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1.0 SUMMARY

The purpose of the Apollo 11 mission was to land men on the lunar
surface and to return them safely to earth. The crew were Neil A. Arm—
strong, Commander; Michsel Collins, Command Module Pilot; and Edwin E.
Aldrin, Jr., Lunar Module Pilot.

The space vehicle was launched from Kennedy Space Center, Florida,
at 8:32:00 a.m., e.s.t., July 16, 1969. The activities during earth
orbit checkout, translunar injection, transposition and docking, space-
craft ejection, and translunar coast were similar to those of Apollo 10.
Only one midcourse correction, performed at sbout 27 hours elapsed time,
was required during translunar coast.

The spacecraft was inserted into lunar orbit at about 76 hours, and
the circularization maneuver was performed two revolutions later. Initial
checkout of lunar module systems was satisfactory, and after a planned
rest period, the Commander and Lunar Module Pilct entered the lunar module
to prepare for descent.

The two spacecraft were undocked at about 100 hours, followed by
separation of the command and service modules from the lunar module.
Descent orbit insertion was performed at approximately 101-1/2 hours, and
powered descent to the lunar surface began about 1 hour later. Operation
of the guidance and descent propulsion systems was nominal. The lunar
module was maneuvered manually approximately 1100 feet downrange from the
nominal landing point during the final 2-1/2 minutes of descent. The
spacecraft landed in the Sea of Tranquillity at 102:45:40. The landing
coordinates were O degrees 41 minutes 15 seconds north latitude and 23 de-
grees 26 minutes east longitude referenced to lunar map ORB-II-6(100)},
first edition, December 1967. During the first 2 hours on the surface,
the two crewmen performed a postlanding checkout of all lunar module sys-
tems. Afterwards, they ate their first meal on the moon &and elected to
perform the surface operations earlier than planned.

Considerable time was deliberately devoted to checkout and donning
of the back-mounted portable life support and oxygen purge systems. The
Commander egressed through the forward hatch and deployed an equipment
module in the descent stage. A camera in this module provided live tele-
vision coverage of the Commander descending the ladder to the surface,
with first contact made at 109:24:15 (9:56:15 p.m. e.s.t., July 20, 1969).
The Lunar Module Pilot egressed soon thereafter, and both crewmen used
the initial period on. the surface to become acclimated to the reduced
gravity and unfamiliar surface conditions. A contingency sample was taken
from the surface, and the television camera was deployed so that most of
the lunar module was included in its view field. The crew activated the
scientific experiments, which included a solar wind detector, a passive



seismometer, and a laser retro-reflector. The Lunar Module Pilot evalu-
ated his ability to operate and move sgbout, and was able to translste
rapidly and with confidence. Forty-seven pounds of lunar surface material
were collected to be returned for analysis. The surface exploration was
concluded in the allotted time of 2-1/2 hours, and the crew reentered the
lunar module at 111-1/2 hours.

Ascent preparation was conducted efficiently, and the ascent stage
lifted off the surface at 124-1/k hours. A nominal firing of the ascent
engine placed the vehicle into a 45- by 9-mile orbit. After a rendezvous
sequence similar to that of Apollo 10, the two spacecraft were docked at
128 hours. Following transfer of the crew, the ascent stage was Jetti-
soned, and the command and service modules were prepared for transearth
injection.

The return flight started with a 150-second firing of the service
propulsion engine during the 31st lunar revolution at 135~1/2 hours. As
in translunar flight, only one midcourse correction was required, and
passive thermal control was exercised for most of transearth coast. In-
clement weather necessitated moving the landing point 215 miles downrange.
The entry phase was normal, and the command module landed in the Pacific
Ccean at 195-1/4 hours. The landing coordinates, as determined from the
onboard computer, were 13 degrees 19 minutes north latitude and 169 de-
grees 09 minutes west longitude.

After landing, the crew donned biological isolation garments. They
were then retrieved by helicopter and teken to the primary recovery ship,
US8 Hornet. The crew and lunar material samples were placed in the
Mobile Quarantine Facility for tramsport to the Lunar Receiving Labora-
tory in Houston. The command module was taken aboard the Hornet sbout
3 hours after landing.

With the completion of Apollo 11, the natiocnal cobjective of landing
men on the moon and returning them safely to earth before the end of the
decade had been accomplished.



2.0 INTRODUCTION

The Apollo 11 mission was the eleventh in a series of flights using
Apollo flight hardware and was the first lunar landing mission of the
Apollo Program. It was also the fifth manned flight of the command and
service modules and the third manned flight of the lunar module. The pur--

pose of the missicn was to perform a manned lunar landing and return safely
to earth.

Because of the excellent performance of the entire spacecraft, only
the systems performance that significantly differed from that of previous
missions is reported. The ascent, descent, and landing portions of the

mission are reported in section 5, and the lunar surface activities are
reported in section 11.

A complete analysis of all flight data is not possible within the
time allowed for preparation of this report. Therefore, report supple-
ments will be published for the guidance and control system, propulsion,
the biomedical evaluation, the lunar surface photography, the lunar sample
analysis, and the trajectory analysis. Other supplements will be publish-
ed as need is identified.

In this report, all actual times are elapsed time from range zero,
established as the integral second before lift-off. Range zerc for this

mission was 13:32:00 G.um.t., July 16, 1969. All references to mileage
distance are in nautical miles.



3.0 MISSION DESCRIPTION

The Apollo 11 mission accomplished the basic mission of the Apollo
Program; that is, to land two men on the lunar surface and return them
safely to earth. As a part of this first lunar landing, three basic
experiment packages were deployed, lunar material samples were collected,
and surface photographs were taken, Two of the experiments were a part
of the early Apollo scientific experiment package which was developed for
deployment on the lunar surface. The sequence of events and the flight
plan of the Apollo 11 mission are shown in table 3-I and figure 3-1, re-
spectively.

The Apollo 11 space vehicle was launched on July 16, 1969, at
8:32 a.m. e,s.t., as planned. The spacecraft and S-IVB were inserted
into a 100.7- by 99.2-mile earth parking orbit. After a 2-1/2-hour
checkout period, the spacecraft/S-IVB combination was injected into the
translunar phase of the mission. Trajectory parameters after the trans-
lunar injection firing were nearly perfect, with the veloecity within
1.6 ft/sec of that planned. Only one of the four options for midcourse
corrections during the transiunar phase was exercised. This correction
was made with the service propulsion system at approximately 26-1/2 hours
and provided a 20.9 ft/sec velocity change. During the remaining periods
of free-attitude flight, passive thermal control was used to maintain
spacecraft temperatures within desired limits. The Commander and Lunar

‘Module Pilot transferred to the lunar module during the translunar phase

to make an initial inspection and preparations for systems checks shortly
after lunar orbit insertion.

