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1.0 SUMMARY

The Apollo 12 mission provided a wealth of scientific information in
this significant step of detailed lunar exploration. The emplaced experi-
ments, with an expected equipment operation time of 1 year, will enable
scientific observations of the lunar surface envircnment and determination
of structurel perturbations. This missicn demonstrated the capability for
a precision landing, & requirement for proceeding to more specific and
rougher lunar surface locations having particular scientific interest.

The space vehicle, with a crew of Charles Conrad, Jr., Commander;
Richard F. Gordon, Command Module Pilot; and Alan L. Bean, Lunar Module
Pilot; was launched from Kennedy Space Center, Florida, at 11:22:00 a.m.
e.s.t. (16:22:00 G.m.t.) November 1L, 1969. The activities during earth-
orbit checkout, transluzar injection, and translunar coast were similar
to those of Apollo 11, except for the special attention given to verify-
ing all spacecraft systems as a result of lightning striking the space
vehicle at 36.5 seconds and 52 seconds. A non-free-return translunar
trajectory profile was used for the first time in the Apollo 12 mission.

The spacecraft was inserted into a 168.8- by 62.6-mile lunar orbit
at sbout 83-1/2 hours. Two revolutions later a second maneuver was per-
formed to achieve a 66.1- by 54.3-mile orbit. The initial checkout of
lunar module systems during translunar coast and in lunar orbit was sat-
isfactory. At about 104 hours, the Commander end the Lunar Module Pilot
entered the lunar module to prepare for descent to the lunar surface.

The two spacecraft were undocked at about 108 hours, and descent
orbit insertion was performed at approximately 109-1/2 hours. One hour
later, a precision landing was accomplished using automatic guidance,
with small manual corrections applied in the final phases of descent.

The spacecraft touched down &t 110:32:36 in the Ocean of Storms, with
landing coordinates of 3.2 degrees south latitude and 23.4 degrees west
longitude referenced to Surveyor III Site Map, First edition, dated Jan-
uary 1968. One of the objectives of the Apollo 12 mission was to achieve

& precision landing near the Surveyor III spacecraft, which had landed

on April 20, 1967. The Apollo 12 landing point was 535 feet from the
Surveyor III.

Three hours after landing, the crewmen began preparations for egress
end egressed ebout 2 hours later. As the Commander descended to the.sur-
face, he deployed the modularized equipment stowage assembly, which per-
mitted transmission of color television pictures. The television camera,
however, was subsequently damaged. After the Lunar Module Pilot had
descended to the surface and erected the solar wind composition foil, the
crew deployed the Apollo lunar surface experiments package. On the re-
turn traverse, the crew collected a core-tube soil specimen and additional
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surface samples. Also, an Apollo erectable S-band antenna was deployed
for the first time. The duration of the first extravehicular activity
period was U4 hours.

Following a T-hour rest period, the second extravehicular activity
period begen with preparation for the geology traverse. Documented sam-
ples, core-tube samples, trench-site samples, and gas-analysis samples
were cocllected on the traverse to the Surveyor III spacecraft. The crew
photographed and removed parts from the Surveyor. Following the return
traverse, the solar wind composition foil was retrieved. The second ex-
travehicular activity period lasted 3-3/b hours. Crew mobility and port-
eble life support system operation, &s in Apollo 11, were excellent through-
out the total T-hour L6-minute extravehiculer period. Approximately
Th.7 pounds of lunar material were collected for return to earth, as well
as the Burveyor parts.

The ascent stage lifted off the lunar surface at 1L2 hours. After &
nominal rendezvous seguence, the two spacecraft were docked at 145-1/2
hours. The ascent stage was Jettisoned following crew transfer and was
maneuvered by remote control to impact on the lunar surface; impact
occurred at 150 hours approximately 40 miles from the Apolle 12 landing
site.

After a period of extensive landmark tracking and photography, trans-
earth injection was accomplished with the service propulsion engine at
172-1/2 hours. The lunar orbit vhotography was conducted using a 500-mm
long-range lens to obtain mapping and training data for future missions.

During transearth coast, two small midcourse corrections were exe-
cuted, and the entry sequence was normal. The command module landed in
the Pacific Ocean at 244-1/2 hours. The landing coordinates, as deter-
mined from the onboard computer, were 15 degrees 52 minutes south lati-
tude and 165 degrees 10 minutes west longitude. After landing, precau-
tions to avoid lunar organism back-contamination were employed. The
crew, the lunar material samples, and the spacecraft were subseguently
transported to the Lunar Receiving Lsboratory.
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2.0 INTRODUCTION

The Apollo 12 mission was the twelfth in a series of flights using
Apollo flight hardware and was the second lunar landing. The purpose
of the mission was to perform a precise lunar landing and to conduct a
specific scientific exploration of & designated landing site in the
Ocean of Storms.

Since the performance of the entire spacecraft was excellent, this
report discusses only the systems performance that significantly differed
from that of previous missions. Because they were unique to Apollo 12,
the lunar surface experiments, the precision landing operetion, and luaar
dust contamination are reported in sections 3, L4, and 6, respectively.

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 certain Apollo 12 systems snalyses, as shown
in appendix E. This appendix also lists the current status of all Apollo
mission supplements, either published or in preparation. Other supple-
ments will be published as the need is identified.

In this report, all actual times prior to earth landing are elapsed
time from range zero, established as the integral second before lift-off.
Range zero for this mission was 16:22:00 G.m.t., November 1k, 1969.
Greenwich mesn time is used for all times after earth landing as well as
for the discussions of the experiments left on the lunar surface. A1l
references to mileage distance are in nautical miles.



3.0 LUNAR SURFACE EXPLORATION

This section contains a discussion of the formal experiments con-
ducted for Apollo 12 and presents a preliminary lsboratory assessment of
returned samples. The experiments discussed includes those associated
with the Apollo lunar surface experiments package and the solar wind com-
position, lunar geology, lunar surface photography, and multispectral
photography experiments. The evaluations in this section ere based on
the data received during the first lunaer dey. All final experiment re-
sults will be published in a separate science report when the detailed
analyses are complete (appendix E).

Lunar surface scientific activities were performed essentially as
planned within the allotted time periods. Three hours after landing, the
crew began preparations for egress and the first traverse of the lunar
surface. During the first extravehicular activity period, which lasted
4 hours, the crew accomplished the following:

a. Deployed the modularized equipment stowage assembly, which per-
mitted transmission of color television pictures of the Commander descend-
ing the lunar module ladder

b. Transferred a contingency surface sample to the lunar module
¢. Erected the solar wind composition foil
d. Collected a core-tube soil specimen and additional surface samples

e. Deployed the Apollo lunar surface experiments package for an ex-
tended collection of lunar scientific data via a radioc link.

The experiments package included & cold cathode gage, a lunar surface mag-
netometer, a passive seismometer, a solar wind spectrometer, a dust de-
tector, and a suprathermal ion detector. A brief description of the ex-
periment equipment is presented in appendix A. Certain difficulties in
deploying the equipment are mentioned in this section and are discussed

in greater detail in section 14.3. Anomalies in the operation of the
equipment since activation are also mentioned, but the nature and cause

of each experiment anomaly will be summarized in a later science report
{eppendix E).

Following & T-hour rest period, the second extravehicular activity
period began with preparations for the geclogy traverse, The duration of
the second extravehicular activity was 3-3/4 hours, during which the crew
accomplished the following:
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a. Collected documented, core-tube, trench-site, end ges-analysis
samples.

b. Photographed the Surveyor III end retrieved from it & cable, &
painted tube, &n wnpeinted tube, the television camera, and the scoop

c. Retrieved the soler wind composition foil.

Crew mobility eand perceptibility, as in Apollo 11, were excellent
throughout both extravehicular periods. The discussion in the following
paragraphs ig based largely on real-time information and crev comments .

3.1 APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE

The Apollc lumar surface experiments package was deployed on ihe
lunar surface at 116 hours (fig. 3-1), and the experiments were activated
between 118 and 124 hours. After the initial difficulty in removing the
radiocisotope fuel capsule from its transporting cask (see section 14.3.3),
the crew installed the capsule in the radioisotope thermoelectric gene-
rator. The experiment package transmitter was turned on by ground command
approximately 69 minutes after the fueling of the generator. At the time
of activation the power ocutput of the radicisctope thermoelectric gene-
rator was 6.7 watts; &s the generator warmed up, the power output stead-
ily increased to 73.69 watts and has remained nearly constant at that
level.

The transmitter downlink signel strength was minus 139 dBm at the
time of activation and has remained constant st about minus 140 dBm. The
execution of uplink commands verified normal communications. Several
commands have not shown cormand verification in telemetry data but were
verified by functional changes in the experiment opersation. The overall
performance of the central station, shown in figure 3-2, has been excep-
tionally steble. Temperatures gt various locations on the thermal plate,
which supports electronic equipment, are shown in figure 3-3, and the
gverage thermal plate temperature5'hawe’been well within the expected
peximum values since eactivation.

Discussions of the preliminary performance and, when available,
scientific results for each of the studies in the experiment package &re
presented in the following paragraphs.

3.1.1 Dust Detector

Qutput data from the dust detector cells are shown in figure 3-b,
A1l readings &re close to expected values and show no evidence of natural
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Figure 3-1.- Lunar Module Pilot lifting Apollo lunar surface
experiments package prior to deployment traverse.
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Figure 3-2.- Central power station cables and flat-tape power.
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dust sceumilations. An increase in the cell 2 output was seen at lunar
module 1lift-off. Data fram cell 2 show that the sun incidence angle was
normsl to the cell face about 6 hours prior to actual lunar noon, indi-
cating the package is probably tipped ebout 3 degrees to the east.

3.1.2 Passive Seismcmeter Experiment

The passive seismic experiment, shown in figure 3-5, has operated
as planned with the exceptiocns noted. The sensor was installed at a lo-
cation west-northwest from the lunar module (fig. 3-6) at a distence of
130 meters from the nesrest footpad. The crew reported that temping the
gurface meterial with their boots was not an effective means of preparing
the surface for emplacement because the degree of compaction is small.
Spreading the thermal shroud over the surface was difficult, because in
the lunar gravity, the lightweight Mylar sheets of this shroud would not
lie flat (see section 14.3.4). : :

.
PRRRRSRINIETAR s - W S S

Instrument performance.- The passive seismic experiment has operated
successfully since activation; however, instrumentation difficulties have
been cbserved.

The short-period vertical-component seismometer is operating at a
reduced gain and fails to respond to calibration pulses. Detailed com-
parisons between signals observed on both the long- and short-period
vertical-component seismometers has led to the initial conclusion that
the inertiel mass of the short-period seismometer is rubbing slightly on
its freme. Nominal response is observed for signals large enough to pro-
duce inertial forces on the suspended mass which apparently exceed re-
straining frictional forces. The threshold ground-motion acceleration
required to produce an cbserveble signal cannot be determined accurately,
but it is probebly less than 8 x 10-“cm/sec2, which corresponds to surface
motions of 2 millimicrons at a frequency of 10 hertz. On December 2,
1969, a series of square-wave pulses were cobserved on the short-period
vertical trace over a period of approximately 13 hours. The pulse ampli-
tude was constant and was approximately equal to a shift in the third

~—~~1-—w~~~—"aeast-significant bit of a telemetry data word. These pulses are also.

4 observeble on the records from the long-period seismometers, but with
! reduced amplitude. The problem is believed to be in either the analog-
. to-digital converter or the converter reference voltage.

The response of the long-period verticel seismometer to a calibra-
tion pulse was observed to be oscillatory soon after sctivation. In the
presence of feedback, this effect cen be produced if either the natural
period of the seismometer is lengthened or the feedback filter corner
period is shortened beyond design values. It is probable that the natural
period of the seismometer was lengthened from 15 seconds to approximately
60 seconds as a result of vibration effects. Acceptable operation has
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NASA-S5-70-529

Figure 3-5.- Passive seismic experiment and the experiment central station in the foreground
with the undepioyed suprathermal ion detector experiment in the background.
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been achieved by removing, through ground commands, the feedback filters
from all three components. In this configuration, the seismometers have

responses equal to underdamped pendulums with natursl periods of 2.2 sec-
onds.

