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Foreword

Our rirsT JOURNEY to the Moon ushered in & new era in which man will no
longer be confined to his home planet. The concept of traveling across the
vastness of space to new worlds has stirred the imagination of men everywhere.
One-sixth of the Earth’s population watched as the Apollo 11 astronauts walked
and worked a quarter of a million miles away.

The success of this mission has opened new fields of exploration and
research — research which will lead to a greater understanding of our planet
and provide a new insight into the origin and history of the solar system. The
Apollo 11 mission was only a beginning, however. Subsequent missions will
reflect more ambitious scientific objectives and will include more comprehensive
observations and measurements at a variety of lunar sites.

This document is a preliminary report of the initial scientific observations
resulting from the Apollo 11 mission. We expect that further significant results
will come from more detailed analysis of the returned samples of lunar material,
and from additional study of the photographs and data obtained from the
emplaced experiments. Beyond that, we look forward to increasing international
participation in the exploration of the Moon and neighboring regions of our solar
system.

TroMas O. Pane

Administrator

National Aeronautics and Space Administration
Ocroser 31, 1969
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Introduction
Robert R. Gilruth and George M. Low

THE MANNED SPACE FLIGHT PROGRAM is dedicated to the exploration and use of
space by man. In the immediate future, men will continue exploring the Mooen,
adding greatly to our knowledge of the Moon, the Earth, and the solar system.
It is expected that in Earth orbital laboratories men will conduct experiments
and make observations that are possible only in the space environment.

In standing firmly behind the space science program, it has been necessary
to provide means for man to live and work in “this new ocean.” A transportation
system has had to be provided with a navigation system of great precision. An
extensive medical program has been necessary to provide data on man’s reaction
to the space environment, The Mercury, Gemini, and early Apollo missions have
produced, step by step, the answers needed for the Apollo 11 lunar landing
mission.

The rapid progress of the program obscured its great problems. The success
of the Apollo 11 mission was solidly based on excellent technology, sound deci-
sions, and a test program that was carefully planned and executed. To this
foundation was added the skill and bravery of the astronauts, backed up by a
fully trained and highly motivated ground team. It must not be forgotten that
the lunar mission was very complex from all points of view — planning, hard-
ware, software, and operations. Of necessity, margins were small and even small
deviations in performance or conduct of the mission could have jeopardized
mission success,

In parallel with the emphasis on engineering problems and their solution,
the scientific part of the Apollo 11 mission was planned and executed with great
care. The samples of lunar soil and rocks returned by the astronauts will add
much detailed scientific information, The photographs and observations of the
crew have already answered some questions man has asked for thousands of
years. The emplaced experiments have yielded data unavailable until now. This
report is preliminary and covers only the initial scientific results of the Apollo 11
mission. Much work remains for the large number of scientists involved to under-
stand and interpret the facts that are only partly exposed today.

vii



Summary of Scientific Results
W. N. Hess and A. ]. Calio

The scientific objectives of the Apollo 11 mis- .

sion, in order of priority, were the following:

(1) To collect early in the extravehicular ac-
tivity (EVA) a sample, called the contingency
sample, of approximately 1 kg of lunar surface
material to insure that some lunar material would
be returned to Earth,

(2) To fill rapidly one of the two sample re-
turn containers with approximately 10 kg of the
lunar material, called the bulk sample, to insure
the return of an adequate amount of material to
meet the needs of the principal investigators.

(3) To deploy three experiments on the lunar
surface:

{(a) A passive seismometer to study lunar
seismic events, the Passive Seismic Experiment
Package (PSEP)

(b) An optical corner reflector to study
lunar librations, the Laser Ranging Retroreflector
(LRRR)

(c) A solar-wind composition (SWC) ex-
periment to measure the types and energies of
the solar wind on the lunar surface

4) To fill the second sample return container
with carefully selected lunar material placed into
the local geologic context, to drive two core tubes
into the surface, and to return the tubes with the
stratigraphically organized material, called the
documented sample,

During these tasks, photographs of the surface
were to be taken using a 70-mm Hasselblad cam-
era and a closeup stereoscopic camera (the Apollo
Lunar Surface Closeup Camera (ALSCC) ). The
scientific tasks and a variety of other tasks were
planned for a 2-hr and 40-min time period.

