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PRECEDING p

Preface

This three-part document constitutes the Project Mission Report on Surveyor 111,
the third in a series of unmanned lunar soft-landing missions.

Part I of this Technical Report consists of a technical description and an evalu-
ation of engineering results of the systems used in the Surveyor III mission. Part 11
presents the scientific data derived from the mission, and the scientific analy-
sis conducted by the members of the Surveyor Investigator Teams, Surveyor
Scientific Evalnation Advisory Team, and the five associated working groups.
Part III consists of selected pictures from Surveyor III and appropriate explana-
tory material.

Results given in this report are based on data evaluation prior to June 1, 1967.
It is expected that future evaluation and analysis of the Surveyor III data will
provide additional scientific results.
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l. Introduction
T. Vrebalovich, L. D. Jaffe, and S. E. Dwornik

Surveyor I1I was launched from Cape Kennedy, Florida,
at 07:05:01 GMT on April 17, 1967. An Atlas/Centaur
launch vehicle placed the Surveyor into a parking orbit
at a 165-km altitude and, after a coast of 22 min, 7 s, in-
jected it into a trajectory intersecting the moon. The
spacecraft mass at injection was 1040 kg; after final
touchdown, 302 kg. A midcourse maneuver was per-
formed on April 18. The center of the aiming ellipse
chosen for this maneuver was selenographic latitude
2.92°S,  longitude 23.25°W. Surveyor III landed at
2.94°S, 23.34°W, within 2.8 km of the aiming point,
at 00:04:53 GMT on April 20, 1967. Data obtained from
the successful mission have significantly increased knowl-
edge of the moon.

The landing site is the southeast part of Oceanus
Procellarum, about 370 km south of the crater Copernicus.
The spacecraft rests in a subdued, rounded crater about
200 m in diameter and is inclined from 12 to 15 deg to the
horizontal on the eastern slope of the crater. The crater’s
identity and the location of Surveyor III within it were
determined by comparing features visible from the
Surveyor with those found in high-resolution Lunar
Orbiter I1I photographs.

The Surveyor III spacecraft is similar to Surveyor I
(Refs. I-1 and I-2); the only major change in scientific
instrumentation was the addition of a soil mechanics
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surface sampler (SMSS). This device replaced an approach
television camera, which was carried by Surveyor I but
not used. The SMSS is essentially the instrument de-
scribed by Scott in Ref. I-3, but without strain gages, an
accelerometer, or position potentiometers. Primarily, it
consists of a scoop, about 12 c¢m long and 5 cm wide,
mounted on a pantograph arm that can be extended
about 1.5 m, or retracted close to the spacecraft, by a
motor drive. The arm can also be moved in azimuth
and elevation by motor drives, or dropped onto the lunar
surface, under force provided by gravity and a spring.
A door on the scoop can be opened and closed by a
motor. The SMSS can manipulate the lunar surface
material in a number of ways, and the results can be
observed by the Surveyor television camera.

A minor difference between Surveyors I and III was
that Surveyor III carried two auxiliary mirrors, attached
to the spaceframe, to permit a better survey of selected
areas below the spacecraft in its landed position — where
interaction between lunar surface and spacecraft could
have occurred. Small modifications were made in the
television survey camera itself, Television was treated
as a scientific experiment on Surveyor III.

As in the Surveyor I landing, strain gages recorded the
loads in each shock absorber during the landing events.
Interpretation of these records and other data received




from the spacecraft showed that, because the vernier en-
gines did not shut down at the planned height of 4 m
above the surface prior to initial touchdown, three
separate touchdowns occurred on the lunar surface. Be-
cause the spacecraft had a lateral velocity of about 1 m/s,
the distance between the first and second touchdown
events was about 20 m, and about 11 m between the
second and third touchdowns. A final translational move-
ment of about 30 cm occurred following the third touch-
down. The vernier engines, which had maintained a
stable spacecraft during all of the landing events, shut
down prior to the third touchdown.

The marks of the footpads on the lunar surface in the
second touchdown, though not in the first, have been
identified in the post-landing pictures. The position of
these marks correlated with the interpretation of the
landing dynamics. There may have been a small amount
of soil erosion by the vernier engines during the second
touchdown.

Lunar material disturbed by the vernier engines dur-
ing the unique landing apparently coated part of the
mirror of the television camera or abraded it, causing
the glare evidenced in parts of many television pictures.
Temperature measurements indicate no dust layer on
Surveyor’s thermal compartments.

The television camera could not view the lunar surface
outside the crater within which Surveyor III landed, but

the sloping walls of the crater allowed the camera to
view nearby features more clearly than would have been
possible on a flat terrain. The spacecraft took 6315 pic-
tures from April 20 to May 3, 1967.

Data on the mechanical properties of the lunar surface
material were obtained from examination of the depth
of the footpad imprints, the strain gage records, and com-
puter simulation of the landing, as well as by the SMSS.
The SMSS made eight bearing tests and fourteen impact
tests on the lunar surface, and dug four trenches. The
SMSS also picked up three objects from the lunar surface.

In addition to lunar observations, color pictures of the
earth were taken during a solar eclipse and some time
after the eclipse. A picture of Venus was also obtained.

Section II of this document, prepared by the
Surveyor III Scientific Evaluation Advisory Team, briefly
presents the principal scientific results of the Surveyor I11
mission. The subsequent sections, prepared by
Surveyor III investigators and working groups, give more
detail concerning the results. These sections have been
written independently of one another; some differences
in interpretation may exist among them.

Individual pictures taken by Surveyor are best iden-
tified by the day of the year and GMT at which they
were taken. April 20, 1967, was Day 110; May 3 was
Day 123. Mosaics are best identified by catalog numbers.
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. Principal Scientific Results of the Surveyor Ill Mission

L. D. Jaffe, S. A. Batterson, W. E. Brown, Jr., E. M. Christensen,
D. E. Gault, J. W. Lucas, R. H. Norton, R. F. Scott,
E. M. Shoemaker, G. H. Sutton, and A. L. Turkevich

Data returned by Surveyor III, during and after land-
ing on the lunar surface, provided significant additional
knowledge of the moon. Of particular interest are the
results on mechanical properties of the lunar surface and
the comparisons of terrain and microfeatures inside
and outside a crater, made possible by observations from
Surveyors I and I1I.

This section outlines the major scientific findings de-
rived from Surveyor III data, and is based on infor-
mation obtained by varied methods. The methods are
described in more detail in the following sections of this
report.

A. Mechanical Properties of
Lunar Surface Material

During the Surveyor III landing events, the footpads
formed craters and imprints on the lunar surface. Asso-
ciated with the footpad craters were patterns of ejected
material, indicative of the direction of spacecraft motion.
The craters, imprints, and ejecta have been used in analy-
ses of lunar soil properties. Several other methods were
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also used to derive the mechanical properties of the lunar
soil: analyses and simulations of the landing dynamics,
analyses of the soil mechanics surface sampler (SMSS)
experiment, and slopes of small natural craters. Consid-
ering all methods, it would seem that the following
ranges of soil properties are compatible with the observa-
tions and represent the differences in techniques of anal-
ysis and, possibly, variation in the lunar soil properties
from place to place. The ranges are as follows:

(1) Cohesion range: 1.5 X 10° to 7 X 10° dynes/cm?.
(2) Angle of internal friction range: 35 to 40 deg.

(3) Static bearing capacity range: 2 X 10° to 6 X 10°
dynes/cm?.

Note that static bearing capacity increases with bearing
size.

The SMSS picked up a clod, or aggregate of lunar soil
grains, which was crushed when the scoop door was
closed, and a rock fragment that was not crushed. It is
estimated that a pressure of approximately 2 X 107
dynes/cm? was applied to the rock when the scoop was
closed. The rock did not break under this stress.




Lunar soil was observed to remain in the SMSS scoop,
with the door fully open, until jarred free by the SMSS
motions or impact. It is possible that the soil adhered to
the scoop (see Section IV) or it may be that moldable,
slightly cohesive soil adapted itself to the inside shape
of the scoop and was jammed in place by a trenching
operation, without adhesion (see Section VIII).

Vibrations of the spacecraft following the third touch-
down have been analyzed to give an indication of the
elastic shear or rigidity modulus of the surface soil (see
Section V).

B. Macroscopic Features of Local Terrain

Surveyor III landed in a subdued crater with a low,
rounded rim. The crater is slightly more than 200 m in
diameter and about 15 m deep. The spacecraft is situated
on the inner east wall of the crater, about halfway be-
tween the center of the crater and the rim crest; it is in-
clined 14.7 +0.1 deg toward the west. The selenographic
coordinates of the landed spacecraft are 2.94°S lat,
23.34°W lon, relative to selenodetic control adopted by
the Aeronautical Chart and Information Center.

The small craters observed in the Surveyor I1I pictures
range in diameter from about 10 cm to more than 20 m.
Most craters smaller than 3 m in diameter are relatively
shallow and nearly rimless or have very subdued rims.
Approximately 25% of the craters that range from 3 to
about 13 m in diameter have distinctly raised rims and
relatively steep walls. The other craters in this size range
have subdued forms. The rims of most craters are com-
posed of material similar in texture to parts of the surface
between the craters. Most craters have a normal cup
shape, with walls and floors concave upward. However,
one prominent crater more than 20 m across, located near
the center of the main crater, is dimple-shaped. Most
of the craters appear to be irregularly or nearly randomly
distributed over the rim, walls, and bottom of the main
crater, but some of the very shallow rimless craters are
aligned approximately in the mnorth-south direction.
The size/frequency distribution of the craters at the
Surveyor III landing site is closely similar to the mean
distribution observed on the lunar plains by Rangers VII
through IX.

Bright pieces of fragmental debris are scattered irregu-
larly over most of the visible parts of the lunar surface.
Most of the observed fragments are relatively angular,

but some well-rounded fragments, which generally appear
to be deeply buried in the lunar surface, are also present.
Generally, the fragments are equant in shape, but some
are distinctly tabular and a few have the form of sharp,
narrow wedges. Two prominent strewn fields of blocky
debris were observed around two craters, 13 and 15 m
across, at the Surveyor III site. One of these craters has
a sharp, raised rim and the other a more subdued, round
rim.

Fragments close to the spacecraft have a peculiar
grainy, knobby, or pitted texture. Some fragments, no-
tably pieces associated with a strewn field of blocks to
the northeast of the spacecraft, have smooth, nearly
planar, faces —as though they were broken along pre-
existing joints or fractures. Some large blocks, most of
which are tabular in form, appear to be laminated or to
contain planes of weakness parallel to the long dimen-
sions of the blocks. Most of the fragments at the surface
of the Surveyor III landing site are evidently part of a
layer of particulate material of low cohesion. The layer
is at least 1 m thick along the upper parts of the wall of
the main crater in which Surveyor III landed and may
be much thicker near the center of the crater. The pres-
ence of coarse, blocky ejecta from superposed craters on
the northeast rim and high on the southwest wall indi-
cates that coarser fragments or more coherent material
are present at depths of a few meters on or near the rim
of the main crater. No strewn fields of blocks or blocky
crater rims are found near the bottom of the main crater.
This may indicate that the base of the relatively fine-
grained debris layer is deeper than any of the craters
present there.

Lunar surface brightness temperatures sensed by
Surveyor III during the lunar day correspond to a ther-
mal parameter, y, greater than 400 in centimeter-gram-
second units; this is in agreement with earth-based data.
Also during the day, lunar surface directional thermal
emission was sensed and later found to be consistent with
earth-based data. Temperature measurements taken dur-
ing the eclipse permit a more accurate determination of
the thermal parameter and indicate a value of approxi-
mately 400; this is not in agreement with the value of
1420 obtained by earth-based eclipse measurements for
the landing site region. The Surveyor III temperature
data lag earth-based measurements during the eclipse.

The average radar cross section of the moon, as mea-
sured from the earth, closely approximates the values
measured by Surveyor radars over small areas (250-m
radius).
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C. Characteristics of Local Microstructure

From the strain gage data, it is concluded (see Sec-
tion V) that the undisturbed lunar surface density to a
depth of 0.5 cm is not greater than about 1.2 g/cm?®, and
that the material to this depth compressed during the
impact to a density of 1.7 to 1.8 g/cm?®. Analysis of both
SMSS and the touchdown measurements, from a soil me-
chanics viewpoint, led to a density estimate of about
1.5 g/cm® for the top few centimeters of lunar soil (see
Section IV). In penetrations to this depth, it was observed
that the material appeared to be relatively incom-
pressible. It would appear that the two computed ranges
of density can be reconciled if a lunar soil profile of in-
creasing density is postulated. The increase must be fairly
rapid to explain the observations, with a density of
1 g/cm? or less in the top few millimeters, increasing to
about 1.5 g/cm® by a depth of a few centimeters, and
to an asymptotic value of perhaps 1.8 to 2.0 g/cm® at a
depth of perhaps 5 to 10 cm, based on limiting lower-
porosity considerations and an assumed solid-component
density of 3 g/cm?®. The corresponding porosity range is
from about 0.7 at the surface to 0.35 at depths greater
than 10 cm.

