.G T h,t:;

11,-<5 hF' st: .....

.):.J

,,, 17

14 20

14 1,

1<.+ 1....

79

ST"TIO'J ,iC"LJISIlIoq DATA

'MY tlhS ''''fi. seC r?1l, wEe ~l ELV RANGE

Jo 17 125 20 101 75 15 -3 21~075

1" 17 120 ,3 -79 24 -66 10 215995

\6 00 120 24 76 37 53 11 216578

j" 14 126 20 117 81 -~ 215233

"J 14 1?6 24 128 72 14 -11 215349

v, f~l 125 ~l~ -131 84 -4 -14 215204

39 33 125 23 -67 Q -81 23 218066

STATION TERMHIATIO" DATA

DAY HRS ~JN SEC RA DEC AZ ELV X Y RANGE

5 50 18 126 24 118 ~2 7 -4 215451

5 50 3~ 125 23 -74 17 -72 IS 217820

6 53 26 126 24 77 40 ~O 10 21~661

6 53 26 126 24 131 B4 ~ _4 2144~7

6 53 26 12~ 24 137 75 11 -11 214~57

6 53 26 126 24 -11~ 82 -8 _4 214473

53 26 125 23 -65 6 -~3 25 21748~

l?"j -:!. -f,5 F. -~3 2:> 217477

126 24 77 40 ,,9 10 215609

12t cO P7 75 11 -11 214547

1~4 125

26 127

26 126•

•
•

(;,11 Cb

A,C Cd

PKL Co

\:Ii 1 Ct;

~::)C C,'

htL C,-,

C"IiI

6

6

~j 26

53 2b

53 2.6

53 2t.J

53 2b

\0

;v

125 23 -65

126 2~ 77

126 24 137

126 24 131

126 24 -116

125 ;>3 -65

12'; ;)~ 77

1~6 ;:'l~ 1:37

126 ~4 131

12(' <;4 -lIb

6 -63 25 217465

40 50 10 215661

75 11 -11 214557

64 -4 214457

82 -8 -4 21,+473

6 -~3 25 217479

40 09 10 215652

75 11 -11 210509

R' 5 -4 210009

8\ -6 -4 2144-65

6

6

6

b

6

6

6

6

7

7

53

53

53

53

53

53

53

53

53

53

36

36

36

36

36

3B

38

3B

38

3~

125

126

126

126

126

125

126

126

126

126

23 -65

24 77

24 137

24 131

2~ -116

23 -65

24 77

24 137

24 132

24 -11~

23 -f4

2~ 7"

23 144

6 -83 25 217479

40 49 10 215652

75 11 -11 214549

~4 5 _4 21444Q

81 -8 -4 214465

6 -B3 25 217477

40 49 10 2156 4 Q

75 II -11 214 547

84 5 _4 214446

~I -R -~ 2144~3

-"4 26 217220

42 47 9 21~132

7~ Q -11 21010~



Vt.H1CLL

CAR Ctl

HAw Ctl

1{{IOAf.( 11\L.)1,J:.

rl1~('KIi>lG The:

MRS Mll~ Sc.\,;

9 "7

y "7

DAY ~,hS r"H~ SfC

')j jIJ

h ~.3 38

/lA U[C A1 fLV

12n 24 132 84

li:(l rtl -11fJ 81

80

HAN~JE

-it 211PUHl

- .. 21 .... 63

,T·~TI~:I: 11 h~'I'!{:l1 In· OflTI\

r"/.Y Hrl~-, 'I!l r;rc riA DF(" Al rtv nPIGF

26 12t"l 24 14Cl All -4 21unl~

26 1~6 24 -ltr An -to -4 21~nsr •
•

q -, 1 ~'1 'I ~ -'.

-ll' ? 1 1•... ',~

29

.2'J

29

It? 407 9 21::;1.32

7(, -11 2141r5

~S -4 214015

8" -1'1 -4 21(.;I'ib

;'llj 71'4

?3 14li

2" 1"9

2.'1 -110

l~) i7 rO

A~C C"

Pkl C"

CeR CU

HAl'l CH

ASC Ctl

PilE Ctl

CAR Ctl

HAW f~1J

10

10

10

I"

7

7

zq 127 2~ 78 42 47 9 ?l~l_'O

J 2Q 12f1 r3 14~ 76 9 -11 ~141n3

;.9 120 24 149 8~ -4 214013

;hJ }?f, ;1. -Un An -If; -4 ;'ll#fJ~,t)

4~ 1'-7 24.

.. ~ Vb ?~

45 1;6 2~

'/f: II")

144 7(..,

14g Ati

'i 7 "? I' 11'

J:\ -11 21'I rlllll

-4 2111nnu

A~C Ctl

Pt~E:.. CD

C,~t< Cb

tlfiw ({J

'.7 y? l~) 1 ll,l

(, -11 2!4iJ'l4

'f~' 1;l ,'(I -111, /111 -p, -4 ~'lq'I·.11

!d II lVI'I<-, f'! f'I',' T1' J,f K l' ir, •

;·1

?, '."

;""'"

•
.,

-I -1. ".

~Q "7 2, ,,6,-'7

_1 -1:' '" '. r, ~ t

'1

< 1

~1

71

-11 1,

-I '

'-?3 fl('

~.( ... 177

1,'7

1::'7

127

1;7

t ,")7

:11 1 ;'h

",.44 Ii ?14dS2

-II:' ~lTJt17

34 121\}t·.?7

-1 -12 cl l • tJ 31

')1

7".