According to mission plans, the time allotted
for the collection of the documented sample,
which had the lowest priority, would be short-
ened if time were insufficient. All the scientific
tasks were completed satisfactorily, all instru-

ments were deployed, and approximately 20 kg
of lunar material were returned to Earth. The
documented-sample period was extremely short,
however, and samples collected during this
period were not carefully photographed in place
or documented in other ways,

Nature of the Lunar Surface

The Apollo 11 lunar module (LM) landed in
the southwestern part of Mare Tranquillitatis,
approximately 50 km from the closest highland
material and approximately 400 m west of a
sharp-rimmed blocky crater approximately 180 m
in diameter. Rays of ejecta from this crater ex-
tend past the landing site. Rays from more dis-
tant craters, including the crater Theophilus, are
also in the landing region,

Surface material at the landing site consists of
unsorted fragmental debris ranging in size from
approximately 1 m to microscopic particles, which
make up the majority of the material. This debris
layer, the regolith, is approximately 5 m thick in
the region near the landing site, as judged by
the blockiness of material near various-sized
craters. '

The soil on the lunar surface is weakly cohe-
sive, as shown by the ability of the soil to stand
on vertical slopes. The fine grains tend to stick
together, procluding clods of material that crum-
pled under the astronauts’ boots. The depth of
the astronauts’ footprints and the penetration of
the LM landing gear correspond to static bearing
pressures of approximately 1 psi. The surfaces
were relatively soft to depths of 5 to 20 em. Deeper
than these depths, the resistance of the material
to penetration increases considerably, In general,
the lunar soil at the landing site was similar in
appearance, behavior, and mechanical properties
to the soil encountered at the Surveyor equatorial
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landing sites. Although the lunar soil differs con-
siderably in composition and in range of particle
shapes from a terrestrial soil of the same particle-
size distribution, the lunar soil does not appear to
differ significantly from similar terrestrial soil in
mechanical behavior.

Both rounded and angular rocks appear on the
surface in profusion. All degrees of burial are
present, and fillets on the sides of rocks, caused
by the powdery surface material being piled up
by some erosional process, were common. At least
three of the rocks returned to Earth have been
identified in photographs of the huar surface. On
what appears to be the upper surface of several
rocks, a thin rind of altered material approxi-
mately 1 mm thick is found, This rind is lighter
colored than the remainder of the rock and ap-
pears to be caused by shattering of mineral grains.

One outstanding feature of the surfaces of the
rocks returned to Earth is the existence of sev-
eral glass-lined pits 1 mm or smaller in diameter.
These glass-lined pits appear only on the sur-
faces of rocks. (More of these pits are observed
on the top surfaces of rocks with known orienta-
tions.) Quite clearly, these pits are of external
origin. The glass overlaps of the surface of the
rock and the resulting features clearly resemble
hypervelocity impact craters. However, the pits
do not resemble craters made in the laboratory
by hypervelocity particles, and the origin of the
pits is presently unknown.

The most interesting and unexpected surface
features discovered and photographed by the
astronauts are glassy patches on the lunar sur-
face that are described by the astronauts as re-
sembling drops of solder. These patches were
observed only inside several raised-rim craters
approximately 1 m in diameter. These glassy
blebs may be formed by low-velocity molten ma-
terial splattering into the craters, or they may
be formed from material that has been melted
in place. The section of this document entitled
“Lunar Surface Closeup Stereoscopic Photog-
raphy” presents an interesting theory of the ori-
gin of the blebs, based on radiation heating, This
theory postulates that within the last 100000
years, the Sun had a superflare or mininova event
that heated the lunar surface to a temperature
that caused material inside the craters to melt,
but did not cause surface material to melt. Ac-

cording to the theory, the reason that material
inside the craters melted while surface material
did not is that a focusing effect caused the tem-
perature inside the craters to increase. This radia-
tion-heating theory is certainly not yet proved,
but no other plausible theories have been ad-
vanced to explain the blebs’ being located only
in the bottoms of craters. None of the blebs
photographed by the astronauts were returned
in the sample containers, and no blebs have
been identified in the samples.