The SMSS experiments indicated an increase in the
strength of the lunar soil with depth, an effect which
became apparent at depths of 4 or 5 cm. At 5- to 10-cm
depths, considerable difficulty was encountered in deep-
ening the trenches with the SMSS, although the deeper
material was visually identical to the soil at shallower
depths. The soil mechanical properties are not indepen-
dent of one another nor of density. Thus, it should be
observed that an increase in density of the soil with
depth will imply both an increased friction angle of the
soil and an increase in the cohesion resulting from a
greater number of contacts between particles. In addi-
tion, the cohesion may also differ with depth because of
physicochemical reasons.

Individual particles of undisturbed surface material,
visible to the Surveyor III camera, ranged in size from
blocks 4 m long down to the limit of resolution. One to
ten particles/cm?, larger than 1 mm in diameter, were
noted. The observed cumulative frequency was an expo-
nential function of particle diameter, with an exponent
of about —2.5. Laboratory tests suggest that some fine
particles were probably missed in counting, and the ex-
ponent for cumulative frequency per unit volume prob-
ably is higher. In the two strewn fields, around craters
of from 13 to 15 m in diameter, 10-cm to 1-m blocks
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were much more frequent than elsewhere. Less than
15% of the surface is covered with particles larger than
1 mm in diameter. The surface retained a good imprint
of footpad ridges about 60 ym high. This observation
(together with laboratory simulations, the appearance of
disturbed lunar surface, mechanical property measure-
ments, and photometric observations of the footpad im-
print and of the undisturbed surface) suggests that a
substantial fraction of the surface material consists of
particles smaller than 60 ym in diameter and an ap-
preciable fraction (>10%) probably consists of particles
smaller than 10 ym.

A preliminary search for color differences (by color
reconstitution methods) revealed no determinable differ-
ences in color among various coarse blocks, the fine-
grained matrix of the surface, or fine-grained material
disturbed by the surface sampler. All of the materials
observed on the lunar surface are gray.

The estimated normal luminance factor (normal albedo)
of an undisturbed part of the lunar surface next to foot-
pad 2 of the Surveyor III spacecraft is 8.5 =2%. The
smooth walls and bottom of the footpad imprints are
different photometrically from the undisturbed lunar
surface and from material ejected by the footpads. Ob-
servations of the imprint of footpad 2 (next to the space-
craft) indicate that this smooth surface is more like a
Lambertian surface than is the undisturbed lunar surface.
About 30% more light is emitted toward the eastward-
facing camera from the smooth imprint surface than
from nearby undisturbed parts of the moon at phase
angles of 40 to 60 deg in the lunar morning; but, in the
lunar afternoon, the imprint is not significantly brighter
than the undisturbed surface. This indicates that the
very small irregularities between the grains have been
partially smoothed out or filled in by pressure of the
smooth footpad.

Other disturbances of the lunar surface by Surveyor I11
exposed darker material at depths of a few centimeters
or less. The fine-grained particulate debris of the lunar
surface is probably 20 to 30% lower in albedo at
depths of only a fraction of a millimeter beneath the
optically observed surface. Coarse particles protruding
above the general level of the surface have a higher
albedo than the fine-grained matrix of the surface.

Although some of the observations (e.g., mechanical
properties, radar reflectivity) made by Surveyor III set
limits on possible terrestrial materials that could explain
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the results, no firm conclusion can be made at present
about the chemical composition of the lunar surface.

D. Effects of Engine Exhaust

The vernier engines continued to operate throughout
the first and second landings and until shortly before the
touchdown of the third landing. This produced no no-
ticeable effect on the spacecraft, other than on the tele-
vision camera mirror. Glare was produced on part of the
mirror when the sun, or large amounts of reflected sun-
light, illuminated it. It is suspected that this part of the
mirror was contaminated during the landing by the de-
position of lunar material, by pitting, or by the deposi-
tion of exhaust gas. A lunar surface feature visible at the
second landing site possibly could have been caused by
vernier engine exhaust erosion. Good correspondence
between the outer-face temperatures of electronic com-
partments of Surveyor III and Surveyor I, for a given
sun incidence angle, indicates that there was no ther-
mally significant layer of dust on the faces. Pictures of
the top of one compartment show a few specks of mate-
rial, but no significant coverage. Thus, contamination of
the spacecraft, induced by vernier engines, is not ex-
pected to be a major problem in future missions.

E. Nonstatic Nature of Lunar Surface

Many of the observations made during the Surveyor II11
mission can be interpreted as exhibiting lunar phenom-
ena at different stages of their life histories. The observa-
tions provide evidence of the nonstatic nature of the
lunar surface, even though the changes are occurring over
a long period of time.

For example, one of the craters has a sharp, raised rim
and is associated with rocks of large angularity perched
on top of the local landscape. It is interpreted as young,
relative to another crater nearby that has a rounded rim
and less prominent debris. Similarly, examination of rocks
in the vicinity of Surveyor III leads to a classification in
terms of increasing roundness (or lack of angularity),
which is interpreted as a measure of the time of exposure
to abrading influences. The blocks associated with the
subdued (older) crater are significantly rounder than
those associated with the raised-rim crater. Finally, the
relation of rocks to the lunar surface in their immediate
vicinity suggests a chronology in which freshly produced
rocks are perched on top of the surface, and older rocks
are more or less buried. This correlates well with the

roundness of the rocks and the nature of the neighboring
craters. In addition, the fortunate landing of Surveyor III
on a slope provided pictures showing that this burying
process proceeds faster on the uphill side of a rock than
on the downhill side.

Evidence for a different type of process that occurs
on the moon is the observation that disturbed lunar sur-
face material is darker than that of the undisturbed
surface. However, coarse fragments protruding above
the surface, as well as the one excavated rock, have a
higher albedo than the fine-grained matrix of the surface.
Because the surface material is continually being churned
up by meteorite impacts, some process (confined in ac-
tion to the surface) must be continually changing the
photometric properties of the exposed particles.

F. Relation of Properties at Surveyor I and
Surveyor Il Landing Sites

The Surveyor I landing site was a relatively flat,
smooth mare surface encircled by hills and low moun-
tains, whereas the Surveyor III landing site was in a
subdued crater greater than 200 m in diameter. Com-
parisons of the pictures obtained at these two different
sites indicate that the smaller craters and the fragmental
debris are similar in distribution of shape and size. The
majority of the craters at both sites are inferred to be of
impact origin. One difference between the two sites is in
the deposition of the granular material around the more
rounded rocks, which are, in general, believed to be
buried deeper in the lunar surface than are the more
angular rocks. At the Surveyor I site, the contact line
between the more rounded rocks and the surface is about
in the same plane as the lunar surface, although a fillet
of fine material can be observed. This indicates that
processes are at work which generally result in a smooth
deposition. At the Surveyor III site, however, the fillet
of material around some of the more rounded rocks
tends to be higher on the uphill end than on the down-
hill end, indicating a downhill movement of the fine
material, as mentioned previously.

Apparent soil similarities for the top few centimeters
at the Surveyor I and Surveyor III landing sites are:

(1) Static bearing capability is within the range of
from 2 X 10° to 6 X 10° dynes/cm? for a footpad
penetration of 2.5 to 5 cm. This is derived from
computer simulation of shock absorber force his-
tories and footpad penetrations during landing.
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(2) Material disturbed by the footpads consists of
clumps or clods formed of particulate material
smaller than the resolution of the camera, a fine
spray thrown a meter or more, and smoothed areas
that retain the compressed contact area.

(3) Noncompressed disturbed material is darker than
the undisturbed surface.

(4) The material has little compressibility.

(5) There is general homogeneity at the positions of
the second and third landings of Surveyor III and
at that of Surveyor I.

(6) Cohesion and angle of internal friction at the two
sites probably are comparable.

Lunar surface brightness temperatures sensed during
the day by Surveyors I and III were essentially identical.
A thermal parameter value of approximately 800 from
Surveyor I post-sunset data was significantly different
from the approximately 400 from Surveyor III eclipse
data.
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The variation in radar cross section between Surveyor I
and III tracks, about 5 km long, is relatively small (with-
in +=20%), except for a few anomalies related to surface
features.

G. Astronomical Observations

Surveyor III pictures of the eclipse of the sun by the
earth reveal a bright region in the refraction halo sur-
rounding the earth, which was correlated with the posi-
tion of the sun, and a series of bright beads over regions
of the earth largely clear of clouds. Clouds usually occult
the refracted rays of the sun, most of which pass through
the low atmosphere at the limb; the beads occur in the
depressions in the optical silhouette of the earth. Prelim-
inary reduction of the color of the refracted light showed
that the brightest region, near the position of the sun,
exhibits a correlated color temperature close to 4800°K.
The color temperature generally tends to be lower for
light that follows paths of greater atmospheric absorption.

Preliminary analysis of Surveyor III pictures of the
partially illuminated earth revealed colors similar to
those recorded from orbit by the Mercury and Gemini
astronauts.
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. Television Observations From Surveyor /!
E. M. Shoemaker, R. M. Batson, H. E. Holt, E. C. Morris,
J. J. Rennilson, and E. A. Whitaker

Surveyor I1I 1anded on the lunar surface at 00:04 GMT,
on Day 110 (April 20), 1967, approximately 23 h after
local sunrise on the moon. The television camera was
turned on about 1 h after touchdown, and 6315 pictures
were taken during the remainder of the lunar day. The
camera was operated extensively for the first period of
lunar visibility from the Goldstone Tracking Station
of the Deep Space Network (DSN) and, except on
Day 115 (April 25), on each successive Goldstone pass
of the moon. During this period, the sun rose from an
elevation angle of 11 deg in the east to within 3 deg of
the zenith and then sank almost due west of the space-
craft. Many pictures were obtained of the illuminated
eastern horizon in the period immediately preceding sun-
set. In addition to those received at the Goldstone station,

some were obtained at the Canberra, Australia, station of
the DSN.

A. Television Camera
1. Description

The television camera on Surveyor II1 is closely similar
to the survey camera carried on Surveyor I (Ref. III-1).
In the Surveyor survey camera, images are reflected from
a rotatable mirror through a zoom lens onto the active
element of a vidicon tube. The mirror can be rotated in
azimuth and elevation relative to a line through the
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center of the vidicon tube and the zoom lens axis, which
remain fixed in attitude. This rotation provides the capa-
bility of scanning the lunar scene and sky over a vertical
angular range of 100 deg and a horizontal range of nearly
360 deg. The axis of the camera is inclined 16 deg to the
nominal vertical axis of the spacecraft, which causes
the horizon to vary in camera elevation angle as a func-
tion of the azimuth angle, when the spacecraft lands in
an approximately level attitude. The variation of the
horizon for a flat surface is very nearly a sine function
of the azimuthal angular position and has a half ampli-
tude of 16 deg.

The camera normally is operated with the zoom lens
positioned for focal lengths at either the extreme long
(100-mm) or short (25-mm) focal lengths. At the long focal
length, or narrow-angle mode of operation, the field of
view is 6.4 deg; at the short focal length, or wide-angle
mode, the field of view is 25.3 deg. The lens is capable
of being set at varying focal positions, which are required
to obtain focused pictures of parts of the lunar surface
near the spacecraft in the narrow-angle mode. In this
mode, the camera has a calibrated angular resolution of
0.5 mrad at 15% relative response. This resolution per-
mits discrimination of objects on the lunar surface
slightly less than 1 mm in diameter at the distance of the
spacecraft footpads from the camera (1.6 m).




A filter wheel, located between the zoom lens and
the rotatable mirror, may be positioned in four dis-
crete positions. In one position, the optical path is inter-
cepted by a clear piece of glass; in the other three
positions, there are three color filters.

Within the zoom lens is a variable iris aperture that
provides nominal focal ratios ranging from f/4 to f/22.
The iris can be operated by command to six distinct cali-
brated positions. It can also be operated in an automatic
mode in which the iris position is controlled by the inte-
grated scene luminance detected by a photocell in the
lens.

A focal plane shutter between the zoom lens and the
faceplate of the vidicon tube provides exposures of
150 ms and 0.5 s to many minutes. The camera is nor-
mally operated at the 150-ms exposure, which is cali-
brated for each camera and which is reproducible within
about 2%. Long exposures are obtained by commanding
the shutter open and later commanding it closed. This
mode of operation is referred to as the integrating mode
and was used to take pictures of faint objects, such as
Venus and the spacecraft and lunar surface illuminated
by refracted sunlight during an eclipse.

With a given aperture and filter position and 150-ms
exposure, the dynamic range of the camera is approxi-
mately 25 to 1. The linear part of the function of the
logarithm of video voltage vs logarithm of lunar scene
luminance is less for the Surveyor III camera than for
the Surveyor I camera. By combined use of various
filters, apertures, and exposure times, the total range of
response of the Surveyor III camera, like that of the
Surveyor I camera, is about 1,000,000 to 1.

