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1.0 SUMMARY

The Apollo 16 space vehicle was launched from the Kennedy Space Cen-
ter (Launch Complex 39A) at 12:54:00 p.m. e.s.t. (17:54:00 G.m.t.) on
April 16, 1972. The crew for this mission were Captain John W. Young,
Commander; Lt. Commander Thomas K. Mattingly II, Command Module Pilot;
and Lt. Colonel Charles M. Duke, Jr., Lunar Module Pilot.

The spacecraft/S-IVB combination was inserted into an earth parking
orbit for spacecraft systems checkout and preparation for translunar in-
Jection. Following the translunar injection maneuver, the command and
service modules were separated from the S-IVB for lunar module docking
and ejection. One midcourse correction was required during the trans-
lunar phase to achieve the desired lunar orbit insertion maneuver condi-
tions. The S-IVB impact point was not accurate because a leak in the
auxiliary propulsion system produced an unpredictable thrust and also
prevented the final targeting maneuver from being performed.

During translunar coast, a significant command and service module
systems problem was encountered in that an indication of inertial meas-
urement unit gimbal lock was received by the spacecraft computer when no
gimbal lock condition existed. Subsequently, a software program was used
to inhibit the computer from responding to such indications during crit-
ical operations. Activities during translunar coast included a cislunar
navigation exercise, ultraviolet photography of the earth and moon, a
fluid electrophoresis demonstration, and investigation of the visual light
flash phenomenon that has been experienced on previous flights. The docked
spacecraft were inserted into a lunar orbit of 170 by 58 miles following
a service propulsion firing of 3T4.9 seconds.

Preparations for lunar descent proceeded on schedule; however, while
activating the lunar module systems, the S-band steerable antenna was not
movable in the yaw plane. As a result, the two omnidirectional antennas
were used for most of the remaining lunar operations. The powered descent
to the lunar surface was delayed approximately 5 3/4 hours because of os-
cillations detected in a secondary yaw gimbal actuator on the service prc-
pulsion system engine during systems checks for the circularization maneu-
ver. A command-and-service-module-active rendezvous was performed to place
the vehicles in close proximity while the problem was being evaluated.
Tests and analyses showed that the redundant system was still usable and
safe, had it been required. Therefore, the vehicles were separated agair
and the mission continued on a revised timeline.

The lunar module was landed approximately 276 meters northwest of tre
planned landing site at about 104 1/2 hours. About 100 seconds of hover
time remained at touchdown. The landing coordinates were 8 degrees 59 min-
utes 29 seconds south latitude and 15 degrees 30 minutes 52 seconds east
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longitude based on the Lunar Topograephic Photomap of Descartes, First
Edition, January 1972.

The first extravehicular activity was initiated at 119 hours after
en 8-hour rest period. Television coverage of surface activity was de-
layed until the lunar roving vehicle systems were activated because the
steerable antenna on the lunar module could not be used. The lunar sur-
face experiments packages were deployed, but accidental breakage of the
electronics cable rendered the heat flow experiment inoperable. After
completing their activities at the experiments site, the crew drove the
lunar roving vehicle west to Flag Crater where they performed the planned
tasks. The inbound traverse route was Just slightly south of the outbound
route, and the next stop was Spook Crater. The crew then returned, via
the experiment station, to the lunar module at which time they deployed
the solar wind composition experiment. The duration of the extravehicu-
lar activity was approximately 7 hours 11 minutes and the distance trav-

eled by the lunar roving vehicle was epproximetely L4.2 kilometers.

The second extravehicular traverse was south-southeast to a mare
sampling area near the Cinco Craters on Stone Mountain. The crew then
drove in a northwesterly direction, making stops near Stubby and Wreck
Craters. The last leg of the traverse was north to the experiments sta-
tion and the lunar module. The duration of the second extravehicular ac-
tivity was approximately 7 hours 23 minutes and the distance traveled by
the lunar roving vehicle was 11.1 kilometers.

Four stations were deleted from the third extravehicular traverse
because of time limitations. The first stop was North Ray Crater and
"House Rock", on the rim of North Ray Crater, was sampled. The crew then
drove southeast to "Shadow Rock'". The return route to the lunar module
nearly retraced the outbound route. The duration of the third extrave-
hicular activity was approximately 5 hours 40 minutes and the distance
traveled by the lunar roving vehicle was 11.L4 kilometers.

The lunar surface activities lasted 20 _hours and 14 minutes and about
95 kilograms of samples were collected. The total distance traveled in
the lunar roving vehicle was 26.T kilometers. The crew remained on the
lunar surface approximately 71 hours.

While the lunar module crew was on the surface, the Command Module
Pilot was obtaining photographs, measuring physical properties of the moon
and deep space, and meking visual observations. Essentially the same com-
pliment of instruments was used to gather data as was used on the Apollo
15 missionj however, different areas of the lunar surface were flown over,
and more comprehensive deep space measurements were made, providing scien-
tific data that can be used to validate findings from Apollo 15 as well
as add to the total store of knowledge of the moon and its atmosphere,
the solar system, and gelactic space.
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Lunar ascent was initiated at 175 1/2 hours and was followed by a
normal rendezvous and docking. Attitude control of the lunar module was
lost at Jettison; consequently, a deorbit maneuver was not possible. The
estimated orbital life of the lunar module is about 1 year.

The particles and fields subsatellite was launched into lunar orbit
and normal systems operation was noted. However, the spacecraft orbital
shaping maneuver was not performed prior to ejJection and the subsatellite
was placed in a non-optimum orbit that resulted in a much shorter life-
time than the planned year. Loss of all subsatellite tracking and telem-
etry data on the 425th revolution (May 29, 1972) indicated that the sub-
satellite had impacted the lunar surface.

The mass spectrometer deployment boom stalled during a retract cycle
and was, therefore, Jettisoned prior to transearth injection. The second
plane change maneuver and some orbital science photography were deleted
so that transearth injection could be performed sbout 24 hours earlier
than originally planned.

Activities during the transearth coast phase of the mission included
photography for a Skylab contamination study, and completion of the vis-
ual light flash phenomenon investigation which had been partially accomp-
lished during translunar coast. A l-hour and 23-minute transearth extra-
vehicular activity was conducted by the Command Module Pilot to retrieve
the film cassettes from the scientific instrument module cameras, visu-
ally inspect the equipment, and expose a microbial response experiment
to the space environment. Two midcourse corrections were made on the re-
turn flight to achieve the desired entry interface conditions.

Entry and landing were normal. The command module was viewed on
television while on the drogue parachutes and continuous coverage was
provided through crew recovery. The spacecraft landed at O degrees L2
minutes O seconds south latitude and 156 degrees 12 minutes 48 seconds
west longitude, as determined by the onboard computer. Total time for
the Apollo 16 mission was 265 hours, 51 minutes, and 5 seconds.



2.0 INTRODUCTION

The Apollo 16 mission was the second in the science-oriented J series
of missions, and the vehicle configuration and science payload were simi-
lar to those of Apollo 15. The differences are described in Appendix A.
A major objective of the mission was to investigate the lunar surface in
the Descartes highlands area because it was considered to be representa-
tive of much of the moon's surface, and an area of this type had not been
previously visited. A detailed assessment of the degree to which this
and other mission objectives were accomplished is given in section 12.0.

This report primarily provides information on the operational and
engineering aspects of the mission. Preliminary scientific results and
launch vehicle performance are reported in references 1 and 2, respec-
tively. A complete analysis of all applicable data is not possible with-
in the time frame of the preparation of this report. Therefore, report
supplements will be published as necessary. Appendix E lists the reports
and gives their status, either published or in preparation.

Customary units of measurement are used in those sections of the re-
port pertaining to spacecraft systems and trajectories. The International
System of Units (IS) is used in sections pertaining to science activities.
Unless otherwise specified, time is expressed as elapsed time from range
zero (established as the integral second before lift-off), and does not
reflect the two time updates shown in table 3-I. Mileage is given in nau-
tical miles and weight is referenced to earth gravity.
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3.0 TRAJECTORY

The trajectory profile of this mission was similar to that of Apollo
15. The major differences, aside from the trajectory differences neces-
sary to reach another landing site, were the elimination of the command
and service module orbit-shaping maneuver and a plane change maneuver, and
the inability to deorbit the lunar module ascent stage. The sequence and
definition of events for the Apollo 16 mission are shown in tables 3-I
and 3-II. Tables 3-III and 3-IV contain the listing and definition of
trajectory parameters, and table 3-V contains a summary of the maneuvers.