The sctive thermal control system was designed to maintain a tem-
perature level of 125° F to within 1°. The observed range is from 85° F
during the lunar night to 132.5° F during the lunar day. This tempera-
ture variation will not degrade the quality of seismic data, but it will
reduce the probability of obtaining useful long-period (tidal) data.

Recorded seismic signals.- Prior to lunar module ascent, a great
many signals were recorded and corresponded to various crew activities,
on the surface and within the lunar module. The crewmen's footfalls were
detectable at all points along their traverse, with a maximum range of
approximately 360 meters. Signals of particular interest were generated
by static firings of the reaction control thrusters and the ignition of
the ascent engine, as shown in figure 3-7. These signals traveled from
their sources to the seismic sensors with a velocity of approximately
108 meters/sec. Spectra of the thruster signals show peak signal ampli-
tudes near 8 hertz, as was observed during Apollo 11 static firings.

NASA-5-70-531
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Figure 3-7.- Seismic signals during reaction control thruster
and ascent engine firings.

Following ascent, 18 seismic signals that could possibly be of
natural origin have been identified on the records for the 10-day period
of observation. All but one of the 10 high-frequency events detected by
the short-period vertical component were recorded within 8 hours after
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lift-off and probsbly correspond to venting processes of the lunar module
descent stage. These data contrast sharply with the hundreds of signals
assumed to be of lunar module origin recorded during the first 8 days of
Apollo 11 seismometer operation. This drestic reduction in the number of
interfering noises from the lunar module is attributed primarily to the
jncrease from 16.8 meters to 130 meters in distance from the descent stage.
However, the reduced sensitivity of the vertical component in the short-
period seismcmeter is certainly a contributing factor.

Of the eight signals recorded on the long-period components, three
are extremely small, possibly of instrumentel origin, and the remaining
five are quite definite. All signals exhibit emergent onset rates and
durations lasting from 10 to 30 minutes; periods which are long compared
to similar seismic events on earth.

The most significant event recorded was the impact of the lunar
module ascent stage at a distance of 75.9 kilcmeters and an azimuth of
114 degrees east of north from the experiment. The angle between the
impact trajectory and the mean lunar surface was 3.7 degrees at the point
of impact, and the approach azimuth was 306 degrees. BSignals from the
impact were recorded well on all three long-period seismometers. The
signal amplitude built up gradually to a meximum of 10 millimicrons
peak-to-peek on all components over & period of about T minutes and there-
after decreased very gradually into the background, the total duration
being sbout 50 minutes. Distinct phases within the wave train are not
apperent. The signal is shown on a compressed time scale in figure 3-8,
and no phase coherence between components is evident. The spectral dis-
tribution of the signal ranges from epproximately 0.5 hertz to the high-
frequency limit of 2 hertz for the long-period seismometer.

NASA-S-70-532

MR T R el K

3
+
]

T
i

O i i 1

6ccurred at .149:55>:116.:4

Note: Ascent stage impact

Figure 3-8.- Long-period seismometer response to ascent stage impact.
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The seismic wave velocity, corresponding to the first arrival, ranges
between 3.0 and 3.78 km/sec. The unexpectedly long duration of the wave
train is assumed to have either resulted from a prolonged effective source
mechanism or from a propagation effect. An extended source from such an
impact might result from: (1) triggering of rock slides within a crater
located near the point of impact; (2} the distribution of secondary im-
pacts which would presumsbly rain downrange, and toward the seismic sen-
sors, from the primary impact point; and (3) the effects of an expanding
ges cloud consisting of residual ascent stage fuel and volatilized ejecta.
If the signal duration is & propegetion effect, the quality factor (Q) of
the lunar material through which these waves propagate must range between
2000 and 4500, as opposed to Q-values of between 10 end 300 for most crust-
2l materials on earth. Further interpretation of this very unusual signal
must be deferred pending a final analysis. It should be noted, however,
that the impact signal is similar in character to a number of prolonged
signals detected by the Apollo 11 seismometers. This similarity elimi-
nates an earlier suspicion that the Apollo 11 signals might be of artifi-
cial origin.

A direct correlation has been made between signals recorded by the
megnetometer and those recorded by the short-period vertical component.
This correlation was particularly noticeable during passage of the moon
through the transition zone between the tail of the earth's magnetic field
and interplanetary space, where rapid variaetions in the magnetic field
strength are cobservable from the magnetometer record.

Feedback outputs.- The long-period seismometers are sensitive to both
tilt {horizontal components) and changes in gravity (vertical component).
These data are transmitted on separate data channels, referred to as
"feedback," or "tidal," outputs. A particularly interesting case of tilt-
ing has been observed, beginning approximately B hours before terminator
crossing and lasting 24 hours thereafter, as shown in figure 3-9. A
total tilting of 45 seconds of arc, downward and in the direction of east-
northeast, occurred during this interval. The tilting may have been pro-
duced by a combinstion of thermal effects either on the very near lunar
surface or on the instrument itself, and possibly by the tilting of large

-blocks of the igneous rock underlying the regolith, which is estimated

to range between 1 and 5 meters in thickness. Thermal effects could not
have propagated for more than a few inches into the regolith during the
period of observation. Thus, tilting of underlying blocks by thermal ef-
fects would have to be produced by changes in temperature at exposed crater
walls. The crew reported seeing zones of lineations 5 to 30 meters wide
trending approximately north-south in this region. Such zones may have
been produced by sifting of regolith material into underlying fractures.
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3.1.3 Magnetometer Experiment

The magnetometer experiment measures the magnetic field on the lunar
surface in response to the moon's natural electromagnetic fields in the
solar wind and the earth's magnetic tail. Measurement of the field vec-
tor and gradient permits placement of an upper limit on the permanent
megnetic moment of the moon and also allows inhomogeneities and local
field sources to be studied. Vector field measurements taken during the
moon's passage through the neutral sheet in the geomagretic tail will
also allow determination of the moon's bulk magnetic permesbility. Simul~
taneous field measurements teken by the lunar surface megnetometer and a
lunar orbiting satellite will be used to differentiate the sources pro-
ducing the lunar induction megnetic field and to calculate the bulk elec-
trical conductivity.

The initial data show that a portion of the moon near the Apollo 12
landing site is magnetized, The data also show that the magnetic field
on the lunar surface has frequency and amplitude characteristics which
vary with lunar day and night. These two observations indicate that the
material near the landing site is chemically or electrically differenti-
ated from the whole moon.

The magnetometer was deployed in approximately 3 minutes, and fig-
ure 3-10 shows the deployed megnetometer at the experiments package site.
Magnetic-field data were received immediately after instrument activa-
tion, and ground commands were sent to establish the proper renge, field
offset, and operational mode for the instrument. The experiment wes de-
ployed sc that each sensor is directed about 35 degrees above the hori-
zontal. The Z sensor is pointed toward the east, the X sensor toward the
northwest, and the Y sensor completes & right-hand orthogonal system. In-
strument measurements include both time-invarient and time-varying vector
field information. The time-invariant fields are produced by a source
either associated with the entire moon or in combination with a possible
localized source. The time-varying vector fields are produced by the
sun's magnetic field in the soler wind and by the earth's magnetic field
in the regions of the magnetic bow shock, transition zone, and the geo-
magnetic tail. These regions and the moon's first orbital revolution
after deployment are shown in figure 3-11. At the time of instrument
activation, the moon was just inside the earth's magnetic bow shock.

The magnetic field measured on the lunar surface is & vector sum of
the fields from the lunar, terrestrial, and solar magnetic fields. The
selenomagnetic field associated with a local portion of the moon should
have small-amplitude variations over time periods on the order of days
end can therefore be separated from the higher frequency transients by
measurements taken during a pericd of one complete revolution around the
earth. A preliminary analysis of the field measured during half an or-
bital period shows that the field is approximately 30 gammas in magnitude
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Figure 3-10.~ Lunar surface magnetometer deployed.
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end is directed downward approximately 50 degrees from the vertical toward
the southeast. The magnetic-field gradient was measured to be less than
103 gemmas /cm in the plane tangent to the lunar surface. Magnetjc-field
measurements from the lunar orbiting Explorer 35 spacecraft indicate that
the dipole moment is less than 1020 gauss-em3?, which implies the 30-gamma
field is caused by & localized source near the Apollo 12 landing site,
rather than from a uniform dipocle moment associated with the whole moon.

Along with the time-invariant magnetic field associated with the
moon, a relatively large time-varying component exists. During each
orbit around the earth, the moon is embedded in each of the different
magnetic-field regions shown in figure 3-11. The magnetic-field environ-
ment is dominated by the solar wind in interplenetary space, by the in-
teraction of the soclar wind and the earth's magnetic field in the bow
shock and transition region, and by the earth's intrinsic field in the
geomagnetic tail region.

Figures 3-12 through 3-15 show typical field measurements obtained
during & 6-minute period in each of the three regions shown in fig-
ure 3-11. Figure 3-12 is & time-series plot of the three vector compo-
nents of the magnetic field in the instrument coordinate system while
the moon was in interplanetary space and the instrument was in sunlight.
The field variations are caused by the fluctuating solar field transported
to the lunar surface by solar plasma and correlate in %time with data from
the solar wind spectrometer (section 3.1.4). Figure 3-13 is a plot of
the three vector components during a period when the moon was in inter-
planetary space and the magnetometer was in darkness. The resultant
lunar surface field can be seen to lack the short-period fluctuations
eppearing in data received when the instrument was in sunlight. The
magnetic-field vector components during a time when the moon wes in the
vicinity of the earth's plasma magnetohydrodynamic bow shock are shown
in figure 3-14. The response eamplitude in this region is large. Typical
measurements obteined in the transition region between the bow shock and
the magnetopause are plotted in figure 3-15. In this region, the field
fluctuations are of greater amplitude and contain higher frequencies than
in the interplanetary solar field regions. These measurements also cor-

--relate well with data from the solar wind spectrometer. As expected,

measurements taken in the field region of the geomagnetic tail show very
low amplitude and frequency fluctuations with time.

Temperatures measured at five different locations in the instrument
were epproximately 68° F higher than expected because of lunar dust on
the thermal control surfaces.
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Two ancmalies have been cbserved in the operation of the magnetometer
since deployment. Following discovery of a malfunction, one of the three
digitel filters in the data processing electronies was bypassed by ground
commend 3 days after equipment activation. The problem was discovered as
a feulty subroutine in the digital filter that was erroneously multiplying
the data by zero. After the electronics temperature decreased from a high
of 161° F to below 122° F during the lunar day, the filter was commanded
back into the data link and instrument operation was satisfactory. Pre-
liminery indications ere that e welded connection parted at the upper
temperature. The second ancmaly occurred gbout 3 weeks after deployment,
when the three vector-component measurements dropped off-scale and the
vector magnetic field could not be measured. Subsequent commands per-
mitted the X-component measurements to be brought back on scale but not
the Y- and Z-sensor outputs. All subsystems were cperating normally ex-
cept for the sensor electronics. Another attempt will be made to restore
the sensor electronics to proper cperation when the temperature of the
electronics rises at lunar sunrise.

3.1.% Solar Wind Spectrometer

Since the solar wind spectrometer was activeted on the lunar sur-
face, the performance and the data received have been satisfactory. The
solar wind spectrometer was turned on by ground command at approximately
122-1/2 hours. All background plasma and calibration data appear normal,
The seven dust covers were successfully deployed at 1k3-1/2 hours.

The observed plasma ion data, characteristic of the earth's "tran-
sition region," were found to be comnsistent with that indicated by the
magnetometer. As expected, the plasma properties are highly variable in
the trensition region. The bulk velocity was near 300 km/sec, the density
was sbout 5 ions/cm?®, and fluxes of from 0.5 x 10% to about 2 x 108 ions/
cm?-sec were cobserved. High-energy electrons were also detected.