The image on the vidicon target can be scanned in two
different modes: one produces a 200-line picture; the
other produces a 600-line picture. The 200-line scan
mode is employed when the video signal must be broad-
cast over the omnidirectional antenna and must be
accommodated to the low bandwidth achievable during
transmission from the omnidirectional antenna. The 600-
line picture is transmitted over the planar array (high-
gain) antenna after this antenna has been oriented so that
the main beam from the antenna is intercepted at track-
ing stations on the earth. The 200-line pictures are, there-
fore, usually taken shortly after landing, before the
planar array antenna has been oriented. For the remain-
der of the mission, the television pictures are normally
taken and transmitted in the 600-line mode.
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The principal differences between the Surveyor III
camera and the Surveyor I camera are in the use of dif-
ferent colored filters, the different response of the vidi-
con tube, and the addition of a small visor attached to
the hood of the camera. New color filters were used
in the Surveyor III camera to obtain a closer match of
the camera-filter spectral response functions to the stan-
dard CIE color-matching functions than was achieved
with the filters used on Surveyor I. As shown in Fig. ITI-1,
a close match was achieved.

Because of technical difficulties involved in manufac-
ture, each vidicon tube of the type employed in the
Surveyor camera differs slightly from the others in sensi-
tivity, dynamic range, erasure characteristics or reten-
tivity of the image, shading, resolution, and imperfections
that produce minute bright spots on the image. In addi-
tion, it is possible for dust to settle on the faceplate of
the vidicon tube. The dust particles produce dark spots
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Fig. lll-1. Camera-filter response functions of Surveyor Il
camera compared with CIE (Commission Internationale
I'Eclarage 1931) color-matching functions. Camera-filter
spectral response functions are shown with solid line;
CIE color-matching functions are shown with dashed line
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in the image. The vidicon tube employed in the
Surveyor III camera displayed a higher retentivity of
the image than that employed in Surveyor I and had a
higher number of imperfections that produced small
bright spots. Slightly less dust appeared to be present on
the vidicon faceplate of the Surveyor III camera after
landing on the lunar surface than in the case of
Surveyor I.

To reduce veiling glare, a visor was added to the hood
of the camera to reduce the amount of sunlight falling
directly on the mirror and inner parts of the camera
optical train. The hood carries the mirror and is an inte-
gral part of the mirror rotation system, so that the visor
maintains a fixed position in azimuth relative to the mir-
ror. Degradation of the surface of the mirror during
Iunar landing increased the veiling glare so much, how-
ever, that the addition of the visor was of relatively little
value.

2. Operating Characteristics

During operation of the Surveyor III camera after
touchdown, problems were encountered that may be
attributed to the unusual circumstances of landing. Nor-
mally, the camera mirror is capable of being rotated in
elevation to a position that essentially closes or seals the
hood. The torque required to rotate the mirror to an open
position after closure was close to the torque generated
by the mirror elevation stepping motor on the Surveyor 111
camera, however. For this reason, the camera was flown
to the moon with the mirror open. The spacecraft
touched down three times during its landing on the lunar
surface. During the first two touchdowns, the vernier
engines, which control the descent of the spacecraft,
continued to fire. After the first series of pictures was
received from the television camera, it was found that
many were partially or completely obscured by strong
veiling glare. Evidently, the mirror and possibly other
parts of the optical train of the camera were either par-
tially coated with particles or rocket effluent or pitted
by impact of particles entrained by the rocket effluent.
Between one-half and two-thirds of the area of the mir-
ror was degraded significantly. The particles or pits
responsible for degradation of the mirror surface were
too small to be detected by direct observation of the
mirror at the 25-mm focal length (smaller than 0.5 mm).

Because of the glare, usable pictures could be obtained
only in limited ranges of azimuth during the early lunar
morning and late lunar afternoon. Whenever sunlight fell
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directly on the mirror, the image of the lunar surface was
completely obscured when the image was reflected
through the directly illuminated part of the mirror. In
addition, considerable glare is present in other pictures
taken when the mirror is averted from the sun, owing to
light re-emitted from the lunar surface.

Because of operational difficulties in rotating the mir-
ror, the camera was operated over an azimuth range
extending only to one side of the +3-deg azimuth posi-
tion during most of the lunar day. Because of the time
requirements for the SMSS and other experiments, insuf-
ficient time was available for systematic lunar surveys
during each Goldstone pass. Much more time would
have been required for the completion of systematic
surveys than in the case for normal operation, and only
a fraction of the planned operation of the camera was
executed during each Goldstone pass.

The camera operated best during high sun angles, but
under high sun the photometric conditions are less fa-
vorable for detecting relief features on the lunar surface.
Craters and subtle relief features were almost impossible
to observe at high sun, although blocky fragments could
be observed because they differ in albedo from the rest
of the lunar surface material. Most of the details of the
topography and geology of the Surveyor III landing site
are extractable from the pictures only with consider-
able difficulty.

3. Categories of Pictures Taken

Of the 6315 pictures taken with the television
camera, about 45% of the pictures were taken in the
narrow-angle mode at sequential camera azimuth and
elevation settings to provide high-resolution coverage of
the entire area visible to the camera. The wide-angle
mode was used to take 8% of the total number of pic-
tures, providing panoramas of the landing site at lower
resolution than that of the narrow-angle pictures, but
with one-tenth the number of frames. Immediately after
touchdown, before the high-gain antenna had been ori-
ented, 55 wide-angle pictures were taken in the
200-line, low-resolution television mode.

Special sequences of pictures were taken for a
variety of purposes. Pictures were taken in wide- and
narrow-angle modes, and with color filters of photo-
metric and color target areas as well as other areas of
special interest for photometric or color studies. Surveys
were made along certain azimuths in which pictures
were taken at several different focal settings at each
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elevation step. These pictures will be used to determine
distance to points on the surface, from optimum focus,
and will be used to construct focus ranging profiles out
to about 10 m from the spacecraft. Other special surveys
were obtained at varying sun angles of the areas close
to the visible footpads of the spacecraft and of areas
directly beneath the crushable blocks of the spacecraft.
In addition, special surveys were made of parts of the
spacecraft in order to search for particles and possible
structural damage.

A unique sequence of pictures was obtained of the
earth during an eclipse on Day 114 (April 24). During
the eclipse, a picture was also obtained of Venus, and
an attempt was made to photograph stars to gain precise
information on the orientation of the camera and the
spacecraft. All attempts to obtain pictures of stars both
during the eclipse and later were unsuccessful, however,
because of difficulties in commanding the camera mirror
to rotate and because of the high background of veiling
glare produced by scattering of light from the lunar sur-
face onto the mirror.

The special surveys account for about 25% of the total
number of pictures taken during the first lunar day; the
remainder were taken in support of operations of the sur-
face sampler experiment.

4. Categories of New Information Provided by
Television Pictures

The television pictures have provided new infor-
mation on the location of the landing site on the lunar
surface, on the lunar surface itself, and on the appear-
ance of the earth as seen from the moon, during eclipse
and partial direct illumination by the sun. Calculation
of the trajectory of the spacecraft by the Flight Perfor-
mance and Analysis Group, from information obtained
by tracking the spacecraft on its translunar trajectory,
led to a determination of the location of the spacecraft
on the lunar surface, with an uncertainty of a few kilom-
eters. By close comparison of the detailed features of
the surface observed by the television camera on
Surveyor III with features observed from lunar orbit in
photographs acquired by Lunar Orbiter III, it was pos-
sible to determine the precise location of the Surveyor II1
spacecraft with respect to the features shown in the
Lunar Orbiter photographs. The evidence by which
the location of Surveyor III has been determined and
its relation to the larger features of the lunar surface are
described by Whitaker.
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Many kinds of new information on the small details of
the lunar surface and the specific topographic and geo-
logic features of the landing site are contained in the
television pictures, as discussed in the sections on
topography and geology by Shoemaker, Morris, Batson,
and Holt. Some of the photometric observations of the
lunar surface at the Surveyor III landing site have been
reduced and are described in this report by Holt and
Rennilson. In addition, preliminary evaluation of the
color of various features on the lunar surface at
the Surveyor III landing site is presented by Rennilson.

Observations of earth during the eclipse of the sun by
the earth have provided the first direct observations of
the distribution of refracted sunlight that weakly illumi-
nates the lunar disk during this type of eclipse. The
distribution and color of light in the refraction halo sur-
rounding the earth during the eclipse are described by
Rennilson, Shoemaker, and Whitaker. Finally, the obser-
vations of the crescent earth illuminated directly by the
sun are described by Whitaker and Rennilson. The pic-
tures obtained from Surveyor III are the first that have
been taken of the earth from the distance of the moon by
methods permitting reproduction of pictures of the
earth in color.

B. Location of Surveyor Ill on Moon

The nominal target for Surveyor III was 3°S latitude,
23°W longitude, which is in a small but relatively crater-
free part of the Oceanus Procellarum about 120 km
(75 mi) southeast of the crater Lansberg and due north
of the center of Mare Cognitum (Fig. I1I-2). The area is
crossed by the weak south end of a ray from Copernicus,
and contains two very low segments of mare ridges
(Figs. I1I-3 and II1-4). The whole region is well covered
by Lunar Orbiter 111 photographs, which reveal a fairly
low density of subtelescopic craters, closely resembling
those observed around the Surveyor I landing site.

The best estimate of the position of the landing site
obtained from pre-landing tracking data was 2.99°S,
23.37°W. This position was plotted on ACIC lunar chart
AIC 76A, and the point transferred to Lunar Orbiter 111
medium-resolution photograph M154 (Fig. III-5), from
which it was further transferred to high-resolution photo-
graph H154. Because Surveyor I and Rangers VII
through IX landed to the east and three times to the
north of the positions derived from tracking data, it was
considered that Surveyor III would probably be located
in the central third of H154.
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Fig. II-2. Crater Lansberg and region to southeast showing Surveyor Il location (small circle) and outline of Lunar Orbiter Il photo-
graph M154 (University of Arizona Lunar and Planetary Laboratory 61-in. reflector photograph)
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Fig. 1I-3. Same region as Fig. 11I-2 with full-moon illumination, showing relationship between Surveyor Il
location (small circle) and Copernicus rays (Yerkes Observatory 40-in. refractor photograph)
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Fig. lll-4. Same region as Figs. lll-2 and IlI-3 with low evening illumination, showing low mare ridge segments northeast of
Surveyor lll (McDonald Observatory 82-in. reflector photograph)
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Fig. 111-5. Lunar Orbiter Ill medium-resolution photograph M154 showing outline of Fig. 111-6
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A study of preliminary mosaics of wide-angle
Surveyor III pictures showed that the spacecraft had
landed on a west-facing surface sloping about 10 deg to
the horizontal, the average level of the horizon was
about 5 deg higher than nominal for a flat surface. These
data implied that the spacecraft was situated on the
inner east wall of a shallow crater.

A comparison with Surveyor I panoramas of narrow-
angle surveys of areas to the north and south of the
spacecraft suggested that the horizon lay at least 50 m
away, indicating the crater in which the spacecraft
landed had a diameter of 100 m or more. These surveys
also showed several small, but distinct, craters and a
number of blocks, estimated to be large enough to be
visible on Lunar Orbiter III photograph H154. A rough
plan of the crater and its details was drawn and mem-
orized, and the general pattern searched for in all craters
50 to 250 m in diameter in the central third of H154.

A crater was found that seemed to have the correct dis-
position of small craters and rocks; measurements of azi-
muths of these features confirmed the identification.
Figure III-6, an enlargement of a part of H154, shows
this crater and its immediate surroundings. The crater
has a diameter of approximately 200 m, and a depth of
about 15 m. The selenographic coordinates of Surveyor I11
determined from the Lunar Orbiter III photograph and
the ACIC map are 2.94°S latitude, 23.34°W longitude.

C. Topography of Surveyor lll Landing Site
and Attitude of Spacecraft

The crater in which Surveyor III landed is one of a
tamily of craters of subdued topographic form that oc-
cupies more than 50% of the surface of this part of the
Oceanus Procellarum. The rim of the crater is low and
gently convex upward; the position of its precise crest
is difficult to define. Slopes within the crater range be-
tween about 10 and 15 deg on the steepest parts of
the crater wall, exclusive of the walls of smaller super-
posed craters. The floor of the crater is gently concave
upward and merges imperceptibly with the sloping walls.
A profile across the center of the crater shows a reversal
of curvature approximately halfway between the center
of the crater and the rim crest, both in vertical and
radial positions (Fig. ITI-7).

About 100 small craters, resolved in photographs from
Lunar Orbiter III, are scattered over the floor, inner
slopes, and rim of the larger crater in which the space-
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craft is located. These small craters range from 1 to 25 m
in diameter. Many of them are subdued in form, with
gentle interior slopes and rounded rims. A few, however,
have sharp, raised rims and steep inner walls. In addition,
the inner surface of the main crater is strewn sparsely
with coarse blocks, most of which are spatially associ-
ated with three of the largest superposed small craters.

1. Topographic Maps

Topographic maps of the Surveyor III landing site
have been prepared by two independent methods.
One method utilizes the photometric information con-
tained in a single high-resolution Lunar Orbiter III
photograph of the site. The technique by which photo-
metric data from a lunar picture are reduced to topo-
graphic profiles and maps is called photoclinometry. The
other method utilizes information on the angular posi-
tion of objects identified both in a high-resolution
Lunar Orbiter III photograph and in the Surveyor III
pictures. This method is an application of analytical
photogrammetry. The photoclinometric technique pro-
vides extensive information about the over-all shape of
the main crater in which Surveyor III is located, whereas
the photogrammetric method provides accurate informa-
tion on the three-dimensional position of a limited
number of points on the lunar surface relative to the
spacecraft.