The spacecraft was inserted into a 60- by 169.7-mile lunar orbit at
approximately 76 hours. Four hours later, the lunar orbit circulariza-
tion maneuver was performed to place the spacecraft in a 65.7- by
53.8-mile orbit. The Lunar Module Pilot entered the lunar module at
about 81 hours for initial power-up and systems checks. After the plan-
ned sleep periocd was completed at 93-1/2 hours, the crew donned their
suits, transferred to the lunar module, and made final preparations for
descent to the lunar surface. The lunar module was undocked on time at
about 100 hours. After the exterior of the lunar module was inspected
by the Command Module Pilot, a separation maneuver was performed with the
service module reaction control system.

The descent orbit insertion maneuver was performed with the descent
propulsion system at 101-1/2 hours. Trajectory parameters following this
maneuver were as planned, and the powered descent initiation was on time
at 102-1/2 hours. The maneuver lasted approximately 12 minutes, with
engine shutdown cccurring almost simultaneously with the lunar landing
in the Sea of Tranquillity. The coordinates of the actual landing point
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were O degree 41 minutes 15 seconds north latitude and 23 degrees 26 min-
utes east longitude, compared with the planned landing point of 0 degree
43 minutes 53 seconds north latitude and 23 degrees 38 minutes 51 seconds
east longitude. These coordinates are referenced to Lunar Map ORB-II-6
(100), first edition, dated December 1967.

A 2-hour postlanding checkout was completed, followed by a partial
power-down of the spacecraft. A crew rest period was planned to precede
the extravehicular activity to explore the lunar surface. However, the
crew elected to perform the extravehicular portion of the mission prior
tc the sleep period because they were not cverly tired and were adjusting
easily to the 1/6 gravity. After the crew donned their portable life sup-
port systems and completed the required checkouts, the Commander egressed
at about 109 hours. Prior to descending the ladder, the Commander deployed
the equipment module in the descent stage. The television camera located
in the module operated satisfactorily and provided live television cover-
age of the Commander's descent to the lunar surface. The Commander col-
lected the contingency lunar material samples, and approximately 20 min-
utes later, the Lunar Module Pilot egressed and dual exploration of the
lunar surface began.

During this exploration period, the television camera was deployed
and the American flag was raised on the lunar surface. The solar wind
experiment was alsc deployed for later retrieval. Both crewmen evalu-
ated their mobility on the lunar surface, deployed the passive seismic
and laser retro-reflector experiments, collected about 47 pounds of lunar
material, and obtained photographic documentation of their activities
and the conditicns around them. The crewmen reentered the lunar module
after about 2 hours 14 minutes of exploration.

After an B-hour rest period, the crew began preparations for ascent.
Lift-off from the lunar surface occurred on time at 124:22:00.8. The
spacecraft was inserted into a 48.0- by 9.4-mile orbit from which a ren-
dezvous sequence similar to that for Apollo 10 was successfully performed.

Approximately 4-1/2 hours after lunar module ascent, the command
module performed a docking maneuver, and the two spacecraft were docked.
The ascent stage was Jjettisoned in lunar orbit and the command and
service modules were prepared for transearth injection at 135-1/2 hours.

The activities during transearth coast were similar to those during
translunar flight. The service module was separated from the command
module 15 minutes before reaching the entry interface at 400 000 feet
altitude. After an automatic entry sequence and landing system deploy-
ment, the command module landed in the Pacific Ocean at 195-1/2 hours.

The postlanding procedures involving the primary recovery ship, USS Hornet,
included precautions to avoid back-contamination by any lunar organisms,
and the crew and samples were placed in quarantine.
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After reaching the Manned Spacecraft Center, the spacecraft, crew,
and samples entered the Lunar Receiving Laboratory quarantine area for
continuation of the postlanding observation and analyses. The crew and
spacecraft were released from quarantine on August 10, 1969, after no
evidence of abnormal medical reactions was observed.
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TABLE 3-~I.- SEQUENCE OF EVENTS

Bvent hr:iiiiéec
Range zero - 13:32:00 G.m.t., July 16, 1969
Lift-off 00:00:00.6
S-IC outboard engine cutoff 00:02:41.7
S-IT engine ignition (command) 00:02:43.0
Launch escape tower Jettison 00:03:17.9
S8-II engine cutoff 00:09:08.3
S-IVB engine ignition (command) 00:09:12.2
S-1VB engine cutoff 00:11:39.3
Translunar injection maneuver 02:4h4:16.0%
Command and service module/S-IVB separation | 03:17:04.6
First docking 03:24:03.1
Spacecraft ejection 0k:16:59.1
Separation maneuver (from S-IVB) OLk:40:01.8%
First midcourse correction 26: 4L 58, 7%
Lunar orbit insertion 75:4G:50. b#*
Lunar orbit circularization 80:11:36.8%
Undocking 100:12:00
Separation maneuver (from lunar module) 100:39:52.9%
Descent orbit insertion 101:36:1h*
Powered descent initiation 102:33:05,.2%
Lunar landing 102:45:39.9
Egress (hatch opening) 109:07:33
Ingress (hatch closing) 111:39:13
Lunar lift-off 124:22:00.8%
Coelliptic sequence initiation 125:19:36%
Constant differential height maneuver 126:17:L9 .6%
Terminal phase initiation 127:03:51.8%

*¥Engine ignition time.
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TABLE 3~I.~ SEQUENCE OF EVENTS - Concluded

3-5

Event hr:iii?éec
Docking 128:03:00
Ascent stage Jettison 130:09:31.2
Separation maneuver (from ascent stage) 130:30:01%
Transearth injection maneuver 135:23:42, 3%
Second midcourse correction 150:29:5T7.4¥%
Command module/service module separation 19k:49:12.7
Entry interface 195:03:05.7
Laending 195:18:35

*Engine ignition tine.
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4.0 PILOTS' REPORT

4,1 PRELAUNCH ACTIVITIES

All prelaunch systems operations and checks were completed on time
and without difficulty. The configuration of the environmental control
system included operation of the secondary glycol loop and provided com-
fortable cockpit temperature conditions.

4,2 LAUNCH

Lift-off occurred precisely on time with ignition accompanied by a
low rumbling noise and moderate vibration that increased significantly
at the moment of hold-down release. The vibration magnitudes decreased
appreciably at the time tower clearance was verified. The yaw, pitch,
and roll guidance-program sequences occurred as expected. No unusual
sounds or vibrations were noted while passing through the region of max-
imum dynamic pressure and the angle of attack remained near zero. The
S-IC/5-II staging sequence occurred smoothly and at the expected time.

The entire S-II stage flight was remarkably smooth and quiet and the
launch escape tower and boost protective cover were jettisoned normally.
The mixture ratio shift was accompanied by a hoticeable accelerstion
decrease. The S-II/S-IVB staging sequence occurred smoothly and approx-
imately at the predicted time. The S-IVB insertion trajectory was com-
pleted without incident and the automatic gulidance shutdown yielded an
insertion-orbit ephemeris, from the command module computer, of 102.1 by
103.9 miles. Communication between crew members and the Network were
excellent throughout all stages of launch.