"f,

n

? _~ f4lJ

?_' -117

I::'

4'. "'I ['

.. 4 (,.1

.',

,)1 ';") l"t ~'-lel. 7rl _\'1 _l :'L)~L,t.-,

T" C.d

A~C C"

•
•



81

ST"TlOIJ AC"lJISITIOti DATA

QAf hh~, rll,~ SCC RA DEC AZ ELV

q4 ~l! 1 27 ~:-, -125 8~ -6

't4 +Ij 1;>(, ?3 -99 71 -lY

CSI fll'fU

, RANGE

_4 21~04~

-3 215210

70 -20 -3 214685

11 78 21 217239

65 25 4 214800

72 -15 -11 21464~

58 -32 214999

126 23 -98

128 23 68

127 23 82

126 23 -127

126 23 -90

44 41

44 41

44 41

8 44 41

8 44 41

4

4

STATION TER~INATIOti DATA

0" HRS ~IN SEC RA DEC AZ ELV X

4 7 47 39 127 23 -122 82 -7

4 7 47 46 126 23 -98 70 -19

RANGE

-4 214A~7

-3 215039

120 n -100 72 -18 -3 215248

127 23 68 9 81 22 217901

127 23 Al 62 27 4 215385

126 23 -132 73 -13 -11 215137

126 23 -ql 60 -30 215446

f J3

3'+

J'+

A 34

p 34

b

11 37

lU

9 ~'+

9 '+~

9 ,+"

hf\lJ~:~ TAbLe

(HACK IN~ f 1 fIo"t:.

I'i~~ Mlr, st.c

09

C~h Cd

Cn Cu

A~C Cd

PHE CB

HAw Cb

ll1k CU

HA .... C.U

•
•

COA~l f') (;)t! •
Cll Cel

A:..C CL

P"t.: Cu

7

7

bU

oU

bU

oU

be

128 23 68

127 ;:3 fl2

12b 23 -127

120 2,~ _01'1

120 23 -Cfu

11 78 21 217239

6S 25 4 214800

7~ -10 -11 214643

70 -20 =3 21/H::65

52 41

52 41

52 41

52 41

52 41

128

127

12';

126

126

23 69

23 82

23 -123

23 -97

23 -89

13 77 21 216752

66 23 214370

7~ -11 -11 214281

6A -22 -2 21433~

5,; -l4 214668

•
ell Cl'

A;"C CL

~Ht.. Cb

C,..h etl

Hi-I'll Cb

12h 2~ fig

127 2,' 82

12" 23 -123

ILl' ;:'3 ·q7

12b 23 _I<q

D 77 21 21675<

6~ 23 j 214370

70 -17 -11 214281

6~ -22 -2 214330

5'; -34 214668

52 48

52 48

~2 48

52 48

~2 4A

128

127

1<6

126

126

23 69

23 P,2

23 -123

23 -97

23 -89

I~ 7~ 21 21~745

6~ 2~ 2143~5

7n -11 _11 214277

,;A -22 -2 214~30

5'; -l4 214663

en Ct..

~~(,; Cu

"'1"\1:. eLI 0"

1~ 76 21 ?16745

6A 23 ?14.3b5

7n -17 -11 214277

12R

127

127

23 69

23 132

23 -122

l' 16 21 216~43

61 ~3 21~lql

70 -17 -1" 214136

•
•



62

•

.1R~'JGE

-2 214 196

2145~P

17 71 ,0 21C1 4?

71 lq ?,~q~~

nn -?2 _In 2140~5

~'1, _'n -? 2]ll-1?1

23 7n

23 R?

23 -11<

:>3 -1)4

?3 -0

128

VR

127

177

127

1 ,

l'
1',

1'·

I"

<,T/"ITIOn TFRVHI/lTIC' O",TA

~flY HR5 "'In t;EC RA DEC A1 ELV

56 48 126 23 -96 67 -~3

56 48 126 23 -gP 5~ _~5

R,':<R

-2 7143jO

214b63

13 76 21 21b~43

67 23 2141°1

711 -17 -lU 2141jb

67 _?,T; -<2 2I41'Jc

23 6<3

;.:3 82

:'3 -1"2

,..-,~ -'::ff,

?~ _1'.1 1

,1

sr,\TIUI,j lie l'I':;IlIQIJ OAT"

D~Y tih'S ~Itl SEC rn l,;LC AZ FLV

G ,~ ," 12e 23 -97 6R -22

H r~'j 12h 23 -Pq Sf! _34

kf,JuE-ZVOUS I{AOAR TRACKING *

18 6u

Id hi.,.

ltj 60

10 bll

1l:: 6u

THA~H"b TIME

HRs MIN SEc

00

60

cn Co

A~C Crl

PH£. Co

~AR ctJ

t1AItl CiJ

CAR ce

HAlo Cll

~t..IlrCLL

en Co

A,C Cll

jJl~L tu

CM< Co

13

13

l.l

10

10

lu

lu

9 It>

i._

~ 'j

48 118 ~3 70

4R 12(; 23 k2

4 f , 1~'7 ~'."i -11:)

17 71 20 216142

71 19 2 ?13933

~h _22 -10 ?14J.5~

6' -~:i -~ ::"l;!l,'l

51 _ .•", ;;:: t':111')11~,

5G

59

'0

~3 70

2:!l e:

23 -III

20 hG

74 If>

10 2tf,4 2:-'

, 2'4~21

_t"l ?t'15~'"

.. , ? l 'lhV,

21 r04 Q

•
, p 21(,117 Q

., 21 ~,(t ," 1

_'1, 2, <; "ihf •

_t"'l 21'1';4f..