The Passive Seismic Experiment

Since the time of the Ranger 1 mission, scien-
tists have been trying to land a seismometer on
the surface of the Moon to search for moon-
quakes. Successful operation of a seismometer
is extremely important for understanding of the
internal structure of a planet and to a search for
possible layering or discontinuities. On the Apollo
11 mission, a seismometer was placed on the
surface of the Moon, and the instrument oper-
ated satisfactorily for 21 days. The instrument
contained four separate components, Three long-
period (LP) (approximately 15-sec resonance)
seismometers were alined orthogonally to meas-
ure surface motion both horizontally and verti-
cally. A single-axis, short-period (SP) seismom-
eter, with a resonant period of approximately
1 sec, measured vertical motion. The system had
tilt adjustment motors to level the system upon
command from Earth. The instrument was de-
ployed on the lunar surface approximately 16 m
from the LM and was turned on while the astro-
nauts were on the lunar surface. Signals were
received when the crewmen climbed the LM
ladder, used a hammer to pound on the core
tubes, and jettisoned equipment, including the
portable life support systems (PLSS).

Actual maximum instrument temperature (ap-
proximately 190° F) exceeded the planned maxi-
mum instrument temperature by approximately
50° F. Even at this elevated temperature, the
instrument worked satisfactorily during the first
lunar day and during part of the second. How-
ever, near noon of the second lunar day, the
instrument no longer accepted commands from
Earth stations; therefore, the experiment was
terminated,
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The LM appears to have been a rich source of
seismic noise. One class of repeating signals of
nearly identical structure that was observed
gradually died out over a period of many Earth
days. These signals seem to be related to events
on the LM such as fuel venting, valve chatter,
or other mechanical motion. The signals had a
dominant frequency of 7.2 Hz before LM ascent
and of 8.0 Hz following ascent. These frequen-
cies appear to be characteristic frequencies of
the LM structure,

Several events showing dispersion and having
the appearance of surface waves were detected
on the LP seismometers. These wave trains often
occurred simultaneously with a series of pulses
on the SP seismometer. It is not yet certain, but
these waves are probably not the result of real
seismic events but are of instrumental origin.

Several other classes of events of unknown
origins were observed. The following are pos-
sible source mechanisms for these observed seis-
mic signals:

(1) Venting gases from the LM and circulat-
ing fluids within the LM

(2) Thermoelastic stress relief within the LM
and the PSEP

(3) Meteoroid impacts on the LM, the PSEP,
and the lunar surface

(4) Displacement of rock material along steep
crater slopes

(5) Moonquakes

(6) Instrumental effects

It is unclear whether any of the received sig-
nals were actually of lunar-seismic-event origin.
One of the most important results of the PSEP
is the discovery that the background noise level
on the Moon is extremely low. At frequencies
from 0.1 to 1 Hz, the background seismic-signal
level for vertical surface motions is less than
0.3 mpm. This level is from 100 to 10000 times
less than average terrestrial background levels
in the frequency range of 0.1 to 0.2 Hz for micro-
seisms, Continuous seismic background signals
from 10 to 30 mum were observed on the records
of the horizontal seismometers. These signals
decreased considerably near lunar noon and may
have been due to lunar surface-temperature
changes which tilted the instrument.

- Of the many seismic signals recorded, several
were produced by the LM. Many of the signals

may be a result of real seismic events and may
be generated by moonquakes, impact events, or
movement of surface rocks. However, none of
the events can be clearly identified as real, and
none of the observed signals has patterns nor-
mally observed on recordings of seismic activi-
ties occurring on Earth. Clearly, the Moon is not
a very seismic body. Artificial seismic sources,
such as the impact on the lunar surface of the
Saturn IVB stage or the spent LM ascent stage,
will be useful for future lunar seismometers.

Laser Ranging Retroreflector

The LRRR consists of an array of finely ma-
chined quartz corners deployed on the lunar sur-
face and aimed at the Earth. The array is used
as a reflector for terrestrial lasers. By measuring
the distance from the laser to the reflector, small
changes in the motion of the Moon or the Earth
can be measured. The goal, when the system is
tully operational, is an uncertainty of 15 cm
(6 in.}, The LRRR will allow studies to be con-
ducted on (1) the librations of the Moon, both
in latitude and longitude, (2) the recession of
the Moon from the Earth caused either by tidal
dissipation or by a possible change in the gravi-
tation constant, and (3) the irregular motion of
the Earth, including the Chandler wobble of the
pole. The amplitude of the Chandler wobble
scems to vary in time with relation to major
earthquake events,