4.3 EARTH ORBIT COAST AND TRANSLUNAR INJECTION

The insertion checklist was completed and a series of spacecraft
systems checks disclosed no abnormalities. All tests of the navigation
equipment, including alignments and drift checks, were satisfactory.
The service module reaction control thrusters were fired in the minimum
impulse mode and verified by telemetry.

No abnormalities were noted during preparation for translunar injec-
tion. TInitiation of translunar injection was accompanied by the proper
onbcard indications and the S-IVB propellant tanks were repressurized on
schedule,
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The S-IVB stage reignited on time at 2:44:16 without ignition or
guidance transients. An apparent 0.5- to 1l.5-degree pitch-gttitude error
on the attitude indicators was not confirmed by the command module com-
puter, which indicated that the gttitude and attitude rate duplicated the
reference trajectory precisely (see section 8.6). The guided cutoff
yielded a velocity very close to that expected, as indicated by the on-
board computer. The entry monitor system further confirmed that the for-
ward velocity error for the translunar injection maneuver was within
3.3 ft/sec.

L.}  TRANSPOSITION AND DOCKING

The digital autopilot was used for the transposition maneuver sched-
wled to begin 20 seconds after spacecraft separation from the S-IVB. The
time delay was to allow the command and service modules to drift about
70 feet prior to thrusting back toward the S-IVB. Separation and the be-
ginning of transposition were on time. In order to assure a pitch-up
maneuver for better visibility through the hatch window, pitch axis con-
trol was retained in a manual mode until after a pitch-up rate of approx
imately 1 deg/sec was attained. Control was then given to the digital
autopilot to continue the combined pitch/roll maneuver. However, the
autopilot stopped pitching up at this point, and it was necessary to re-
establish manual control (see section 8.6 for more discussion of this
subject). This cycle was repeated several times before the autopilot
continued the transposition maneuver. Consequently, additional time and
reaction control fuel (18 pounds above preflight nominal) were required,
and the spacecraft reached a maximum separation distance of at least
100 feet from the S-IVB.

The subseguent closing maneuvers were made normally under digital
autopilot control, using a 2-deg/sec rate and 0.5-degree deadband control
mode. Contact was made at an estimated 0.1 ft/sec, without side velocity,
but with a small roll misalignment. Subsequent tunnel inspection revealed
a roll index angle of 2.0 degrees and a contact mark on the drogue 4 inches
long. Lunar module extraction was normal.

4,5 TRANSLUNAR COAST

The S3-1VB was targeted to achieve a translunar injection cutoff
velocity 6.5 ft/sec in excess of that required to place it on the desired
free-return trajectory. This overspeed was then cancelled by a service
propulsion correction of 20 ft/sec at 23 minutes after spacecraft ejec-
tion.
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Two periods of cislunar midcourse navigation, using the command
module computer program (P23), were planned and executed. The first,
at 6 hours, was primarily to establish the apparent horizon altitude for
optical marks in the computer. The first determination was begun at a
distance of approximately 30 000 miles, while the second, at 24 hours,
was designed to accurately determine the optical bias errors. Excess
time and fuel were expended during the first period because of difficulty
in locating the substellar point of each star. Ground-supplied gimbal
angles were used rather than those from the onboard computer. This tech-
nique was devised because computer sclutiocns are unconstrained about the
optics shaft axis; therefore, the computer is unable to predict if lunar
module structure might block the line of sight to the star. The ground-
supplied angles prevented lunar module structure from occulting the star,
but were not accurate in locating the precise substellar point, as evi-
denced by the fact that the sextant reticle pattern was not parallel to
the horizon. Additional maneuvers were required to achieve a parallel
reticle pattern near the point of horizon-star superposition.

The second period of navigation measurements was less difficult,
largely because the earth appeared muich smaller and trim maneuvers to the
substellar point could be made much more quickly and economically.

The digital autopilot was used to initiate the passive thermal con-
trol mode at a positive roll rate of 0.3 deg/sec, with the positive lon-
gitudinal axis of the spacecraft polnted toward the ecliptic north pole
during translunar coast (the ecliptic south pole was the direction used
during transearth coast). After the roll rate was established, thruster
firing was prevented by turning off all 16 switches for the service mod-
ule thrusters. In general, this method was highly successful in that it
maintained a satisfactory spacecraft attitude for very long periods of
time and allowed the crew to sleep without fear of either entering gimbal
lock or encountering unacceptable thermal conditions. However, a refine-
ment to the procedure in the form of a new computer routine is required
to make it foolproof from an operator's viewpoint. [Editor's note: A
new routine {(routine 64) is available for Apollc 12.] On several occa-
sions and for several different reasons, an incorrect computer-entry
procedure was used, resulting in a slight waste of reaction control pro-
pellants. Satisfactory platform alignments (program P52, option 3) using
the optics in the resolved mode and medium speed were pcssible while ro-
tating at 0.3 deg/sec.

4.6 LUNAR ORBIT INSERTION

The spacecraft was inserted into a 169.9- by 60.9-mile orbit based
on the onboard computer with a 6-minute service propulsion maneuver.
Procedurally, this firing was the same as all the cother service propulsion
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maneuvers, except that it was started using the bank-B propellant valves
instead of bank-A. The steering of the docked spacecraft was exception-
ally smooth, and the control of applied velocity change was extremely
accurate, as evidenced by the fact that residuals were only 0.1 ft/sec
in all axes.

The circularization meneuver was targeted for a 66- by Sh-mile orbit,
s change from the 60-mile circular orbit which had been executed in pre-
vious lunar flights. The firing was normally accomplished using bank-A
propellant valves only, and the onboard solution of the orbit was 66.1 by
54,4 miles. The ellipticity of this orbit was supposed to slowly dis-
appear because of irregularities in the lunar gravitational field, such
that the command module would be in a 60-mile circular orbit at the time
of rendezvous. However, the onboard estimate of the orbit during the
rendezvous was 63.2 by 56.8 miles, indicating the ellipticity decay rate
was less than expected. As a result the rendezvous maneuver solutions
differed from preflight estimates.

4.7 LUNAR MODULE CHECKOUT

Two entries were made into the lunar module prior to the final activ-
ation on the day of landing. The first entry was made at about 5T hours,
on the day before lunar orbit insertion. Television and still cameras
were used to document the hatch probe and drogue removal and initial entry
into the lunar mecdule. The command module oxygen hoses were used to pro-
vide circulation in the lunar module cabin. A leisurely inspection period
confirmed the proper positioning of all circuit breaker and switch set-
tings and stowage items. All cameras were checked for proper operation.