When the instrument entered the geomagnetic tail of the earth, es-
sentially no solar plasma was detected. Upon emerging from the geomag-
netic tail, the spectrometer again passed through the transition region. S

Nine days after deployment, the instrument passed through the plasma
bow shock of the eartl: into the interplanetary solar wind, which exhibited
the following typicel plasma properties: bulk veloecity of from 500 to
550 km/sec, density of from 2 to 2.5 jons/cm3, and a flux of approximately
1.4 x 308 ions/cm2-sec.

With the onset of lunar night, the plasma activity, as predicted,
decreased to below the measurement threshold of the instrument.
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3.1.5 Suprathermal Ion Detector

The suprathermal ion detector experiment functioned normally until
14-1/2 hours sfter activation, at which time the 4.5-kV and 3.5-kV power
supplies and the voltage sequencer for the low-energy curved-plate analyzer
shut down. At the same time, the sequencer for the high-energy curved-
plate enalyzer skipped forward five data frames and returned to normal
sequencing on the next cycle. After successfully commanding on the se-
quencer and the 3.5-kV power supply, all attempts were unsuccessful in
restoring the L.5-kV power supply.

Instrument operation continued until about 29 hours after activation,
when the instrument chenged its data accumulation mode, and the high-
energy and low-energy sequencer voltages went to zero. The instrument
was immediately commanded into the normal operating mode and the sequenc-
ers commanded back on. At this time, the total ion-detector background
counts were close to 200 counts per accumuletion interval and were in-
creasing, indicating a pressure rise with temperature. For this reason
an arc in the 3.5-kV power circuit to the detector was suspected and the
3.5-kV power supply was commanded off. Following lunar noon (13 days
after activation) the 3.5-kV power supply was reenergized and the experi-
ment hes remained fully functional. However, daily attempts to command
on the L.5-kV power supply have been unsuccessful.

The following observations of scientific interest have been detected
during the first 18 days of full operation:

g. The ascent—engine firing
b. Ascent stage impact

¢c. Presence of sporadic low-energy ion clouds during first passage
through the earth's transition region. One typical event in this region
showed the passage of an jon cloud, the beginning of which was indicated
by both the detection of T750-eV ions and an associated magnetic field
that was sensed by the magnetometer, with the remaining ions of the cloud
generally in the energy range of from 30 to 100 eV - T

8. Presence of low-energy icns with narrow energy spectra, indi-
cating the ground screen has some influence on incoming thermal ions

e. Presence of very energetic protons and/or alpha particles on
the night side (fig. 3-16)

f. Presence of solar wind ions on the night side

g. A possible sunrise-related pressure wave characteristic of the
moon
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The dats are too preliminary to Jjustify a detailed discussion, and a more
rigorous analysis of these observations will be presented in a later
science report.

3.1.6 Cold Cathode Gage

As expected, the cold cathode gage indicated full-scale response
at activation because of gases trepped within the instrument. After
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sbout a half hour of operation, the response changed perceptibly from
the full-scale reading. After T hours, the indication had decreased to
sbout 3 x 10”2 torr. At the time of lunar module depressurization prior
t0 the second extravehicular activity period, the response increased to
at least T x 10" 8 torr. The exact value is uncertain because a pro-
grammed calibration, which time shares the data channel, was being per-
formed near the time of maximum pressure. The pressure increase result-
ing from lunar module outgassing is in reasonable agreement with predic-
tions. Whenever a crewman approached the experiment during the second
extravehicular activity period, the instrument response went off-scale,
as expected, because of gases released from a portable life support sys-
tem.

The stiffness of the electrical cable joining the cold cethode gage
to the suprathermal ion detector experiment caused some difficulty -during
deployment of the gage (see section 1L.3.5). To avoid this problem the
tape wrap will be eliminated from future experiment packages and will de-
crease the cable stiffness The instrument apparently suffered a cata-
strophic failure after about 1k hours of operation, because of a malfunc-

tion either in the U4,5-kV power supply or in the power-supply switching

mechanism.
3.2 SOLAR WIND COMPOSITION EXPERIMENT

The solar wind composition experiment was designed to measure the
abundance and the isotopic composition of the noble gases in the solar
wind. In addition, the experiment permits & search for the isotopes
tritium (B3) and radioactive cobalt (Co®%). The experiment hardware was
the same as that flown in Apollc 11 and consists of a specially prepared
aluminum foil with an effective area of 0.4 square meter. Solar wind
particles arrive at velocities of a few hundred kilometers per second
and, when exposed to the lunar surface environment, penetrate the foil
to a depth of severel millionths of a centimeter, becoming firmly trapped.
Particle measurements are accomplished by heating portions of the returned

~foil in an ultra-high vacuum system. The emitted noble gas atoms .can be

separated and analyzed in statically operated mass spectrometers, and the
absclute and isotopic quantities of the particles can then be determined.

The experiment was deployed on the lunar surface and was exposed to
the solar wind for 18 hours 42 minutes, as compared to 77 minutes for
Apollo 1l. Afterward, the foil was placed in & special Teflon bag and
returned to earth for analysis.
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3.3 LUNAR GEOLOGY

Geological information, in the form of voice descriptions, lunar
surface samples, and surface photographs, was also provided during all
other phases of the surface stay. It appears that the locations and ori-
entations of a significant number of the returned samples can be deter-
mined relative to their positions on the lunar surface; therefore, de-
tailed geologic maps and interpretations can be made from this informa-
tion., A summary of the returned lunar surface samples, compared with the
Apollo 11 semples, is contained in the following table:

Approximate weight, 1b
Material
Apcllo 12 Apollo 11
Fines* and chips 12.8 2k.2
Rocks 1.0 2k.3
Core-tube specimens 0.9 0.3
Total TH.T 48.8

*NOTE: Terns used in this section are defined in
a glossary, Appendix F

3.3.1 Ceology of the Landing Site

The lunar module landed on the southeastern part of the Ocean of
Storms at 110-1/2 hours. The coordinates of the landing site are given
in section 4.3. This portion of the Ocean of Storms mare is dimpled by
many smell craters of Copernican and Eratosthenian age, and the landing
site is contained within a broad Copernicus ray. The site is located on
the northeast rim of the 150-meter-diameter Head crater and the northwest
rim of Surveyor crater, in which the Surveyor III unmanned spacecraft
landed@ on April 20, 1967. See figure 3-17 for a travers: map of the
landing-~site area. The surface northwest of the landing site is littered
with debris from & 450-meter crater, informally called the Middle Crescent
crater, the southeast rim of which lies about 200 meters northwest of the
landing site.

On the second extravehicular excursion, the crew visited four craters
of over 50 meters in diemeter, and many of smaller size. The character-
istics of eight craters were described, and a veriety of material ejected
from each was collected. The crew made numerous comments about smaller
craters and sbout the surface features between them, including ground
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that mey be underlain by ray material from more distant craters, espe-
cially Copernicus. The rock collections returned to earth contain a
variety of material ejected from local craters visited on the traverses.
These collections included fine-grained materials of both local origin
and from far-distant sources.

- Regolith.- During the landing operations, the regolith, or fine-
grained layered material on the lunar surface was only penetrated to an
average depths of ebout 5 centimeters by the lunar module footpads. The

- loose regolith material beneath a crewman's boots compacted into a smooth
surface. Many crew comments concerned the large .amounts of glass con-
tained in this regolith. Beads and small irregularly shaped fragments
of glass were abundent both on the surface of and within the regolith.
Glass is also splattered upon some of the blocks of rock at the surfeace
end is concentrated within many shallow craters. The crew commented
"Every crater you .... look in, you see glass beads." '

Along many parts of the geology traverse, the crew found a fine-
grained material of relatively high albedo. At some places, this material
is at the surface (for example, near the rim of Sharp crater) but at other
localities is buried beneath 10 centimeters, or more, of darker material
(as on the west side of Head crater and on the outer slope of Bench crater).
This fine-grained material may constitute the deposit which is observed
in the telescope as one of the bright rays of Copernicus.

The darker regolith above the light-gray material is only a few
centimeters thick in some places but probably thickens greatly on the
rims of some craters. The darker regolith appears to show more variation
from, one locality to another than does the light-gray regolith. These
regolith variations include differences in both the size and shape of
the particles and in the observed mechanical properties. Most of these
di fferences probably result from the effects of local cratering events.
The differences in abundance, size, and angularity of ejected blocks, as
well es the petrologic differences of the rock fragments on and in the
surface regolith, appear to be closely related to local craters from which
some of the blocks have apparently been derived.

-

-

S e ——e— Pty erned ground was noted northwest of the lunar medule, at and -—

- near Surveyor III, on the outer slopes of Sharp crater, and near Halo
creter. Northwest of the lunar module, this patterned ground was de-
scribed as consisting of linear traces or grooves only about 0.3-centi-
meter deep and probably of the same type shown in Apollo 11 photographs.
The grooves are oriented north-south. These features were also observed
near Middle Crescent crater at a distance of about 200 meters from the
lunar module. Near Surveyor III, however, the lineations were described
as having a generally northwest orientation. This phenomenon correlates
with the patterned ground shown in certain Lunar Orbiter photographs, but
the associated grooves are obviously much larger than those described in
Apollo 12.
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A tentative interpretation of the upper twe layers of the regolith
is suggested. The light-gray material which underlies the darker material
guite possibly is ray materisl related to Copernicus, and the darker rego-
lith consists partly of debris ejected from local craters younger than
Copernicus., Probably there has been considerable mixing together of ma-
terial from these two sources as & result of subsequent smaller cratering
events. Other processes, such as downslope creep, may also have contri-
buted to this mixing, and later "space weathering" processes may have
contributed to the change in surface albedo.

Craters and block fields.- The supposition that the darker regolith
is largely of local origin is strengthened by crew observations of the
larger local craters and their block fields. Information on the distri-
bution, size, shape, abundance, and petrologic dissimilarity of the blocks
observed in different areas of the traverse is particularly pertinent in
an interpretation of the remainder of the regolith.

Northwest of the lunar module is Middle Crescent crater, the largest
visited. The crew observed huge blocks on its wall, probably derived
from the local bedrock. According to one crewman, blocks on the surface
between this crater's rim and the lunar module consist of "everything from
fine-grained basalts to a few coarse-grained ones."

Both rounded and angular blocks were found on the western edge of
Head crater and described. One rock the size of a grapefruit was tossed
into the crater to excite the seismometer and went skipping and rolling
down the slope in slow motion. Most rock fragments were angular and of
s dark gray color (fig. 3-18). These blocks were reported to be much more
abundant on the rim nearest the crew than on other parts of the rim. Some
rocks appeared to be coarse in grain and their crystals showed clearly,
even when covered with lunar surface material. These crystals were de-
scrived in one of the rocks as being a very bright green, much like =a
"ginger ale" bottle. The crystals are cobviously basalts and coarser-
grained rocks that were ejected from Head and Middle Crescent craters.

Bench crater appears to show some significant differences in its
..ejecta and morphology. - Numerous large blocks were apparently ejected
from this creter, some as large es & meter in length. These rocks, some
angular and others rounded, were estimated to make up 5 percent cof the
material surrounding the crater. Material in the bettom of the crater was
reported most likely to be bedrock (fig. 3-19) and appeared to have been
molten at one time. Numerous "glass beads," some of which were collected,
were reported to be on the sides and in the vicinity of this crater. The
crater derives its informal name from & bench-like protrusion located high
on the crater wall and spparently totally free of regolith. This protru-
sion remeins unexamined because the steep slope of the crater walls pre-
vented a closer investigation.
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Figure 3-18.- Blocky ejecta near a small crater photographed during the

first extravehicular activity period.