-1 ?1/jf>"jf'

~ 21~f'1f,'"

77 l?

"', _;>1"1

\.;i· ,)j f ~

121 ?~"i -111

1?7 23 -9?

121 ?3 -rfl1"

2Y

" ,1'.' ?ltd,"o:.

-,1 21q~j6

j ;? 1'>J)4C)

6"1 -30

4q -4.::

10 2n h~ lY 21u 4,

;'" -1]1

23 -92

1. I

117

1::'7

l)U

•"J

." ~

Ie

Ie

Ie

1"

Ie

'"

Cll ClJ

A..,C ClJ

rhl LiJ

\",It( Cb

.1 ... ." CLJ

(Yl UJ

A:.>C (.il

l-'I<l ell

•
•



83

~rATION ACJUISITION DATA

DAY' hHS 1\o11H SEC HI\ UEC AZ [LV X

~ 29 I> 127 23 -92 60 -30

~ 9 29 I> 127 23 -86 ~R -~2

COAST TO 2,~O BRAKH.G GATE •

•
•

CAR CU

h~"': Clj

HADAH rAUlE

Tt\~tl\lj\j1.1 T L~l

ilKS MIU St.c.

1~ 37

1~ ~u

COAST TO 3RD BRAKING GATE

COAST To ~TH BRAKING GATE •

RANGE

-1 21~650

3 215063

STATION TER"INATION DATA

DAY HRs "IN SEC RA DEC AZ ElV

~ 9 ~3 52 127 23 -90 57 -33

~ 9 ~3 55 127 23 -8~ ~5 -~~

Y RANG,

21~49~

4 21 ~941

CUAST TO 5TH BRAKIfjG GATE •

5TH BR,\KI~G MANEUVER

COAST To DOCKING

APS BURN TO DEPLETION

STATlc.l ACQUISITIUN DATA

-72 14 -70 10 216112

-77 21 -31 -60 21,70A

-dZ :)0 -34 5 214081

16 29 -0. 14215247

68 -/7 67 2.20132

73 5 -74 12 t.45181

t-8 ~ -77 07 267195

5 -67 -77 2SfSQ6

5 -75 -71 29627r

52 3c"orc

2' 224872

RANGE

22 218034

23

-85

-a5

'5 -Be, -6~ 228811

5 -77 -67 219483

kA DEC Ai ELV

130 22 -68

130 21 -07

133 21 -7f..

135 21 -6~,

1561110735

151 13 -78

154 12 -72

19 45

21 30 36

15 26 53

2C 43 27

STAT!fJN TERMINATION DATA

UAY HR S "IN SEC

13 52 56

14 34 27

17 10 30

RANG!:Al [Lvi'\A DEC

129 24

136 2:-

143 11

149 15

128 12

128 22

129 23

(j

1" 17

22 2"

I' 3' 52

CAY Hk~ MH', SEC

I J

13

35

')4 jo

21 18

jJ

?7 16

1 3 j3

,..;flJAR lAdlE

I,ALKIi\ili Tll'tl

rl~:::> .'11 111 S EL.

45 47

vI:: .... LLL t

GLd CS

GY,'1 Su

cr-.i3 cs•
17 MAY 6S 12.1 (.jAST Af-TE.< AP~ i.HJk:,. Iu DEPlET(()f-,J

•
•
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TABLE 2.0-IX. - MI SSION SHADOW T1MELINE •
(a) CSM

LIGHTING CONDITION FOR VEH 1

17 MAY 69 12.1 C()A ST FROI-1 En! TC HI

•VEH IN SUNLIGHT AT PHASE INI TI ATION

TI"IF SPENT IN REGION
DAY S HRS "II'lS sr:CS D~YS HRS ~INS SECS

VE~ ENTERIN~ FARTH PENU~BRA 0 <) 37- 22.5

0 0 0 7.~

VEH ENTERING EARTH UMBRA 0 0 32 30.3

0 0 37 11.8

VE~ ENTERING EARTH PENUMBRA 1 q 42.1

0 0 0 B.3

VEH ENTERING SUNLIGHT 0 1 9 50.4

0 0 50 39.7

VE~ ENTERING EARTH PENU~RPA () 2 ') 3001

0 0 0 1.8 •VEH ENTERING ~ARTH UMRPfI I) 2 ') 38.0

17 MAY 69 12.1 COAST FRCM TLl TO LOI 1

•
•
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• LIGHTI~G eONDITICN FOR VEH 1

17 MAY 69 72.1 COAST FROM LOI 1 TO LOI 2

VI:H IN SUN l-IGHT AT PHASE INITIATION

• TIME SPENT IN REGION
DAYS HRS MINS SEes DAYS HRS MINS SEes

VEH ENTERING LUNAR PENUMBRA 3 5 12 34.4

0 0 0 13.0

VEH ENTERING LUNAR UMBRA 3 5 12 47.4

0 0 46 28.1

VEH ENTERING LUNAR PENUMBRA 3 5 59 15.5

0 0 0 15.4

VEH ENTERING SUNLIGHT 3 5 59 30.9

0 1 21 32.4

VEH ENTERING LUNAR PENUMARA 3 7 21 3.4

0 0 0 14.4

VEH ENTERING LUNAR UMBRA 3 7 21 17.7

• 0 0 46 29.3

V=H ENTERING LUNAR PENUMBRA 3 8 7 47.0

0 0 0 12.6

VEH ENTERING SUNLIGHT 3 il 7 59.6

17 MA Y 69 72.1 COAST FROM LOI 2 TO LM SEPARAT ION

LIGHTING CONDITION FOR VEH 1

17 MAY 69 72.1 COAST FROM TLI Te LOll

17 MAY 69 72.1 COAST FROM LOll TO LOI 2

•
•

VEH IN ~UN LIGHT AT PHASE INITIATICN

DAYS HRS MINS SEes
TIME SPENT IN REGION

DAYS HRS MINS SEes
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•LIGHTING CONDITION FOR VEH 1