4.8 DESCENT PREPARATTON

4.8.1 Iunar Module

The crew was awakened sccording to the flight plan schedule. The
liquid cooling garment and biomedical harnesses were donned. In antici-
pation, these items had been unstowed and prepositioned the evening bhe-
fore. Following a hearty breakfast, the Lunar Module Pilot transferred
into the lunar module to accomplish initial activation before returning
to the command module for suiting. This staggered sulting segquence
served to expedite the final checkout and resulted in only two crew-
members in the command module during each suiting operation.
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The sequence of activities was essentially the same as that developed
for Apollo 10, with only minor refinements. Numerous Network simulations
and training sessions, including suited operations of this mission phase,
insured the completion of this exercise within the allotted time. As in
all previous entries into the lunar module, the repressurization valve
produced a loud "bang" whenever it was positioned to CLOSE or AUTO with
the cabin regulator off. Transfer of power from the command module to
the lunar module and electrical power system activation were completed on
schedule.

The primary glycol loop was activated about 30 minutes early, with
a slow but immedliate decrease in glycol temperature. The activation con-—

-tinued to progress smoothly 30 to L0 minutes ahead of schedule. With the

Commander entering the lunar module early, the Lunar Module Pilot had
more than twice the normally allotted time to don his pressure suit in
the command module.

The early powerup of the lunar module computer and inertial measure-
ment unit enabled the ground to calculate the fine gyro torquing angles
for aligning the lunar module platform to the command module platform
before the loss of communications on the lunar far side. This early
alignment added over an hour to the planned time available for analyzing
the drift of the lunar module guidance system.

After suiting, the Lunar Module Pilot entered the lunar module, the
drogue and probe were installed, and the hatch was closed. During the
ascent-battery checkout, the variations in voltage produced a noticeable
pitch and intensity variation in the already loud noise of the glycol
pump. Suit-loop pressure integrity and cabin regulator repressurization
checks were accomplished without difficulty. Activation of the abort
guidance system produced only one minor anomaly. An illuminated portion
of one of the data readout numerics failed, and this resulted in some
ambiguity in data readout (see section 16.2.7).

Following command module landmark tracking, the vehicle was maneu-
vered to obtain steerable antenna acquisition and state vectors were up-
linked into the primary guidance computer. The landing gear deployment
was evidenced by a slight jolt to the vehicle. The reaction control,
descent propulsion, and rendezvous radar systems were activated and
checked out. ZEach pressurization was confirmed both audibly and by in-
strument readout.

The abort guidance system calibration was accomplished at the pre-
planned vehicle attitude. As the command and service modules maneuvered
both vehicles to the undocking attitude, & final switch and circuit break-
er configuration check was accomplished, followed by donning of helmets
and gloves.
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4,8.2 Command Module

Activities after lunar orbit circularization were routine, with the
time being used primarily for photographs of the lunar surface. The
activation of the lunar module in preparation for descent was, from the
viewpoint of the Command Module Pilot, a well organized and fairly lei-
surely period. During the sbort guidance system calibration, the command
module was maintained at s fixed attitude for several minutes without fir-
ing thrusters. It was easy to stabilize the spacecraft with minimum im-
pulse control prior to the required period so that no thruster firings
were needed for at least 10 minutes.

The probe, drogue, and hatch all functioned perfectly, and the
operation of closing out the tunnel, preloading the probe, and cocking
the latches was done routinely. Previous practice with installation and
removal of the probe and drogue during translunar coast was most helpful.

Two periods of orbital navigation (P22) were scheduled with the lu-
nar module attached. The first, at 83 hours, consisted of five marks on
the Crater Kamp in the Foaming Sea. The technique used was to approach
the target area in an inertial attitude hold mode, with the X-axis being
roughly horizontal when the spacecraft reached an elevation angle of
35 degrees from the target, at which point a pitch down of approximately
0.3 deg/sec was begun. This technique was necessary to assure a 2-1/2
minute mark period evenly distributed near the zenith and was performed
without difficulty.

The second navigation exercise was performed on the following day
shortly prior to separstion from the lunar module. A series of five marks
was taken on a small crater on the inner north wall of crater 130. The
previously described technique was used, ‘except that two forward firing
thrusters (one yaw and one pitch) were inhibited to preclude thrust im-
pingement on the deployed rendezvous—-radar and steerable antennas. The
reduced pitch authority doubled the time required, to approximately
3 seconds when using acceleration command, to achieve a 0.3 deg/sec pitch-
down rate. In both cases, the pitch rate was achieved without reference
to any onboard rate instrumentation by simply timing the duration of
acceleration-command hand controller inputs, since the Command Module
Pilot was in the lower equipment bay at the time.

To prevent the two vehicles from slipping and hence upsetting the
docked lunar module platform aligmment, roll thruster firings were in-
hibited after probe preload until the tunnel had been vented to approxi-
mately 1 psi. Only single roll jet authority was used after the 1 psi
point was reached and until the tunnel pressure was ze€ro.



L.9 UNDOCKING AND SEPARATION

Particular care was exercised in the operation of both vehicles
throughout the undocking and separation sequences to insure that the lu-
nar module guidance computer maintained an accurate knowledge of position
and velocity.

The undocking action imparted a velocity to the lunar module of
0.4 ft/sec, as measured by the lunar module primary guidance system. The
abort guidance system disagreed with the primary system by approximately
0.2 ft/sec, which is well within the preflight limit. The velocity was
nulled, assuming the primary system to be correct. The command module
undocking velocity was maintained until reaching the desired inspection
distance of 40 feet, where it was visually nulled with respect to the
lunar module.

A visual inspection by the Commsnd Module Pilot during a lunar module
360-degree yaw maneuver confirmed proper landing gear extension., The
Junar module maintained position with respect to the command module at
relative rates believed to be less than 0.1 ft/sec. The 2.5-ft/sec, radi-
ally downward separation maneuver was performed with the command and serv-
ice modules at 100 hours to enter the planned equiperiod separation orbit.

4,10 LUNAR MODULE DESCENT

The first optical alignment of the inertial platform in preparation
for descent orbit insertion was accomplished shortly after entering dark-
ness following separation. The torquing angles were approximately 0.3 de-
gree, indicating an error in the docked alignment or some platform drift.
A rendezvous radar lock was achieved manually, and the radar boresight
coincided with that of the crew optical sight. Radar range was substan-
tiated by the VHF ranging in the comnand module.

4,10.1 Descent Orbit Insertion

The descent orbit insertion maneuver was performed with the descent
engine in the manual throttle configuration. Ignition at the minimum
throttle setting was smocth, with no nolse or sensation of acceleration.
After 15 seconds, the thrust level was advanced to 4O percent, as planned.
Throttle response was smooth and free of oscillations. The guided cutoff
left residuals of less than 1 ft/sec in each axis. The X- and Z-axis
residuals were reduced to zero using the reaction control system. The
computer-determined ephemeris was 9.1 by 57.2 miles, as compared with the
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predicted value of 8.5 by 57.2 miles. The abort guidance system con-
firmed that the magnitude of the maneuver was correct. An asdditional eval-
uation was performed using the rendezvous radar to check the relative ve-
locity between the two spacecraft at 6 and 7 minutes subsequent to the
maneuver. These values corresponded to the predicted data within 0.5 ft/
sec.