3-20

NASA-S-70-543

Figure 3-19.- Photograph of Bench crater showing probable bedrock.
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Blocks observed on the south rim of Surveyor crater and near Sur-
veyor III are quite similar to those from Head and Middle Crescent craters.
Angular blocks, some cube- end others brick-shaped, were also noted near
Surveyor III1. One rock was described as having shear faces and ebrasion
marks on it, and it also contained the bright crystals.

Photographic panoramas were taken across the 10-meter-diameter crater
(informally called "Block" crater) within Surveyor crater. Nearly all the
blocks from this crater were described ms sharply angular. The sharp angu-
larity of the blocks suggests that the crater is relatively young.

Sharp crater contrasts strikingly with the blocky-rim craters pre-
viously described. It is a small crater with a rim, less than a meter
high, composed of high-albedo material, which has also splashed out radi-
ally. The core tube driven in the rim of the crater penetrated this ejecta
without difficulty. '

The Halo crater arem seems to contain a group of small craters that
are without block fields. Little description of this area was reported,
aside from the fact that a patterned ground, with a coarse texture of
ripples and dimples, was present.

The crew reported observing two unusual mounds just north of Head
crater. The larger of these mounds was scoop-sampled and was leter de-
termined from photographs to be sbout 1.3 meters high, 1.5 meters in dia-
meter at the top, and about 5 meters in diameter at its base (fig. 3-20).
These mounds (fig. 3-21) are probably composed of slightly hardened clods
of fine-grained meterial that was ejected from one of the nearby craters.

3.3.2 Mechanical Properties

Crew observations, photography, telemetered dynamic data, and ex-
amination of the returned surface samples permit a preliminary assessment
of the physical and mechanical properties of these materials and a com-
parison with Apollo 11 results.

Descent and touchdown.- Lunar surface erosion resulted from descent-
engine exhaust gases, and dust was blown from the surface along the trace
of the final descent path {see section 6). Examination of sequence-camera
film suggests that this erosion wes greater than observed in Apocllo 11.
Further analysis is required to ascertain whether this effect resulted
from different surface conditions, a different descent profile, or whether
degraded visibility resulted from s different sun angle.
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Mound just north of Head crater as viewed from the northeast.

Figure 3-20.- |
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Figure 3-21.- Material on top of a reported mound,
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The landing was gentle, causing only limited stroking of the shock
absorbers. The plus-Y footpad apparently contacted the surface first
(see section 4.2) and bounced a distance of about one pad-width. The
minus-Y footpad slid laterally about 15 centimeters and penetrated the
soil to a depth of about 10 or 12 centimeters. The other footpads pene-
rated to depths of from 2 to 5 centimeters, as typiceally shown in fig-
ure 3-22. Similar penetrations were dbserved under similar landing con-
ditions at the Apello 11 site, indicating that the surface material bear-
ing capacities at the two sites are of the same order of magnitude.

b
.
-
H

Extravehicular esctivity.- After an initiel acclimation periocd, the
crev encountered no unexpected problems in moving about on the surface.
Traction appeared good, and no tendency for slipping or sliding was re-
ported. Fine surface material was kicked up readily and, together with
the lunar dust that coated most contscting objects, created difficult
working conditions end housekeeping problems on board the spacecraft
(section 6).

Footprint depths were of the same order as in Apollo 11, that is,
& centimeter or less in the immediste vicinity of the lunar module and in
the harder lunar surface material areas, and up to several centimeters in
the softer lunar surface material areas. The least penetration was ob-
served on the sides of Surveyor crater. Penetration of the lunar surface
by various handtools and staffs was reported as relatively easy and was
apparently easier than reported for Apocllo 11, The staff of the solar
wind composition experiment wes readily pushed to e depth of approximately
1l centimeters and the flagpole approximately 17 centimeters. Trenches
were dug to depths of 20 centimeters without difficulty, and the crew
reported that, except for limitations caused by the lengths of the tool
haendles (section 9), they could have excavated to considerably greater
depths without difficulty. Vertical sidewalls on these trenches would
cave in when disturbed at the top but would remain vertical if left un-
touched. :

Core tubes were pushed and driven at three sites (see fig. 3-17);
_single core-tube specimens were taken near the lunar module and in the
bottom of a trench st Sharp crater, and a double core-tube specimen was
retrieved at Halo crater. 1In both of the single-tube specimens, the tube
was easily driven to its full depth. The double core-tube specimen was
taken to a depth of approximately TO0 centimeters. The core tubes were
easily withdrawn, and the holes remsined open unless disturbed. The in-
terior design of the core-tube bits was different from that of Apollo 11,
in that the Apollo 12 internal diameter was constant. This redesign prob-
ably contributed to the ease with which they were driven,

No change in the texture or consistency of the lunar material with
depth was observed during trenching or the driving of core tubes. As
expected, the subsurface material is darker than the surface material,
except in the area just northwest of Head crater where the subsurface
meterial was lighter.
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The fellowing cconclusions regarding three distinct areas, in terms
of lunar material texture and behavior (fig. 3-17), were made by the crew:
(1) the region between Halo and Surveyor craters, including the inside
slope of Surveyor crater, has the firmest surface material and the appear-
ance of ground upon which light rain has fallen; (2) the vicinity of Sherp
crater has the softest surface material and permits the deepnest footprints;
and (3) the vicinity of the lunar module has lunar material intermediste in
character. The probing of portions of the protruding features described as
"mounds" revealed a composition of fine-grained compacted material which
crumbled easily.

Examination of the photographs teken at the Surveyor III site
(figs. 3-23 and 3-24) suggest that the lunar surface has undergone little
change in the past 2-1/2 years. The trenches excavated by the lunar ma-
teriel sampling device on Surveyor, as well as the waffle pattern of the
Surveyor footpad imprint, appear much the seme as when formed on Surveyor
lending (fig. 3-25). Many of the Surveyor components (fig. 3-26) were
observed to be coated with a thin layer of dust, but some other process
could also have discolored them. The results of a detailed postflight
exeminetion of the Surveyor components returned to earth will be published
in a separate science report (see appendix E). The Surveyor components
returned were & cable, a painted tube, &n unpainted tube, the television
camera, and the scoop.

Examination of returned samples.- Four kilograms of lunar surface
material having a grain size of less than 2 millimeters in length was
returned and this was much less than the 11 kilograms returned from
Apollo 11. The lunar surface samples available for study are: (1) lunar
surface material mixed with and adhered to the rock samples in both the
selected and documented sample boxes; (2) five individual documented lunar
material semples; (3) the contingency sample; and (%) the contents of four
core-tube specimens. A cursory examination of returned samples indicates
g very fine, dusty, charcoal-gray lunar material similar to that returned
from Apollo 11.

e ...Only. one of the documented lunar surface material bags has been open-

ed. This sample was taken in a trench dug in the northwest quadrant of
Head crater and has a distinctly different color from the other lunar ma-
terial samples in that it is light grey, similar to the color of cement.
The lunar material in the contingency sample bag weighs approximately
110C grams but has not yet been examined.

Thus far, only one core-tube sample, that taken during the first
extravehicular excursion in the wviecinity of the lunar module, has been
opened and examined. This core sample was 19.4 centimeters long, and its
average bulk density was calculated to be 1.73 grams/cm3. The Teflon fol-
lower was found to be wedged in one-half of the inner split-tube. Because
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the core tube was driven into the lunar surface to its entire length of

35 centimeters, the stuck follower probably prevented a longer sample from
being recovered. The medium to dark-gray color of the core sample was
essentially the same as that seen in Apollo 11l. The grain size distribu-
tion was also similay, with sbout 50 percent of the sample being finer
than 0.08 millimeter.

NASA-5-70-547

Figure 3-23,~ Surveyor III photographed from the south.
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Figure 3-24.- Surveyor IIl with the lunar module in the background.
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(a) Surveyor television photograph transmitted soon after {b) Apollo 12 photograph (November 1969).
landing (April 1967).
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Figure 3-25.- Detail of a Surveyor Il footpad showing imprints and local surface conditions.
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Figure 3-26.~ Closeup of Surveyor III .
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3.3.3 Geologic Handtools

The handtoocls used during extravehicular activity were nearly iden-
tical to those for Apollo 11, and their performance is discussed in sec-
tion 9. One aspect not reported by the crew was the difficulty in deter-
mining from voice communications whether the crew was reporting the letter
B or D from the sample beg numbers. For future missions, the bags will
be identified so that when the number is reported by voice, it is not
ambiguous when received on the ground.

3.4 EXAMINATION OF RETURNED SAMPLES

The bulk of the preliminary examination planned for returned lunar
samples has been completed, and precautionary exposure of all the bioclog-
ical test systems has been conducted so that sample release can occur on
schedule.

3.5 PHOTOGRAPHY

During the mission, all but two of the total of twenty-five TO-mm
and 16-mm film megazines carried on board were returned exposed. A par-
tially exposed TO-mm magazine had jammed and was inadvertently left on
the lunar surface, and one 1l6-mm magazine was not used. Approximately
53 percent of the suggested targets of opportunity from lunar orbit were
photographed.

3.5.1 Photographic Objectives

The lunar surface photogrephs included:

. . &. Long-distance photography from the command module during trans-

lunar and transearth coast for documentation purposes

b. Surface photography from lunar orbit, including muitispectral
strip photography and selected targets of opportunity for selenographic
purposes and for use in planning and training for future missions

c. Photography of the lunar surface during descent and ascent

@. Sextant photography of the Lansberg area from orbit

e. Photography of the lunar module and experiment equipment

f. Photography of the crew performing various lunar surface tasks
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g. PFPhotography of the surface environment

h. Panoramic and sterec photographs of samples, sample areas, selenc-
golic features, and the traverse regions for documented scientific study

i. Photography of selected portions of the Surveyor III spacecraft
and surrounding surface.
3.5.2 Film Description and Processing
Special care was teken in the selection, preparation, calibration,

and processing of film to maximize returned information. The types of
film included and exposed are listed in the following table: .

Film Ash Resolution, lines/mm
Film type size, | Magazines High Low
speed
m contrast contrast
S0-368, color 16 12 6L 80 35
70 2
S0-168, color 16 2 a 63 32
70 2
S80-164, black and white 16 1 10 170 65
3400, black and white 70 b ko 170 70
S0-267, black and white | 70 2 278 85 38

aExposed and developed at ASA 1000 for interior photography and
ASA 100 for lunar surface photography.

3.5.3 Photographic Results

Orbital photography.- For the first time during an Apollo mission,

areas of the western portion of the moocn's front face were in sunlight.
This illumination permitted a large amount of photographic coverage which
complements previcus results.

Two terminator-to-terminator photographic strips were accomplished
using the 70-mm still camera with an 80-mm lens. The camera was mounted
on a bracket in the rendezvous window and timed by an intervalometer,
which triggered exposures every 20 seconds. One strip, extending from
122 degrees east to 52 degrees wezt longitude along the lunar ground
track, was taken on the 4Oth lunar orbit revolution. The second strip,
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taken during revolution 4%, was stopped at 37 degrees east longitude be-
cause of the necessity to accomplish landmark tracking and to repeat some
high-resolution photography in the next revolution. The quality of the
strips, including overlap, exposure, and simultaneous 16-mm sextant photo-
graphy gas good and fulfills the intended mission objectives (see sec-
tion 12).

Three potential landing sites, near the lunar surface areas Fra Mauro,
Descertes, and Lalande, end their approach paths were photographed in
stereo on one of the 80-mm strips with the 500-mm lens. The imagery is
considered, at best, of fair quality. While window end lens transmission
effects, as well as possible lens vibrations, affected the quality of the
photography, the main cause was the high sun angle resulting from the
photographs being teken on & later orbit than planned. The high sun angle
created a softer image with less shadow definition, which naturally de-
grades the information content.

Fra Mauro was photographed with the 80-rm lens at & low sun angle,
which shows the amount of shadow that can be expected during a lunar land-
ing at this site.

The 16-mm photography teken from the command module includes good
lunar surface strips taken from the window and through the sextant, track-
ing sequences through the sextant, end certain lunar module orbital ma-
neuvers. Included are strips showing Lalande, Descartes, Fra Mauro, and
the Apollo 12 landing sarea.