17 MAY 6q 72.1 COA ST FROM LOI 2 TC LM SEPARATION

VEH IN SUN LIGHT AT PHASr:: INITIATION

T I "1E SPENT IN REGION
OAYS HRS MII\lS SEes nAYS HRS MINS SECS •VFH OJ TEP I~IG LUNAR PEf\lU"1PRA '3 9 21 '5S.3

0 0 0 10.4

VFH ENH'R I NG LUNAR UMBRA '3 9 ~2 8.7

C' I) 46 5.6

VEH ENTERING LUNAP PI' NUMAR A 3 10 II 14.3

C' I) 0 10.7

VEH ENTER I"lG SUNL I GHT 3 10 8 25.0

0 12 16.0

VE~ ENTERI"lG LUNAR PENlJMPRA 3 11 2Cl 41.0

0 t) 0 10.2

VEt-' ENTER I'-lG LUf\lAR UMPPA " 11 21 51.2

C 0 45 5q.3 •VEH ",NT!,R If\lr, LUNAR PI' NlJ"1f\ RA 'I 12 & 50.'5

0 0 0 10.&

VEH FNHR I"lG SUNLIGHT 3 12 7 1.2

0 1 12 16.5

VF~ ENTER ING LU"lAR PENU"1ARA 3 n 19 11.7

I) 0 1,).1l

VEl-! ENTER PIG LUNAR UMBRA 3 13 P 28.'5

'J 46 4.8

V~H FNTfR IN" LUNAR PfNU"1ARA 1 14 '5 3 3. '3

0 I) 0 14.9

V~I-! ENTER INS SUNL I r.HT 'I 14 '5 41l.2

•
•
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I • LIGHTING CONDITION FOR VEH 1

TI "IE SPENT IN REGION
DAYS HRS roll NS SEes DAYS HRS MINS SEes

•
0 1 12 3.0

VEH ENTERING LUNAR PFNUMBRA 3 15 17 51.3

0 I) 0 15.1

VEH ENTERING LUNAR UMBRA 3 15 18 6.4

0 0 46 4.9

VEH ENTERING LUNAR PENUMBRA 3 16 4 11.3

0 0 0 10.8

VEt' ENTERING SUNLIGHT 3 16 4 22.1

0 1 12 16.4

VEH ENTERING LUNAR PE NUMBR A 3 17 16 38.4

0 0 0 10.6

V;::H ENTERING LUNAR U~8R~ 3 17 16 49.1

0 0 45 59.2

• VEH etHER ING LUNAR PFNUMRRA 3 18 2 48.3

0 0 0 10.2

VEH ENTERING SUNLIGHT 3 18 2 58.5

0 12 16.2

VEH ENTERING LUNAR PENUMRRA 3 19 15 14.7

0 0 0 10.7

VEH ENTERING LUNAR UMBRA 3 19 15 25.4

0 0 46 5.6

VEH FNTER IflJG LUNAR PE NU~BR A 3 20 31.0

0 r'l () 10.3

VEH EflJTERING SUNLIGHT 3 20 1 41.4

•
•
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•LIGHTING CONDITION FOR VEH 1

TIM~ SPt=NT IN REGION
DAYS H~<; "1INS SEes DAYS HRS to1INS SEes

0 12 10.7

VEH ENTER ING LUNAR PFNUMBR A '3 21 13 52.1 •0 '1 0 8.4

V"I-< F.NTEPI"IG LUNAR UMBR.\ 3 21 14 • 5

0 0 46 7.6

VEH FNTER ING LUNAR PENUMRRA '3 22 !) 8.1

0 0 0 10.9

VEH ENTERING SUNL I GHT '3 22 1 19.C

0 12 16.5

VEH ENTERI"IG LUNAR PENIIMBRA :3 23 1 :? 35.5

(1 0 0 10.A

VEH ENTERING LUNAR UMRRA "3 .,3 1~ 46.3

0 46 4.3

VEl' ENTER 1"11, LUt'AQ PENUMBRA 3 23 'B 5:>.6 •0 0 0 13.8

VEl' FNTER ING Sl;NL IGHT '3 2 ~ 59 4.3

0 12 7.6

VIOl' ENTFRING LUNAR PENLJ"IBRA 4 1 11 12.0

0 ~ 0 1'1.0

VEl' I:NTER 1"11, LUNAR UMARA 4 11 22.5

r) 46 6.0

VEH ENTER 1"11, LUNAR PE NUMRR A 4 57 28.5

(1 0 0 10.5

V",H ENTEIlING SUNL I GHT 4 51 l'J.n

17 MAY 69 ?2.1 COAST FRCM LM SEP TO L~ JETTISON

•
•
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• LIGHTING CONDITION FOR VEH 1