4,10.2 Alignment and Navigation Checks

Just prior to powered descent, the angle between the line of sight
to the sun and a selected axis of the inertial platform was compared with
the onboard computer prediction of that angle and this provided a check
on inertial platform drift. Three such measurements were all within the
specified tolerance, but the 0.08-degree spread between them was somewhat
larger than expected.

Visual checks of downrange and crossrange position indicated that
ignition for the powered descent firing would occur at approximately the
correct location over the lunar surface. Based on measurements of the
line-of-sight rate of landmarks, the estimates of altitudes converged on
a predicted altitude at ignition of 52 Q00 feet above the surface. These
measurements were slightly degraded because of a 10- to 1l5-degree yaw bias
maintained to improve communications margins.

4.10.3 Powered Descent

Ignition for powered descent occurred on time at the minimum thrust
level, and the engine was automatically advanced to the fixed throttle
point (maximum thrust) after 26 seconds. Visual position checks indi-
cated the spacecraft was 2 or 3 seconds early over a known landmark, but
with very little crossrange error. A yaw maneuver to a face-up position
was initiated at an altitude of about 45 900 feet approximately U minutes
after ignition. The landing radar began receiving altitude data immedi-
ately. The altitude difference, as displayed from the radar and the com-
puter, was approximately 2800 feet,

At 5 minutes 16 seconds after ignition, the first of a series of
computer alarms indicated a computer overload condition. These alarms
continued intermittently for more than % minutes, and although continua-
tion of the trajectory was permissible, monitoring of the computer infor-
mation display was occasionally precluded (see section 16.2.5).

Attitude thruster firings were heard during each major attitude
maneuver and intermittently at other times. Thrust reduction of the
descent propulsion system occurred nearly on time (planned at 6 minutes
2L seconds after ignition), contributing to the prediction that the
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landing would probably be downrange of the intended point, inasmuch as
the computer had not been corrected for the observed downrange error.

The transfer to the final-approach-phase program (P6L) occurred at
the predicted time. After the pitch maneuver and the radar antenna posi-
tion change, the control system was transferred from automatic to the
attitude hold mode and control response checked in pitch and roll. Auto-
matic control was restored after zeroing the pitch and yaw errors.

After it became clear that an automatic descent would terminate in a
boulder field surrounding a large sharp-rimmed crater, manual control was
again assumed, and the range was extended to avoid the unsatisfactory land-
ing area. The rate-of-descent mode of throttle control (program P66) was
entered in the computer to reduce altitude rate so as to maintain suffi-
cient height for landing-site surveillance.

Both the downrange and crossrange positions were adjusted to permit
final descent in a small relatively level area bounded by a boulder field
to the north and sizesble craters to the east and south, Surface obscura-
tion caused by blowing dust was apparent at 100 feet and became increas-
ingly severe as the altitude decreased, Although visual determination of
horizontal veloecity, attitude, and altitude rate were degraded, cues for
these varisbles were adequate for landing., Landing conditions are esti-
mated to have been 1 or 2 ft/sec left, O ft/sec forward, and 1 ft/sec
down; no evidence of vehicle instability at landing was observed.

4,11 COMMAND MODULE SOLO ACTIVITIES

The Command Module Pilot conscolidated all known documentation re-
quirements for a single volume, known as the Command Module Pilot Solo
Book, which was very useful and took the place of a flight plan, rendez-
vous book, updates book, contingency extravehicular checklist, and so
forth. This book was normally anchored to the Command Module Pilot by
a clip attached to the end of his helmet tie-down strap. The sleep period
was timed to coincide with that of the lunar module crew so that radio
gilence could be observed. The Command Module Fiiot had complete trust
in the various systems experts on duty in the Mission Control Center and
therefore was able to sleep soundly. '

The method used for target acquisition (program P22) while the lunar
module was on the surface varied considerably from the docked case. The
optical alignment sight reticle was placed on the horizon image, and the
resulting spacecraft attitude was maintalned at the orbital rate manually
in the minimum impulse control mode., Once stabilized, the vehicle main-
tained this attitude long enocugh to allow the Command Module Pilot to
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move to the lower equipment bay and take marks. He could also move from
the equipment bay to the hatch window in a few seconds to cross-check
attitude. This method of operation in general was very satisfactory.

Despite the fact that the Command Module Pilot had several uninter-
rupted minutes each time he passed over the lunar module, he could never
see the spacecraft on the surface. He was able to scan an area of approx-—
imately 1 square mile on each pass, and ground estimates of lunar module
position varied by several miles from pass to pass. It is doubtful that
the Command Module Pilot was ever locking precisely at the lunar module
and more likely was observing an adjacent area. Although it was not pos-
sible to assess the ability to see the lunar module from 60 miles, it was
apparent there were no flashes of specular light with which to attract
his attention,

The visibility through the sextant was good enough to allow the
Command Module Pilot to acquire the lunar module (in flight) at distances
of over 100 miles. However, the lunar module was lost in the sextant
field of view just prior to powered descent initiation (120-mile range)
and was not regained until after ascent insertion (at an approximate range
of 250 miles), when it appeared as a blinking light in the night sky.

In general, more than enough time was available to monitor systems
and perform all necessary functions in a leisurely fashion, except during
the rendezvous phase. During that 3-hour period when hundreds of computer
entries, as well as numerous marks and other manual operations, were re-
quired, the Command Module Pilot had little time to devote to analyzing
any off-nominal rendezvous trends as they developed or to cope with any
systems malfunctions. Fortunately, no additional attention to these de-
tails was required.

4.12 LUNAR SURFACE OPERATIONS

4,12.1 Postlanding Checkout

The postlanding checklist was completed as planned., Venting of the
descent oxidizer tanks was begun almost immediately. When oxidizer pres-
sure was vented to between 40 and 50 psi, fuel was vented to the same
pressure level, Apparently, the pressure indications received on the
ground were somewhat higher and were increasing with time (see section
16.2.2). At ground request, the valves were reopened and the tanks vented
to 15 psi.
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Platform alignment and preparation for early 1lift-off were completed
on schedule without significant problems. The mission timer malfunctioned
and displayed an impossible number that could not be correlated with any
specific failure time. After several unsuccessful attempts to recycle
this timer, it was turned off for 11 hours to cool. The timer was turned
on for ascent and it operated properly and performed satisfactorily for
the remainder of the mission (see section 16.2.1).

4.12.2 Egress Preparation

The crew had given considerable thought to the advantage of begin-
ning the extravehicular activity as soon as possible after landing instead
of following the flight plan schedule of having the surface operations be~
tween two rest periods. The initial rest period was planned to allow
flexibility in the event of unexpected difficulty with postlanding activ-
ities. These difficulties did not materialize, the crew were not overly
tired, and no problem was experienced in adjusting to the 1/6-g environ-
ment. Based on these facts, the decision was made at 104:40:00 to pro-
ceed with the extravehicular activity prior to the first rest veriod.