On the same day the LRRR was deployed satis-
factorily on the surface of the Moon, attempts
were made to range on the reflector from the
Lick Observatory in California and from the
McDonald Observatory in Texas. Some time was
required for the ranging attempts to be success-
ful because, initially, there was some uncertainty
as to the location of the landing site. After a few
days, this problem was solved, but ground-instru-
ment difficulties and weather problems caused
further delays. In approximately a week, both
observatories had received signals reflected by
the LRRR. The signals, although weak, were
clearly identifiable. By using this technique, the
distance to the Moon from the Earth has been
measured to an accuracy of approximately 4 m.
It should be noted that the distance to the Moon
is actually uncertain to a few hundred meters
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because of uncertainties in the velocity of light.
However, the distance expressed in light seconds
is accurate to approximately one part in 103,
which is consistent with the 4-m accuracy dis-
cussed previously.

The LRRR experiment will continue for months
or years before final data are obtained on many
of the detailed measurements to be undertaken,

The Solar-Wind Composition Experiment

For some time, direct measurements have been
made of the solar wind, establishing the presence
of approximately 5 percent helium ions in the
solar-wind stream, which is composed predomi-
nantly of protons. The solar wind is expected to
contain many heavier ions, probably representa-
tive of solar composition, but no direct measure-
ments of these heavier species have yet been
made. It now seems quite likely that the rare gas
measured in the powdery lunar samples is of
solar-wind origin, but this rare-gas source may
be confused with other gas sources. The meas-
ured rare gas represents an integration of the
solar wind into the soil over a period of many
millions of years.

An experiment was conducted during the
Apollo 11 mission to measure heavier elements
in the solar wind directly. A thin aluminum foil
of 4000 cm? was deployed on the surface of the
Moon facing the Sun. The solar-wind particles
were expected to penetrate approximately 107°
cm into the foil and to be firmly trapped there.
The foil was collected after 77 min, placed inside
one of the sample-return containers, and brought
to the NASA Manned Spacecraft Center (MSC)
Lunar Receiving Laboratory (LRL).

Approsimately 1 ft? of the foil was removed
in the LRL, sterilized by heat at 125° C for 39 hr,
and sent to Switzerland for analysis. Several small
pieces of the foil, each approximately 10 cm?,
were cleaned by ultrasonic methods, and the
noble gases were then extracted for analysis in a
mass spectrometer. Helium, neon, and argon
were found, and their isotopic composition was
measured. The results correspond generally to
solar abundances and are clearly nonterres-
trial, More complete results will be presented
when the major portion of the foil has been
analyzed.

The Lunar Samples

Of the 22 kg of returned lunar material, 11 kg
are rock fragments larger and 11 kg are smaller
than 1 cm in size. This material may be divided
into the following four groups:

Type A — fine-grained vesicular crystalline
igneous rock.

Type B — medium-grained crystalline igneous
rock.

Type C — breccia.

Type D — fines (less than 1 em in size).

The crystalline rocks contain mineral assem-
blages, crystal sizes, and gas cavities, indicating
that the rocks were crystallized from lavas or
near-surface melts. It is uncertain whether the
lavas were impact generated or of internal origin.
Twenty crystalline rocks were found in the re-
turned sample, 10 rocks of type A and 10 of
type B. Individual rocks weighed up to 919 g.
The type A rocks contain vesicles of 1 to 3 mm
in diameter faced with brilliant crystals. (Most
vesicles are spherical but some are ovate.) There
are also irregular cavities, or vugs, into which
crystals and other groundmass minerals project.
The percentages of the minerals present in type
A rocks are clinopyroxene, 53 percent; plagio-
clase, 27 percent; opaques (including abundant
ilmenite, minor troilite, and native iron), 18 per-
cent; and other translucent phases, and a minor
amount of olivine, 2 percent. Except for the high
content of opaques, which reflects the high iron
and titanium content, the mineralogy and chem-
istry of the rocks resemble terrestrial olivine-
bearing basalts.