17 ~hY 69 72.1 COAST FROM LM SEP TO LM JETT I SON

VEH IN SUN LIGHT AT PHASE INITIATION

• TI~E fPENT IN REGION
DAYS HRS MINS SEes DAYS HRS MINS SEes

VEl- ENTERING LUNAR PENUMBRA 4 3 9 52.8

0 ') 0 10.7

VC:H ENTERING LUNAR UMBRA 4 3 10 3.6

0 0 46 5.4

VEH ENTER ING LUNAR PENUMBRA 4 3 56 9.0

0 I) 0 3.5

Vt:H ENTER ING SUNLIGHT 4 3 56 12.5

0 1 12 16.7

VIOH ENTER ING LUNAR PENUMBRA 4 5 g 29.2

0 f) 0 10.6

VEH ENTERING LUNAR UMBRA 4 5 B 39.1'1

• 0 0 46 5.0

VEl- ENTERING LUNAR PENUMBRA 4 5 54 44.8

I) 0 0 10.4

VEH ENTERING SUNLIGHT 4 5 54 55.2

0 1 12 13.5

VEl' ENTER ING LUNAR PENUMPRA 4 7 7 8.7

0 f) 0 8.3

VtoH I=NTERING LUNAR UMARA 4 7 7 17.0

') () 46 4.4

\lEH ENTER I"-lG LUNAR PE'NUMBRA 4 7 53 21.4

(\ 0 0 10.9

vc:f-' ENTERING SUNLIGHT 4 7 5~ 32.3

•
•
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•LIGHTING CONDITION HlR VEH 1

T I ME SPENT IN REGION
r;AYS HRS "I HIS SECS DAYS HRS MINS SECS

0 1 12 11.5

VEH ENTERI% LUNAR PE"NU~flRA 4 9 5 49.8 •0 0 0 10.8

VFH ENTE:QI'j(~ LUNAR UMBRA 4 ~ 6 .6

0 0 46 2.1

VE'H ENHQI'JG LUNAR PF NII...,I\R f\ 4 q 5~ 2.8

0 0 I) II • '?

VEf' ':NTFR 11Ij\; SUNLIGHT 4 g 52 14.6

() 1 12 1l.9

VEH ENTERI\lC; LUIIJAR PfNUMBRA 4 II 4 26.6

0 0 0 10.5

VEH ENTER ING LUNAR UMeRA 4 11 4 37.1

() 0 46 5.1

VFH ENT~O Ir-.,r, LUNAR PE NlJMflR II 4 11 5) 42.1 •0 I) I) 10.';

VEf-' FNF"OPJG '>IJNL rGHT 4 11 5 ,o) ';1.."7

17 "'AY 69 77.1 COAST FR:::M L~ JETT ISCN TO TE I

•
•

------ ---
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• LIGHTING CONOITION FOR VEH 1

17 MAY 69 72 .1 COAST FROM LM JETTY SON TO TEl

VEH IN SUN LIr.HT AT PHASE INITlATIO"l

• TIME SPENT IN R!:GION
DAYS HRS MI"lS SEes DAYS HRS MINS SECS

VEl- ENTEQI"lG LUNAR PENUMBRA 4 1'3 3 10.9

0 0 0 10.7

Vt.=H E~iTER INC, LUNAR WolARI\ 4 13 3 21.6

0 (') 46 6.3

VEl-' ':NTERING LIJNAR PF NU"1E\R A 4 13 49 27.9

0 0 0 2.9

VEH ENTEP ING SUNLIGHT 4 13 49 30.8

0 12 16.4

VEH ENTERING LUNi\R PF NIJ"1AR A 4 15 1 47.2

0 0 0 10.6

VEl-' ENTFQ ING LUNAR UMRRA 4 15 1 57.8

• 0 n 46 5.3

VEH ENTIOR ING LUNAR PFNU"1RPA 4 15 4;3 3.1

0 0 0 10.4

VEl-' ENTER ING SUNLIGHT 4 15 48 13.';

0 1 12 12.9

VEl-' lCNTEP ING LUNAR PFNIJ"1BRA 4 17 1 26.4

0 0 0 8.3

VEl-' ENTER I~JG LU'IIAR U~9RA 4 17 } 34.R

0 " 46 5.0

VF\-< E~JTER 1"<(; LIJNAR P[ ,,<U..,PRA 4 17 4'> 39.8

0 0 0 10.9

VEl-' ENTER ING SUNLIGHT 4 17 46 50.7

•
•
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•LI GHTI NG CONDIT tON FD~ VF'H 1

Tt ME SPENT tN REG IJN
QAY5 H~S ...,11115 SECS fHYS HRS "1 INS SF'CS

() 12 1 7 • 1

VEH F~JTFR I"lG l UNA~ PE NlJ~RR A 4 18 51 7.A •f\ f) .i. 'L·~ •

VEH EN TEQ INC, LUNAR UMARA 4 18 59 18.6

0 r) 46 2. 1

VEH ENTERING LUNAR PENUMBRA 4 P 45 20.7

0 J (i 1;;: • "

VEl-< r:NH'RING SUNLIGHT 4 11 45 ~~.'i

() 12 11 • /1

VFH F~ITFQ 1"lG LUNIIR PE NUMRR II 4 "'i~ 57 44.5

11 0 10.5

VEH ENTERI"JG LUNAR UMBRA 4 20 57 55.t

(' n 4h '>.4

V'=H FN EO" I N(; LUNAR PFNU"1APA 4 21 44 • 5 •"I 'J 1( ."