Preparation for extravehicular activity began at 106:11:00. The es-—
timate of the preparation time proved to be optimistic. In simulations,
2 hours had been found to be a reasonable allocation; however, everything
had also been laid out in an orderly manner in the cockpit, and only those
items involved in the extravehicular activity were present. In fact,
there were checklists, food packets, monoculars, and other miscellanecus
items that interfered with an orderly preparation. All these items re-
quired some thought as to their possible interference or use in the extra-
vehicular activity. This interference regulted in exceeding the timeline
estimate by a considerable amount. Preparation for egress was conducted
slowly, carefully, and deliberately, and future missions should be plan-
ned and conducted with the same philosophy. The extravehiculsar activity
preparation checklist was adequate and was closely followed. However,
minor items that required a decision in real time or had not been con-
sidered before flight required more time than anticipated.

An electrical connector on the cable that connects the remote con-
trol unit to the portable life support system gave some trouble in mating
(see section 16.3.2). This problem had been occasionally encountered
using the same equipment before flight. At least 10 minutes were required
to connect each unit, and at one point it was thought the connection
would not be successfully completed.

Considerable difficulty was experienced with voice communications
when the extravehicular transceivers were used inside the lunar module.
At times communications were good but at other times were garbled on the



h-12

ground for no cbvious reason. Outside the vehicle, there were no appreci-
able communication problems. Upon ingress from the surface, these diffi-
culties recurred, but under different conditions. That is, the voice
dropouts to the ground were not repeatable in the same manner.

Depressurization of the lunar module was one aspect of the mission
that had never been completely performed on the ground. In the various
altitude chamber tests of the spacecraft and the extravehicular mobility
unit, a complete set of authentic conditions wes never present. The de-
pressurization of the lunar module through the bacteria filter took much
longer than had been anticipated. The indicated cabin pressure 4id not
go below 0.1 psi, and some concern was experienced in opening the forward
hatch against this residual pressure. The hatch appeared to bend on ini-
tial opening, and small particles eppeared to be blown out around the
natch when the seal was broken (see section 16.2.6).

4.12.3 Lunar Module Egress

. Simulation work in both the water immersion facility end the 1/6-g
environment in an airplane was reasonsbly saccurate in preparing the crew
for lunar module egress. Body positioning and erching-the-back techniques
that were required to exit the hatch were performed, and no unexpected
problems were experienced. The forward platform was more than adequate
to allow chenging the body position from that used in egressing the hatch
to that required for getting on the ladder. The first ladder step weas
somewhat difficult to see and required caution and forethought. In gen-
eral, the hatch, porch, and ladder operation was not particularly diffi-
cult and caused little concern. Operations on the platform could be
performed without losing body balance, end there was adequate room for
maneuvering.

The initial operation of the lunar equipment conveyor in lowering
the camers was satisfactory, but after the straps had become covered with
lunar surface materisl, & problem arcse in transporting the equipment back
into the lunar module. Dust from this equipment fell back onto the lower
crewmember and into the cabin and seemed to bind the conveyor so as to
require considerable force to operate it. Alternatives in transporting
equipment into the lunar module had been suggested before flight, and
although there was no opportunity to evaluate these techniques, it is
believed they might be an improvement over the conveyor.
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4.12.4 Surface Exploration

Work in the 1/6-g enviromment was a pleasant experience. Adaptation
to movement was not difficult and seemed to be quite natursl. Certain
specific peculiarities, such as the effect of the mass versus the lack of

traction, can be anticipated but complete familiarization need not be
pursued.

The most effective means of walking seemed to be the lope that
evolved naturally. The fact that both feet were occasionally off the
ground at the same time, plus the fact that the feet did not return to
the surface as rapidly as on earth, required some anticipation before at-
tempting to stop. Although movement was not difficult, there was notice-
able resistance provided by the suit.

On future flights, crewmembers may want to consider kneeling in order
to work with their hands. Getting to and from the kneeling position would
be no problem, and being able to do more work with the hands would incresse
the productive capability.

Fhotography with the Hesselblad cameras on the remote control unit
mounts produced no problems. The first panorama was taken while the
camera wasg hand-held; however, it was much easier to operate on the mount.
The handle on the camera was adequate, and very few pictures were trig-
gered inadvertently. ’

The solar wind experiment was easily deployed. As with the other
operations involving lunar surface penetration, it was only possible to
penetrate the lunar surface material about 4 or 5 inches. The experiment
mount was not quite as stable as desired, but it stayed erect.

The television system presented no difficulties except that the cord
was continually getting in the way. At first, the white cord showed up
well, but it soon became covered with dust and was therefore more diffi-
cult to see. The cable had & "set" from being coiled around the reel and
would not lie completely flat on the surface. Even when it was flat,
however, a foot could still slide under, and the Commander became en-
tangled several times (see section 16.3.1).

Collecting the bulk sample required more time than anticipated be-
cause the modular equipment stowage sssembly table was in deep shadow,
and collecting samples in that area was far less desirasble than taking
those in the sunlight. It was also desirable to take samples as far from
the exhaust plume -and propellant contamination as possible, An attempt
wes made to include a hard rock in each sample, and a total of sbout
twenty trips were required to fill the box. Asg in simulations, the dirf-
ficulty of scooping up the material without throwing it out as the sCOOop
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became free created some problem. It was almost impossible to collect a
full scoop of material, and the task required sbout double the planned
time.

Several of the operations would have been easier in sunlight. Al-
though it was possible to see in the shadows, time must be allowed for
dark adaptation when walking from the sunlight into shadow. On future
missions, it would be advantageous to conduct a yaw maneuver just prior
to landing so that the descent stage work area is in sunlight.

The scientific experiment package was easy to deploy msnually, and
some time was saved here. The package was easy to mesnage, but finding
a level area was quite difficult. A good horizon reference was not avail-
able, and in the 1/6-g environment, physical cues were not as effective
as in one-g. Therefore, the selection of a deployment site for the exper-
iments caused some problems. The experiments were placed in an area be-
tween shallow craters in surface material of the same consistency as the
surrounding area and which should be stable. Considerable effort was
required to change the slope of one of the experiments. It was not pos-
sible to lower the equipment by merely forcing it down, and it was nec-
essary to move the experiment back and forth to scrape away the excess
surface material.

No abnormal conditions were noted during the lunar module inspection.
The insulation on the secondary struts had been damaged from the heat,
but the primary struts were only singed or covered with soot. There was
much less damage than on the examples that had been seen before flight.

Obtaining the core tube samples presented some difficulty. It was
impossible to force the tube more than 4 or 5 inches into the surface ma-
terial, yet the material provided insufficient resistance to hold the ex-
tension handle in the upright position. Since the handle had to be held
upright, this precluded using both hands on the hammer. In addition, the
resistance of the suit made it difficult to steady the core tube and still
swing with any great force. The hammer actually missed several times.
Sufficient force was obtained to make dents in the handle, but the tube
could only be driven to a depth of about 6 inches. Extraction offered
little or virtually no resistance. Two samples were taken.