3.1 LAUNCH AND TRANSLUNAR TRAJECTORIES

The launch trajectory is given in reference 3. The translunar injec-
tion was normal and ejection of the command and service module/lunar mod-
ule from the S-IVB stage after the translunar injection firing were normal.
One translunar midcourse correction was required.

3.2 S-IVB STAGE

The S-IVB stage evasive maneuver and first lunar impact maneuver were
performed. However, as a result of an auxiliary propulsion system leakage
problem, the second lunar impact maneuver was cancelled. Therefore, the
impact point of the S-IVB on the lunar surface was inaccurate. Further,
tracking was lost at about 29 hours and this prevented an accurate deter-
mination of the impact point and time. Two determinations of the impact
point have been made - one on the basis of tracking data and the other
from lunar surface seismic data. The point determined from the seismic
data was 1.3 degrees north latitude and 23.8 degrees west longitude; where-
as, the point determined from tracking data was 2.1 degrees north latitude
and 22.1 degrees west longitude. The final impact point will be published
by the Marshall Space Flight Center after review of existing data.

3.3 LUNAR ORBIT

3.3.1 Orbital Phase

The lunar orbit insertion maneuver placed the spacecraft into an or-
bit having a 170-mile apocynthion and a 58-mile pericynthion. Four hours
later, a descent orbit insertion maneuver was performed which lowered the
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TABLE 3-I.- SEQUENCE OF EVENTS

a
Events

Lift—-off (Range zero = 17:54:00 G.m.t., April 16, 1972)
Earth orbit insertion

Translunar injection maneuver

S-IVB/command and service module separation
Translunar docking

Spacecraft ejection

First midcourse correction

Scientific instrument module door Jjettison
Lunar orbit insertion

S-IVB lunar impact

Descent orbit insertion

Lunar module undocking and separation
Circularization maneuver

Powered descent initiation

Lunar landing

Mission Control Center time update (+00:11:48)
Start first extravehicular activity e
Apollo lunar surface experiment package first data
End first extravehicular activity

Start second extravehicular activity

End second extravehicular activity

Start third extravehicular activity

Plane change

End third extravehicular activity

Lunar ascent

Vernier adjustment maneuver

Terminal phase initiation

Terminal phase finalization

Docking

Lunar module jettison

Separation maneuver

Mass spectrometer experiment and boom jettison
Subsatellite launch

Transearth injection

Mission Control Center time update (+24:46:00)
Second midcourse correction

Start transearth extravehicular activity

End transearth extravehicular activity

Third midcourse correction

Command module/service module separation
Entry interface (40O 000 feet)

Begin blackout

End blackout

Forward heat shield jettison

Drogue deployment

Main parachute deployment

Landing

Elapsed time
Hr:min:sec

00 :00 :00 .6
00:11:56
02:33:37
03:04:59
03:21:53
03:59 :15
30:39:01
69:59 :01
Th:28:28
75 :08:0k
78:33:L45
96:1k:00
103:21:43
#10k:17:25
+10L4:29:35
118:06:31
«118:53:38
121 :hk :00
-:126:0kL:40
+142:39:35
+150:02: 44
-165:31:28
169:05:52
-171:11:31
175:31:48
175:42:18
176 :26:05
177:08:L2
177 :b1:18
195 :00 :12
195:03:13
195:23:12
196 :02:09
200 :21:33
202:18:12
21Lk:35:03
218:39 :46
220:03:28
262:37:21
265 :22:33
265:37:31
265:37:47
265:41:01
265 :45 :25
265 :45 :26
265:L46:16
265:51:05

aSee Table 3-II for identification of events shown in this table.




TABLE 3-II.- DEFINITION OF EVENTS

Event

Range zero

Lift-off
Earth orbit insertion
Translunar injection maneuver

S-IVB/command module separation, translunar
docking, spacecraft ejection, scientific in-
strument module door Jettison, lunar module
undocking and separation, docking, lunar mod-
ule jettison, and subsatellite launch

First midcourse correction, lunar orbit inser-
tion, descent orbit insertion, circularization
maneuver, powered descent initiation, plane

change, lunar ascent, aad transearth injection

Second and third midcoutrse corrections
S-IVB lunar impact

Lunar landing

Beginning of extravehicular activity
End of extravehicular activity

Apollo lunar surface experiment package first
data

Terminal phase initiation

Terminal phase finalizazion

Command module/service module separation

Entry interface

Begin blackout

End blackout

Forward heat shield jettison, drogue deploy-
ment, and main parachute deployment

Earth landing

Time update

Definition

Final integral second before lift-off

Time of instrumentation unit umbilical disconnect
as indicated by launch vehicle telemetry

S-IVB engine cutoff time plus 10 seconds as indi-
indicated by launch vehicle telemetry

Start tank discharge valve opening, allowing fuel
to be pumped to the S-IVB engine

The time of the event based on analysis of space-
craft rate and accelerometer data

The time the spacecraft computer commanded the
engine on as indicated in the computer word tele-
metry data

Engine ignition as indicated by the appropriate
engine bilevel telemetry measurement or other
telemetry data

The time determined from Apollo lunar surface
experiment package seismic data.

The time of first contact of lunar module foot-
pads with the lunar surface as derived from
spacecraft rate data

The time cabin pressure reaches 3 psia quring
depressurization as indicated by telemetry data

The time cabin pressure reaches 3 psia during
repressurization as indicated by telemetry data

The receipt of first data considered valid from
the Apollo lunar surface experiments package
telemetry

The time of start of the terminal phase initiation
maneuver during the rendezvous sequence as cal-
culated by the computer

The time during the rendezvous sequence when the
first braking maneuver is performed as calculated
by the computer

The time of separation by command module/service
module separation relays via the telemetry system

The time the command module reaches 400 000 feet
geodetic altitude as indicated by the best esti-
mate of trajectory

The time of S-band communication loss due to air
ionization during entry

The time of aquisition of S-band communications
following blackout

The time of deployment as indicated by the relay
actuations via the telemetry system

The time the spacecraft was visually observed to
touch the water

The Mission Control Center time was updated twice
during the mission to conform to the time in the
onboard flight plan.

NOTE: These time updates are not reflected in
this report.
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TABLE 3-III.- TRAJECTORY PARAMETERS™

Bpace-~fixed | Space-fixed Space-ixed
Event Re::xnce hr‘:i:?uc L:ti?u;le L:ngi:t\:de Axll.ti;.:de velocity flight-path | heading angle,
HR eg:min eg:min o MR ft/sec angle, deg deg E of N
Tranelunar phase
Tranelunar injection Earth 02:39:28 11:59-s 162:29 E 171.0 35 565.7 T.b7 59.5
Command and service module/lunar Earth 03:59:15 32:38 N 111:13 W 12 Lg2.7 16 533.5 61.07 88.39
module ejection from 8-IVE
Firat midcourse correction
Ignition Earth 30:39:01 25:13 N 106:29 W 119 343.8 4 514.8 76.86 111.56
Cutoff Earth 30:39:03 25:13 N 106:30 W 119 345.3 L 508.1 76.72 111,50
Scientific instrument nodula Moon 69:59:01 02:45 8 54356 W 11 135.4 3 896.5 -79.85 -82.39
door Jettison
Lunar orbit phase
Lunar orbit insertion
Ignition Moon Th:28:28 08:09 N 166:38 w 93.9 8 105.4 -9.51 -89.95
Cutoff Moon Thi3k:b3 0T:07T N 169:19 E 75.3 5 399.2 2,22 -95.5
Descent orbit insertion
Ignition Moon 78:331L5 08:35 N 136:01 E 58.5 5 1486.3 -0.ko -87.16
Cutoff Moon 78134109 08:37 N 137:16 W 58.4 5 281.9 0.10 -87.31
Command and service module/lunar Moon 96:13:31 02:22 N 121:55 E 33.8 5 Lit.2 -1,L43 -98.83
module separation
Command and service module
¢ircularization
Ignition Moon 103:21:43 08:53 N 151:59 W 59.2 5 277.8 ~0.06 -87.75
Cutoff Moon 103:21:48 08:54 N 151:57 W 59.1 5 3L8.7T 0.k2 -871.75
Powered descent initiation Moon 10b:17:25 08140 8 32:4k E 10.5 5 548.8 -0.07 -93.0k
Command and service module
Mo 169:05:52 6y 108 8.6 " 6
Ignition Moon 105 05:36 N 108:50 E 58. 5 349.8 0.2 -97.57
Cutoff Moon 169:05:59 05:34 N 108:30 E 58.6 5 349.9 0.28 -98.93
Ascent insertion Moon 175:38:56 09:46 & 05:26 £ 9.9 5 523.3 0.34 -93.88
Vernier adjustmant Moon 175:42418 - 101208 0751‘5.0 W 1.2 5 515.2 0.59 -91.89
Terminal phase initiation Moon 176:26:05 06:53 N 14T:22 W ko.2 5 351.6 -0.00 -82.07
Docking Moon 177:41:18 10:32 8 55:39 W 65.6 5 313.7 -0.04 -90.33
Lunar module jettison Moon 195:00:12 01:08 N 70:28 E 59.2 5 347.9 0.39 -100.50
Subsatellite launch Moon 196:02:09 00:01 8  115:59 W 58.4 5 349.4 -0,k -79.43
Trandearth injection 200:21:33 09:43 N 116 E
Ignition Moon ° s 52.2 5 383.6 -0.15 -85.80
Cutoff Moon 200:24:15 10158 N 164:21 E 59.7 8 663.0 5.12 -82.37
Translunar coast
Second midcourse correction 83 668 806.8 " 65.08
Ignition Earth 21k:35:03 03:L6 8 4:32 E 183 .0 3 806. =75.0 165.0
Cutoff Earth 21k:35:25 03:1‘5 5 ;h:gﬂ E 183 66L.8 3 807.9 -80.35 16L.99
Third midcourse correction
Ignition Earth 262:37:21 29:38 § 82:11 E 25 312.9 12,256.5 -69,02 157.11
Cutoff Earth 262:37:27 29:38 s 82:10 E 25 305.2 12 258.3 -69.02 157.10
_Entry and lending pheses
Entry interface Earth 265:37:31 19:52 S 162:08 W 65.8 36 196.1 -6.55 21.08
Landing Earth 265:51:05 00:42 8 156513 W - - - -