V'""H FNT"RPJG SUNLlr,HT 4 n 44 11.,)

0 12 q. J l

V"I-' FNTFP PIG LUNAR PfNU"1f\R 1\ 4 22 5'> ;>S.I:>

r 14 •

VEl-< "N TER I"IG LUNAR UfIIRP \ 4 2,2 ';" '14.1-}

.) ; 40 ., .
I.• l

VCH [~IT=R Ii'.)(; LUt\.\ R PF' NlJ"'f'(1I1 4 n 4? 16.7

(' 0 0 1(... k

Vel-< E~j TE~ I "lG SUNLIGHT 4 n 4? 47.';

•
•
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• LIGHTING CONDITION FOR VEH 1

TIME SPENT IN REG ION
DAYS f-lRS "IINS SEes DAYS HRS MINS SEes

0 12 17.1

• Vt'H ENTERING LUt\JAR PE NUMflR A 5 0 55 4.6

0 0 0 10.9

Vi=f-l ENTFRING LIJNAR UMBRA 5 I) 55 15.5

0 I) 46 6.4

VEH C'NTER ING LUNAR PI" NUMAR II 5 41 21.9

0 0 0 8.3

V"f-l FNT"R ING SUNLIGHT 5 1 41 30.2

0 1 12 11.9

\It::H ENTERING LUNAR PENIJMP,R A 2 53 42.1

0 0 0 10.4

\lFH ENTER I"lG LUr-.jAR UMBRA 5 2 53 52.5

0 n 46 5.2

• \lfH ENT"R ING LUNAR PfNU"1BRA 5 3 3g 57.7

0 0 C 10.7

VFf; ENTfP, Ir-.jG SUNLIGHT ] 4) 8.3

0 1 12 16.4

VFH E"lTERI~JG LUNIIR PE ~!lI"1HR A 5 4 '52 24.7

0 0 0 1.8

V"H EI\JTf'RING LUNAR U/-'BRA 4 52 26.5

0 () 46 1.3

VEH EN T"p 11\Jr'; LUr-.jAR P"NIJ"1(\PA 5 '5 3'3 33.8

0 I) 0 10.6

VJ=H ENTERING SUNLIGHT <; '5 38 44.5

•
•



•LIGHTI~r, CCNDITION FOR VEH 1

TIME SPENT IN REGION
DAYS HRS /oI1'IS srcs f)!\YS HRS MINS SECS

,., 12 11.1

VEl-! ENTERING LUNAR P[ NUMR RA 6 51 1.') •0 0 C' 10.R

VFH GNTERINr. LUNAR UMBRA <; 6 <;1 12.1

I) 0 46 4.2

VEH FNT~RINr. LUNAR PF t\JUMBR A 1 11 16.6

0 a c 14.(,

VEH ENTFRING SUNLIGHT <; 7 37 31.1

11 MAY 6q 72.1 C')A<;T FRC/ol T",T TO ENTRY

LIGHTINr. CCt\JOITICN FnR VEH 1

11 MAy ~q 72.1 COAST FPOM TEl Tn FNTRy •
VFH IN SIIN L!r,HT AT PHASF INITIATICN

CAYS H~S MINS SECS
TIMr SP~NT IN RFr,ION

nAYS ~qS MINS SECS

VEH ENTERING EARTH P(NII'1RRA

VEl' ENT~R ING ~ARTH tlMRRI\

7

7

22 <;~

2? <; 7

54.1

o t''I

•
•



•
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TABLE 2.0-IX. - MISSION SHADOW T1MELINE - Concluded

lbl LM

~luHTING CONDITION FO~ ~EH l

~ENO~ZUUUS RADAN TNACKING •

U~H EN AT PHASE INITIATION

DAYS MRS MINS StCS

U~H ENTERIN~ ~UNAN UMBRA

COAST TO 001 BUR,~ •

ULLAGE FOR 001 BUNN

DO I ~UNN

riME SPENT IN REGION
DAYS HRS MINS sECS

~lu"TIN~ CONDITluN FOR UEN l

NEND~ZUOUS RADA~ TNACKIN~ •

• UEH EN AT PHASE INITIATION

DAYS MRS MINS ~~es

CO A'> , To P'iASE M~;,LUUER

rlM~ SPENT IN NEGION
DAYS HNS MIN~ SEes

LIGHTING CONDITION fON vEM l

COAST TO PHASE MANLUVEH

~~H ~N AT PHASE INITIATION

DAYS HRS MINS SEes
TIME SPENT IN NLGIU~

OArS HNS ~~NS SEeS

•
•

ULLAGE FOR PHA51Nb ~DNN

PHA,IN(., BURN

{.1}A'iT A.f HU~N ~rT1TUDf

eUAST Tll JETTISON o'-5e~NI SIAGE
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•LIGHTIN~ CONDITION FO~ VEH 2

VlH IN AT PHASE INITIATION

COAST TO JE'TI~or~ IllSClNl STAbE

•
TIMl SPtNT IN REGIUN

DAYS HRS MINS SECS

5 ~IlVlH [NTERINb SUNLIGHT

LM-0lSCENT STAGL JlITISON •

LH ASClNT ~ET~O UuRN •

COAST TO IN5tRTION •

eOA~1 fJ RENIlELVJu~ NAOAR 'RACKIN~ •

LlbHTINb CONDITiON FOR VEH 2

REllOELlluuS "ADAR T"ACKINb •

COAST TO RENUELvOUS RADAR TRACKING •

VlH EN AT PHASE INITIATION

•
liME SPlNT IN REGION

OAYS MRS MINS sEes

20.78

OAYS HRS MINS SE(S

COAsI TO (51

V E H ;: N A I PH AS E I" I 1 I A1 I II 'i

TIME SPENI IN REGlON
1l,YS H"S MINS SEeS

u. I

NlNUElvuUS "ADAH IHACKING •

COAST Tv CO" •
COH tiU""

COAST 10 RENDEZVOUS RAOAR IRACKIN~ •

RENUELVOUS HAUA" '''ACKING •

•



•
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LIGHTI~G CONDITION FOR VEH Z

RENDEZVUUS HADAR TRACKING.