Insufficient time remained to take the dccumented sample, although
as wide a variety of rocks was selected as remaining time permitted.

The performance of the extravehicular mobility unit was excellent.
Neither crewman felt any thermal discomfort. The Commander used the mini-
mum cooling mode for most of the surface operation. The Lunar Module
Pilot switched to the maximum diverter valve position immediately after
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sublimator startup and operated at maximum position for 42 minutes before
switching to the intermediate position. The switch remained in the inter-
nmediate position for the duration of the extravehicular activity. The
thermal effect of shadowed areas versus those areas in sunlight was not
detectable inside the suit.

The crewmen were kept physically cool and comfortable and the ease
of performing in the 1/6-g environment indicate that tasks requiring
greater physical exertion may be undertaken on future flights. The Com-
mander experienced some physical exertion while transporting the sample
return container to the lunar module, but his physical limit had not been
approached,

4.,12.5 Lunar Module Ingress

Ingress to the lunar module produced no problems. The capability
to do a vertical jump was used to an advantage in making the first step
up the ladder. By doing a deep knee bend, then springing up the ladder,
the Commander was able to guide his feet to the third step. Movements
in the 1/6-g environment were slow enough to allow deliberate foot place-
ment after the jump. The ladder was a bit slippery from the powdery sur-
face material, but not dangerously so.

As previously stated, mobility on the platform was adequate for
developing alternate methods of transferring equipment from the surface.
The hatch opened easily, and the ingress technique developed before
flight was satisfactory. A concerted effort to arch the back was required
when about half way through the hatch, to keep the forward end of the port-
able life support system low enough to clear the hatch. There was very
little exertion associated with transition to a standing position.

Because of the bulk of the extravehicular mobility unit, caution had
to be exercised to avoid bumping into switches, circuit breakers, and
other controls while moving around the cockpit. One circuit bresker was
in fact broken as a result of contact (see section 16.2.11).

Equipment jettison was performed as planned, and the time taken before
flight in determining the items not required for lift-off was well spent.
Considerable weight reduction and increase in space was realized. Dis-
carding the equipment through the hatch was not difficult, and only one
item remained on the platform. The post-ingress checklist procedures were
performed without difficulty; the checklist was well planned and was fol-
lowed precisely.
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4.12.6 Lunar Rest Period

The rest period was almost a complete loss. The helmet and gloves
were worn to relieve any subconcious anxiety about a loss of cabin pres-
sure and presented no problem. But noise, lighting, and a lower-than-
desired temperature were annoying. It was uncomfortably cool in the suilts,
even with water-flow disconnected. Oxygen flow was finally cut off, and
the helmets were removed, but the noise from the glycol pumps was then
loud enocugh to interrupt sleep. The window shades did not completely
block out light, and the cabin was illuminated by a combination of light
through the shades, warning lights, and display lighting. The Commander
was resting on the ascent engine cover and was bothered by the light enter-
ing through the telescope. The Lunar Module Pilot estimated he slept fit-
fully for perhaps 2 hours and the Commander did not sleep at all, even
though body positioning was not a problem. Because of the reduced gravity,
the positions on the floor and on the engine cover were both quite comfort-
able.

4.13 LAUNCH PREPARATION

Aligning the platform before lift-off was complicated by the limited
number of stars available. Because of sun and earth interference, only
two detents effectively remained from which to select stars. Accuracy is
greater for stars close to the center of the field, but none were avail-
able at this location. A gravity/one-star alignment was successfully per-
formed. A manual averaging technique was used to sample five successive
cursor readings and then five spiral readings. The result was then enter-
ed into the computer. This technique appeared to be easier than taking
and entering five separate readings. Torquing angles were close %o
0.7 degree in all three axes and indicated that the platform did drift.
(Editor's note: Platform drift was within specification limits.)

After the alignment, the navigation program was entered. It is
recommended that future crews update the abort guidance system with the
primary guidance state vector at this point and then use the abort guid-
ance system to determine the command module lccation. The primary guld-
ance system cannot be used to determine the command module range and range
rate, and the radar will not lock on until the command module is within
400 miles range. The abort guidance system provides good data as this
range is approached.

A cold-fire reaction control system check and abort guidance system
calibration were performed, and the ascent pad was taken. About U5 min-
utes prior to lift-off, another platform alignment was performed. The
landing site alignment option at ignition was used for lift-off. The
torquing angles for this alignment were on the order of 0.09 degree.
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In accordance with ground instructions, the rendezvous radar was
placed in the antenna SLEW position with the circuit breakers off for
ascent to avoid recurrence of the alarms experienced during descent.

Both crewmembers had forgotten the small helium pressure decrease
indication that the Apollo 10 crew experienced when the ascent tanks
were pressurized and the crew initially believed that only one tank had
pressurized. This oversight was temporary and delayed crew verification
of proper pressurization of both tanks.

4,14 ASCENT

The pyrotechnic noises at descent stage separation were quite loud,
but ascent-engine ignition was inaudible. The yaw and pitch maneuvers
were very smooth. The pitch- and roll-attitude limit cycles were as ex-
pected and were not accompanied by any physiological difficulties. Both
the primary and asbort guidance systems indicated the ascent to be a dupli-
cate of the planned trajectory. The guided cutoff yielded residuals of
less than 2 ft/sec; and the inplane components were nulled to within
0.1 ft/sec with the reaction control system. Throughout the trajectory,
the ground track could be visually verified, although a pitch attitude
confirmation by use of the horizon in the overhead window was found to
be quite difficult because of the horizon lighting condition. ’

4,15 RENDEZVOUS

At orbital insertion, the primary guidance system showed an orbit of
47.3 by 9.5 miles, as compared to the abort guidance system solution of
46.6 by 9.5 miles. Since radar range-rate data were not available, the
Network quickly confirmed that the orbital insertion weas satisfactory.

In the preflight planning, stars had been chosen that would be in
the field of view and require & minimum amount of maneuvering to get
through alignment and back in plane. This maintenance of a nearly fixed
attitude would permit the radar to be turned on and the acquisition con-
ditions designated so that marks for a coelliptic Sequence initiation
solution would be immediately available. For some reason during the sim-
wlations, these preselected stars had not been correctly located relstive
to the horizon, and some time and fuel were wasted in first maneuvering
to these stars, failing to mark on them, and then maneuvering to an alter-
nate pair. Even with these problems, the alignment was finished about

28 minutes before coelliptic sequence initiation, and it was possible to
proceed with radar lock-on.
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A1l four sources for the coelliptic sequence initiation solution
agreed to within 0.2 ft/sec, an accuracy that had never been observed
before. The Commander elected to use the primary guidance solution with-
out any out-of-plane thrusting.