®See Table 3-~IV for trajectory parameter definitiona.
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TABLE 3-IV.- DEFINITION OF TRAJECTORY AND ORBITAL PARAMETERS

Trajectory paremeters

Geodetic latitude

Selenographic latitude

Longitude

Altitude

Space-fixed velocity

Space-fixed flight-path angle

Space-fixed heading angle

Apogee

Perigee

Apocynthion

Pericynthion

Period

Inclination

Longitude of the ascending node

Definition

The spherical coordinate measured along a meridian on
the earth from the equator to the point directly be-
neath the spacecraft, deg:min

The definition is the same as that of the geodetic lati-
tude except that the reference body is the moon rather
than the earth, deg:min

The spherical coordinate, as measured in the equatorial
plane, between the plane of the reference body's prime
meridian and the plane of the spacecraft meridian, deg

The distance messured between the spacecraft and the ref-
erence radius of the earth along & line from the center of
the earth to the spacecraft. When the reference body is
the moon, 1t i1s the distance measured from the spacecraft
along the local verticel to the surface of a sphere having
a radius equal to the distance from the center of the moon
to the landing site, ft or miles

Magnitude of the inertial veloclty vector referenced to
the body-centered, inertial reference coordinate system,
ft/sec

Flight~path angle measured positive upward from the body-
centered local horizontal plane to the inertial velocity
vector, deg

Angle of the projection of the inertial velocity vector
onto the body-centered local horizontal plane, measured
positive eastward from north, deg

The point of maximum orbital altitude of the spacecraft
above the center of the earth, miles

The point of minimum orbital altitude of the spacecraft
above the center of the earth, miles

The point of maximum orbital altitude above the moon as
measured from the radius of the lunar landing site, miles

The point of minimum orbital altitude above the moon as
measured from the radius of the lunar landing site, miles

Time required for spacecraft to complete 360 degrees of
orbit rotation, min

The true angle between the spacecraft orbit plane and
the reference body's equatorial plane, deg

The longitude at which the orbit plane crosses the ref-
erence body's equatorial plane going from the Southern
to the Northern Hemisphere, deg
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TABLE 3-V.- MANEUVER SUMMARY

(a) Translunar
. X . . Velocity Resultant perilune conditions
Maneuver System Ignition time, | Firing time, change X -
hr:min:sec sec ft/sec’ Altitude,| Velocity, | Latitude, | Longitude, jArrival time,
miles ft/sec deg:min deg:min hr:min:sec
Translunar injection S-IVB 2:33:37 341.9 10 389.6 1h6.7 T941.1 T:48 N 178:06 E T4:32:22
First midcourse correc- | Service propulsion 30:39:01 2.0 12.5 .7 8180.0 T:47 N | 176:47 B Th:32:07
tion
(b) Lunar orbit
Velocity Resultant orbit
Ignition time, Firing time,
Maneuver System N change, . :
hr:min:sec sec Apocynthion, Pericynthion,
ft/sec ? ?
miles miles
Lunar orbit insertion Service propulsion T4:28:28 374.9 2802.0 170.3 58.1
Descent orbit insertion Service propulsion 78:33:45 2.y 209.5 58.5 10.9
Circularization Service propulsion 103:22:43 .7 81.6 68.0 53.1
Powered descent initiation Descent propulsion 20k:17:25 134.0 6703.0 _— _—
Lunar orbit plane change Service propulsion 169:05:52 1.2 12%.0 64.6 55.0
Ascent Ascent propulsion 175:31:48 Lo7.7 6054.2 40.2 1.9
Terminal phase initiation Ascent propulsion 176:26:05 2.5 8.0 64.2 4o0.1
(¢) Transearth
Resultant entry interface condition
PO : I s Veloeity
Bvent Syst Ignition time, | Firing time, change
en ystem bhr:min:sec sec 1/ BE Flight—path | Velocity, { Latitude, | Longitude, | Arrival time,
sec 5 A <
angle, deg ft/sec deg:min deg:min hr:min:sec
Transearth injection | Service propulsion | 200:21:33 162.3 3370.9 =T.4% 36 196.9| 21:30 S 162:43 W 265:36:52
Second midcourse Reaction control 21k4:35:03 8.0 3.h -6.5 36 196.4 | 19:48 5 [ 162:05 w | 265:47:34
correction
Third midcourse Reaction control 262:37:21 3.2 1.k -6.48 36 196.2 | 19:4% s | 162:06 W 265:47:32
correction

apocynthion to 58 miles and the pericynthion to 11 miles.

After lunar

module separation and while preparing the command and service module for
the lunar orbit circularization maneuver, a service propulsion system con-
trol problem was detected (section 14.1.10) which caused a 5 3/4-hour de-
lay in the circularization maneuver and the lunar module descent.

3.3.2 Descent

At powered descent initiation, the lunar module was at an altitude
of 66 500 feet and the target was 3.56 miles out of the orbital plane.
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A landing site update of 800 feet downrange was entered into the onboard
computer about 2 minutes after powered descent initiation. Landing oc-
curred 12 minutes and 10 seconds after engine ignition at 8 degrees 59
minutes 29 seconds south latitude and 15 degrees 30 minutes 52 seconds
east longitude as shown on the NASA Lunar Topographic Photomap of Des-
cartes, First Edition, January, 1972 (fig. 3-1). This point is 270 me-
ters (886 ft) north and 60 meters (197 ft) west of the prelawnch target
point.

3.3.3 Ascent and Rendezvous

The lunar module ascent stage lifted off from the lunar surface at
175:31:48 and was inserted into a 40-mile by 8-mile lunar orbit about T
minutes later. Insertion was approximately 33 000 feet further downrange
than desired, and a vernier adjustment maneuver of 10 ft/sec was neces-
sary to change the orbit to the desired conditions. The required ren-
dezvous maneuvers were performed and the lunar module was docked with
the command and service module about 2 hours and 10 minutes after lunar
lift-off.

3.3.4 Lunar Module Deorbit Maneuver

It was planned to deorbit the lunar module ascent stage to impact the
lunar surface at a predetermined target point. However, immediately after
the lunar module was jettisoned, attitude control of the lunar module was
lost (see sec. 14.2.6). As a result, the ascent stage remained in lunar
orbit with an expected orbital lifetime of about one year.

3.3.5 Orbit-Shaping Maneuver and Subsatellite Launch

An orbit-shaping maneuver was to have been accomplished in order to
position the command and service module properly for launching the parti-
cles and fields subsatellite into an orbit that would provide a minimum
lifetime of one year. However, because of the service propulsion system
control problem mentioned previously, the maneuver was cancelled. As a
result, the subsatellite was launched into an orbit that provided a life-
time considerably less than planned.
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3.4 TRANSEARTH AND ENTRY TRAJECTORY

The transearth injection maneuver was performed after 64 revolutions.
Two midcourse corrections were made during transearth flight to achieve
the desired entry interface conditions. The command and service modules
were separated 15 minutes prior to entry interface. Entry was nominal
with the command module landing about 3 miles from the target point. The
landing coordinates, determined from the spacecraft computer, were 0 de-

gree 42 minutes O seconds south latitude and 156 degrees 12 minutes 48 sec-
onds west longitude.