The photometric method of deriving a surface profile
utilizes measurements of scene luminance and an adopted
mean photometric function of the lunar maria for de-
termining slope of the surface in the phase plane. Lumi-
nance of a small area of the lunar surface has been found
from telescopic observations and from Surveyor I mea-
surements to depend only on the normal luminance factor
or albedo, the phase angle, and the slope of the surface
in the phase plane. The phase angle is defined as the
angle between the vector to the observer and the vector
to the sun from a given point, and the plane containing
these two vectors is the phase plane. At any image point
in a picture of the lunar surface, where the albedo, the
vector to the observer, and the vector to the sun are
known, the orientation of the trace of the surface in the
phase plane can be determined from a measurement of
the surface luminance.

The luminance of elements of the lunar surface can be
estimated from measurements of film density in pictures
such as those acquired by Lunar Orbiter II1. To estimate
luminance from film density, the transfer characteristic
function of the system by which the picture is produced
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Fig. lll-6. Small part of Lunar Orbiter Iil high-resolution photograph H154, showing location of Surveyor IlI
in 200-m-diameter crater. The small triangle represents the true size and orientation of the spacecraft
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Fig. lll-7. Photoclinometric profiles of the Surveyor Il landing site. Profiles were calculated from photometric measure-
ments of Lunar Orbiter Ill photograph H154, framelet 27, along lines AA” and BB’ (photoclinometry by
H. E. Holt and S. G. Priebe)
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must be known from preflight or internal calibration, or
some other method of estimating this transfer character-
istic function must be found.

Variations in density across the negative of the photo-
graph, Lunar Orbiter I1I, P-9C, H154, framelet 027,
were measured along 54 phase plane traces with a
microdensitometer. From about 110 to 150 digitized
measurements were obtained along each trace; each
measurement represented about 6 m? on the lunar surface.
The density measurements were converted to estimated
luminance by multiplication by a luminance factor.
The luminance factor is derived from comparison of
computed luminances to the measured densities of sev-
eral areas whose orientation was determined by means
of subjective photointerpretation. Thus, the system trans-
fer characteristic function was assumed to be linear.
This form of the function was adopted for simplicity of
calculation, inasmuch as accurate calibration for the
Lunar Orbiter III imaging system was not available.
Any difference between the actual system transfer char-
acteristic function and the assumed linear function would
have led to errors in the computed topographic relief.

The slope in the phase plane of each surface element
along each phase plane trace was computed from the
estimated luminance for each image element, using the
terrestrially measured mean lunar photometric function
for the lunar maria. These slopes were connected to form
profiles of the lunar surface along each phase plane
trace. The profiles, which are nearly vertically oriented,
were placed side-by-side in relative positions, according
to the locations of their starting points. Relative elevations
between adjacent profiles were derived from the assump-
tion that the rim crest of the crater in which Surveyor I11
landed is approximately level, an assumption that appears
to be justified from stereoscopic examination of Lunar
Orbiter IIT photographs H154 and H137.

The general outline of the crater rim crest, obtained
from adjustment of the phase plane profiles, and the
relative elevation of more than 300 points taken from
the profiles were plotted on a map. Contour lines were
drawn, on the basis of these points at vertical intervals
of 2 m. The resulting contour map (Fig. III-8) shows
that the crater ranges from 220 to 240 m in diameter.
The depth of the crater derived by photoclinometry is
18 m, and the average slope from the center of the crater
to the rim crest is 10.5 deg. Near the vicinity of the
Surveyor spacecraft the slope of the crater wall derived
by photoclinometry is about 14 deg.

20

By close comparison of the Surveyor III pictures
with the Lunar Orbiter 111 photograph of the Surveyor I11
landing site, it is possible to identify more than 100
craters and large blocks. Because the number of these
features is so large, it is possible to use the information
obtained from the two sets of pictures to produce a
topographic map of the crater by methods analogous to
ordinary field surveying, after a solution was obtained
of the orientation of the Surveyor III camera. The plani-
metric position of the camera was located by resection
within the main crater (in which the spacecraft landed)
to within 0.5 m, relative to the objects identifiable in
the Lunar Orbiter III photographs; the azimuthal orien-
tation of the camera and the spacecraft was found to
within 1 deg. Distances from the Surveyor III camera to
objects identifiable in the Lunar Orbiter photographs
were obtained directly from Lunar Orbiter high-
resolution photograph H154. This photograph was taken
when the optic axis of the high-resolution camera
was pointed within about 2 deg of the vertical. Ver-
tical angles from the Surveyor III camera to the ob-
jects identified in the field of view were obtained from
the camera mirror azimuth angle and the elevation
angle telemetry and from positions of objects within the
Surveyor pictures. These data were used to obtain eleva-
tions of points on the lunar surface relative to the
Surveyor camera by elementary trigonometry. A pre-

liminary contour map prepared by this method is shown
in Fig. III-9.

Comparison of Figs. III-8 and III-9 shows that the
slopes estimated by the photoclinometric technique are
slightly steep and the depth of the main crater ob-
tained by this method is, therefore, too great. Adjust-
ment of the slopes derived from the photoclinometric
technique to fit the slopes measured with the aid of the
Surveyor III pictures will provide an improved solution
for the functional relationship between densities mea-
sured from the Lunar Orbiter III negative and the lunar
surface luminance. The map prepared by photoclinom-
etry, however, provides a much better definition of the
position and shape of the rim crest of the main crater
than can be obtained using the Surveyor III pictures.

2. Attitude of the Spacecraft

Surveyor 111 landed on the west-facing east wall of the
main crater, southeast of the center of the crater. It lies
almost halfway between the center of the crater and the
rim crest; the mean elevation of the footpads is about
7 m below the mean elevation of the rim crest.
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Fig. 111-8. Contour map of Surveyor Ill landing site prepared from photoclinometric profiles
derived from Lunar Orbiter Ill photograph H154, framelet 27 (photoclinometry by
H. E. Holt and S. G. Priebe)
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Surveyor Il pictures. Contours were plotted using information obtained
from Lunar Orbiter Il photographs and from Surveyor Il pictures
(topography by R. M. Batson and Raymond Jordan; geology by
E. C. Morris and E. M. Shoemaker)
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The attitude of the spacecraft has been estimated by
the three following independent methods:

(1) Adjustment of the position of the planar array an-
tenna of the spacecraft so that it provides the max-
imum signal transmitted to the earth and the solar
panel so that maximum rate of charge is obtained.
The attitude of the spacecraft can be estimated
with the aid of the known radiation pattern of the
antenna. The antenna was adjusted slightly on oc-
casion to compensate for libration of the moon,
and the solar panel was adjusted to track the sun.
Several estimates of position were obtained. Ob-
servational data on fine adjustment or tuning of
the antenna and the solar panel indicate that the
spacecraft is tilted 125 +2 deg in a direction
6.6° north of west.!

(2) Observations of the earth and Venus. Preliminary
reduction of the observations of the position of
the earth and Venus in the television pictures
by Rennilson indicates the spacecraft is tilted
13 +1.5 deg in a direction 6° north of west.

(3) Assumption that the rim crest of the crater in
which the spacecraft is located is, on the average,
horizontal. Observations of the lunar horizon as
seen from the Surveyor I1I camera can be reduced
to an attitude for the spacecraft, after corrections
have been made for the departure of the horizon
from the rim crest. These observations, as reduced
by Shoemaker, indicate the spacecraft is tilted
14.8 deg in a direction 6° north of west.

The azimuth of tilt by all methods is found to be very
nearly west. Observations of the position of the shadow
of the western rim of the crater on the spacecraft and
on the eastern wall of the crater, near the time of lunar
sunset, provide a very sensitive test of the orientation
of the spacecraft. Predictions of the times at which the
shadow would be seen at various positions on the space-
craft, derived from observations of the horizon and the
attitude derived by Shoemaker, were found to be accurate
within about 10 to 15 min. The western component of
tilt of the spacecraft was found to be 14.7 +0.1 deg
from observations of the shadow of the western
rim. Thus, the spacecraft is tilted very nearly toward
the center of the crater at an angle somewhat steeper
than the mean local slope of the crater wall, which is

‘Computation of the attitude of spacecraft from orientations of the
planar array antenna was carried out by Robert Lackman at the
Hughes Aircraft Company.
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10 deg. The legs of the spacecraft appear to straddle a
shallow crater about 2 m in diameter, tentatively identi-
fied in the Lunar Orbiter III photographs of the site
(Fig. I1II-10); footpad 1, on the downhill side of the
spacecraft, lies in a shallow north-trending trough.

Because of the convexity of the crater rim, only the
western half of the crest of the rim of the crater in which
the spacecraft is located is visible from the camera. The
eastern horizon, as seen from the camera, lies 35 m from
the camera and is about 1 m below the eastern rim crest.
The trace of the horizon is approximately an ellipse tilted
to the east; the horizon rises from a point nearest the
camera on the eastern crater wall, both to the north and
to the south, and approximately coincides with the rim
crest west of the camera. The camera is inclined 23.5 deg
in a direction 47° north of west; the horizon varies in
angular elevation 24 deg above and 20 deg below the
plane normal to the camera axis. When plotted on a
cylindrical projection about the camera axis, the trace of
the horizon in camera coordinates is very nearly a smooth
sine wave of 44-deg amplitude and 360-deg wavelength
(Fig. III-11). The maximum of the sine wave lies ap-
proximately in the direction of maximum tilt of the
camera.

D. Geology of Surveyor Ill Landing Site

Small morphologic elements of the landing site include
small craters, linear ridges and troughs, and fragmental
debris. Small craters account for the irregularities of
largest relief on the inner surface of the main crater in
which Surveyor III landed; they are, however, difficult
to observe in the pictures because of glare and because
the best pictures were obtained under conditions of high
sun. A well-developed system of low-amplitude ridges
and troughs was found on the walls of the main crater
and is well portrayed in the Lunar Orbiter III photo-
graphs of the landing site. These ridges and troughs are
part of the patterned ground characteristic of this part
of the Oceanus Procellarum and are probably related
to a set of subsurface fractures. The relief of the ridges
and troughs is so small, however, that they have not been
detected in the Surveyor II1 pictures.

Fragmental debris is readily observed on both the
Lunar Orbiter 111 photographs and the Surveyor pictures
of the landing site. Blocks ranging from 0.5 m to several
meters across are detectable in the Lunar Orbiter III
photographs, and grains and lumps as small as 1 mm are
observable close to the spacecraft in the Surveyor III
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Fig. 111-10. Detailed planimetric map of area around Surveyor Ill spacecraft, showing craters and blocks, the local hori-
zon, areas studied for size distribution of fragmental debris, the present position of the footpads and camera of
Surveyor lll, and the position of footpad imprints made during the second touchdown of the spacecraft. The
position of the spacecraft is known to within about 0.5 m relative to craters and blocks resolved on the
Lunar Orbiter Ill photographs
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Fig. llI-11. Running average trace of the horizon seen from Surveyor Ill camera,
plotted on cylindrical projection in camera coordinates

pictures. The most easily extracted information about
the geology of the landing site in the Surveyor III pic-
tures is related to the distribution and characteristics of
the fragmental debris and of the layer of this debris, or
regolith, which is inferred to underlie the observed
surface.

1. Small Craters

The craters observed in the Surveyor III pictures
range in diameter from about 10 cm to about 16 m. Most
of the craters smaller than 3 m in diameter are relatively
shallow and nearly rimless or have very subdued raised
rims. Approximately 25% of the craters that range from
3 m to approximately 13 m in diameter have distinctly
raised rims and relatively steep walls; the other craters
in this size range are of subdued form. The rims of most
craters are composed of material similar in texture to
parts of the surface between the craters. It may be in-
ferred that most of the small craters have been exca-
vated in fragmental material similar to that exposed at
the surface.

Most craters have a normal cup shape, with walls and
floors concave upward; however, one prominent crater
over 20 m across, located near the center of the main
crater, is dimple-shaped. Most of the craters appear to
be irregularly or nearly randomly distributed over the
rim, walls, and bottom of the main crater, but some of the
very shallow rimless craters are aligned approximately
in the north-south direction, parallel to one of the major
lineation directions of the patterned ground. These
aligned craters are probably related in origin to the
patterned ground; they may have been formed by sub-
sidence or by drainage of fragmental debris into frac-
tures or fissures. A few irregular, elongated depressions
up to 5 m long are present on the east wall of the main
crater, where the small craters are most easily observed.
These irregular depressions are not parallel with the
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major lineation directions and are inferred to be of
secondary impact origin.

The size/frequency distribution of craters on the rim
and within the main crater in which Surveyor III landed
has been estimated by combining data obtained from the
Surveyor III pictures and from the Lunar Orbiter III
photographs. The frequency distribution of craters rang-
ing in size from 25 cm to 4 m was estimated from one
sample area (area 1, Fig. III-12) on the northeast wall
of the main crater, for which usable Surveyor pictures
were obtained in the early lunar morning. In an area of
450 m?, 79 craters were counted. From the Lunar Orbiter
photograph, 95 craters ranging in diameter from 4 to
25 m were counted in an area of 49,000 m2. The com-
bined distribution is compared in Fig. ITII-13 with the
mean crater frequency distribution obtained from
Ranger VII through IX pictures and a revised crater dis-
tribution obtained from Surveyor I pictures. It can be
seen that the crater size/frequency distribution of the
Surveyor III landing site is closely similar to the mean
distribution observed on lunar plains by Rangers VII
through IX in the size range of 1 to 16 m. A low fre-
quency observed for the Surveyor III site, in the size
range of 25 cm to 1 m, probably is due to incompleteness
of the observational data rather than to an actual crater
deficiency at the Surveyor III landing site. The revised
crater frequency distribution obtained for the Surveyor I
site for craters smaller than 1 m closely approximates the
projected mean crater frequency distribution obtained
frecm Ranger VII through IX pictures. Very shallow cra-
ters smaller than 1 m were easier to recognize in the
Surveyor I pictures, as compared with Ranger and
Surveyor III pictures.