DAYS HRS MINS SEes

VEri [NTCHING LUNAR UMHRA q

•
LUNAR f'[NUMURA ItH E~ AT f'HASE INITIATION

COAS1 TO 1f'I

Tf'1 ilUllN

COAST To l~T BRAKING GATE

11, J

TIME SPENT IN REGION
DAYS HRS MINS SEes

•

COAST TO I~T UHAKING GATE

LIGHTI~G CONDITION fOH VEH Z

•
LUNAR f'[NUMilRA VEH EN AT f'HASE INITIATIO~

DAYS H~S MINS SECS
TIHE SPENI IN REGION

DAYS HRS MINS SEes

VEH EN1£R!~~ SUNLIGHT

COAST TO 2~O ilRAKING GAlE

Jl,q

•
.. 1 I,~ Y D

COAST To 3RD HRAKING GATE

,SI HRAKING HANIUVER

CUASI 10 qTH URAKING GATE

2NU ilHAKING MANlUvEH

JRU BHAKING MANEUVER

AT PilA~f lliiTIATIUN

•
•

TI~~ ~f'L~T l~ klGluN
lJ"YS HI<> .11'~S SEes

\1":''-1 i j T c: ~ 1,'tG L Ut',;'~k Pc '~u...., n,\ Po. 4 1 ~ H 43."

21 .4

"w _ r' (.\1 Tc. i", IIJu ~ Ui'fL I lrlf " . , , , ? • 2



TABLE 5.5-1.- SUMMARY OF EVENTS FROM TLl CUTOFF THROUGH LOX DUMP •
Time from Time from ':'B-7 Event

TLI ignitiona b
~lec

0 Hold cutoff attitude

20 Command and hold local
horizontal

900 Initiate maneuver to
separation attitude

1200 Freeze separation attitude
inertially

1800 1500 Begin SC separation!SLA
jettison

1835 1535 Null 0.3 fps separation
rate

1840 1540 Pitch 180° (SC)

1960 1660
Null pitch
Start roll 60°

2080 1780 Null 0.5 fps separation
rate and initiate 1 fps
closing rate

2230 1930 Null 1 fps closing rate

2235 1935 Begin dock

~V, Commentsfps

•
Latest time for

maneuver to be
completed

0.8

.3 -X RCS

1. 5!deg!sec

.5 deg!sec

1.5 +X RCS

1 -X RCS

5700

5800

6300

7500

5400

5500

6iloo

7200

Ll~!CSM undock from S-IVB

Maneuver to evasive
maneuver attitude

Begin 31'S evasive maneuver

Heceive F';round command to
start TB-t\

1.6

20

Estimated worst
case dock
completed by
TLl plus 1.5 hr

Spring ejection
and 5 sec -X RCS

Pitch down 75° with
respect to local
horizontal
0.5 deg!sec rates

SPS between 1:35
and 1: 50 after
TLI

Earliest possible
time to initiate
TB-8

•

'l.'l'rll' ~)C naneuver times will be rC'ferenced to 'I'Ll ignition, the LV maneuvers to TD-I.

bThc tir:1cS of the SC maneuvers referenced to TB-7 (colur.1n ~) are approximate and
ba;,pd on a 300-second 'rLI burn time. The.se timef', will change us TLl burn time change~;.

L- -"- -'- _

7505

8220

7205

7')20

Start maneuver to LOX dwnp
attitude

Init i:ttL' LOI dump

Local horizontal
attitude
pitch = 191,0
yaw = 0°
~oll = 180°

120
~---"----------------'

•
•
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TABLE 5.7-1.- TARGET LOAD FOR L01-l

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

(a) Target

• t
1G

, hr:min:sec, g. e. t. 76:08:17.58

~VX' fps -2864.9

6Vy ' fps 43.7

6VZ' fps -92.0

Weight, lb 93 133

(b)

•
0.93365762

-0.07075493

-0.35110853

-0.34652012

-0.42639754

-0.83552915

(c) Gimbal angles at t
1G

-0.090594013

0.90176432

-0.42262731

•
•

1GA, deg 221

MGA, deg 0

OGA, deg 0
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TABLE 5.8-1.- TARGET LOAD FOR LOI-2

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

(a) Target

•
t

1G
, hr :min: sec, g.e.t. 80: 32 :11. 97 •6VX' fps -137.5

6Vy ' fps 0.0

6VZ' fps -4.0

Weight, lb 70 162

-0.35110853 -0.83552915 -0.42262731

(c) Gimbal angles at t 1G

0.93365762

-0.07075493

(b) REFSMMAT

-0.34652012

-0.42639754

-0.090594013

0.90176432

•
1GA, deg

MGA, deg .