Surfacde Photography.- The lunar terrain over which the lunar module
traveled during descent was documented by the 16-mm sequence camera.
Lunar surface visibility during descent and the obscuration by dust Just
prior to landing are illustrated in this film sequence {fig. 6-1). The
70-mm film exposed on the surface, when not affected by sun glint con the
lens or surface washout by sunlight, was generally of good quality.

Crew activities and lunar surface features near the lunar module,
the experiment package, and those cbserved during the two extravehicular

e number of panoramic views.

3.6 MULTISPECTRAL PHOTOGRAPHY EXPERIMENT

Inspection of the prints from the multispectral four-camera photog-
raphy array indicates that the experiment was performed es planned. In
addition to photography of three planned targets of opportunity using the
experiment camera, continuous vertical strip photography was cbtained from
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the command module from 118 degrees east to 14 degrees west longitude. A
total of 141 pictures was taken with each of the red-, green-, end blue-
filter cameras and approximately 105 with the infrared-sensitive camera.
Included in the frames sre a wide variety of lunar surface features, which
should allow an excellent demonstration of the multispectral techniques
developed in Apollo 9 (see reference 3) for lunar application. The lunar
multispectral photography will provide the first high-resolution lock at
subtle color variations on the lunar surface, as well as the first study
of color behavior at and near the zero-phase point.

An error in the preflight determination of exposure settings resulted
in overexposure of approximately 30 frames in the second portion of pho-
tography conducted during the twenty-seventh lunar orbit revolution. How-
ever, almost all the date in these frames are recoversble, since maximum
and minimun densities for all frames generally fall within the straight
line portion of the film characteristic curve.

The essigned targets of opportunity did not fall in the center of
the frame for photography of the potential landing sites Descartes and
Fra Mauro. Although the targets are within the frames, the mlsallgnment
of the spacecraft wes on the order of 10 or 15 degrees.

3.6.1 Petrology

The samples are composed primarily of igneous rocks exhibiting a
wide variety of textures and compositions. The rocks range from fine-
grained scoria, clearly of volcanic origin, to coarse-grained pegmatitic
gebbros., Differences in texture and major components suggest that the
collection represents a series of cumulates in a stratified flow of be-
saltic compositiocn.

Modal compositions range from anortheositic to rocks containing 30 per-
cent olivine. Opaque content is variable but generally lower than for the
Apollo 11 samples.

Ilmenite, trachyte end free iron occur, 1nd1cat1ng a nearly non-
existent or absent oxygen environment during crystallizetion. High-tem-
perature quartz polymorphs occur in many of the igneous rocks. Sanidine
has been identified in one of the breccias.

The mafic minerals, olivine end pyroxene, indicete a high-tempera-
ture environment at one time. Olivine is feyelitic, and some grains con-
tain 5 moles of calcium oxide, a high-~temperature composition. Pigeonite
is the dominant pyroxene and is iron rich, also indicating a high tempera-
ture in the parent melt.

No indication of hydrous alteration of any samples has been observed.
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Samples of fines in the documented sample return container have struc-
tures suggestive of explosive volcanic origin. Several fragments eppear
to be pumice, and their color is generally lighter than for typicel lunar
soil.

3.6.2 Chemistry

Emission spectrographic analyses have been completed on a series of
igneous rocks and several samples of fines. Silicon dioxide content
averages 40 percent. Titanium dioxide content ranges from 3 to 5 percent
in the igneous rocks and as high as 8 percent in the fines. Potassium
oxide content is generally low, ranging from 0.0L to 0.08 percent. No
potassium oxide was detected in several tested samples. These valves
are considerably lower than values for Apollo 11 samples. '

Uranium and thorium concentrations in the igneous rocks are unusually
uniform. Uranium averages 0.24 parts per million and thorium 0.9 parts
per million, values which are considerably less than for Apollo 1l. How-
ever, radioactive potassium, uranium, and thorium contents are signifi-
cantly higher in a breccia sample then for Apcllo 11.

The total carbon contents in & sample of ignecus rock and part of
the biocontrol sample were reported as approximately 100 parts per mil-
lion (probebly representing indigenous msterial) and approximately 600
parts per million, respectively, and these quantities represents a sig-
nificant amount of carbon contaemination incurred during processing.

A noble gas analysis indicates amounts of rare geses similar to the
Apollo 11 results. Although argon measurements, coupled with potassium
values, suggest that the Apollo 12 site is somewhat younger than the
Apollo 11 site, the exposure ages ranging from 10 to 100 million years
are comparable to Apollo 11.
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4.0 LUNAR DESCENT AND LANDING

The factors influencing the selection of the Apollo 12 landing site,
the actual landing operation, and the final determination of the landing
site coordinates are discussed. A more detailed discussion of the land-
ing site selection process will be published in a supplemental report
(see appendix E}.

4,1 LANDING SITE SELECTION

Two major considerations influence the selection of lunar landing
sites: (1) operstional and scientific objectives, and (2} launch window
factors, which are related to both spacecraft performance and operational
constraints. This section discusses those aspects of lending site selec-
tion significant to Apolle 11 and 12 mission planning.

4.1.1 Site Selection Criteria

Landing site selection for any lunar mission involves the considera-
tion of various operational constraints, crew training requirements,
terrain analyses, constraints on the prepsration of support preducts
(such as maps and models), and mission objectives. Because of the lead-
time necessary to meet several of these requirements, the Apollo 12 site
had to be chosen prior to the Apollo 11 launch. The site chosen had to
be such that it could take advantage of an Apcllo 11 success and thereby
represent the next reasonable step in the lunar exploration program; at
the same time provisions had to be made to land at a less ambitious site
in the event Apollo 11 was not successful. The discussion of this selec-
tion process and its evolution will be presented in detail in a supple-
ment to the mission report (appendix E).

Because of a lead time of 5 months prior to launch, the initiation
time for launch-vehicle targeting corresponding to an Apcllo 12 November
lsunch occurred before Apollo 11 lift-off. After the Apolle 11 success,
site selection for Apollo 12 was greatly simplified. Of the four candi-
dates (sites 2, 3, 5, and 7), site 5 was the most desirable backup site
for Apollo 12. Site T was selected based on satisfying all the selection
criteria, including bootstrap photography cof 2 leading landing-site can-
didate for Apollo 13 (Fra Mauro) and an opportunity to land next to a pre-
viously landed spacecraft (Burveyor III).

The Surveyor III site was located in & fairly distinct pattern of
surface features which are necessery to the crew's ability to recognize
and redesignate to the target. Figure 3-24 illustrates how effectively
the goal of landing near the Surveyor was achieved.
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4.1.2 Launch Window Factors

There are e number of considerations which determine the unique time
periods, called launch windows, from which & lunar landing mission can be
flown. These considerations include illuminetion conditions at launch,
leunch szimuth, translunar injection geometry, sun elevation angle at the
lunar landing site, illumination conditions at earth landing, and the
number and location of lunar landing sites.

The time of lunar landing is essentially determined by the location
of the lunar lending site and by the acceptable range of sun elevation
angles (fig. 4-1). The range of acceptable sun elevation angles is from
5 to 14 degrees and in a direction from east to west. Under these condi-
tions, visible shadows of craters aid the crew in recognizing topograph-
ical features. When the sun angle approaches the descent angle, the mean
value of which is 16 degrees, visual resolution is degraded by a "washout"

phenomenon where backward reflectance is high enough to eliminate contrast.

Sun angles sbove the flight path are not as desirable because shadows are
not reedily visible unless the sun is significantly outside the descent
plane. In addition, higher sun angles (greater than 18 degrees) can be
eliminated from consideration by planning the landing one day earlier
where the lighting is at least 5 degrees. Because lunar sunlight inci~-
dence changes sbout 1/2-degree per hour, the sun elevation angle restric-
tion establishes a l6-hour period, which cccurs approximately every

29.5 days, when landing at a given site can be attempted. The number of
earth-launch opportunities for a given lunar month is of course equal to
the number of cendidate landing sites.

The time of launch is primarily determined by the allowable variation
in launch azimuth and by the location of the moon at spacecraft arrival.
The spacecraft must be launched into an orbital plane that contains the
position of the moon and its antipode at spacecraft arrival. A 3k-degree
launch-azimuth variation affords a launch period of approximately U4 hours
30 minutes. This period is called the daily launch window and is the time
that the direction of launch is within the required range to intercept the
moon.

Two launch windows occur each day; one is available for a translunar
injection ocut of earth orbit in the vicinity of the Pacific Ocean and the
other in the viecinity of the Atlantic Ocean. The injection opportunity
over the Pacific Ocean is normally preferred because it usually permits
a daytime launch.
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Figure 4-1.- Sun elevation angle for lunar landing.
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4,2 DESCENT GUIDANCE AND CONTROL

While the lunar landing procedures and profile were generally simi-
lar to those of Apollo 11, the landing was intended to be a precision
operation and a number of changes were incorporated primarily to reduce
landing point dispersions. To eliminate related orbit perturbations, a
soft undocking was performed with the spacecraft oriented radially with
respect to the lunar surface, Also, physical separation of the spacecraft
was performed using the service module reaction control system, and the
lunar module 360-degree yaw maneuver and active stationkeeping activities
were deleted. Because the landing point designator was to be used during
the final stages of descent to fecilitate manual redesignation of the tar-
get, a calibration was performed by sighting on & star at the elevation
angle for which the descent trajectory was designed. To minimize the
effect of accelerometer bias errors, the residuels following descent orbit
insertion were not trimmed but were reported tc the ground to be accounted
for in a subsequent state vector update. The pitch-sttitude drift check,
which was performed on Apollo 11 by having the computer automatically point
the telescope at the sun, was not required for Apcllo 12 because & more
accurate drift check was made prior to undocking. The more westerly land-
ing site for Apollo 12 provided additional time between acquisition of
signal and powered descent initiation; therefcore, a state vector update
could be made based on the previous revolution tracking and the confirmed
descent orbit insertion residuals. In addition to this data-link update,
the capability for manually updating the landing-site coordinates was pro-
vided, based on & voice update from the ground after starting powered
descent. Descent was initiated in a face-up attitude; therefore, a 180~
degree yaw maneuver was not required after ignition. Because of this
face-up attitude, no landing point altitude check, downrange position
check, or horizon attitude check were performed.

Flight plan changes from Apolleo 1l after touchdown included two
rendezvous-radar tracking passes of the command module: one immediately
after touchdown snd the other just prior to ascent. In addition, the
primary and abort guidance systems were powered down on the surface to
conserve power. T UTUTUTTTIOOOTTTm o o D

4.,2.1 Preparation for Powered Descent

Teble L-I contains a sequence of events for the lunar landing phase.
System power-up and primary and ebort guidance system alignments and
drift checks all proceeded according to plan. An accelerometer bias up-
date was performed as scheduled. Undocking and separation were also nom-
inal, and the post-separation opticel alignment of the inertial measurement
unit indicated drifts well within allowable limits. Descent orbit inser-
tion was reported on time with the following velocity residuals:
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L-5
Descent orbit insertion velocity residusls, ft/sec
Axis
Primary guidance Abort guidance
X 0 0.3
0.2 0.1
z -0.6 -0.6

The Doppler residuals measured on the ground st acquisition of
signal following descent orbit insertion indicated a downrange error of
L4400 feet, and the initial output of the Network powered flight processor
indicated a downrange error of L200 feet. Therefore, a downrange landing
point correction of L4200 feet was transmitted to the crew and inserted
into the guidance computer approximately 1.5 minutes after ignition for
powered descent.