2. Patterned Ground

Lunar patterned ground consists of one or more sets
of parallel ridges and troughs, which generally have
amplitudes of a few tens of centimeters and wavelengths
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Fig. ll-12. Mosaic of narrow-angle Surveyor lll pictures, showing part of northeast wall of crater in which the spacecraft is located. The
crater wall is illuminated by the glancing rays of the early morning sun, which reveals a large number of small craters and many
angular fragments of debris strewn across the wall of the main crater. Outline shows boundary of area 1, which was studied for the

size/frequency distribution of small craters (Day 110, 09:37:21 to 09:37:56 GMT)
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and IX pictures. The size/frequency distribution of craters
at Surveyor Il landing site was measured from Surveyor
1l and Lunar Orbiter Il photographs

on the order of from 5 to 10 m. This pattern is well
developed at the Surveyor III landing site, where the
long axes of the ridges and troughs trend in two dom-
inant directions, one slightly west of north and the other
about 30° east of north. The intersection of the two ridge
and trough sets gives a corrugated appearance to the
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surface when it is illuminated at very low angles by the
sun. The east wall of the main crater was illuminated
in such a manner at the time that Lunar Orbiter III
photographs were taken; only in this part of the crater
is the pattern detectable.

Certain rows of subdued craters and more pronounced
troughs are oriented parallel with the north-trending
element of the patterned ground at the Surveyor landing
site. The pattern is inferred to be controlled by underly-
ing fractures or joints; it may have been developed and
sustained by mass movement of fragmental material on
the surface, perhaps during seismic agitation, and by
drainage of surficial fragmental debris into open joints.
A majority of craters aligned in rows parallel with the
pattern are inferred to have developed either by sub-
sidence of joint blocks, or like the troughs in the
patterned ground, by drainage of surficial debris into
fissures that are opened and closed by shaking from
nearby impact events.

3. Fragmental Debris

Bright angular-to-rounded pieces of fragmental debris
are the most conspicuous features in the Surveyor III
pictures. The observed fragments, which range in size
from about 1 mm to 4 m in longest dimensions, are scat-
tered somewhat irregularly and, in most places, sparsely
over most of the visible parts of the lunar surface. Except
in two prominent strewn fields of coarse blocks, the re-
solvable fragments occupy no more than about 14% of
the surface.

Most of the observed fragments are relatively angular,
but some well-rounded fragments are also present which,
in most places, appear to be buried deeply in the lunar
surface. On the whole, the fragments tend to be equant
in shape, but some are distinctly tabular and a few have
the form of sharp, narrow wedges. In a few cases, the
edge of a wedge-shaped fragment protrudes from the lu-
nar surface in such a way as to resemble a spike or
hatchet blade (Fig. I1I-14).

All of the recognizable fragments are conspicuously
brighter at high sun than the rest of the lunar surface.
Although the brightness, in part, depends on the orienta-
tion of the surfaces of the fragments, it is clear that the
fragments have a higher albedo, in some cases perhaps
as much as 30% higher than the average albedo of the
rest of the surface.
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Fig. I1l-14. Part of narrow-angle Surveyor Ill picture, showing area on northeast wall of crater in which the spacecraft
is located. Two craters, about 1.5 and 2 m in diameter, and a wedge-shaped fragment protruding 20 cm
above the surface are shown in the picture (Day 120, 14:37:00 GMT)

Over much of the surface, the distribution of fragments
appears to be nearly random; locally, however, strewn
fields of blocks are present, and at least two examples
were found of aligned rows of fragments. In one of these
rows lying northeast of the camera, a conspicuously
rounded group of fragments runs approximately east-
west. These aligned groups of fragments may represent
small elements of rays of nearby or distant craters.

The fragments exhibit all variations of apparent posi-
tion with respect to the surface, from pieces that appear

Fig. IlI-15. Part of wide-angle Surveyor Il picture, show-
ing rounded fragment 20 cm across lying on top of frag-
mental debris (Day 116, 09:07:06 GMT)

28

to rest almost entirely on top of the surface (Fig. III-15)
to pieces that appear to be almost completely buried,
with only a small part showing. From qualitative exami-
nation of the pictures, the impression is gained that, in
the average case, about half of the fragment is buried
beneath the surface and half protrudes above it. Rounded
fragments, in most instances, seem to be more deeply
buried than average.

As in Surveyor I, no examples were found in which a
fragment seemed to be perched on a pedestal, as reported
from the Luna IX pictures by Lebedinskiy (Ref. ITI-2).
It is believed that the pedestals reportedly observed in
the Luna IX pictures are an illusion that is, in part, a
result of the lower resolution of the Luna IX pictures and
of the particular conditions of illumination under which
they were taken. This illusion can be experienced in ob-
serving some fragments in the Surveyor III pictures by
viewing the pictures at certain angles and under poor
conditions of lighting,

Most of the fragments close to the spacecraft have a
peculiar grainy, knobby, or pitted texture. The resolvable
pits are generally shallow, but on at least one fragment
close to the spacecraft (Fig. III-16) they are nearly as
deep as those observed in rock B at the Surveyor I land-
ing site. On this fragment, the pits may indicate the
presence of vesicles in the fragment. Some fragments,
notably pieces associated with a strewn field of blocks
to the northeast of the spacecraft, have smooth, nearly
planar, faces as though they were broken along pre-
existing joints or fractures. A number of large blocks,
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Fig. 1lI-16. Part of narrow-angle Surveyor Ill picture, showing rounded
fragment lying close to the spacecraft. Fragment is 13 ¢m high and
has small deep pits on the surface. This fragment, like rock B
seen at the Surveyor I landing site, may be vesicular
(Day 120, 14:51:59 GMT)
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most of which are tabular in form, appear to be lami-
nated or contain planes of weakness parallel to the long
dimensions of the blocks. The apparent lamination is ex-
pressed as grooves and ridges along the narrow sides of
the blocks (Fig. ITI-17).

The coarsest blocks scattered about the surface of the
Surveyor III landing site occur mainly in two distinct
strewn fields. One field (area B, Fig. III-18) is associated
with a sharp raised rim crater about 13 m across on the
northeast rim of the main crater and the other field
(area A, Fig. I1I-19) with two adjacent subdued craters
high on the southwest wall of the main crater. In the
case of the strewn field associated with the crater to
the northeast (area B), the majority of the blocks are
clearly related to the crater, as there is a rapid increase
in spatial density of blocks toward the crater. The crater
is also occupied by blocks. The blocks outside are in-
ferred to have been ejected from this crater and to have
been derived from material that underlies the rim of the
main crater at depths only 2 or 3 m below the surface.
The observed blocks are strikingly angular and range
from a few centimeters (the limit of resolution) to more
than 2 m across. Blocks associated with the more sub-
dued craters to the southwest (area A) show a similar
range in size, but are more rounded in appearance. The

largest of the two southwesterly craters with which these
blocks are associated is about 15 m in diameter; it is
inferred that most of the blocks were ejected primarily
from the larger crater.

In the northeastern and southwestern strewn fields, the
size/frequency distribution of the blocks per unit area
lies well above the size/frequency distribution for the
more typical surface (Fig. III-20). Because of the rela-
tively large size and number of blocks in each strewn
field that could be studied in the Surveyor III pictures, it
has been possible to conduct a preliminary statistical in-
vestigation of the roundness and degree of burial of these
blocks, and the relationship of roundness and burial to
the characteristics of the principal crater associated with
each strewn field.

To obtain a measure of roundness that could be used
for statistical studies, a descriptive parameter, here called
the roundness factor, was devised that may be obtained
from the pictures as follows: Circles are fitted to all of
the corners or curved parts of the outline of each block
that occult the more distant lunar scene (Fig. I11-21). The
geometric mean of the radii of curvature of these cor-
ners is divided by the radius of that circle which encloses

\

Fig. l1I-17. Part of narrow-angle Surveyor Ill picture, showing abundant
blocky fragments on north wall of crater in which the spacecraft is
located. Some of the largest blocks shown are tabular in shape
and appear to be laminated (Day 120, 14:52:35 GMT)
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Fig. 11-18. Mosaic of narrow-angle Surveyor lil pictures, showing crater 13 m across and associated strewn field of blocks on northeast wall of
main crater in which the spacecraft is located. Outlines show boundary of area B, in which roundness factor and burial factor of blocks were
measured, and boundary of area C, in which size/frequency distribution of fragments was measured (Catalog No. 88Sl)
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Fig.

111-19. Mosaic of narrow-angle Surveyor Ill pictures, showing part of southwest wall of main crater and strewn field of blocks. Out-
line shows boundary of area A, in which roundness factor and burial factor of blocks were measured. Two subdued rim craters with
which the blocks are associated are present, but difficult to discern in these pictures because of high sun illumination

(Catalog No. 875l, Day 117, 12:49:25 to 13:01:21 GMT)
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Fig. 111-20. Size/frequency distribution of fragments at the Surveyor lil landing site. Locations of areas A, B, C, D,

E, and F, in which the size/frequency distribution of fragments was measured, are shown in Figs. 111-9
and 11I-10. Mean cumulative size/frequency distribution of fragments on characteristic parts
of lunar surface at Surveyor Il landing site is shown with heavy line. This line is the
plot of the equation N = 3 X 10°%%%, where N is the cumulative
number of fragments and y is the diameter of fragments
in millimeters. Fragments in strewn fields of
areas A and B are larger than those
observed in the more character-
istic parts of the lunar surface
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Fig. llI-21. Mosaic of two narrow-angle Surveyor Hi pictures, showing block about 0.5 m across close to spacecraft
and position and size of circles used in measuring roundness factor. Largest circle encompasses entire block.
Smaller circles are fitted to corners and rounded parts of the outline of block that occults the distant lunar
scene. The geometric mean of the radii of the small circles divided by the radius of the large circle is
defined as the roundness factor (Day 120, 14:54:23 and 14:52:22 GMT)

the outline of the block. This ratio is the roundness fac-
tor, and, for blocks that are not deeply buried in the
surface, it will vary between the limits of 0 and 1. For
very round fragments whose tops are just exposed above
the surface, it is possible to obtain values of the round-
ness factor larger than 1, although no values this high

were observed for the blocks measured in the strewn
fields.

The roundness factor was measured for 25 blocks
located within a confined area in each strewn field
(Fig. III-22). Blocks associated with the sharply formed
crater to the northeast exhibit a mean roundness of 0.17
with a standard deviation of roundness of 0.11. The
blocks associated with the more subdued, rounded rim
crater to the southwest exhibit a mean roundness of 0.33
and a standard deviation of roundness of 0.17. The dif-
ference in roundness between these two samples of
blocks is significant, by Student’s ¢ test, at the 0.999-
probability level.

A measurement of degree of burial of blocks in the
lunar surface was obtained by the following method.

34

The angle between a line parallel with the horizon that
meets the block, where its outline against the more dis-
tant lunar scene comes to the surface, and the tangent to
the outline of the block at this point was measured on
each side of each block (Fig. III-23). The sum of these
two angles for each block divided by 2= rad, here de-
fined as the burial factor, can vary between 0 and 1.
Rounded fragments whose tops just barely show above
the surface have burial factors that approach 1, whereas
rocks that sit up on the surface and exhibit overhanging
sides have burial factors that approach 0.

Measurement of the burial factor for the same 25 blocks
in each strewn field that were studied for roundness gave
the following results: The mean burial factor of blocks
associated with the sharply formed crater to the northeast
is 0.62 with a standard deviation of burial factor of
0.09 (Fig. III-24). The blocks associated with the more
subdued, rounded-rim crater to the southwest have a
mean burial factor of 0.69 with a standard deviation of
burial factor of 0.07 (Fig. I1I-24). The difference between
these means is significant at the 0.995-probability level,
by Student’s t test.
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Fig. 1ll-22. Histograms showing frequency distribution of
roundness factors for 25 blocks in area A and 25 blocks
in area B. Blocks in area A, associated with subdued rim
craters, are significantly more rounded than blocks in
area B, associated with a sharp rim crater

No significant correlation was found between round-
ness and burial of individual blocks within each strewn
field. The linear correlation coefficient between the
roundness factor and burial factor for the blocks in
the strewn field around the northwest crater is —0.07
and for the blocks in the strewn field associated with
the southwest crater —0.16. Both of these coefficients
are well below the 95% confidence level. If the blocks
in both the strewn fields are examined as a single sample,
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the linear correlation coefficient between roundness fac-
tor and burial factor is +0.13, which is also below the
level of significance. Examination of the scatter diagram
(Fig. III-25) of burial factor versus roundness factor
shows that, while there is no significant linear correla-
tion, there are relatively few blocks in the strewn fields
that tend to have high roundness but a low burial factor.