OGA, deg

210

359

360

•
•
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(c) Gimbal angles at t
IG

IGA, deg -71.5

MGA, deg -0.3

OGA, deg 0.1

•

•
•
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TABLE 5.11-111._ TARGET LOADS FOR PHASING MANEUVER

[Propulsion system: 1M DPS]

(a) Target

t IG , hr:min:sec, g.e.t. . · 101:06:34.9

!::.Vx' fps · . . . · . · · . 173 .02

!::.vy' fps · · · · . 0.0

!::.vz' fps . . . . · . . . . . . · · . · · · -86.62

Weight, Ib . . · . . · · · · · · 30 952.1

• (b) REFSMMAT

XSM .93365762 -.34652012 -.090594013 XI

YSM = -.07075492 -.42639752 .90176434 YI

ZSM -.35110854 -.83552916 -.42262729 ZI MNBY

•
•

(c) Gimbal angles at t IG

IGA, deg --97.8

MGA, deg -0.3

OGA, deg 0.0
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TABLE 5.11-IV.- TARGET LOADS FOR INSERTION MANEUVER

[Propulsion system: 1M APS]

(a) Target

t IG , hr:min:sec, g.e.t. . . . 103:03:29.2

t1V , fps -190.11
x

t1V , fps . . . . . . 0.0
y

fjV , fps . . . . -96.70
z

Weight, Ib 8380.1

(b) REFSMMAT

XSM .93365762 -.34652012 -.090594013 XI

YSM = -.07075492 -.42639752 .90176434 YI

ZSM -.35110854 -.83552916 -.42262729 ZI MNBY

(c) Gimbal angles at t IG

•
•

•

IGA, deg . . 61.0

MGA, deg 0.3

OGA, deg -180.0

•
•



(b) REFSMMAT

XSM .93365762 -.34652012 -.090594013 XI

YSM = -.07075492 -.42639752 .90176434 YI

ZSM -.35110854 -.83552916 -.42262729 ZI MNBY

(c ) Gimbal angles at t IG

•

105

TABLE 5.11-V.- TARGET LOADS FOR CSI MANEUVER

[Propulsion system: LM RCS]

(a) Target

t
IG

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

~V , fps
x

~V , fps
Y

tN , fps
z

Weight, Ib

103:54:39.9

50.32

0.0

0.0

8202.9

IGA, deg 105.8

MGA, deg 0.3

OGA, deg -0.1

•
•
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TABLE 5.11-VI.- TARGET LOADS FOR CDR MANEUVER

[Propulsion system: 1M RCS]

(a) Target

t
IG

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

f:::.V , fps
x

104: 52: 41.1

-0.7

•
•

f:::.V , fps
Y

f:::.V , fps
z

Weight, lb

. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .

0.0

5.78

8155.9

(b) REFSMMAT

XSM .93365762 -.34652012 -.090594013 XI

YSM = -.07075492 -.42639752 .90176434 YI

ZSM -.35110854 -.83552916 -.42262729 ZI MNBY

(c ) Gimbal angles at t IG

•
IGA, deg -74.3

MGA, deg -0.3

OGA, deg 0.1

•
•



(b) REFSMMAT

XSM .93365762 -.34652012 -.090594013 XI

YSM = -.07075492 -.42639752 .90176434 Y1

ZSM -.35110854 -.83552916 -.42262729 Z1 MNBY

(c) Gimbal angles at t 1G

•
•

•

107

TABLE 5.11-V11.- TARGET LOADS FOR TPI MANEUVER

[Propulsion system: LM ReS]

(a) Target

t IG , hr:min:sec, g.e.t.

t::.V , fps
x

t::.V , fps
y

tJV , fps
z

Weight, Ib

105:28:59.2

22.0

0.0

-11.3

8150.6

1GA, deg -159.1

MGA, deg -0.2

OGA, deg -0.3

•
•
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TABLE 5.14-1.- TARGET LOAD FOR TEl

[Propulsion system: BPS, guidance: external ~V]

(a) Target

t IG , hr :min: sec, g.e.t. 127:51:34.78

~VX' fps . 3238.9

~Vy , fps . -263.0

~VZ' fps . . . . 94.7

Weight, lb . . . . 37 858

•
•

0.93365762

-0.07075493

-0.35110853

(b) REFSMMAT

-0.34652012

-0.42639754

-0.83552915

-0.090594013

0.90176432

-0.42262731 •(c) Gimbal angles at t IG

IGA, deg . 50

MGA, deg 357

OGA, deg 180

•
•
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TABLE 5.16-11.- COMMAND MODULE MASS PROPERTIES •
CM weight

Entry, Ib . . . . . . . .
Main chute deployment, Ib
Splashdown, Ib . . . . .

Center of gravity in Apollo
coordinate system

12 121. 5
11 564.7
10 902.5 •

xA' in.

Y
A

, in.

ZA' in.

Moment of inertia

lXX' slug-ft 2 .

I yy ' slug-ft 2

I Z2 ' slug-ft 2

Product of inertia

I XY ' slug-ft 2

I XZ slug-ft 2
,

I yZ ' slug-ft 2

. . . .

1040.9

-0.2

5.8

5824

4826

4757

44

-427

3

•

•
•
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III

TABLE 5.16-III . - 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 E

Altitude, ft ....•....

Target geodetic latitude, deg S

Target longitude, deg W ....

191:18:16

36 210

-6.49

98.56

-18.315

171. 29

399 720

20.25

165
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TABLE 5.16-v.- ENTRY REFSMMAT AND GIMBAL ANGLES AT EI

(a) REFSMMAT

.89680623 .41920909 -o1414~9~~
-.25520260 .22903267 _o9393b9b

J-.36140037 .87852591 .31238118

•

•
•

(b) Gimbal angles

IGA, deg .

MGA, deg

OGA, deg .

156

o

o
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