4.0 LUNAR SURFACE SCIENCE

The experiments which comprised the Apollo lunar surface experiments
package for this mission consisted of a passive seismometer, an active
seismometer, a lunar surface magnetometer, and a heat flow experiment.
Other lunar surface experiments consisted of a portable magnetometer ex-
periment, a far ultraviolet camera/spectroscope experiment, a cosmic ray
detector experiment, a solar wind composition experiment, geological in-
vestigation, and a soil mechanies experiment. Descriptions of the experi-
ment equipment or references to other documents in which descriptions may
be found are contained in appendix A. A comprehensive discussion of the
preliminary scientific results of the mission are contained in reference 1.

4.1 SUMMARY OF LUNAR SURFACE ACTIVITIES

The Commander landed the lunar module on an undulating cratered sur-
face about 270 meters north and 60 meters west of the preplanned target
point. It was landed on the west side of a 5-meter-deep crater and with
the minus-Y footpad adjacent to a 50-centimeter block, one of many blocks
of varying sizes that dot the landscape. Figure U-1 shows the proximity
of the lunar module to the edge of the crater.

The topographic characteristics of the Descartes highlands landing
site provided the opportunity for exploration and sampling of a kind of
terrain never before visited on the lunar surface. During the approxi-
mately 71 hours on the surface, the crew completed three periods of ex-
travehicular activity. The events of each of the three periods are sum-
marized in table L-I and the routes traversed are shown in figure L-2.

The arrangement of the experiment equipment is shown in figure L4-3. More
detailed descriptions of the lunar surface activities are given in sections
4.11 and 9.8.

4.2 APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE CENTRAL STATION

The site selected for emplacement of the Apollo lunar surface exper-
iments package was approximately 95 meters southwest of the lunar module.
As shown in figure 4-4, the deployment site is highly cratered and rock
strewn but this was unavoidable because this is the general character of
the terrain. While the Lunar Module Pilot was carrying the experiments
package to the deployment site, subpackage 2 fell off the carry bar. The
subpackage became detached because the latch pin had not locked. Lunar
dirt in the subpackage socket had prevented the flanged end of the carry

'



TABLE L4-I.- LUNAR SURFACE EXTRAVEHICULAR ACTIVITY EVENTS
Elapsed time,
hr:min:sec Event
First Extravehicular Activity

118:53:38 Lunar module cabin depressurized.

119:25:29 Lunar roving vehicle offloaded.

119:32: 44 Lunar roving vehicle deployed.

119:54:01 Far ultraviolet camera/spectroscope deployed.

120:05:40 Television activated.

120:21:35 Apollo lunar surface experiments package off-
loaded.

122:55:23 Apollo lunar surface experiments package deployed,
deep core sample gathered, and lunar roving ve-
hicle configured for traverse.

122:58:02 Departed for station 1.

123:23:54 Arrived at station 1. Performed radial sampling,
gathered rake and documented samples, and per-
formed panoramic and stereographic photography.

124:14:32 Departed for station 2.

124:21:10 Arrived at station 2. Performed a lunar portable
magnetometer measurement, gathered samples and
performed panoramic and 500-mm photography.

124:48:07 Departed for Apollo lunar surface experiments
package site (station 3/10).

124:54:14 Arrived at station 3/10. Performed "Grand Prix"
with lunar roving vehicle, retrieved core sam-
ple, and armed the active seismic experiment
mortar package.

125:05:08 Departed for lunar module.

125:05:09 Arrived at lunar module. Deployed solar wind
composition experiment, gathered samples, per-
formed photography, and commenced with extra-
vehicular activities closeout.

125:07:00 Solar wind composition experiment deployed.

126:0k4:L40 Lunar module cebin repressurized.

Second Extravehicular Activity

142:39:35 Lunar module cebin depressurized.

142:49:29 Prepared lunar roving vehicle for traverse.

143:31:%0 Departed for station k4.




TABLE L4-I.- LUNAR SURFACE EXTRAVEHICULAR ACTIVITY EVENTS

Elaps?d time, Event

hr:min:sec

144:07:26 Arrived at station 4. Performed penetrometer
measurements, gathered samples, obtained a dou-
ble core tube sample, gathered a soil trench
sample, and:performed 500-mm and panoramic pho-
tography.

145:05:16 Departed for station 5.

145:10:05 Arrived at station 5. Gathered samples, performed
lunar portable magnetometer measurement, and per-
formed panoramic photography.

145:58:L0 Departed for station 6.

146:06:37 Arrived at station 6. Gathered samples and per-
formed panoramic photography.

146:29:18 Departed for station 8 (station 7 deleted).

146:40:19 Arrived at station 8. Gathered samples, obtained
a double core tube sample, and performed pano-
ramic photography.

147:48:15 Departed for station 9.

1h7:53:12 Arrived at station 9. Gathered samples, obtained
single core tube sample, and performed panoramic
photography .

148:29:45 Departed for station 10.

148:54:16 Arrived at station 10. Gathered samples, performed
penetrometer measurements, obtained a double core
tube sample, and performed panoramic photography .

149:21:17 Departed for lunar module.

149:23:24 Arrived at lunar module and began extravehicular
activity closeout.

150:02: 44 Lunar module cabin repressurized.

Third Extravehicular Activity

165:31:28 Lunar module cabin depressurized.

165:L43:29 Prepared lunar roving vehicle for traverse.

166:09:13 Departed for station 11.

166:4k4:50 Arrived at station 1l1. Gathered samples, per-
formed 500-mm and panoramic photography .

168:09:L46 Departed for station 13.

168:17:39 Arrived at station 13. Gathered samples, per-

formed lunar portable magnetometer measurement
and performed panoramic photography.




L=l

TABLE 4-I.- LUNAR SURFACE EXTRAVEHICULAR ACTIVITY EVENTS (Concluded)

Elapsed time,
hr:min:sec

Event

168:46:33
169:15:38

169:01:48
170:12:00

170:23:06

170:27:09

171:01:k42

171:11:31

Departed for station 10 prime.

Arrived at station 10 prime. Gathered samples,
obtained a double core tube sample, and per-
formed 500-mm and panoramic photography.

Drove lunar roving vehicle to lunar module.
Gathered samples and commenced extravehicular
activity closeout.

Solar wind composition experiment retrieved.

Departed for lunar roving vehicle final parking
area.

Arrived at final parking area. Performed two lu-
nar portable magnetometer measurements, gathered
samples, and continued with extravehicular ac-
tivity closeout.

Retrieved film from far ultraviolet camera/spec-
troscope.

Lunar module cabin repressurized.




e Smoky
mountain

Figure L=L4.- Apollo lunar surface experiments
package central station

bar from sliding all the way into place so that the pin could lock. As
a result, the package was free to rotate and vertical oscillations caused

the detachment. The Lunar Module Pilot knocked the dirt out of the socket
end re-attached the package. Dropping of the package caused no operational
degradation.
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Initial data were received in the Mission Control Center at 1938
G.m.t. on April 21 and the received signal strength (=139 +2 dBm) was in
the range of values measured on other packages operating on the moon.
Within 68 minutes of emplacement of the central station, all instruments
were turned on and their operational checkout showed normal performance
except the heat flow experiment which was inoperative because of a broken
cable, as discussed in section L4.6. The radioisotope thermoelectric pow-
er source is providing T70.l4 watts, approximately 15 watts higher than the
basic system requirement. The solid-state timer has generated all sched-
uled 18-hour pulses which provide a backup means of initiating certain
functional changes.

The temperature of the central station electronics, as indicated by
sensors on the thermal plate, has varied from a maximum of 42.8° C during
lunar day to a minimum of 2.8° C during lunar night.

4.3 PASSIVE SEISMIC EXPERIMENT

The passive seismic experiment (S-031) was deployed as planned. All
elements of the experiment have functioned normally with the exception of
the thermal control system. Two days after activation, the temperature
increased markedly beyond thé controller set point and eventually exceeded -
the range of the sensor, 61.4° C. The temperature stabilized at night to
52.2° C. Photographs of the instrument show the shroud skirt to be raised
at several places (fig. 4-5); further, dust was inadvertently kicked onto
the skirt after the photographs were taken. These factors are believed
to be responsible for the abnormal temperatures. The temperatures are not
expected to affect instrument life or seismic data, but will degrade the
tidal data.