While there is no significant linear correlation be-
tween roundness and burial for blocks in a given strewn
field of presumably one age, it may be expected that, as
individual fresh pieces are added to the regolith of the
lunar surface, they start out with relatively low round-
ness and usually are perched on top. In time, the frag-
ments usually become more rounded and will show
varying degrees of burial. Thus, for fragments generally
mixed together in the debris layer or regolith, there
should be a correlation between the roundness and de-
gree of burial. Further studies of the Surveyor pictures
will be required to confirm this hypothesis.

In summary, the blocks associated with the more sub-
dued craters have twice as high a mean roundness factor
as those associated with the crater with a sharp raised
rim, and the blocks around the subdued crater are sig-
nificantly more buried in the lunar surface than those
around the crater with the sharp raised rim. These re-
sults suggest that blocks freshly exposed on the Tunar
surface tend to be rounded off in the course of time by
solid particle bombardment and possibly by evaporation
of material by the solar wind or other high-energy radia-
tion. Initially, the ejected blocks tend to be shallowly
embedded in the lunar surface, but, in time, may become
partly or completely covered up by ejecta arriving from
other parts of the surface. Progressive burial of blocks
may take place also as a result of downhill movement of
the debris layer by creep.

The size/frequency distribution of fragmental debris
at the Surveyor III landing site was studied both in the
strewn fields of blocks just described and in four sample
areas that lie closer to the spacecraft (area C, Fig. I1I-18;
area D, Fig. II11-26a; area E, Fig. II11-26b; and area F,
Fig. IT1I-26¢). These sample areas were chosen so that the
resolution and area covered would provide particle
counts spanning different, but overlapping, parts of the
particle size range. All sharply formed bright fragments
recognizable in the relatively high sun pictures in each
sample area were measured and counted. A total of
2205 grains and fragments ranging in diameter from
1 mm to more than 1 m were measured.
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Fig. 1I-23. Mosaic of two narrow-angle Surveyor Ill pictures, showing block about 0.5 m across close to spacecraft
and angles measured to determine burial factor. Angles are measured between lines parallel with the
horizon and the tangents to the outline of the block, where the outline of the block against the
more distant lunar scene meets the surface. The sum of the two angles divided by
27 rad is defined as the burial factor (Day 120, 14:54:23 and 14:52:22 GMT)
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Fig. llI-24. Histograms showing frequency distribution of
burial factors for 25 blocks in area A and 25 blocks in
area B. Blocks in area A, associated with subdued rim
craters, are significantly more deeply buried in the sur-
face than the blocks in area B, associated with a sharp
rim crater
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Fig. lll-25. Scatter diagram of roundness factor vs burial
factor for 50 blocks in areas A and B. The roundness
factor and burial factor have no significant linear corre-
lation; relatively few blocks, however, exhibit both high
roundness and low burial
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Fig. 11I-26. Parts of narrow-angle Surveyor Il pictures, showing small areas
on the lunar surface close to the spacecraft in which the size/frequency
distribution of fragments was measured; (a) area D: smallest fragments
resolved in this picture are about 8 mm across; largest fragments
present are 6 to 12 cm across (Day 120, 14:38:45 GMT). (b) area E:
smallest fragments resolved in this picture are about 2 mm
across; largest fragments present are 3 to 4 cm across (Day
120, 14:32:01 GMT). (c) area F: smallest fragments resolved
in this picture are about 1 mm across; largest fragments
present are 8 mm across (Day 120, 14:38:08 GMT)
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The integral size/frequency distribution of measured
fragments, normalized to an area 100 m? for each of the
sample areas, is shown in Fig. III-20. Fragments in
the strewn fields associated with the northeast and south-
west craters are, on the whole, an order of magnitude
coarser than the fragments observed on the more charac-
teristic parts of the landing site. The size/frequency dis-
tribution function for the fragments in each strewn field
resembles the size/frequency distribution function for
fragments ejected from impact craters formed in strong
rock, such as at Meteor Crater, Arizona (Figs. III-27
and III-28).

The integral frequency of fragments for the average
surface, outside of the strewn fields of blocks, is approxi-
mately a simple power function of the grain size with an

exponent of about —2.6. This distribution may be com-
pared with a revised size/frequency distribution of frag-
ments observed in the Surveyor I landing site (Figs. IT1-29
and III-30). The power function used to approximate the
observational results for Surveyor III has a slightly lower
exponent than that obtained for the particles studied at
the Surveyor I landing site, which is —2.2. The observed
difference between the size/frequency distribution of
fragments in the two areas may be within the error
of measurement.

Experimental studies were made of the relationship
between the size/frequency distribution of particles ob-
tained by measuring and counting fragments from a
photograph of the surface of a fragmental debris layer
and the distribution found by mechanically sieving the

Fig. 111-27. Sample of ejected fragmental debris collected from the rim of Meteor Crater, Arizona. Area of floor of box
in which sample has been placed is 1 m> Fragments are sandy dolomite from the Kaibab formation of
Permian age. Coarsest piece is 12 ¢cm across, and finest grains identifiable in the picture are
about 1 mm across. Spacing between coarser fragments resembles that observed for
blocks in strewn fields around small craters at the Surveyor Il landing site
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Fig. 11I-28. Size/frequency distribution of fragments in
areas A and B of Surveyor Il landing site compared with
size/frequency distribution of debris from Meteor Crater,
Arizona. Fragments in strewn field of area A are asso-
ciated with a 15-m-diameter crater, and fragments in
area B are associated with a 13-m-diameter crater. Size/
frequency distribution of debris from Meteor Crater,
Arizona, measured from Fig. IlI-27. Dashed line repre-
sents the mean size/frequency distribution of fragments
produced by single cratering events in coherent rock.
Mean fragment size/frequency distribution of character-
istic parts of the lunar surface at the Surveyor Il landing
site are shown for comparison
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Fig. 111-29. Mean cumulative size/frequency distribution
of fragments on characteristic parts of lunar surface at
Surveyor I landing site (revised). Heavy solid line repre-
sents the general size/frequency distribution determined
from eight sample areas. This line is the plot of the
equation N = 5 X 10°-22, where N is the cumulative
number of fragments and y is the diameter of fragments
in millimeters
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entire layer. Among the different materials studied were
samples of ash and pumice from the volcanic ash flow
deposited in the Valley of 10,000 Smokes in Alaska dur-
ing the eruption of 1912 (Fig. III-31). The difference
between the particle distribution obtained by measure-
ment and counting of grains from pictures and by me-
chanical sieving for this sample is shown in Fig. III-32.
It may be seen that the number of small particles counted
in pictures of the surface layer of fragments tends to be
much lower than the number of small particles found by
sieving the entire layer. A similar difference was ob-
served in the study of fragment size distribution of
dolomite ejecta from Meteor Crater, Arizona. Theoreti-
cally, for each decrease by a factor of ten in size, the
number of small fragments per unit volume should in-
crease ten times as rapidly as the number of recognizable
small fragments per unit area exposed at the surface. On
this basis, the volumetric size/frequency distribution of

fragments in the debris layer of the lunar surface is in-
ferred to be represented by a power function with an
exponent of approximately —3.1 to —3.6.

Present evidence on the mass/frequency distribution of
interplanetary solid particles in the size range capable
of producing by impact the observed fragments on the
lunar surface at the Surveyor I and III landing sites indi-
cates that it is very close to a simple inverse function.
The volumetric size/frequency distribution of particles
that would be expected to be produced by an incident
flux upon the moon of meteoroids with this mass/
frequency distribution would be a simple power function
with an exponent close to —3. Thus, the inferred volu-
metric size/frequency distribution of fragments at the
Surveyor I and Surveyor III landing sites is close to that
predicted for fragmental debris produced by meteoroid
bombardment.

Fig. 111-31. Sample of ash and pumice from volcanic ash flow deposited in the Valley of 10,000 Smokes, Alaska,
during the eruption of 1912. Area of floor of box in which sample has been placed is 1 square
meter. Coarsest fragments of pumice in sample are 4 to 5 ¢cm across; finest
grains identifiable in the picture are about 1 mm across
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Fig. 11I-32. Size/frequency distribution of particles in
sample of ash and pumice from the volcanic ash flow
deposited in the Valley of 10,000 Smokes, Alaska,
during the eruption of 1912. Upper curve shows

size/frequency distribution obtained by sieving the
entire sumple shown in Fig. 1lI-31. Lower curve
shows size/frequency distribution of particles
identifiable in Fig. IlI-31. The difference in
these two curves illustrates the difference be-
tween the volumetric size/frequency distri-
bution of fragmental debris and the size/
frequency distribution of identifiable frag-
ments on the surface of the debris layer

The fine-grained matrix of the lunar surface material
at the Surveyor III landing site shows a peculiar patchi-
ness of albedo like that observed at the Surveyor I land-
ing site (Ref. III-1). Dark rubbly patches commonly
occupy small shallow craters. These patches resemble, in
some respects, the dark lumpy rims surrounding the im-
prints of the spacecraft footpads and the material dis-
turbed by the surface sampler. We believe that these
patches have probably been formed by breakup of fresh
clots of fine-grained material that have been ejected from
nearby small impact craters, and that the shallow craters
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they occupy are very young secondary craters produced
by the low-speed impact of these relatively soft clots.

In places, fine-grained material appears to be banked
up slightly against the sides of some of the larger blocks
protruding above the lunar surface, both in the strewn
fields of blocks and around blocks elsewhere within the
main crater (Fig. III-33). Similar banking up of fine
material and partial covering of blocks by fine material
were observed around blocks at the Surveyor I landing
site. The steep faces of coarse blocks can be considered
ballistic traps for small particles sprayed out from nearby
parts of the lunar surface, and it is inferred that the
banks of fine-grained material have been deposited par-
ticle by particle from the particle spray from numerous
small nearby impact events.

4. Lunar Surface Areas Disturbed by Surveyor Il

Imprints in the lunar surface material produced at
several of the touchdown points of the spacecraft foot-
pads are visible to the east of the camera (Fig. III-34)
and are of interest to compare with the natural distur-
bances of the surface, such as secondary impact craters.
These disturbances also provide clues about the size
distribution of fragments beneath the surface. Well-
developed imprints in the lunar surface lie just upslope
from the present position of footpads 2 and 3. There are
three other well-defined marks left at the site of the sec-
ond touchdown of the spacecraft (Fig. III-35) at 12, 14.5,
and 15 m upslope from the camera. The mark at
12 m was formed by footpad 1 and the two marks at 14.5
and 15 m by footpad 2, which evidently touched the sur-
face twice before the spacecraft lifted clear of the surface
on its second ascent under power. The imprint of foot-
pad 3 is not clearly distinguishable at the site of second
touchdown, although its position can be fairly accurately
predicted; the position of this imprint is in a shallow
crater, and only a small part of the imprint appears to be
visible. The imprints left by the first touchdown do not
appear to be visible from the present position of the cam-
era. They lie either beyond the eastern horizon or on a
part of the crater wall that is observed only at a grazing
angle, where the imprints would be difficult to detect.

We have searched for marks produced by the vernier
engine effluents at the second touchdown site of the
spacecraft. One such mark may be present near the im-
print at 15 m, which we believe was produced by foot-
pad 2. It is possible that this disturbance of the surface
was produced by the combined effects of the effluent
from vernier engine 2 and the dragging of footpad 2.
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Fig. 111-33. (a) Mosaic of two narrow-angle Surveyor Il pictures, showing block about 0.5 m across close to space-
craft, and fine-grained material banked up against side of block. Note nearly horizontal groove in side of block
facing camera. This groove may have been produced by differential erosion of the surface of the block
along a bedding plane or a comparatively easily eroded layer (Day 120, 14:54:23 and 14:52:22 GMT).

(b) Narrow-angle Surveyor Ill picture, showing angular block close to spacecraft and fine-grained
material banked up against the side of the block facing the camera. Block is 7 ¢m across.

Note small particles 1 to 5 mm in diameter that can be resolved in the fine-grained
debris (Day 118, 14:30:51 GMT)
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Fig. 11-34. (a) Wide-angle Surveyor Il picture, showing imprint in lunar surface produced by footpad 2 of the spacecraft. Part of the
top of footpad 2 may be seen next to the imprint. Note the smooth bottom and sloping walls of the imprint and the dark
raised rim of lumpy material around the imprint (Day 116, 05:54:53 GMT). (b) Narrow-angle Surveyor Il picture, show-
ing imprint in lunar surface produced by footpad 2. Part of the top of footpad 2 is visible in the lower right-hand
corner of the picture. Note breaks in smooth wall of imprint resembling chatter marks. Rim of dark lumpy
material is absent near upper left-hand corner of the picture. The dark lumpy material appears to have
collapsed or slumped across the sector of the imprint wall near the top of the picture and extends

down to the floor of the imprint (Day 116, 06:05:55 GMT)




Fig. 1ll-35. Narrow-angle Surveyor Il picture, showing imprint in lunar surface pro-
duced by footpad 1 of the spacecraft during the second touchdown of the landing
sequence. The imprint occurs on a small crater wall facing the camera,
and the imprint is stepped down along several breaks toward
the camera and toward the center of the small crater.