The coelliptic sequence initiation maneuver was accomplished using
the plus Z thrusters, and radar lock-on was maintained throughout the
firing. Continued navigation tracking by both vehicles indicated a plane
change maneuver of about 2-1/2 ft/sec, but the crew elected to defer this
small correction until terminal phase initiation. The very small cut-of-
plane velocities that existed between the spacecraft orbits indicated a
highly accurate lunar surface alignment. As a result of the higher-than-
expected ellipticity of the command module orbit, backup chart solutions
were not possible for the first two rendezvous maneuvers, and the con-
stant differential height maneuver had a higher-than-expected vertical
component. The computers in both spacecraft agreed closely on the ma-
neuver values, and the lunar module primary guldance computer solution
was executed, using the minus X thrusters.

During the coelliptic phase, radar tracking data were inserted into
the abort guidance system to obtain an independent intercept guidance
solution. The primary guidsnce solution was 6-1/2 minutes later than
planned.  However, the intercept trajectory was quite nominal, with only
two small midcourse corrections of 1.0 and 1.5 ft/sec. The line-of-
sight rates were low, and the planned braking schedule was used to reach
a station-keeping position.

In the process of maneuvering the lunar module to the docking atti-
tude, while at the same time aveoiding direct sunlight in the forward win-
dows, the platform inadvertently reached gimbal lock. The docking was
completed using the abort guidance system for attitude control.

4,16 COMMAND MODULE DOCKING

Pre-docking activities in the command module were normal in all
respects, as was docking up to the point of probe capture. After the
Command Module Pilot ascertained that a successful capture had occurred,
as indicated by "barberpole" indicators, the CMC-FREE switch position
was used and one retract bottle fired. A right yaw excursion of approx-
imately 15 degrees immediately took place for 1 or 2 seconds. The
Command Mocdule Pilct went back to CMC-AUTO and made hand-controller in-
puts to reduce the angle between the twc vehicles to zero. At docking
thruster firings occurred unexpectedly in the lunar module when the
retract mechanism was actuated, and attitude excursions of up to 15 de-
grees were obgerved. The lunar module was manually realigned. While
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this maneuver was in progress, all twelve docking latches fired and
docking was completed successfully. (See section 8.6.1 for further dis-
cussion. )

Following docking, the tunnel was cleared and the probe and drogue
were stowed in the lunar module. The items to be transferred to the
command module were cleaned using a vacuum brush attached tc the lunar
module suit return hose. The suction was low and made the process
rather tedious. The sample return containers and film magazines were
placed in appropriate bags to complete the transfer, and the lunar
module was ccnfigured for jettison according to the checklist procedure.

4,17 TRANSEARTH INJECTION

The time between docking and transearth injection was more than
adequate to clean all equipment contaminated with lunar surface material
and return it to the command module for stowage so that the necessary
preparstions for transearth injection could be made. The transearth in-
jection maneuver, the last service propulsion engine firing of the flight,
was nominal. The only difference between it and previous firings was
that without the docked lunar module the start transient was apparent.

4,18 TRANSEARTH COAST

During transearth coast, faint spots or seintillations of light were
observed within the commaend module cabin. This phenomonon became spparent
to the Commander and Lunar Module Pilot after they became dark-adapted and
relaxed. [Editor's note: The source or cause of the light scintillations
is as yet unknown. One explanation involves primary cosmic rays, with
energies in the range of billions of electron volts, bombarding an object
in cuter space. The theory assumes that numerous heavy and high-energy
cosmic particles penetrate the command module structure, causing heavy
ionization inside the spacecraft. When liberated electrons recombine
with ions, photons in the visible portion of the spectrum are emitted.

If & sufficient number of photons are emitted, a dark-adapted observer
could detect the photons as a small spot or a streak of light. Two simple
laboratory experiments were conducted to substantiate the theory, but no
positive results were obtained in a 5-psi pressure environment because a
high enough energy scurce was not available to create the radiation at
that pressure. This level of radiation does not present a crew hazard. ]
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Only one midcourse correction, a reaction control system firing of
4.8 ft/sec, was required during transearth coast. In general, the trans-
earth coast period was characterized by a genersl relaxation on the part
of the crew, with plenty of time available to sample the excellent variety
of food packets and to take photographs of the shrinking moon and the
growing earth.

L.19 ENTRY

Because of the presence of thunderstorms in the primary recovery
area (1285 miles downrange from the entry interface of 400 000 feet),
the targeted landing point was moved to a range of 1500 miles from entry
interface. This change required the use of computer program P65 (skip-
up control routine) in the computer, in addition to those programs used
for the planned shorter range entry. This change caused the crew some
apprehension, since such entries had rarely been practiced in preflight
simulations. However, during the entry, these parameters remained within
acceptable limits. The entry was guided automatically and was nominal in
all respects. The first acceleration pulse reached approximately 6.5g
and the second 6.0g.

4,20 RECOVERY

On the landing, the 18-knot surface wind filled the parachutes and
immediately rotated the command module into the apex down (stable II)
flotation position prior to parachute release. Moderate wave-induced
oscillations accelerated the uprighting sequence, which was completed in
less than 8 minutes. No difficulties were encountered in completing the
postlanding checklist.

The biological isolation garments were donned inside the spacecraft.
Crew transfer into the raft was followed by hatch closure and by decon-
taminaticn of the spacecraft and crew members by germicidal scrubdown.

Helicopter pickup was performed as planned, but visibility was sub-
stantially degraded because of moisture condensation on the biclogical
isolation garment faceplate. The helicopter transfer to the aircraft
carrier was performed as quickly as could be expected, but the tempera-
ture increase inside the suit was uncomfortable. Transfer from the heli-
copter into the mobile guarantine facility completed the voyage of
Apollo 11,



5.0 LUNAR DESCENT AND ASCENT

5.1 DESCENT TRAJECTORY LOGIC

The lunar descent trajectory, shown in figure 5-1, began with a
descent orbit insertion maneuver targeted to place the spacecraft into
a 60- by 8.2-mile orbit, with the pericynthion longitude located about
260 miles uprange from the landing site. Powered descent, shown in
figure 5-2, was initiated at pericynthion and continued down to landing.

The powered descent trajectory was designed considering such factors
as optimum propellant usage, navigation uncertainties, landing radar per-
formance, terrain uncertainties, and crew visibility restrictions. The
basic premise during trajectory design was to maintain near-optimum use
of propellant during initial braking and to provide a standard final
approach from which the landing area can be assessed and a desirable
landing location selected. The onboard guidance capability allows the
crew to re-designate the desired landing position in the computer for
sutomatic execution or, if late in the trajectory, to take over manually
and fly the lunar module to the desired point. To provide these descent
characteristics, compatibility between the automatic and manually con-
trolled trajectories was required, as well as acceptable flying gquality
under manual control. Because of guidance dispersions, site-selection
uncertainties, visibility restriction, and undefined surface irregular