The dark-brownish-gray speckled type B rock
is granular in texture and generally resembles
terrestrial microgabbros. The grain sizes are from
0.2 to 3 mm. The percentages of minerals in type
B rocks are as follows: clinopyroxene, 46 percent;
plagioclase, 31 percent; opaques (mainly ilmen-
ite), 11 percent; cristobalite, 5 percent; and other
minerals, 7 percent. No olivine is present in type
B rocks. Other unidentified minerals have been
found. The complete absence of hydrous mineral
phases in type A or type B rocks and the pres-
ence of free iron places a low limit on the amount
of water present in the melt from which the
rocks crystallized. The water content in the lunar
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material is considerably lower than the water
content in terrestrial basalts.

All the breccias are mixtures of fragments of
different rock types similar to type A or type B
rocks and are mixtures of angular fragments and
sphericles of glass of a variety of colors and a
variety of indices of refraction. Evidence of
strong shock is present in many type C rocks,
These rocks vary from being very friable and
soft to being as hard as the crystalline rocks.
Evidence points to the breccias being formed
by shock cementing or by lithification of the
powdery lunar surface material. Both techniques
of breccia formation are probably the result of
impact events.

Fines were returned to Earth in the bulk-
sample container and in the core tubes. The core
tubes showed no stratification of fines, and the
material was, in general, similar to the bulk-
sample fines, The type D material consists of a
variety of glasses, plagioclase, clinopyroxene,
ilmenite, and olivine. A few Ni-Fe spherules up
to 1 mm in diameter were found. Glasses, which
make up approximately 50 percent of type D
material, are of three types: (1) vesicular, glob-
ular dark-gray fragments; (2) pale or colorless
angular fragments with refraction indices of ap-
proximately 1.5 to 1.6; and (3) spheroidal, ellip-
soidal, dumbbell-shaped, and teardrop-shaped
bodies. Most of these glass types are smaller than
0.2 mm and range in color from red to brown to
green to yellow with refraction indices ranging
from 1.55 to 1.8. Unlike most terrestrial magnetic
glasses, many single glass particles are inhomo-
geneous. Like the Ni-Fe spherules, the type 3
rounded glass bodies seem to indicate melting
induced by strong shock. In fact, evidence for
shock is common in the fines and in the breccias.
However, only a few crystalline rocks show evi-
dence of strong shock in places other than near
the surface pits.

A chemical analysis of several samples of all
four types of glass was made using optical emis-
sion spectroscopy. A few samples were also ana-
lyzed using atomic absorption procedures. All
four types of lunar material samples have been
studied, and all types appear to be quite similar
chemically. There is no similar material common
on Earth. Several of the refractory metals are
very prominent. On Earth, a deposit containing

from 5 to 10 percent titanium is rare and might be
considered a titanium mine. Zirconium, yttrium,
and chromium are also present in amounts sub-
stantially larger than might be expected in
terrestrial basalts.

Another characteristic of the samples is that
they are low in alkali and volatile elements such
as sodium, potassium, rubidium, lead, and bis-
muth. Aside from this charactenstlc and the very
low water content mentioned previously, the
material might be considered to be similar to
terrestrial basalts. Because of the enrichment of
the refractory elements and the depletion of the
volatile elements, it is tempting to consider the
material to be similar to a cinder, being the end
product of a high-temperature environment, to
explain these modifications.

The rare-gas content of lunar samples has
been measured by mass spectroscopy. The con-
tent of beryllium, neon, argon, krypton, and
xenon has been measured in several samples.
The total rare-gas content in the fines and brec-
cias is approximately 0.1 cc/g, which is quite
high. These gases were found in the outside
layer of the crystalline rocks, but the gas content
found inside these rocks was very low. The gases
were found throughout the breccias, further indi-
cating that the breccias are formed, probably by
shock, from the fines. Quite clearly, most of the
measured rare gas is from the solar wind. Al-
though no isotopic ratios have been measured
previously for solar rare gases, the values ob-
tained from the preliminary examination com-
pare well with the values that would theoretically
be expected.

Several of the rocks measured contained radio-
genic “Ar, which, when coupled with data on
potassium abundance, enables dating of the time
of crystallization of the rocks by using the decay
process

Ay ——» 0K - gt (1)

This process gives an age of 3.0==0.7X10° yr,
which shows that the surface of the maria is
older than had been expected.