Seismic signals were detected from surface activities by the crew
and movements of the lunar roving vehicle at all points along the trav-
erses (maximum range of 4.4 km). Abrupt changes in the signals detected
from the rover appear to be correlated in some cases with the blockiness
of the terrain being traversed. Other changes remain to be explained.

Seismic signals from the S-IVB impact, which preceded deployment of
the Apollo 16 station, were recorded at all three seismic stations (Apollo
stations 12, 14, and 15) (fig. 4-6). The first detectable signals arrived
at station 12 in approximately 30 seconds, at station 14 in approximately
46 seconds, and at station 15 in approximately 148 seconds. The loss of
normal S-IVB tracking data (see sec. 13.3) prevented accurate determina-
tion of the time and location of the impact. This uncertainty will great-
ly reduce the lunar structural interpretation based upon these data. As
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data from the four stations will expand the knowledge of the lunar struc-
ture much beyond that previously possible.

Three grenades were fired on.May 23 from the active seismic experi-
ment mortar package (see sec. 4.Lh). The largest and the one having the
longest range tilted the passive selsmic experiment sensor 3 arc seconds
southward. This tilt is within the capability of the passive seismic ex-
periment leveling system and the experiment was re-leveled. The two smal-
ler grenades showed no effect.

4.4 ACTIVE SEISMIC EXPERIMENT

The active seismic experiment (S-033) mortar package was deployed
about 17 meters northeast of the central station with the geophone line
extending 90 meters northwest of the mortar package (fig. 4-U4). The cen-
tral station was commanded to high-bit-rate mode at 19:54:30 G.m.t. on
April 21 to record the active seismic experiment/thumper mode of opera-
tion. Thumping operations began about 7 minutes later at geophone 3 (fur-
thest from the central station) and proceeded at h .5S-meter intervals (ex-
cept between positions 11 and 12 and positions 18 and 19 which are 9-meter
intervals) toward geophone 1 (nearest to the central station). The final
thumper charge was fired about 14 minutes after the first firing. The
central station was commanded to normal bit rate at 20:16:32 G.m.t. The
thumper was fired at the 19 scheduled cable positions. Two attempts were
needed to fire the thumper at position 2 because the thumper was not armed
for the necessary 5 seconds prior to firing. Seismic signals were recorded
at all three geophones for all 19 thumper firings. A calibration pulse
was sent after the last thumper firing verifying that all three geophones
were still operational.

Minor difficulty was experienced in the deployment of the mortar
package pallet when one of the four stakes that support the mortar pack-
age could not be deployed. This anomaly is discussed in section 1k4.Lk.2.
The mortar packags was leveled and armed to fire four grenades on command
to distances of 150, 300, 900, and 1500 meters. Near the close of the
third extravehicular activity, the mortar package roll angle sensor read-
ing was off scale (see sec. 1Lh.L4.3); however, a television panorama taken
near the close of the third extravehicular activity verified that the mor-
tar package was properly positioned and aligned.

The central station was commanded to high bit rate at 0106 G.m.t. on
April 24 to record the impulse produced by the lunar module ascent. A
strong seismic signal was recorded by the geophone array. The central
station is scheduled for periodic operation in the high-bit-rate mode for
listening to detect natural seismic signals and to verify experiment op-
erational capability.
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On May 23, the Apollo lunar surface experiment package was commanded
to high bit rate between 0520 and 06L4L G.m.t. for the active seismic ex~
periment/mortar mode of operation. Three of the four high~explosive gren-
ades in the mortar package were successfully launched. Grenade 2 (1024
grams) was launched a distance of 900 meters; grenade 4 (695 grams) was
launched a distance of 150 meters; and grenade 3 (775 grams) was launched
a distance of 300 meters; in the sequence given. Grenade 1 (1261 grams
and planned to6 be launched a distance of 1500 meters) was not launched
because the mortar package pitch angle sensor went off-scale high after
firing grenade 3. (See section 14,4,12 for a discussion of this anomaly.)
The off-scale indication makes the pitch position of the launch assembly
uncertain. Seismic signals were noted by all three geophones for each
grenade launched. The data from the mortar firings combined with the data
from the thumper mode of operation indicates that the regolith has a depth
of about 12 meters in the Descartes aresa.

L.5 LUNAR SURFACE MAGNETOMETER EXPERIMENT

The lunar surface magnetometer (S-034) was successfully deployed ap-
proximately 15 meters west of the central station (fig. L4-T). The experi-
ment was initially commanded on during the first extravehicular activity.
All operations of the experiment have been normal. A one-time site survey
was successfully completed on April 28. The remanent magnetic field meas-
ured at the lunar surface magnetometer site is 230 *15 gammas. The in-
strument is also continuously measuring magnetic fields induced in the
lunar interior by changing solar magnetic fields.

L.6 HEAT FLOW EXPERIMENT

Deployment of the heat flow experiment (S-037) was initiated on sched-
ule. The experiment instrument package was moved to the selected site and
the electronics cable was connected to the central station. A hole was
drilled to the depth of the first bore stem section in 51 seconds at an
average penetration rate of 2.3 centimeters per second. The second bore
stem section was added and the hole drilled to the depth of the two sec-
tions in 39 seconds at an average rate of 1.8 centimeters per second. Up-
on adding the final section, the hole was drilled to the planned depth in
54 seconds at a rate of 1.3 centimeters per second. Total penetration was
approximately 250 centimeters. The lunar surface wrench was used success-
fully to restrain the bore stems during power head removal.,

Heat flow probe number 1 was inserted into bore hole number 1 to the
full depth and both radiation shields were properly emplaced. While the
Commander was working near the central station, he became entangled in the
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Figure 4-T.- Lunar surface magnetometer experiment and
Commander performing active seismic experiment.

heat flow experiment electronics ceble and broke it loose at the connector
to the central station. Further deployment was abandoned and the experi-
ment is inoperable.” The details of this failure are given in section 1k4.k.1.
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4.7 LUNAR PORTABLE MAGNETOMETER EXPERIMENT

The deployment and operation of the lunar portable magnetometer ex-
periment (S-198) was normal in all respects; leveling, orientation, posit-
ioning, switching, and cable winding operations were accomplished without
difficulty. The instrument was operated at four different sites. Digital
readings relayed over the voice link indicated total magnetic field mag-
nitudes of 180 *15 gammas at station 2, 125 *15 gammas at station 5, 310
t15 gammas at station 13, and 120 %£15 gammas at the lunar roving vehicle
final parking site. After completion of the first measurement at the fi-
nal site, a lunar rock sample was placed on top of the magnetometer sensor
block, and a second field measurement was made to study the magnetization
of the sample.

4.8 FAR ULTRAVIOLET CAMERA/SPECTROSCOPE EXPERIMENT

The far ultraviolet camera/spectroscope (S-201) was deployed approx-—
imately 2 meters southwest of the down-sun footpad of the lunar module
with the camera in the shade and the battery in sunlight (fig. 4-8). Be-
cause of the landing delay and the consequently high sun angle, it was
necessary to move the camera into the shade during the second and third
extravehicular activities. Difficulty was experienced in adjustment of
the azimuth ring. The condition degraded with each adjustment. Section
14.4.9 contains a discussion of this anomaly .

The camera was turned on at the beginning of the first extravehicu-
lar activity and operated until closeout of the third extravehicular ac-
tivity for a span of approximately 51 hours. The film was retrieved for
postflight analysis. The camera was pointed at 11 targets by the crew as
planned. No data were recorded for the eleventh target because the cam-
era had run out of film, as expected.

Imagery of the earth in the 1216-angstrom wavelength of hydrogen
(Lyman-alpha) revealed that the geocorona is nearly spherical and extends
out more than 10 earth radii (fig. L-9). Imagery of the earth's atmos-
phere in the 1230- to 1550-angstrom range showed two auroral belts - one
on either side of the magnetic equator and inclined about 15 degrees to
the equator (fig. L-10). Spectroscopic data without the lithium fluoride
(LiF) transmission optics shows the 58L-angstrom line of helium in the
solar wind plasma. The photographs and spectra contain a great deal of
astrophysical detail.



L-17

Figure L-

The panel
exposed in its
launch vehicle
exposed by the

8.- Far ultraviolet camera/spectroscope experiment,

4.9 COSMIC RAY DETECTOR EXPERIMENT

array of the cosmic ray detector experiment (S-152) was

initial configuration upon Jjettisoning of the spacecraft-
adapter panels. The hidden surface of panel 4 was partly
Commander early in the first extravehicular activity (fig.