TABLE L4-I.- POWERED DESCENT SEQUENCE OF EVENTS

T}me, Event
hr:min:sec
110:00:28 | Braking phase program (P63) entered
110:02:25 | Braking phase program (P63) exited
110:13:39 Start abort guidance system initialization
110:14:37 | Abort guidance system initialization completed
110:14:41 | Request rendezvous parameter display (Verb 83) called
110:15:23 Request rendezvous parameter display (Verb 83) terminated
110:16:29 Coupling display unit zero started
110:16:45 | Coupling display unit zero completed
110:20:03 Display keyboard assembly blank (time to ignition - 35)
110:20:08 Average-g on (time to ignition -29.9)
110:20:31 | Ullage (time to ignition -7.5)
-110:20:33 | - Enable engine {Verb-99) ———mmm e
110:20:37 Ignition permitted
110:20:38 Ignition
110:21:05 Throttle up
110:22:03 | Landing site correction (Noun 69) initiated
110:22:27 | Landing site correction (Noun 69) entered
110:24:00 | Landing radar altitude lock
110:24:04 | Landing radar velocity lock
110:24:09 | Permit landing radar updates (Verb 57) entered
110:24:25 | State-vector update allowed
110:24:31 | Permit landing radar updates (Verb 57) exited
110:26:08 | Abort guidance system altitude update




TABLE 4-I.- POWERED DESCENT SEQUENCE OF EVENTS - Concluded

Time,

hr:min:sec Event

110:26:24 | Velocity update initiate

110:26:39 | X-axis override inhibited

110:27:01 { Throttle recovery

110:27:26 | Abort guidance system altitude update
110:29:11 | Approach phase {P6h) entered
110:29:14 | Landing point designator enabled
110:29:18 | Landing radar antenna position 2
110:29:20 | Abort guidance system altitude update
110:29:44 | Redesignation right

110:29:47 | Landing radar low scale

110:30:02 | Redesignation long

110:30:06 | Redesignation long

110:30:12 Redesignation right

110:30:30 | Redesignation short (2)

110:30:42 | Redesignation right

110:30:46 | Attitude hold

110:30:50 | Rate of descent landing phase (P66) entered
110:31:18 | Landing radar data dropout

110:31:24 | Landing radar data recovery
110:31:27 Landing radar data dropout

110:31:37 Landing radar data recovery

110:32:00 Landing radar data dropout

110:32:04 | Landing radar data recovery

110:32:35 Engine off

110:32:36 | Touchdown

4,2.2 Powered Descent

The ignition sequence for powered descent was nominal and occurred
~—-— on time.-- The desired landing site was sepproximately 5 miles south of -
the orbital plane; therefore, an initial roll angle of minus U4 degrees
resulted as the spacecraft was steered to the left by descent guidance.
Figure 4-2 (a) is an altitude-versus-altitude-rate profile for data from
the primary and sbort guidance systems and the tracking network, and fig-
ure 4-2 (b) is a plot of altitude and altitude rate-versus time for the
primary guidance system. Figures L-3 and L-k show similar comparisons of
horizontal and lateral velocity. The data show close agreement between
all sources and indicate excellent systems performence. Lateral velocity
reached a maximum of T8 feet per second approximately 5 minutes after
ignition. This large out-of-plane velocity resulted from the 5-mile cross-
range steering required during descent. Figure L-5 shows a comparison of
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the commanded thrust level versus horizontal velocity for the primary
guidance system with that predicted by the preflight operational trajec-
tory. The actual thrust command profile was below nominal because the
h200-foot update in landing position resulted in early throttle-down.

Landing radar acquisition in altitude occurred at 4l 438 feet and in
velocity L seconds later at an altitude of %0 100 feet, which was well
above that predicted before flight. Figure 4-6 contains the altitude-
difference time history between the altitude measured by the landing radar
and that contained in the onboard guidance system. The initial difference
of approximately 1700 feet converged to sbout 400 feet within 30 seconds
after radar updates were enabled and to approximately 100 feet within
2 1/2 minutes. Radar data remained stable wuntil at 80 seconds before
touchdown the two rear velocity beams entered regions of zero Doppler.

As expected, a limited degradation of altitude and velocity datae existed
from this point until touchdown.
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Figure 4-7 conteins a time history of pertinent control system pa-
rameters during the powered descent phase. The dynamic response of the
spacecraft was nominal throughocut this phase, although the crew reported
an unexpected amount of reaction control system activity. The following
table indicates that reaction control propellant utilization wes very
close to that evident in preflight simulations of the automatiec phases
of descent.

Reaction control propellant used, 1b
Phase
Predicted " Actual
Braking 15.2 15.7
Approach 16.9 16.3
Landing * : 60.3

*Nominal flight planning only accounts for automatic system usege.

The automatic transition to the approach phase at high-gate
(fig. L-8) occurred at the near-nominal conditions of 6989 feet in alti-
tude and 170 ft/sec in velocity. Following the pitchover maneuver, which
was performed automatically to provide landing site terrain visibility,
the computer began providing landing-point-designator elevation look
angles. The crew reported that the displayed look angle was on target
and that the series of craters in the configuration of & "snowman" was
immediately visible (fig. 4-9). Figure 4-10 contains & time history of
landing-point-designator lock angles. Seven redesignations of the lend-
ing site were manually commanded by displacing the rotational hand con-
troller out of detent in the desired direction. The effect of these
control inputs on the landing point is indicated graphically and on the
site map in figure L-11. The total effect was to redefine the automatic
target point 718 feet to the right and 361 feet downrange of the initial
target. During final descent, the lunar module traveled approximately
1500 feet downrange, or sbout 400 feet less than the automatic target

_Which existed after the seven masnual redesignations.

The landing phase was performed manually, as expected, with an entry
into the final-descent computer program (P66) at approximately 368 feet
in altitude and et a descent rate of minus 8.8 ft/sec. The Commander
reported that a check of the cross-pointers was made during this period
and that zero velocity readings on the downrange and crossrange indica-
tors was obtained on both the high- and low-sensitivity scales. The hor-
izontal velocity measured by the primary guidance system is compared with
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(b) Actual photograph.

Figure

(c) Artist's drawing.

4-9.- Apollo 12 landing site.
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altitude in figure 4-12, which indicates the descent was essentially ver-

tical from the S0-foot altitude and that the horizontal velocity displayed

was less than 1 ft/sec at times. The display is serviced by the computer

every 0.25-second in 0.55-ft/sec steps. If the Commander's observation

was made with an actual velocity of less than 1 ft/sec, it is possible

that a near-zero reading could have existed. There are no data indica- -
tions of abnormal hardware or software performance associated with the
cross-pointers, and the pointers operated properly during ascent.
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Figure 4-12.- Altitude and velocity calculated onboard during the final descent phase.
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Figure 6-1 contains a sequence of out-the-window photographs showing
the effect of dust on visibility during the final phases. Section 4.3
contains a discussion and presentation of the actual landing site coordi-
nates, and section 8.7 summarizes the descent propulsion system perform-
ance and operational margins.

4,2.3 Landing Dynamies

Figure 4-13 contains a time history of attitude rates near lunar
touchdown, which occurred with first footpad contact at 110:32:36. The
vehicle came to a stable rest within 1.5 seconds of this time. The de-
scent engine stop button wes activated approximately 1.3 seconds prior
to first pad contact, and the engine thrust was consequently in & tran-
sient decay at the time surface contact occurred. The vertical velocity
at the time the engine stop button was activated was approximately 0.4 ft/
sec downward and increased to about 3.2 to 3.5 ft/sec before first footpad
contact. At the time of contact, the forward velocity was approximately
1.7 ft/sec, with a lateral velocity to the crew's left of sbout 0.4 ft/
sec. The final resting attitude, as viewed by the crew, was 3 degrees up
in pitch and a 3.8-degree roll left, which indicates & surface slope of
about 4 or 5 degrees downward to the left and rear of the crew. Pitch
and roll attitudes at contact were approximately 3 degrees down and
1.4 degrees left, respectively. The primary spacecraft motion during
landing was a pitching motion from the 3-degree pitch-down attitude to
the final 3-degree pitch-up attitude, with a meaximum pitch rate during
this period of 19.5 deg/sec. This pitching motion was accompanied by =a
slight left roll and right yaw motion, with maximum rates on these axes
of 7.8 and L.2 degrees per second, respectively.

Digital computer simulations of the touchdown indicate that all pri-
mary strut strokes were less than 2.5 inches and secondary strut strokes
were less than 4.5 inches. Maximum vertical and lateral accelerations
during touchdown were less than 1 and 0.2 g, respectively. The coeffi-
cient of friction between the footpad and the lunar surface was approxi-
mately O.4. The landing was very stable from a tipover standpeint, since

-the maximum angle between the spacecraft vertical axis and the local grav-

ity vector did not exceed LU degrees. The conclusions from the computer
simulations of the landing dynamics are substantisted by crew comments
end photographs of the landing gear and local surface.
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4.3 LANDING SITE COORDINATES

Once the most valid reference mep is chosen for a given landing site,
the target coordinates and landing ellipse are given to trajectory ana-
lysts for preflight determination of spacecraft performance requirements
end generation of reference trajectories. Prior to generation of the
reference trajectories, the landing coordinates are converted into the
inertial reference frame of the onboard guidance system through a
reference-gystem transformation. The onboard targeting is therefore
somevhat modified from the original coordinate reference to maintain
consistency with onboard software. During the flight as tracking and
navigation date become availeble, targeting coordinates masy be further
modified to account for known deficiencies in the lunar potential model
end octher constants. The locetion of the landing site relative to the
lunar module, once it is separated from the command module, is computed
in real time during lunar orbit, and the final targeting values are trans-
mitted to the lunar module computer on the landing pass. The lending site
position is biased from the preflight values to correct for errors in the
location of both the landing site and the lunar module, based on lunar
orbit navigation data. Therefore, it is not meaningful to compare stored
landing coordinates with the actual site location because of the various
transformations and targeting biases which have necessarily taken place.
The entire real-time navigation and guidance opereticn, including ground-
based computations and updates, proved the capability teo perform a preci-
sion landing at a designated location.

Insofar as the landing site was concerned on Apollo 11, the only
objective was to achieve a safe landing enywhere in the wvicinity of the
preselected landing area. For Apollo 12, however, considerable attention
was devoted to achieving touchdown in close proximity to the targeted
landing point. This preselected point was established coincident with
the Surveyor III location, as shown in figure L-14 and referenced to the
Surveyor III Site Map (first edition, January 1968). Normal navigation
uncertainties end guidance dispersions were expected to displace the
actuel automatic landing location sufficiently away from the Surveyor

- and the crater containing.it that no landing hazard was presented the

erew. In addition, if the descent path were exactly nominal, the crew
could apply manual site redesignation in ample time to lend outside the
Surveyor crater. Actually, as discussed in the previous section, the
unperturbed (automatic) descent trajectory was very close to noriral
(170 feet south and 380 feet west of Surveyor), and the crew elected to
over-fly the crater to the right side, eventually touching down very near
its far rim. The final landing locaticn, which was 535 feet from the
Surveyor, was influenced by the preflight consideration that the landing
occur outside & 500-foot redius of the target to minimize contemination
of the Surveyor vehicle by descent engine exhaust and any attendant dust
excitation.
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The location of the actual touchdown point was first determined in
real time from crew comments regarding surface features in the proximity
of the vehicle. This determination was then confirmed from a variety of
sources, including rendezvous radar data, ground tracking, onboard guid-
ance parameters, end sextant sightings from lunar orbit. None of these
sources, taken separately, are precise enough to establish within & few
feet the location of the landing site with respect to known features.

The primary sources of information for locating the landing site
during postflight analysis were the onboard sequence camera photographs
(figs. 4-9 and 6-1) and triengulation from surface photography (for ex-
ample, fig. 3-24). During preflight training, the crew used a series
of craters, which approximated the shape of a "snowman" (fig. 4-9), to
aid in their recognition of Surveyor crater during descent. The parts
of this figure show first, the image used in preflight training exercis-
es; second, the actual "snowman," as photographed during descent; and
third, an artist's sketch to aid in locating the "snowman™ from the actua
photograph.