Age dating can also be accomplished by meas-
uring the amount of certain isotopes that are
produced by cosmic ray bombardment of the
lunar surface. This technique yields the time
that the rocks within a few feet of the lunar sur-
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face have been exposed to cosmic rays. The rocks
studied had cosmic-ray-exposure ages from 20X
108 to 160 X108 yr,

The organic content of the samples was studied
by two techniques: (1) pyrolysis with flame ion-
ization detection and (2) mass spectroscopy.
The amount of extractable organic material with
temperatures to 500° C is less than 1 part per
million (ppm). Some organic contaminants were
introduced into the samples by recovery and
processing in the LRL, and it is uncertain whether
an indigenous organic material exists in the
samples.

Several samples have been counted in the LRL
Radiation Counting Laboratory. The gamma
rays measured show the presence of several
cosmic-ray-induced radionuclides and the pres-
ence of thorium, uranium, and potassium. The
uranium and thorium concentrations are near the
concentration values of these elements found in
terrestrial basalts; however, the amount of potas-
sium present in the lunar samples is lower than
that in terrestrial basalts and is comparable to
the amount found in chondritic meteorites.

Conclusions

The major findings have been as follows:

(1) By using a fabric and mineralogy basis,
the rocks can be divided into two genetic groups:
fine- and medjum-grained crystalline rocks of
igneous origin and breccias of complex origin.

(2) The crystalline rocks, as shown by their
modal mineralogy and bulk chemistry, are differ-
ent from terrestrial rock and meteorites.

(3) Erosion has occurred on the lunar surface
in view of the fact that most of the lunar rocks
are rounded, and some of the rocks have been
exposed to a process that gives them a surface
appearance similar to sandblasted rocks. There
is no evidence of erosion by surface water.

(4) The probable presence of the assemblage
iron-troilite-ilmenite and the absence of any
hydrated phase indicate that the crystalline rocks
were formed under extremely low partial pres-
sures of oxygen, water, and sulfur. (Pressures
are in the range of equilibrium pressures found
within most meteorites. )

(5) The absence of hydrated minerals sug-
gests that no surface water has existed at Tran-

quility Base at any time since the rocks in this
region were exposed.

(6) Evidence of shock or impact metamor-
phism is common in the lunar rocks and fines.

(7) All the rocks have glass-lined surface pits
that may have been caused by the impact of
small particles.

(8) The fine material and the breccia contain
large amounts of all the noble gases which have
elemental and isotopic abundances indicative of
origin in the solar wind. The fact that interior
samples of the breccias contain these gases im-
plies that the samples were formed at the lunar
surface from material previously exposed to the
solar wind.

(9) “K -*°Ar measurements on igneous rocks
show that they crystallized from 3X10? to 4X10?
yr ago. The presence of nuclides produced by
cosmic rays shows that the rocks have been
within 1 m of the surface for periods of 20XX10%
to 160108 yr.

(10) The level of indigenous organic material
capable of volatilization or pyrolysis, or both,
appears to be extremely low, that is, considerably
less than 1 ppm.

(11) Chemical analyses of 23 lunar samples
show that all rocks and fines generally are chem-
ically similay,

(12) The elemental constituents of lunar sam-
ples are the same as those found in terrestrial
igneous rocks and meteorites. However, the fol-
lowing significant differences in composition
were observed: some refractory elements (for
example, titanium and zirconium) are notably
enriched, and the alkali and some volatile ele-
ments are depleted.

(13) Elements that are enriched in iron me-
teorites (i.e., nickel, cobalt, and the platinum
group) were not observed; such elements are
probably low in abundance.

(14) Of 12 radioactive species identified, two
were cosmogenic radionuclides of short half life,
namely 2Mn (5.7 days) and *V (16.1 days).

(15) Uranium and thorium concentrations are
near the typical concentrations of these elements
found in terrestrial basalts; however, the potas-
sium-to-uranium ratio determined for lunar sur-
face material is much lower than such ratios
determined for terrestrial rocks or meteorites,

(16) No evidence of biological material has
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been found to date in the lunar samples.

(17) The lunar soil at the landing site is pre-
dominantly fine grained, granular, slightly cohe-
sive, and incompressible. The hardness of the
lunar soil increases considerably at a depth of
15 cm. The soil is similar in appearance and be-
havior to the soil encountered at the Surveyor
equatorial landing sites.