4-11). The planned area of exposure for detecting particles at the lunar
surface could not be obtained because the experiment mechanism jammed as
described in section 14.4.L. The detector panel array was retrieved at
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Figure 4-9.,- Lyman-alpha imagery of hydrogen
cloud surrounding earth,

the end of the third extravehicular activity, folded in the proper config-
uration for transearth coast data collection, and returned for analysis.
It was difficult to separate the panel assembly from the main frame at

the end of the third extravehicular activity because of thermal expansion
of the Teflon slides.
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The plastic in all panels of the experiment was degraded by heating
above the design limit of 54° C, at which temperature degradation begins.
The high temperature was most likely caused by a film accumulating on the
thermal control surface, in addition to lunar dust. Analysis of the film
has not been completed.

Analysis of the data received on the lunar surface and during trans-
lunar and transearth coast will be degraded because of the minor solar
flare which occurred during translunar flight. This flare blanketed the
detector panels with low energy tracks which interfere with the analysis
of the higher energy tracks received during the previously discussed per-
iods. Also, the resolution will be reduced because of the high tempera-
ture which the experiment hardware experienced on the lunar surface.

Auroral
belts

Magnetic
dip equator —

Terminator

Figure 4-10.- Newly discovered auroral belts.
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enerator B

Figure L-11.- Cosmic ray detector experiment.

As a result of the incomplete exposure of panel U4, the portion of the
experiment designed to measure neutron flux was degraded, as were those
designed to measure solar wind gas, and search for radon (Rn222) and argon
(Ar+0).

The plastics should be suitable for a study of solar wind particles.
In addition, both solar and galactic cosmic ray tracks have been observed
in the plastics and some of the glasses of the panels. The plastics that
were pre-irradiated with neon (Ne20) showed annealing effects from over-
heating, but neutrons from the fuel cask will be measurable.
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4,10 SOLAR VIND COMPOSITION EXPERIMENT

The solar wind composition experiment (S-080) for this mission dif-
fered from those of previous missions in that pieces of platinum foil were
attached to the specially prepared aluminum foil used to entrap noble gas
particles. This was done to determine whether or not the platinum foil
pieces could be cleaned with fluoridic acid to remove lunar-dust contemi-
nation without destroying rare gas isotopes of solar wind origin up to the
mass of krypton.

The experiment was deployed sbout 18 meters northwest of the lunar
module at the end of the first extravehicular activity period and re-
trieved near the end of the third extravehicular period. The total foil
exposure time was 45 hours and 5 minutes, some 3 hours longer than that
of any previous mission.

4,11 LUNAR GEOLOGY

4,11.1 Semple Collection

Areas visited and sampled for the lunar geology investigation (S-059)
during the extravehicular activities included the northwest flank of Stone
Mountain (Descartes Mountains), Flag and Spook Craters west of the lunar
module landing site on the Ceyley Plains, North Rey Crater, and South Ray
Crater ejecta on the plains between the lunar module and Stone Mountain.
The sampling stations and traverses are shown in figure 4-2.

On the first traverse, the tasks at stations 1 and 2 were performed
as planned except for sampling the rim of Spook Crater. A 2.6-meter deep
core sample was obtained at the Apollo lunar surfece experiments package
site.

Station T was deleted from the second extravehicular activity to al-
low more time for sampling in the lunar module/Apollo lunar surface exper-
iments package area. Double cores were collected at stations 4, 8, and 10.
Documented and rake/soil samples were collected at all traverse stops ex-
cept for station 9 which was devoted to obtaining undisturbed surface ma-
terial with the lunar surface samplers, sampling the top and bottom of a
large boulder, and sampling the soil beneath the boulder after it was over-
turned.
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The third extravehicular activity, limited to 5 hours, permitted only
North Ray Crater to be studied. Stops were made at stations 11 and 13,
and documented and rake/soil samples were collected. The preplanned sta-
tions 14 (flank of Smoky Mountain), 15, 16, and 17 (Cayley formation and
Palmetto Crater) were deleted. At station 13, a soil sample that had prob-
ably been in permanent shadow was obtained from the base of a large over-
hang on a 2-meter-high boulder (fig. L4-12). Additional sampling at the
lunar module/experiments site included: a second double core (originally
assigned to station 14), two rake/soil samples across a probable ray con-
tact, seven bags of documented rock samples, and three large rocks.

4,11.2 Summary of Geology
Samples were collected that are typical of the Cayley Plains in the

landing area from station 1 (Flag and Plum Craters) and station 2 (Buster
Crater) as well as some samples from the lunar module/Apollo lunar surface

Figure 4-12.- "Shadow Rock",
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experiments package site (station 3/10); South Ray Crater ejecta was col-
lected at stations 4, 8, 9, and station 3/10; North Ray Crater ejecta were
collected at stations 11 and 13. Descartes materials were collected from
the flank of Stone Mountain at stations 4, 5, and 6.

The Cayley formation appears to consist of light- and dark-colored
breccias, possibly in interstratified layers. It does not consist, at
least in this area, of lava flows, as had been widely supposed. The
Descartes highland materials of Stone Mountain consist of light-colored
breccias and crystalline fragments of, as yet, unknown origin.

No bedrock was sampled by the crew although they tentatively iden-
tified bedrock layers in North Ray Crater and in a large crater high on
Stone Mountain. Elsewhere, all large craters were heavily mantled with
deep regolith that completely masks any possible strata. Boulders of
varying sizes were sampled by the crew, the largest being the 20-meter
"House Rock" on the rim of North Ray Crater (fig. 4-13).

About 95 kilograms of documented rock and soil samples were obtained.
The material collected from widely distributed sampling stations, includ-
ing samples of ejecta from deep craters, should provide for the study of
the Cayley Plains region down to depths of 200 meters.

4.11.3 Equipment

The equipment used during the geology portion of the extravehicular
activities performed well with the following exceptions:

a. One of the retractable tethers (yo-yo's) would not fully retract.
Postflight inspection showed that the tether was operating, but that the
friction increased during the retraction cycle (see sec. 14.3.7).

b. The vertical staff of the gnomon was pulled off at station 6.
When the gnomon was being unstowed, the leg assembly stayed in the bag
and the vertical staff came out by itself (see sec. 1L4.L4.5).

c. The Velcro hook patch which provides the attachment point for a
Velcro wrapping strap on each of the two padded sample bags came off be-
fore use (see sec. 1k4.4.10).

d. The reseau plate on the Lunar Module Pilot's TO-mm electric data
camera was smeared during a magazine change between extravehicular activ-
ities 2 and 3.

e. PSample return container 1 did not seal properly because part of
a sample collection bag was caught in the seal area between the knife edge
and the indium seal.
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f. The sample collection bags fell off the portable life support
system mounts (see sec. 1L4.L4.8).

g. The documented sample bag dispensers repeatedly fell off the
attachment brackets on the TO-mm camera (see sec. 1k.kh.6).

h. The screws came loose on one of the documented sample bag dis-
penser assemblies (see sec. 14.L4.T).

i. The lanyard loop came off the penetrometer stowage release pin
(see sec. 1k.k.11).

4.,11.4 Photography

A total of 1TTL4 photographs were taken on the lunar surface with the
T0-mm electric data cameras using the 60-mm and 500-mm focal-length lenses,
and 4 1/2 magazines of 16-mm lunar surface data acquisition camera film
were exposed. At least one 360-degree 60-mm panorama was taken at each
station. The first successful use of a polarimetric filter on the lunar
surface was an 80-meter stereobase polarimetric panorama of the interior
of North Ray Crater.

4,12 SOIL MECHANICS EXPERIMENT

The soil mechanics experiment (S-200) provided a greater amount of
qualitative data on the properties of the lunar surface and subsurface
soils than has been previously obtained. All parts of the soil mechanics
experiment were completed with the exception of the soil ‘mechanics trench
at station 10 which was omitted because of time limitations.

Preliminary analysis has indicated that the self-recording penetrom-
eter performed normally with a loss of data for only one of eleven tests.
Four cone penetration tests were accomplished at station 4. Five cone
penetration tests were performed between the experiments station and the
lunar module. Of these, four were on a line between the deep drill core
site and the station 10 double-core tube site. Cone penetration depths
range between 20 and 75 centimeters. Additionally, two plate-load tests
were performed at station 10.

Preliminary analysis of the self-recording penetrometer data has in-
dicated that the soil density and strength characteristics are highly var-
iable, both laterally and vertically. Definite evidence of layering is
visible in some of the load-versus-penetration tracks indicated on the
penetrometer.