The crater in which the imprint is formed is
about 1 m across (Day 116, 08:37:36 GMT)

The imprints just upslope from footpads 2 and 3
are nearly flat-bottomed depressions, the floors of
which lie a few centimeters deeper than the adjacent
undisturbed parts of the lunar surface. Most of the
observable parts of the walls of these two depressions
are smooth conical surfaces that conform approxi-
mately in shape to the tapered or chamfered part of the
underside of each footpad. The wall of the imprint left
by footpad 2 is not complete, however, and it is offset,
in places along short distinctive breaks.

The imprint of footpad 2 is nearly encompassed by a
raised rim of lumpy material with an albedo signifi-
cantly lower than that of the undisturbed surface. The
raised rim and dark material are absent along a short
sector of the edge of the imprint on the upslope side,
the side from which the footpad approached the surface.
On the downslope side, dark lumpy debris is spread out
for an observable distance of at least 0.5 m. Along the
east-southeast sector of the imprint, a smooth wall is not
present, and dark lumpy material extends from the rim
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of the depression to the floor. Presumably, a smooth,
sloping surface was produced during penetration of the
footpad and later either collapsed or was covered over
by dark material slumping down across it.

The dark lumpy rim of the imprint next to footpad 2
resembles the ejected dark rim material around foot-
pads 2 and 3 at the Surveyor I landing site. Apparently,
the lumps are mostly aggregates of finer particles formed
by breakup of the slightly cohesive lunar surface debris.
The observed lumps range from 1 mm to 5 cm across
and have a mean diameter of about 1 cm.

The floor of the imprint near footpad 2 exhibits a
regular series of very low mounds arranged in a pattern
similar to that of a waffle iron. This pattern must have
been produced by the bottom of the footpad, the skin
of which was evidently pressed slightly into the honey-
comb structure of the pad interior. Two small bumps in
the depression probably are either small fragments lying
on the floor of the imprint or reflect dents in the bottom
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of the footpad that may have been produced by a hard
Junar fragment during the first, second, or third touch-
down of the spacecraft. The breaks in the smooth wall
are somewhat similar to chatter marks formed on glacial
pavements and probably have been formed by downslope
distortion of the wall as the spacecraft footpad pulled
away in the downslope direction.

The smooth walls and floor of the imprint next to foot-
pad 2 are different photometrically from the undisturbed
lunar surface, as indicated in the following section on
photometry. Observations of the imprint on several dif-
ferent days during the lunar morning and early afternoon
indicate this smooth surface is more like a Lambertian
surface than is the natural lunar surface. Much more
light is scattered toward the eastward-facing camera
from the smooth imprint surface than from nearby un-
disturbed parts of the moon in the early lunar morning,
but in the lunar afternoon the imprint is not brighter than
the undisturbed surface. This indicates that the very
small irregularities between the grains have been par-
tially smoothed out or filled in by pressure and by slid-
ing of the smooth metallic footpad.

Only part of the imprint near footpad 3 is observable
from the camera, but it appears to be smoother and more
regular than the imprint next to footpad 2. Dark lumpy
material also forms a partial rim around the imprint near
footpad 3, and there are dark streaks in the walls of the
depression, probably formed by collapse or drainage of
particles down the upslope side of the depressions.

The three clearly visible imprints at the site of second
touchdown are much less regular in form than those next
to the spacecraft. All three are formed on the walls of
small craters. Two imprints were left by footpad 2 low
on the northeast wall of a crater about 4 m across. The
uppermost, and presumably first formed imprint of these
two, has a well-defined rim on its upslope side, but none
is clearly observable on the downslope side. The lower
imprint looks as though it had been formed by dragging
of the footpad along the crater wall during the second
ascent of the spacecraft from the lunar surface. The im-
print formed by footpad 1 at the second touchdown site
is on the upper part of the east wall of a crater about 1 m
across. This imprint, too, has a well-defined wall on the
upslope side, formed of dark lumpy material, whereas
the downslope side is open toward the center of the
crater. The floors of all three of these imprints are rela-
tively smooth and appear to have anomalous photometric
properties like those of the footpad 2 imprint near the
spacecraft.
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Each of the four well-formed imprints observed is
generally similar. It may be inferred that the mechanical
properties of the lunar surface are rather similar at the
positions of all four imprints and that the mechanical
properties of the fragmental material at the Surveyor 111
landing site are closely similar to those of the material at
the Surveyor I landing site (Ref. 111-3).

Disturbances produced in the lunar surface by the soil
mechanics surface sampler (SMSS) are similar in several
ways to the disturbances produced by the footpads of
the spacecraft. The disturbed material tends to form
lumps or clots a millimeter to a few centimeters across,
like those formed on the raised rims of the footpad im-
prints, and the disturbed lumpy material has a sig-
nificantly lower albedo than the undisturbed surface.
Where the SMSS scoop was pressed into the surface
in a bearing test, a raised ridge of lumpy material was
formed around the depression, which has been inter-
preted (Section IV of this report) to indicate that the
fine-grained material at the lunar surface is relatively
incompressible or only very moderately compressible.
Smooth parts of the scoop left smooth marks or a smooth
surface where pressed firmly against the fine-grained
fragmental debris. The photometric properties of these
artificially smoothed surfaces are like the smooth sur-
faces in the footpad imprints.

No bright, angular hard fragments were uncovered in
the trenching operations with the SMSS, but they would
be extremely difficult to detect, if they are scattered
through the subsurface material as they are on the sur-
face. The fact that smooth metallic surfaces leave smooth
imprints in the lunar fragmental debris does not mean
that coarse particles are absent. They are probably suf-
ficiently well dispersed through the finer-grained matrix
that they tend to yield when pressed against and tend to
be concealed by the matrix in an imprint area.

From the geological standpoint, the most important
conclusions to be drawn from the footpad imprints and
areas disturbed by the SMSS are that the lunar sur-
face material is only moderately compressible and that
it has relatively low cohesion. It is also important to
note that all disturbances of the surface produced by
Surveyors I and 111 exposed darker material at depths of
a few centimeters or less. In all likelihood, the fine-
grained fragmental debris of the lunar surface is 20 to
30% lower in albedo at depths of only a fraction of a
millimeter beneath the optically observed surface.
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E. Interpretation of Geologic Observations

Observations of the lunar surface obtained from the
Surveyor III mission, when combined with results ob-
tained from Surveyor I, Ranger and Lunar Orbiter
Projects, and observations at the telescope, can be used
to infer hypotheses or amplify previous hypotheses about
the geologic processes taking place on the lunar surface.
The processes of most immediate interest are those which
have produced the observed craters and the fragmental
debris and which control the observed distribution of
craters and fragmental debris. In addition, some infer-
ences may be drawn about processes leading to the ob-
served variations of albedo of the lunar surface and
subsurface material.

It should be noted that the small features of the
Surveyor I1I landing site are closely similar, in detail, to
the features of the Surveyor I landing site. The charac-
teristics of the craters and fragmental debris and the
processes by which these features have been formed and
modified are probably closely similar. In short, the lunar
surface on the interior of a broad shallow crater on the
maria is much like the surface on a relatively level area
between the craters.

1. Origin of Observed Craters

We infer that most craters observed at the Surveyor I11
landing site are of impact origin. The size/frequency dis-
tribution of the observed craters corresponds to that
which would be produced by repetitive bombardment of
the lunar surface by meteoroids, a bombardment suffi-
ciently prolonged that the crater population has reached
a steady state or equilibrium (Refs. III-4 to III-6). In a
steady-state population, old craters of a given size are
destroyed as rapidly as new ones are formed. From in-
vestigations of Ranger and Lunar Orbiter pictures, the
upper size limit of the steady-state or equilibrium crater
population was found (Refs. III-4 and III-7) to be sev-
eral hundred meters, much larger than any of the craters
observed at the Surveyor III landing site.

Some direct evidence for the impact origin of two of
the larger craters seen from the Surveyor III camera is
provided by the size/frequency distribution of the blocks
in the strewn fields associated with these craters. These
blocks exhibit the type of size/frequency distribution
that is produced by a single impact or explosion cratering
event in relatively hard rock.

Some of the craters observed at the Surveyor III land-
ing site are inferred to be of secondary impact origin;
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some apparently are structurally controlled and probably
have been formed either by subsidence or by drainage of
fragmental debris into cracks or fissures in the subsur-
face. Most of the shallow craters that contain patches of
dark rubble resemble craters of secondary impact origin,
investigated by Moore at the White Sands Missile Range
(Ref. I1I-8), which are produced by weakly cohesive clots
ejected from primary craters. Some other irregular, elon-
gated craters at the Surveyor III landing site may also be
of secondary impact origin. Linear troughs and rows of
shallow craters, aligned parallel with troughs in the lunar
patterned ground, are probably produced by drainage or
collapse. At the present time, we have not been able to
determine with confidence the number of craters of each
different type and presumed different origin.

2. Origin of Fragmental Debris

The observed fragmental debris is inferred to have
been derived primarily by the same process of repetitive
bombardment that has produced the majority of the cra-
ters. The fragments at the surface are evidently part of
a layer of fragmental material of low cohesion that is at
least as thick as 1 m along the upper parts of the wall
of the main crater in which Surveyor III landed and may
be much thicker near the center of the crater. This layer
we refer to as the lunar regolith. The inferred volumetric
size/frequency distribution of fragments, derived from
the observed size distribution of fragments on the sur-
face, is similar to that which would be produced by re-
petitive bombardment of coherent rock by meteoroids
with a mass/frequency distribution like that found from
observations of meteors and recovered meteorites on earth.

Observed fragments in the regolith exhibit some diver-
sity of surface texture and structure and probably have
been derived from diverse sources, some nearby and
some relatively distant from the Surveyor III landing
site. Most fragments are massive, but a few are strikingly
tabular in shape and appear to be laminated. Many frag-
ments are pitted, and some may be vesicular. We infer
that the large majority of the fragments have been de-
rived from pre-existing relatively strong rock, possibly
volcanic flows or lithified volcanic ash flows.

3. Creep of Lunar Regolith

Evidence from the Surveyor III pictures suggests the
regolith is subject to creep or mass movement down
the slopes of the main crater. As observed in the pictures,
blocks and finer fragments tend to ride at different levels
with respect to the surface, or, to put it in different
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terms, blocks seem to be “stuck into” the surface at vary-
ing depths. Regardless of apparent depth of burial, the
surface is not appreciably deflected as the side of a block
is approached. Because of this relationship, we were able
to obtain relatively unambiguous measurements of the
burial factor for the coarser blocks.

The observed relationship of the blocks to the surface
is not that which would be expected if the blocks had
been buried to varying depths simply by penetration of
the surface on impact or by later covering by fine-grained
ejecta from nearby craters. In the former case, because
the fine-grained material of the region is relatively in-
compressible, a small crater usually would be formed
around the blocks, and, in the latter case, material would
be banked up around the blocks. Some banking of fine
material against blocks is observed, but it is a relatively

minor effect.

The varying degree of burial of the blocks is probably
significantly influenced by slow or intermittent downhill
creep or flow of the entire layer of debris. During the
flow, blocks that are initially deposited on top of the rego-
lith or buried at only slight depth usually will sink, if
their density is greater than the bulk density of the fine-
grained debris and if coarse fragments are not too closely
spaced within the fine-grained matrix. The surface of the
fine-grained matrix will become smooth during flow;
small depressions usually will be filled in and ridges or
banks of debris usually will be flattened out.

The regolith at the Surveyor III landing site can flow
under relatively low stress because it has very low cohe-
sion. This low cohesion is demonstrated by the three fol-
lowing independent lines of evidence:

(1) Deformation of the lunar surface by the spacecraft
footpads, which is similar to the deformation pro-
duced by the Surveyor I footpads, is consistent
with the behavior of a near-surface material that
is only weakly cohesive. A material with a cohesion
between 10° and 10* dynes/cm? has been suggested
to give a behavior representative of the lunar sur-
face deformed by the footpads of Surveyor I
(Ref. III-9). Christensen and others (Ref. III-3)
conclude that the cohesion of the lunar soil at the
Surveyor I1I site cannot exceed 7 X 10* dynes/cm®.

(2) Tests of lunar surface material by the SMSS show
that the behavior of the fine-grained material near
the spacecraft is consistent with a low cohesion,
between 1 X 10® and 3 X 10* dynes/cm?, accord-
ing to Scott, Roberson, and Clary (Section IV of
this report).
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(3) Presence of raised rims consisting essentially of
fine-grained debris around many of the small cra-
ters shows the cohesion is generally low at most
places visible from the camera. Craters of the size
observed with rims of this type can be formed ex-
perimentally only in material with a cohesion of
about 10* dynes/cm? or less.