These information sources produced the actual landing site coordi-
nates, as referenced to the Surveyor III Site Map (first edition, January
1968), of 3 degrees 11 minutes 51 seconds south latitude and 23 degrees
23 minutes T.5 seconds west longitude. Other postflight data sources,
including the best estimated trajectory and the reduced navigation data

from the onboard guidance system, in general confirm this final landing
location.

It should be noted that the stated coordinates are not valid for
other reference meps because of variations in the grid coordinates from
one mep to another. That is, on larger scale maps in which the "snowman"
and, in particular, Surveyor crater are visible, use of the reported land-
ing site coordinates will not place the touchdown location in the same
position relative to landing site features.
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5.0 TRAJECTORY

The trajectory profile for this mission was similar to that for
Apollo 11, except for the inclusion of & non-free-return translunar pro-
file and the deorbiting of the ascent stage after rendezvous. In addi-
tion, Apollo 12 had as an objective the demonstration of techniques for
a precision lunar landing.

The analysis of the trajectory from 1ift-off to spacecraft/S-IVB
separation was based on launch vehicle onboard data, as reported in ref-
erence 5, and from Network tracking data. After separation, the actual
trajectory information was determined from the best estimated trajectory
generated from tracking and telemetry data. ’

The earth and moon models used for the trajectory analysis are geo-
metrically described as follows: (1) the geodetic earth model is a
Fischer ellipsoid and the earth potential model is a fourth-order expan-
sion which expresses the oblateness and other effects; and (2) the lunar
potential model, new for this mission, describes the non-spherical poten-
tial field of the moon. This model, termed Ll, is essentially the R2
model used previously but with an extra term added to permit improved
determination and prediction of latitude and orbital period. The new L1
potential function is defined in a published revision to reference 6.
Table 5-I is a listing of major flight events, and table 5-II defines the
trajectory and maneuver parameters.

TABLE 5-I.- SEQUENCE OF EVENTS

Range zero - 16:22:00 G.m.t., Nov. 1L, 1969

Lift-off 00:00:00.7
S-IC outboard engine cutoff 00:02:41.7
S-IC/S-1I1 separation 00:02:42.4
S-I1 engine ignition (command)—" "~ e - 00:02:44.2
Launch escape tower jettison 00:03:21.6
S-1T engine cutoff 00:09:12.4
S-IVB engine ignition {command) 00:09:15.6
S-IVB engine cutoff 00:11:33.9
Translunar injection maneuver 02:47:23
S-IVB/command and service module separation 03:18:0%
Translunar docking 03:26:5%3
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TABLE 5-I.- SEQUENCE OF EVENTS - Concluded

Spacecraft ejection 0k4:13:01
S-IVB separation maneuver 04 :26:h1
First midcourse correction 7 30:52:h4Y
Lunar orbit insertion : 83:25:23
Lunar orbit circularization 87:48:48
Undocking 107:5L4:02
First separation maneuver w“—““LmW7“mw___d4ﬁ*ﬁﬁrmnmm“—i68:2h?37ﬁ
Descent orbit insertion 109:23:k0
Powered descent initiation 110:20:38
Lunar landing 110:32:36
First extravehicular egress 115:10:35
First extravehicular ingress 119:06:38
First lunar orbit plane change 119:47:13
Second extravehicularlegress 131:32:Ls
Second extravehicular ingress 135:22:00
Lunar lift-off 142:03:48
Coelliptic sequence initiation 143:01:51
Constant differential height maneuver 144 :00:03
Terminal phase initiation 1kk:36:26
Lunar orbit docking ' 145:36:20
Ascent stage jettison 147:59:32
Second separation maneuver 148:04:31
Ascent stage deorbit maneuver 149:28:15
Ascent stage impact . 149:55:16
Second lunar orbit plane change 159:04:46
Transearth injection maneuver 172:27:17
Second midcourse correction 188:27:16
Third midcourse correction 241:22:00
Command module/service module separation 244 :07:20
Entry interface 244 :22:19

Landing 2L} :36:25
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TABLE 5-II.~ DEFINITION OF TRAJECTORY AND ORBITAL PARAMETERS

Trajectory Parameters

. Geodetic latitude

- Selenographic latitude

Longitude

Altitude

Space-fixed veloecity

Space~fixed flight-path angle

Space-fixed heading angle

Apogee

Perigee

Apocynthion

- Pericynthion

Period

Inclination

Longitude of the ascending
node

Definition

Spacecraft position measured north or south from
the earth's equator to the local vertical vector,
deg

Spacecraft position measured north or south from
the true lunar equatorial plane to the local ver-
ticel vector, deg ’

Spacecraft positicn measured east or west from the
body's prime meridian to the local vertical vec-
tor, deg :

Perpendicular distance from the reference body to
the point of orbit intersect, ft or miles; alti-
tude above the lunar surface is referenced to the
altitude of the landing site with respect to meean
lunar radius

Magnitude of the inertial velocity vector refer-
enced 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 local body-centered, horizontal
plane, measured positive eastward from north, deg

Maximum altitude sbove the oblate earth model, miles

Minimum altitude gbove the oblate earth model, miles

Maximum altitude above the moon

to landing site altitude, miles

Minimum eltitude above the moon
to landing site altitude, miles

Time required for spacecraft to
grees of orbit rotation, min

model, referenced

model, referenced

complete 360 de-

Acute angle formed at the intersection of the orbit
plane and the reference body's equatorial plane,

deg

Longitude where the orbit plane

crosses the ref-

erence body's equatorial plane from below, deg
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For the first time, the S-~IVB was targeted for a high-pericynthion
free-return translunar profile, with the first major spacecraft maneuver
intended to lower the resulting pericynthion altitude to approximately
60 miles. Upon execution of this maneuver, described in figure 5-1, the
spacecraft was then intentionally placed on a non-free-return trajectory.

NASA-5-70-569

__ High=-pericynthion
free-return profile

Midcourse

correction Moon O

60 miles

trajectory

Figure 5-1.- Hybrid non-free-return trajectory profile.

A free return profile, as used here, is e translunar trajectory that will
achieve satisfactory earth entry within the reaction-contrecl velocity
correction capability. The major advantage of the new profile, termed

a "nybrid" non-free-return trajectory, is the greater mission planning
flexibility. This profile permitted a daylight launch to the planned
landing site and a greater performance margin for the service propulsion
system. Some of this margin was used to permit the two lunar orbit plane
changes discussed later. The hybrid profile is constrained so that a
safe return using the descent propulsion system can be made following &
failure to enter lunar orbit. The trajectory parameters for the trans-
lunar injection and all spacecraft maneuvers are presented in table 5-III.

Following translunar injection, the pericynthion altitude of
470.7 miles was close to the real-time expected value. Because a state-
vector error in the S-IVB guidance system was known to exist prior to
translunar injection, the planned free-return conditions could not be
achieved without an update of the guidance system. However, instead of
performing en update, the projected pericynthion altitude was determined
in view of the known error. Then, a new velocity change requirement for
the midcourse correction to enter the desired non-free-return profile was
determined. The actual velocity change of 61.8 ft/sec (table 5-IV) was
about 0.1 ft/sec less than the real-time planned value and was applied at
the second option point. No further translunar midcourse corrections were
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TABLE 5-III.- TRAJECTORY PARAMETERS

Space-rixed | Space-fixed Space-fized
Ewent Ref. n::::. . “”2““" 1"‘:‘;‘““' "“‘f;‘:’" velocity, | flight-pmh | heading wngle,
body 2 sne 4 {3 isec mgle, deg deg Eof ¥
Translunar Fhase
5-IVE second ignitico Earth 2:LT:22.7
S-1VB second cutoff Earth 2:53:03.9 15.830 154989 192.1 35 k2T 8.21 63.69
frasluwnar injection . Earth 2:53:1k 15,83 155.98¢ 192.1 35 27 8.21 63.69
Command and service module/S-IVB Earth 3:18:04.9 28.628 T9.5TW 3820.0 2k 861 §5.09 100.18
separation
Docking Earth 3:26:53.3 26.608 T0.682% 4337.4 22 534 9.8 105.29
Spacecraft/E-IVE separatico {ejection)| Earth L:23:00.9 18.50M 58,63 12 50k.5 .16 WAT 60,93 k.52
First mddcourse correction
Ignition Earth 30:52:hb.4 1.108 £3.02W 116 929.1 h 7 75.83 120,80
Cutof? Eerth | 30:52:53.6 1.105 £3.06W 116 935.2 4 298 T6.60 120.05
Lapay Ordvit Phase
Lunar orbit insertion
Ignition Moon B3:25:23.4 5. 74N 175.61F 82.5 B 175 -84k 229.3%
Cutoff Moan B3:31:15.7 1.63s 15L.0%E 61.7 5 k10 -0.63 239.30
lunar ordit circularizatiom
Ignition Moon B7:LB:LB.1 1.678 151.67E €1.6 S 71 -0.66 235.28
Cutoff Moon 87:kg:05 1.898 150.85€ 61.7 5 331 W30 239.51
Undocking Hoon 107:54:02.3 13.525 86.96E 63.0 S 329 —0.03 267,25
Beparation
Ignition Mocn 108:2L:36.8 6.618 T.hlw 59.2 5 350 -0.18 305.17
Cutoff Mocn 108:2L:51.2 6.155 8.1kw 9.2 5 350 -0.20 305.15
Descent orbit insertion
Ignition Moon 109:23:39.9 6.6LN 172.21E 60.5 5 33 0.17 23k, Bl
Cutoff Moon 209:24:08.9 6.29K 170.16E 61.5 5 268 «0.02 23L.85
Powered descent initiation Moor 110:20:38.1 6.768 7.82% 8.0 5 566 -0.02 305,14
Lending Moan: 110:32:36.2 3.0ks 23.h2w - - - -
Command and service module plane Moon 119:47:13.2 14,018 T7.68E 6z2.2 S 334 -0.07 265.27
change
Coelliptic sequence initiation
Ignition Moon 1L3:01:51 5.16N8 16L .68F 51.5 5 0 0.06 234.L3
Cutoff Noon 1k3:02:32.1 L.658 162.6LE S1.5 5 355 0.02 23L.29
ferminal phase initistion Moon 1Lk:36:26 1k.57K 128.59W Li.s 5 382 0.05 257.93
Docking Moon 145:36:20.2 1,535 ug.98E 58.1 5 357 -0.0k 28BL.29
Coxmand and service mcdule/sscent Moon 148:04:30.9 1.LON L3,3LW 59.9 5 347 0.15 30L.19
stage separstion
Ascent stage deorbit
Ignition Moon 149:28:24.8 14,328 62.86E 5T.6 5 362 -0.12 272.21
Cutof! Moon 149:29:36.9 14,475 58,.62E 57.L 5 117 -0.21 275.90
Ascent stage impact Moon 1k9:55:16.4 3.948 21.20M - - -— -
Plane change
Ignition Moon 159:0L:k5,5 6.655 110.34E 58.7 5 353 -0.20 241,32
Cutoff Moon | 159:05:0L.8 6.825 109.40E 58.9 5 353 -0.20 215,82
Transearth injection
Ignition yoon 172:27:16.8 8.7u0 170.25W 63.3 5 323 -0.21 2.L.28
Cutoff Moon 172:29:27.1 TN 178.56wW 64.6 B 351 2.6% 2u3.5€
Transearth Cosst Fhase
Becond midcourse correction
Ygnition -~ oo —==- - - | Earth § 188:27:15.8 { - -15.868 137.80E 180 031.3 - 3036 -78.44 91.35
Cutoff Earth | 188:27:20.2 15,88 137.78E 180 028.5 3036 | -78.40 91.36
Third midcourse correction
Igniticn Earth | 2b1:21:59.T 1L, TBN 92.4OE 25 059.0 12 083 -£8.5k 96.60
Cutoft Earth | 2h1:22:05.% 14,780 92.38F 25 oh8.3 12 085 -68.55 96.C1
Command module/service module
separation Earth | 2kk:07:20.1 0.328 117.25E 1 949.5 29 029 ~36.L5 105.92




TABLE 5-IV.~ TRANSLUNAR MANEUVER SUMMARY

Resultant pericynthion conditions

. Velocity
Ignition time, | Firing time,
Maneuver Systen hr:min:sec sec ;:‘;:lgz' Altitude, | Velocity, | Latitude, | Longitude, | Arrival time,
miles ft/sec deg deg hr:min:sec
Translunar injection 8-1VB 2:47:22.7 341.3 10 515.0 280.2 7595 29.7328 169.111E 83:4L:04. 4
Command and service mod- Reacticn control 3:18:04.9
ule/S-IVB separation
Spacecraft/S-IVB 8-IVB auxiliary h:26:41.1 80.0 !
separation propulsion system
First midcourse correc= Service propulsion | 30:52:u4.4 9.2 61.8 65.1 823k 0.78 161.968E 83:28:38.8

tion
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required. The maneuver to provide initial separation between the space-
craft and the S-IVB vas accomplished for the first time on & lunar flight
using the suxiliary propulsion system of the S-IVB. However, the final
separation meneuver, performed as on previous lunar flights through S-IVB
propulsive venting, did not place the S-IVB in a solar orbit, as planned,
and the resulting orbit was a high-apogee ellipse (see section 13).