5.0 INFLIGHT SCIENCE AND PHOT'OGRAPHY

This section contains a discussion of experiments and science-ori-
ented detailed objectives which were performed in lunar orbit, and dur-
ing translunar and transearth flight. Preliminary scientific findings
are not given in detail in the discussion since this information will be
included in reference 1, which is in preparation. The experiment equip-
ment was similar to that of the Apollo 15 mission. Appendix A provides
information on minor changes from the Apollo 15 configuration.

Experiments located in the scientific instrument module consisted of
a gamma-ray spectrometer, an X-ray spectrometer, an alpha-particle spec-
trometer, a mass spectrometer, and a subsatelliite which was the vehicle
for three experiments that were to obtain data on particles and fields.
The scientific instrument module equipment also included a mapping camera,
a panoramic camera, and a laser altimeter.

The other experiments and detailed objectives performed during flight,
and which required active crew participation, consisted of: an S-band
transponder experiment; a down-link bistatic radar experiment; ultravio-
let photography of the earth and moon; photography of the Gegenschein,
other astronomical subjects, and the lunar surface; visual observations
from lunar orbit; an experiment to determine microbial response to the
space environment; investigation of the visual light flash phenomenon;
and a demonstration of fluid electrophoresis in space. Experiments that
did not require active crew participation consisted of measurement of
meteoroid impacts on the spacecraft windows, a biostack experiment to de-
termine the effects of high-energy heavy ions on biological systems, and
measurement of bone mineral loss in the crew.

5.1 GAMMA-RAY SPECTROMETER EXPERIMENT

Over 80 hours of prime data were obtained in lunar orbit and during
transearth coast from the gamma ray spectrometer experiment (S-160). Some
planned data measurements were not made in lunar orbit because of the early
termination of lunar orbit operations. However, the large amount of data
reduced and analyzed indicates that all major objectives were accomplished.

The instrument performed satisfactorily throughout the mission. Gain
stability was significantly improved over that of Apollo 15. At initial
turn-on, the spectrometer calibration was the nominal preflight value.
Thereafter, a small downward gain drift occurred, after which the gain
calibration was stable. Energy resolution of the instrument based upon
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measurements of the classical monoenergetic line of 0.511 Mev in the spec-
trum was lmproved approximately 15 percent over Apollo 15. The extraneous
shield event counts that had been noted in preflight calibration were ex-
perienced during flight. However, the rate stablilized and was not detri-
mental to the data. As a result of the problem with the mapping camersa
deployment mechanism, the mapping camera door remeaeined open during the
entire period in which the gamma ray spectrometer was active in lunar or-
bit. This resulted in some loss in sensitivity due to the increased back-
ground radiation contributed by the thorium lens of the mapping camera.
The deployment boom failed to fully retract on three occasions but the
condition had no effect on the data. Detalls of the boom failure are no-
ted in section 1L4.1.9.

Maps prepared from over 50 hours of data confirm earlier conclusions
pertaining to the geochemistry of the lunar surface, that the regions of
highest radiocactivity are the western marie - Oceanus Procellarum and Mare
Imbrium. Data obtalned during transearth coast indicate that the space-
craft background radiation and the total cosmic gamma-ray spectrum are in
essential agreement with Apollo 15 results. Preliminary analysis of data
collected from a scan of the supergalactic equator along four planes indi-
cates that galactic gamma rays exhibit anisotropic properties.

5.2 X-RAY FLUORESCENCE EXPERIMENT

Over 60 hours of prime date were obtained with the X-ray fluorescence
experiment (S-161) and nearly 12 hours were spent with the spectrometer
pointed et two celestial X-ray sources, Scorpius X-1 and Cygnus X-1. The
flight plan changes had an effect upon the schedule for ground-based astro-
nomical observations; however, some coverage was obtained. The following
table gives the times of the observations and indicates the coverage by the
ground-based observatories.

Starting time, G.m.t Duration of | Ground-based
| ’ . . . ’
Observeation ObJect April 1972, day:hr:min observation, | observatory

hr:min Coverage
1 Sco X-1 25:03:25 00:40 -
2 Cyg X-1 25:22:55 03:00 -
3 Sco X-1 26:02:15 02: 30 ®p1gonquin
L Sco X=-1 26:20:15 03:20 bLeyden,

cWise

5 Cyg X-1 27:02:45 02:55 -
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a'Algonquin Radio Observatory, Canada
bLeyden (optical) Observatory, South Africa
“Wise (optical) Observatory, Israel

The overall performance of the instrument was satisfactory. Nominal
operation of the four detectors was evidenced by calibration data from the
built-in sources. A high count rate in channel 1 of detector 1 was ob-
served, but a similar high count was observed during the Apollo 15 mis-
sion. Detectors 2 and 3 incorporate filters to enhance the detection of
X-rays from aluminum and megnesium sources, but detector 1 is unfiltered.
Detector L4 is part of the solar monitor and does not view the lunar sur-
face. The orientation required to view Cygnus X-1 subjected the spectrom-
eter to an undesirable cold soak and necessitated a special maneuver to
alleviate the condition. The maneuver caused the loss of X-ray pointing
and may result in some loss of data. The X-ray detectors survived the
cold soak condition quite well.

The region of overlsp between the Apollo 15 and Apollo 16 coverage
shows excellent agreement. The Descartes region shows the high aluminum
and low magnesium ¢:ontent that 1is characteristic of the highlands on the
far side. The mare areas to the west of Descartes show a substantial de-
crease in the ratio of aluminum to silicon.

Date monitored in real time indicate that Scorpius X-1, the bright-
est object in the X-ray sky, may have been rather active during one of
the viewing sessions.

5.3 ALPHA-PARTICLE SPECTROMETER

Approximately TO hours of prime data were collected in lunar orbit
with the alpha-particle spectrometer experiment (S-162). Deletion of the
second lunar orbit plane change prevented an observation of the highly
interesting Alphonsus ares.

The spectrometer operated satisfactorily during all scheduled orbi-
tal and transearth observations. All ten detectors performed within the
expected energy resolution. There were no periods of nolsy operation as
experienced on Apollo 15. The alpha-particle spectrometer was subjected
to the same cold soaks as the X-ray spectrometer and lowered temperatures
an undetermined amount below the red-line limit. No detrimental effects
on detector performance resulted.

From & preliminery analysis of real-time deata, a localized concentra-
tion of polonium (Po210) in the general vicinity of Mare Fecunditatus was
detected. This is shown in the calculation of polonium count rate versus
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lunar latitude. It appears that the increase of polonium is statistically
significant.

Deep-space observations to determine non-radon-related background re-
vealed significant solar alpha particle activity. The deep-space counting
rates exceeded the lunar rates by a factor of 2 or 3, indicating that a
solar alpha-particle background will have to be considered in the analy-
sis of the data.

5.4 MASS SPECTROMETER EXPERIMENT

The mass spectrometer experiment (S-165) instrument operated very well
in lunar orbit collecting approximately 84 hours of data, three-fourths of
this being in the minus~X direction of flight of the command and service
module, the prime data mode, wherein the gas entrance scoop points in the
ram direction and scoops up native lunar gases. The remainder was back-
ground data taken primarily in the plus-X direction.

Telemetry data about 15 hours prior to lunar module undocking indi-
cated that the plus 12-volt power supply voltage had dropped from 11.9
to 9.4 volts, although the instrument operated nominally. After several
oscillations between these values, the voltage stabilized at 12 volts for
the remainder of the flight. Postflight analysis showed that the 12-volt
sensor had a slow rise time and was sampled before reaching its full value.
The power supply itself did not malfunction.

As on Apollo 15, the boom would not fully retract. On the initial
occurrence, the boom retracted to within 12 inches of full retraction,
sufficient for a safe service propulsion system firing. The number of
boom retractions was minimized following this problem. During the final
retraction for the transearth injection maneuver, the boom stalled at ap-
proximately 2/3 of full extension necessitating jettisoning of the boom
and instrument. The transearth coast data were to have been used to sup-
plement analysis of the lunar orbit data. However, Apollo 15 data can
be used for this purpose.

The Apollo 16 data resembles that of Apollo 15 on the distribution
of gasses in the lunar atmosphere. Preliminary analysis indicates that
lunar atmospheric neon is lower than predicted.

