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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