The navigation date obtained during lunar orbit in preparation for
descent was consistent with that of Apollo 10 and 11, but the projected
landing-site latitude targeting waes in greater error than that used for
Apollo 11. Table 5-V shows that this error was of the same order as

TABLE 5-V.- LATITUDE TARGETING SUMMARY

Lending site latitude on the landing revolution, deg

Apollo 10 Apoilo 11 Apollo 12

Desired 0.691 north 0.691 north 3.037 south
Actual 0.354 north 0.769 north 2.751 south
Error 0.337 south 0.078 north 0.286 north

that experienced in Apollo 10 (0.286 versus 0.337 degree). Although not
large, this error was compensated for in the final powered descent tar-
geting. The 0.286 degree latitude error resulted from three primary
sources. The first was the translumar navigation and lunar orbit inser-
tion maneuver execution errors which contributed 0.039 degree. The sec-
ond was due to an error in the landing site location which was discovered
through command module optical tracking. The landing site was found to
be 0.0L7 degree south of the prelaunch estimate. The third and largest
was due to an error in the lunar potential model which failed to esccount

‘properly for the lunar orbit moticn. This source contributed 0.20 de-

gree. A revised landing site location was elso transmitted to the

lunar module guidance computer soon after povered descent initiation
(section 4.2.2) to correct for a L200-foot downrange error which had
been observed from ground tracking data. The more westerly landing site,
as compared to Apollo 11, permitted sufficient time for acquisition and
processing of later trajectory information just before descent so that
these last-minute updates in the state vector and landing site location
could be made, a procedure which is largely responsible for the precision
with which the landing was performed. As in Apollo 10 end 11, the de-
ficiencies in orbit prediction which are inherent in both the R2 and
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the new L1 potential models were accounted for through biasing of the
targeting for lunar orbit insertion and circularization. The additional
term which differentiates the L1 from the R2 potential function greatly
improves the prediction accuracy of orbital period, & capability which
permits return to a one-pass fit technique, as used in Apollo 8 and 10
(ref. 7 and 8). This change provides greater operational flexibility in
ground tracking during lunar orbit coast and in the target updates prior
to landing. Also, as in Apollo 11, the orbit was deliberately made non-
circular to account for expected perturbations in lunar gravity such
that the orbit would be more nearly circular during the rendezvous.

The descent, ascent, and rendezvous profiles were similar to those — - -

for Apollc 11, except that the landing point was changed. The descent
operation is described in detail in section L.2. Tracking date prior to
undocking showed the ground track to be about 5 miles north of the in-
tended landing site as a result of orbit-plane prediction uncertainties.
A correction was combined with the powered descent maneuver to remove
this discrepancy. The landing, as shown in figure 4-11, occurred within
535 feet of the Surveyor, at 3 degrees 11 minutes 51 seconds south lati-
tude and 23 degrees 23 minutes 7.5 seconds west longitude (section L.3),
as referenced to the Surveyor III Site Map (1st ed., Jan. 1968).

Two plane changes were performed by the command and service module.
The first was accomplished prior to lunar module ascent to accomodate
normal movement of the lunar module out of the initial lunar-orbit plane
resulting from the moon's rotation during the extended lunar stay. In
the thirty-sixth lunar orbit revolution, the second plane change maneuver
was conducted to permit photography of the landing areas and approach
paths for future candidate landing sites. Both service propulsion maneu-
vers were nominal, with resultant errors less than 1 ft/sec. A summary
of the lunar orbit maneuvers is shown in table 5-VI.

Lunar module ascent was nominal, except for a 1l.2-second overburn
caused by a late positioning of the engine-arm switch which inhibited the
automatic cutoff signal. The relatively large residuals were subsequently
nulied by the crew, and the rendezvous sequence which followed was nearly
nominal (table 5-VII)., Onboard solutions agreed closely with those com-
puted in the command module and by the ground (table 5-VII).

The ascent stage was deorbited after jettison for a planned lunar-
surface impact. A planned 200-ft/sec velocity change was provided by
burning the remaining propellants through the reaction control system.
The spacecraft impacted approximately L0 miles east-southeast of the
Apollo landing site (fig. 5-2), as compared with an intended distance of
> miles, primarily because of a 2-second overburn (5 ft/sec).




TABLE 5-VI,- LUNAR ORBIT MANEUVER SUMMARY

| Velocity Resultant orbit
Man System Ignition time, |Firing time, change
euver ysLen hr:min:sec sec €€s | apocynthion, | Pericynthion,
ft/sec
miles miles
Lunar orbit insertion Service propulsion 83:25:23.h 3%2.3 2889.5 168.8 62.6
Lunar orbit eircularization | Service propulsion 87:48:48.1 16.9 165.2 66.1 54,3
Command module/lunar mod- Command module reaction 108:24:36.8 1. 2.4 63.5 56.3
ule separation control
Descent orbit insertion Descent propulsion 109:23:39.9 29.0 T2.4 60.6 8.1
Powered descent initiation | Descent propulsion 110:20:38.1 T17.0 - —_— -
First lunar orbit plane Service propulsion 119:h7:13.2 18.2 349.9 62.5 57.6
change
Lunar orbit insertion Ascent propulsion 142:10:59.9 k23,2 6057.0 46.3 8.8
Coelliptic sequence initi- | Lunar module reaction 143:01:51 h1.1 k5.0 51.0 1.5
ation control
Constant differential Lunar module reaction 1hk:00:02.6 13.0 13.8 Uh.b Lo.h
height control
Terminal phase initiation Lunar module reaction 144 :36:26 26.0 2%.0 60.2 43.8
control
Terminal phase finaliza- Lunar module reaction 145:19:29.3 38.0 40.0 62.3 58.3
tion control
Final separation Service module reaction 148:04:30.9 5.k 1.6 62.0 57.5
control
Lunar module deorbit Lunar module reaction 149:55:16 .4 82.1 196.3 - -
control .
Second lunar orbit plane Service propulsion 159:04:45.5 16.2 381.8 6Lh. 7T 56.8
change

6-G




TABLE 5-VII.- RENDEZVOUS MANEUVER SOLUTIONS

Luner module Real-tire nominal Command module s\.ni.cia.ncea Actual
Mabeuver Prinary guidance Abort guidance
- Time Velocity, Time Velocity, Time, Velocity,
Tine, Velocity, Tiine, Velocity, _ ! N M L *
hr smin smec ft/mec hromin sec /560 hr:min:sec ft/sec hr:min:sec tlt:/sec nr:min:sec 14 /sec
Coelliptic sequence 143:01:51 45.3 posi- 1h3:01:51 h6.1 posi~ 1h3:01:51 49.0 posi~’ 143:01:51 k.9 posi- 143:01:51 51.6 posi-
initiation grade grade grade grade grade
: 0.1 south
) 0.3 down
Constant differential| 144:00:02 | 10.2 retro- | 144:00:02 9.4 retro- | 143:59:53 2.3 down 1Lk :00:02 10.?3 retro- | 144:00:02 | 0.1 retro
height grade grade grade grade
9.3 down 13.5 down 0.k south 9.1 down
7.8 down
Terminal phase 1kk:36:29 25.9 posi- 144 :35:33 28.2 posi- 14k :38:00 22.2 posi- b :36:57 25.5 posi- 14k :36:39 25.8 posi-
initiation grade grade grade grade grade
1.5 south 1.7 south 0.1 south 1.7 south 1.4 south
11.9 down 10.9 down 10.9 down 10.9 down 11.1 down
First midcourse 1k :51:29 0.5 retro- | 1lk:51:29 3.8 retro- 0.0 1h4:51:29 1.6 retra- | 144:51:29 {v)
correction grade grade grade
2.0 up 0.3 north 0.1 north
k.6 down 543 down
Second midcourse 145:06:29 0.9 retro- (e) {c) 0.0 145:06:29 6il retro- | 145:06:29 (b}
correction grade grade
0.3 south 0,3 north
0.7 down 1.6 up

Sror lunar module execut fon; midcourse solutions obtained

bnnu not available because of moon occultation.

®solution not obtained.

from VHF ranging dete only (tracking light failed).

01-¢
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After transearth injection (teble 5-VIII) and two subsequent mid-
course corrections, the second at 3 hours prior to entry, entry was per-
formed as planned. Entry parameters are listed in table 5-IX. The
landing was within 2 miles of the intended location and occurred at
15 degrees 46.6 minutes south latitude and 165 degrees 9 minutes west
longitude, as determined from the recovery ship.

Following separation from the command module, the service module re-
sction control system was fired to depletion. Based on stable service-
module attitudes during this firing, sufficient velocity change capability
existed in the reaction-control-system to cause the service module to skip

out into a high-apogee orbit.- There was no radar or aircraft coverage .. ___

planned for the service-module jettison and separation sequences. How-
ever, if the service module had skipped out as expected, it would prob-
ably have been visible to tracking stations which were alerted as to its
expected position. No radar acquisition was mede and no visual sightings
by the crew or recovery personnel were reported. Therefore, as in previ-
ous missions, it is believed that the service module became unsteble dur-
ing the depletion firing and did not execute the velocity change required
to skip out. Instead, the service module probably entered the atmosphere
and impacted before detection.




t ; . .
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! TABLE 5-VIII,- TRANSEARTH MANEUVER SUMMARY
Firing Velocity Regultant entry interface condition
Event System Tgnition time, | "y, p, change
hr:min:sec sec ’ ft/sec, Flight-path | Velocity, | Latitude, | Longitude, Arrival time,
engle, deg ft/sec deg deg hr:min:sec
Transearth injection Service propulsion | 172:27:16.8 | 130.3 3042.0 -1 36 116 13.558 172.11E 2Lh:21:49.3
Second midcourse cor- Service module 188:27:15.8 4.b 2.0 -6.42 36 116 13.6818 173.68E 244:22:10.k
rection reaction control

Third midcourse cor- Service module 241:21:59.7 5.7 2.4 -6.,148 36 116 13.798 173.53E 244:22:19.1

rection

reaction control

€1-g
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TABLE 5~IX.-~ ENTRY TRAJECTORY PARAMETERS

Entry interface (400 000 feet altitude)

Time, hr:miniseec . . . . . . . . . . . v v v v 0 .. 2hl:22:19.1
Geodetic latitude, deg south . . . . . . . . . . . . 13.80
Longitude, deg east . . . . v ¢ 4 v 4 4 4 4 e v e s 173.52
Altitude, miles . . & . & . v 4 4 e e e e e e e e 65.8
Space-fixed velocity, ft/sec . . . . « « « + . 07T 36 116
Space-fixed flight-path angle, deg . . . . . . . . . -6.48

Space-fixed heading angle, deg east of north . . . . 98.16

. ———
.
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6.0 LUNAR DUST
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