5.5 PARTICLES AND FIELDS SUBSATELLITE EXPERIMENTS

The subsatellite was launched on the dark side of the moon about one
hour after lunar module jettison during the 62nd revolution (April 2k,
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21:56:09 G.m.t.). An orbit-shaping maneuver was to have been performed
prior to launching of the subsatellite to obtain the desired lifetime of
one year. However, the maneuver was not performed because of the decis-
ion to limit the use of the service propulsion system to the transearth
injection maneuver as a result of the engine gimbal actuator control prob-
lem (discussed in section 6.6). Consequently, the planned orbit was not
obtained. The initial orbital parameters, as compared to the Apollo 15
parameters, were as follows:

Mission Perilune, km (mi) Apolune, km (mi) Inclination
Apollo 15 105 (55) 14k (76) -28°
Apollo 16 97 (52) 120 (66) -11°

It was not possible to activate the subsatellite for about 20 hours
after launch because of communications frequency interference resulting
from the failure of the lunar module ascent stage to deorbit. At the time
of launch, the subsatellite was in the magnetosheath heading toward the
magnetopause and geomagnetic tail. The delay in activation had no detri-
mental effect on the subsatellite systems.

The subsatellite is calculated to have impacted the far side of the
moon (110 degrees east longitude) during revolution 425 on May 29, 1972.
The last telemetry data were received at 2031 G.m.t., coinciding with
loss of signal. The signal should have been reacquired at 2200 G.m.t.,
but was not.

The physical cause for the short orbital life appears to be the lu-
nar mass concentrations on the front and far sides located relatively near
the subsatellite ground track.

5.5.1 Particle Shadows/Boundary Layer

A1l charged-particle telescopes and electrostatic analyzer detectors
operated normally during the lifetime of the particle shadows/boundary
layer experiment (S-1T73) portion of the subsatellite. On two passes,
usable data were cbtained in the geomagnetic tail of the magnetosphere.

Particle tracing was improved by a better shadow structure than on
Apollo 15. This resulted from the telescopes operating at a lower tem-
perature.

5.5.2 Magnetometer

The biaxial fluxgate magnetometer experiment (S-1T4) performed satis-
factorily. Measurements are in agreement with Apollo 15 results that the
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lunar magnetic field is more varied on the far side than the near side.
However, individual features overflown during the first geomagnetic tail
pass are not as clearly defined as those measured on Apollo 15. While in
the solar wind, the magnetometer mapped the diamagnetic cavity, examined
1limb compressions over the terminator, and measured lunar induction fields
produced by transients in the interplanetary field. While the size of the
magnetic enhancement in the diamagnetic cavity (approximately 1/2 gamma)
is similar to that seen on Explorer 35, the limb compression exterior to
this cavity is significantly stronger at the low subsatellite altitudes
(up to 6 gammas).

5.5.3 S-band Transponder

The subsatellite S-band transponder experiment (S-164) system func-
tioned satisfactorily. Better-than-planned coverage was obtained from
May 8 through May 16 when the altitude of the subsatellite was between
11 and 20 kilometers. Several orbits just prior to impact are expected
to reveal new gravity data, but since the impact was on the far side, much
of the extremely low-altitude portion of the trajectory occurred during
occultation. Therefore, only that portion of the trajectory near the
eastern limb will supply new information. A good gravity profile is ex-
pected over Copernicus.

5.6 S-BAND TRANSPONDER EXPERIMENT (CSM/LM)

The S-band transponder experiment (S-164) systems on the command and
service module and the lunar module performed satisfactorily. Gravita-
tional profile data were obtained while the docked spacecraft were in el-
liptical orbit and while the command and service module was in circular
orbit (except for revolutions 12 through 16 when firing of thrusters dur-~
ing stationkeeping degraded the data). No S-band doppler measurements
from the lunar module ascent stage after undocking were obtained because
of the inability to control its attitude. Data reduced in real-time were
of excellent quality and definite gravity variations were observed. Grav-
ity anomalies in the Ptolemaeus, Descartes, Fecunditatus, and Procellarum
regions were identified.

5.7 DOWN-LINK BISTATIC RADAR OBSERVATIONS OF THE MOON

Dual S-band/VHF observations were conducted for the down-link bistatic
radar observations of the moon experiment (S-170) during revolution L4O.
Strong direct and reflected S-band signals were received by the Jet Pro-
pulsion Laboratory 210-foot dish antenna, and weak VHF reflected signals
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were received by the 150-foot dish antenna at Stanford University. Inter-
ference was experienced with the VHF signals during one-seventh of the
pass from the Apollo test and training satellite (TETR-D satellite 5492
launched September 29, 1971, for testing of NASA tracking stations and
training of ground network personnel) transmitter operating on the same
frequency. The transmitter could not be commanded off prior to the

Apollo 16 mission because of a satellite systems failure.

The VHF-only test was initiated on revolution 42. The other omni-
directional antenna was used to improve signal strength, but this was not
successful because of poor antenna orientation and the transmitter was
switched back to the original antenna and good signals were recelved.
Data obtained during revolutions 42, 43, and U4 were clear of the inter-
ference from the training satellite. The reasion for the weak reflections
is unknown. ‘

The S-band data appear to be of high quality and most of the scien-
tific goals dependent upon dual S-band and VHF data can be met even though
the VHF data on revolution 40 were of poor quality. The VHF data taken on
revolutions 42 and 43 have enough similarity that it may be substituted.

5.8 SERVICE MODULE ORBITAL PHOTOGRAPHY

5.8.1 Panoramic Camera

The panoramic camera was carried on Apollo 16 to obtain high-resolu-
tion photography of the lunar surface. The priority of the coverage was
the Apollo 16 landing site area both prior to and after .the extravehicu-
lar activities, areas near the terminators, and other areas of the ground
track. The coverage during lunar orbit operations is shown in figure 5-1.
In addition to that shown in the figure, some coverage was obtained after
transearth injection.

Concurrent with camera activation for revolution 3 photography, an
abnormal bus voltage condition was noted. Consequently, the camera was
turned off after exposing only four frames, thereby resulting in the loss
of coverage between 170 degrees west and 168 degrees east longitude. An-
alysis showed that the under-voltage condition was caused by the space-
craft configuration, and that camera operation was normal. Rescheduling
of subsequent panoramic camera passes recovered a portion of this loss as
well as other losses incurred as a consequence of the delay in the circu-
larization maneuver, cancellation of the plane change maneuver, and the
one-day-early return to earth.
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From the beginning of camera operation, the exposure sensor consis-
tently read lower light levels than were present (sec. 14.5.4). Post-
flight analysis of data shows that frames taken over approximately 25 de-
grees away from the terminator were over-exposed by 1 to 2 f-stops. A
development process using a lower gamma compensated for the overexposure
in the subsolar area without compromising the resolution of the near-
terminator photographs. A section of film, taken after transearth in-
jection, was cut from the roll and processed separately to test the change
in the chemical processing. Examination of the main roll after develop-
ment showed excellent quality photographs. Revolution 47 telemetry data
indicated several unusual transients in the lens motor current. This con-
dition persisted for several successive frames. A review of the film dis-
closed no corresponding degradation in the photography.

A photograph of the Descartes area obtained with the panoramic camera
on revolution 28 (fig. 5-1) was used in the preparation of figure L4-2.
The lunar module can be identified in the photograph.

5.8.2 Mapping Camera System

The mapping camera provided cartographic-quality photographs from
which selenodetic data were derived for use in mapping at a scale of
1:250 000. Complete mapping camera coverage was obtained of all areas
overflown by the spacecraft in daylight. ©Simultaneous vertical operation
of the mapping camera was performed with the panoramic camera to provide
geometric support for photographic reduction. The mapping camera was also
operated vertically during revolutions 4, 29, 46, 59, 60, and after trans-
earth injection.

Oblique photography was taken 25 degrees forward of the spacecraft
on the 25th revolution, 40 degrees south of the lunar ground track on the
26th and 48th revolutions, and 40 degrees north of the lunar ground track
on the 27th and 37th revolutions. Approximately 90 percent of the planned
coverage was obtained. Figure 5-2 shows the daylight coverage obtained
during lunar orbit. The obtained coverage is less than 5 percent of the
lunar surface and about 80 percent of the coverage is new, i.e., not pho-
tographed during Apollo 15. The coverage lost because of flight plan
changes was along the northeast and southwest edges of the ground track,
and 8 degrees of longitude at the western daylight limit. This coverage
loss is discussed in the panoramic camera section (5.8.1).

The mapping camera system consists of a mapping (metric) camera and
a stellar camera; the function of the stellar camera is to obtain synchro-
nized star field photographs for each frame of metric photography while
on the illuminated side of the moon and for each laser altimeter firing
on the dark side of the moon. Measurements and computations from these
photographs provide an independent determination of attitude. Satisfac-
tory stellar photography was obtained on all mapping camer