{18) The PSEP deployed on the Moon op-
erated satisfactorily for 21 days and detected
several seismic signals, many of which originated
from astronaut activity or mechanical motions of
the LM. It is uncertain whether any actual lunar
seismic events were detected. The seismic-noise

background is much less on the Moon than on
Earth,

{19) The LLRRR was deployed on the Moon
and has been used as a target for Earth-based
lasers. The distance to the Moon has now been
measured to within an accuracy of approximately
4 m. Future studies will be made on the variation
of this distance to study in detail the motion of
the Moon and the Earth.

(20) Preliminary analysis has been made on
part of the aluminum SWC foil. Helium, neon,
and argon have been found in the analysis, and
the isotopic composition of each element has
been measured.
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Ficure 1-2. — Shortly after translunar
insertion, the astronauts photo-
graphed Tropical Storm Bernice in
the western Pacific Ocean off the
coast of Baja California. (NASA
AS11-36-5298)

gravity escape. At 3:17 get., the command and
service module (CSM) was separated from the
S-1VB, turned around, and docked with the
LM. The LM was removed from the 5-IVB at
4:17 get.

Provision was made in the flight plan for four
midcourse corrections (using the service module
propulsion system to refine the spacecraft tra-
jectory); however, the only necessary midcourse
correction took place at 26:45 g.e.t. Lunar-orbit
insertion of the spacecraft began at 75:50 ge.t.

Fioure 1-1. — On July 16, 1969, at 9:32 AM. e.dt, 7%
million 1b of thrust lifted the Apollo-Saturn V space-
craft carrving Astronauts Neil A. Armstrong, Michael
Collins, and Edwin E. Aldrin, .Jr., from the launch
site at Cape Kennedy.
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Figure 1-3. — Compare this westward
view (NASA AS11-36-5300) of the
central portion of Baja California,
taken shortly after the spacecraft
left Earth corbit on a trajectory to
the Moon, with the next picture.

Figure 1-4. — This view (NASA
AS11-36-5308) of the southemn
portion of the North American
Continent shows Baja California
again, the coast of southern Cal-
ifornia, and the mountains of
Mexico.
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Ficure 1-5. — Separation of the CSM
from the S-IVB occurred at 3:17
g.e.t. The panels that protected the
IM during launch were ejected,
and the CSM was docked with the
LM at 3:25 g.e.t. This photograph
{NASA AS511-36-5313) was taken
shortly before docking.

Ficure 1-68. — This photograph (NASA
AS811-38-5355) of the Earth, taken
from a distance of more than
100 000 n.mi., was made approxi-
mately 25 hr after launch. The
Eastern Hemisphere was remark-
ably cloud-free.
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Lunar Orbit

The lunar-orbit insertion maneuver was begun
at 75:50 g.e.t. The spacecraft was placed in an
elliptical orbit (61 by 169 n.mi,), inclined 1.25°
to the lunar equatorial plane. At 80:12 gee.t., the
service module propulsion system was reignited,
and the orbit was made nearly circular (66 by
54 n.mi.) above the surface of the Moon. During
each 2-hr orbit, the terminator (the line between
daylight and darkness) moved westward across
the Moon at the rate of approximately ¥ deg per
hour (30 km per orbit).

During the 59 hr and 34 min of spacecraft
lunar orbit, approximately 210° of the lunar
surface below the spacecraft orbit was illumi-
nated by the Sun and could be photographed.

At the orbital altitude, the lunar horizon was
approximately 300 n.mi. from the spacecraft
nadir. "

Photographs taken from lunar orbit provide
synoptic views for the study of regional lunar
geology. The photographs are used for lunar
mapping and geodetic studies, and they have
been valuable in training the astronauts for
future lunar missions. The following selected
photographs, taken from lunar orbit, are ar-
ranged in geographical sequence from the far-
side terminator to the nearside terminator, with-
out regard to the times at which they were
taken, The regions of the Moon covered by the
selected photographs are plotted on the map
that follows.
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Figure 1-7.— This diagram shows the approximate areal coverage plot of selected orbital

photographs.
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Ficure 1-8. ~ The view in this photo-
graph (NASA AS11-42-6276) is
toward the northeast near the far-
side terminator. The view is cen-
tered at 10° N, 163° W. The fea-
tures shown are not named.

Ficure 1-9.— The far side of the
Moon is pictured, looking south.
The features included in this view
have not vet been named. The co-
ordinates of the center of this
photograph (NASA AS11-42-6248)
are approximately 8° 8, 164° W.