Because of this low cohesion, creep or flow will take
place in the regolith on sloping surfaces, if it is shaken or
agitated (Ref. III-10). Agitation or shaking must occur
from time to time as a consequence of impact events.
Seismic waves are propagated a considerable distance
beyond each impact crater that is formed, whether it
is large or small. From field observations, made by
Shoemaker at the Atomic Energy Commission, Nevada
Test Site, of mass movement induced by subsequent cra-
tering experiments on the walls of experimental craters
formed in alluvium, we estimate that significant creep of
the lunar regolith may be induced on sloping surfaces
at a distance at least as great as 10 times the crater radius
for each impact cratering event. Most of the seismic
shaking that causes creep is probably a result of rela-
tively small nearby impact events; only rarely does a
large distant impact take place that will induce creep at
any given locality. The formation of each impact crater
present at the Surveyor landing site probably was accom-
panied by some downhill creep of the regolith over a
small area surrounding the crater. In addition to seismic
waves produced by impact, seismic waves of sufficient
amplitude to cause creep may be produced by internal
tectonic activity of the moon.

Creep of a very thin layer at the top of the regolith
may also take place as a result of the thermal expansion
and contraction induced by insolation. During an insola-
tion cycle, material has a tendency to expand in a di-
rection normal to the surface and to contract down the
gravitational gradient. Because the thermal wave is
damped out rapidly with depth on the moon, signifi-
cant expansion and contraction are limited to a layer at
most a few centimeters thick. Thermally induced creep
may have, however, a tendency to make fine debris near
the surface flow around and past protruding blocks.

The main crater in which the spacecraft is located
probably has been partially filled in by mass movement
of the fragmental debris. The presence of coarse blocky
ejecta from superposed craters on the northeast rim and
high on the southwest wall show that the fine-grained
debris layer is, at most, a few meters thick on or near
the rim of the main crater. No fields of strewn blocks
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or blocky crater rims occur near the floor of the main
crater, which indicates the base of the debris layer is
deeper than any of the craters present there. The main
crater probably is an old impact crater and initially had
a significantly higher rim and deeper floor. Bombard-
ment and mass movement may have reduced the height
of the rim by many meters and filled in the floor with a
deposit of fragmental debris several tens of meters thick
at the center of the crater. The blocks in the northeast and
southwest strewn fields are probably derived from the
eroded remnants of the original fragmental rim deposit
of the main crater, which evidently lies at shallow depth
along the rim crest and is exposed from time to time by
superposed craters. It is of interest that a relatively large
dimple crater is located near the center of the main cra-
ter where a thick deposit of fine-grained debris may be
present, a deposit required for a large crater to be devel-
oped by drainage.

4. Processes Leading to Diversity of Albedo

On the basis of observations made from Surveyors I
and I11, it is possible to draw two tentative new general-
izations about photometric properties of material on the
lunar surface: (1) protruding blocks, in all observed cases,
have a higher albedo than the fine-grained matrix of the
surface, and (2) freshly exposed fine-grained material de-
rived from just beneath the surface has a lower albedo
than the undisturbed fine-grained material at the surface.
We present here a simple working hypothesis, based on
the general model of surface processes given above and
on geologic observations given earlier, which accounts
for these two general photometric relationships.

From the studies of roundness, it is concluded that
some process or combination of processes leads to pro-
gressive rounding of blocks over the course of time. It
was also noted that the angular blocks associated with a
relatively sharply formed crater northeast of the space-
craft have smooth planar faces, whereas the surfaces of
most other blocks are pitted. This suggests that most of
the pits are produced by impact of small particles and
that small particle bombardment may be a significant
process leading to the rounding of blocks. Other pro-
cesses may also contribute to rounding. Sputtering of
material from the blocks by solar protons may lead to
significant mass loss and rounding. Professor Charles H.
Townes has suggested to Shoemaker that ultraviolet radi-
ation may cause appreciable evaporation of atoms from
silicates on the lunar surface. We have observed ribs on
rounded rocks at the Surveyor I landing site that may
have been left by selective or differential evaporation of
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the surfaces of these blocks. Whatever the processes con-
tributing to rounding, it is probably significant that those
surfaces from which material is evidently being worn or
evaporated away are the brightest surfaces observed from
Surveyors I and II1.

The general photometric relationships can be explained
if it is assumed that the surfaces of particles in the shal-
low lunar subsurface tend to become coated with a dark
substance. This hypothetical substance we will call lunar
varnish. On the surfaces of blocks or coarse fragments
that have been exposed to space for some time, the lunar
varnish is scrubbed off by the processes that produce
rounding. Under this hypothesis, the observed albedo of
a large block is essentially the same as the albedo that
would be observed on a new surface cut through the
interior of the block.

The exposed surfaces of the fine particles on the lunar
surface also have a tendency to be scrubbed. Because
they are mixed fairly rapidly with coated particles just
beneath the surface by mass movement and small crater-
ing events, however, the scrubbing is incomplete and the
fine-grained material at the surface has a lower albedo
than the coarse blocks. In order for the material just be-
neath the surface to remain dark and not have its albedo
raised by mixing with scrubbed particles from above,
deposition or coating of particles by lunar varnish must
take place just beneath the surface. The process of
coating may also take place at greater depths. Inasmuch
as the particles on the lunar surface are turned over or
mixed to depths on the order of 1 mm in a period of time
on the order of 100 to 1000 yr by small meteoroid bom-
bardment, the deposition of lunar varnish must take place
rapidly.

The composition of the lunar varnish and the processes
by which it might be deposited are problems that remain
to be solved. Hapke (Ref. III-11) has suggested that
oxygen-depleted material derived by sputtering may be
deposited on the under sides of grains on the lunar sur-
face and on grains just beneath the surface. It appears
that the experiments on which this suggestion was based
do not show that the effect can be produced by sputter-
ing. Hapke’s experiments did produce a coating on the
grains at very shallow depths, however, as required by
our hypothesis. The lunar varnish may be deposited from
gases escaping from depth or generated in the fragmental
debris layer itself by high-energy charged particle radia-
tion, or it may be deposited by some process or processes
that we do not yet have sufficient clues to discover.
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F. Photometric Observations of
Lunar Surface Material

Several special, as well as general, photometric studies
of the local lunar surface have been undertaken by means
of the Surveyor III pictures. Areas of special interest for
photometric study were the footpad imprints and the ma-
terial disturbed by the SMSS. As in Surveyor I, the land-
ing site was near the lunar equator, and the sun passed
almost directly overhead. The site was, therefore, suitable
for a general study of the local photometric function of
the surface.

For the purpose of photometric data collection, several
observing programs were planned for the Surveyor III
mission. The plan consisted of taking pictures at selected
steps along the east-west line to obtain photometric
measurements in the plane defined by the vectors from
the camera to the sun. Other target areas for pictures
were selected at azimuths of +45, +90, and +135 deg
from the east-west line. Pictures taken at lunar noon were
of special interest for study of the symmetry of the local
photometric function. An additional objective was to
measure the variation of the normal luminance factor
(normal albedo) of the lunar surface from pictures taken
of areas adjacent to the camera’s shadow as it progressed
(in the lunar afternoon) toward the east. Because of op-
erational constraints and severe scattering of light from
the mirror surface, only a few pictures suitable for
photometric reduction were obtained.

Measurement and reduction of photometric data have
been carried out in a manner similar to that used in the
photometric analysis of Surveyor I pictures (Ref. III-1).
Film negatives from the television Ground Data Han-
dling System of the Space Flight Operations Facility,
Pasadena, California, were measured with a Macbeth spot
densitometer. The transfer characteristics of the negatives
used and the total television transfer characteristic func-
tion for Surveyor III are shown in Figs. III-36 and I11-37.
Measurements of the film density of each gray level in
pictures of the photometric target on leg 2 of the space-
craft were used to determine the total television transfer
characteristic function. This function was used to deter-
mine scene luminance of areas of interest from the mea-
surements of film density. The photometric geometry was
calculated in terms of the vector normal to the local sur-
face, the vector to the camera, and the vector to the sun.
For convenience, these vectors were referred to lunar
coordinates.

Several problems were encountered in the reduction of
photometric data from the Surveyor III pictures. The
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FILM DENSITY

Fig. 111-36. Typical plot of measured film density vs
calibration voltage from electronic gray scale on nega-
tives produced by Ground Data Handling System at the
Space Flight Operations Facility. Electronic gray scale is
added to each frame by the Ground Data Handling
System to provide system photometric control

most important and the most difficult problem to eval-
uate is the large amount of space light that was scattered
from the camera mirror into the television images. The
pattern of this scattered light varied as a function of the
mirror azimuth and elevation angles and of the sun’s
positions. Light scattered from the mirror was also pres-
ent when the mirror was turned away from the sun; thus,
a significant amount of scattered light was derived from
the luminous flux re-emitted by the terrain. As a start
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Fig. 11I-37. Total television system transfer characteristic
function determined from observation of the photometric
target on the spacecraft leg during lunar operations. This
function is used to convert film density to scene luminance

toward evaluating the contribution of scattered light to
television images, pictures were taken in wide angle of
the photometric target on omnidirectional antenna B,
after stepping the mirror in both azimuth and elevation
to position the photometric target in various parts of the
pictures. An estimate of the contrast attenuation resulting
from scattered light can be made from these pictures, if it
is assumed that the luminance of the objects in the pic-
tures remains constant over the short period in which
they were taken. This attenuation is illustrated in a
narrow-angle picture of the photometric target on leg 2
of the spacecraft, shown in Fig. III-38. Measurements of
the density of the spacecraft shadow observed in the
lunar afternoon (Fig. I1I-39) can also be used to provide
information on the pattern and intensity of the scattered
light.

Several areas of special interest were chosen for a pre-
liminary determination of the photometric properties of
the lunar surface materials. These areas include the un-
disturbed surface in the vicinity of footpad 2, the footpad
imprint next to footpad 2, an area disturbed by the SMSS,
and the debris deposited on footpad 2 by the SMSS.

Examination of 14 measurements of the luminance
of a small undisturbed area of the surface in the vicinity
of footpad 2 indicates the photometric function of this
area is similar to that observed at the Surveyor I landing
site and that of other mare areas observed at the tele-
scope. The estimated normal luminance factor (normal
albedo) of this area is 8.5%. This calculated value has
an estimated uncertainty of at least 25% because of un-
certainty in the correction required for light scattered
from the mirror.
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Several times during the lunar day, pictures were taken
of the floor of the imprint of footpad 2 next to the present
position of the footpad; a few photometric measurements
from these pictures have been reduced. The photometric
function of the smoothed surface is conspicuously dif-
ferent from that of the undisturbed lunar surface, but the
extent to which the function has been changed has not as
yet been determined. The calculated luminance factor of
the imprint floor is 30% greater than that of the adjacent
undisturbed surface, at phase angles of approximately
40 to 60 deg in the lunar morning.

During operation of the SMSS, a sample of fine-grained
material from the subsurface was placed on footpad 2.
The measured part of the photometric function of this
material does not differ appreciably in form from the
function measured on the undisturbed areas; the normal
luminance factor for this material is estimated to be
about 7.6, about 10% less than that of the undisturbed
surface. An area on the lunar surface disturbed by the
SMSS, on the other hand, has an estimated normal lumi-
nance factor of 6.6, about 20% less than that of the un-
disturbed surface. It should be emphasized that these
preliminary estimates have large possible errors because
of uncertainties about the amount of light scattered from
the mirror into the image formed on the vidicon target.

G. Colorimetric Observations of Lunar Surface

Color is commonly used in terrestrial geological studies
as an aid in discriminating between rock types and in
distinguishing the weathering state of rocks. Color filters
were incorporated in the Surveyor III television camera,
essentially for the same purposes. Because only a limited
number of filters could be used in the television camera,
three-color colorimetry was selected as the best method
for measuring and describing the colors observed with
the camera (Ref. III-12).

A technique suggested by Davies and Wyszecki
(Ref. I1I-13) was used for selecting color filters to fit the
response of the television camera approximately to the
x(\), 7(A), Z(\) color-matching functions of colorimetry.
Two filters are used in series in the optical train of the
camera. The filter glass components had to be 1 mm or
more in thickness to withstand the vibration and rigors
of space flight. Because of weight constraints, the filter
pairs were limited to a total thickness of 3.0 mm. A
special computer program was used for determining the
ideal thicknesses and combinations of filters required to
fit the Surveyor III camera system spectral response to
the CIE color-matching functions; the fit obtained is
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Fig. 111-38. Narrow-angle Surveyor Il picture of photometric target on leg 2. Note contrast attenuation
and increase in light level toward the upper half of the picture (Day 116, 05:59:33 GMT)
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Fig. 11I-39. Wide-angle Surveyor Ill picture showing shadow of camera and solar panel. The shadows are washed
out in the upper right half of the picture because of glare from camera mirror (Day 122, 14:37:01 GMT)
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fairly good (Fig. III-1). The filters were coated with a
neutral density deposit of Inconel so that, without vary-
ing the aperture, approximately equal video signals
would be produced by exposure to a daylight source.

To measure color from the television pictures, it is
necessary to determine the camera tristimulus values,
which are proportional to the video voltage. The propor-
tionality factors may be determined by measuring the
video signal when the camera is exposed to object colors
of known spectral radiance. Tristimulus values for the
Surveyor III camera were determined by observing a
3 X 3 matrix of filter/source combinations prior to launch;
the proportionality factors were obtained by least-squares
solution. The chromaticity coordinates of these nine
filter/source combinations were calibrated with a spectro-
radiometer.

The spectral response of the vidicon tubes used in the
Surveyor television cameras is sensitive to temperature.
Variation of the spectral response of the Surveyor III
television camera with temperature was not calibrated
prior to flight; thus, tristimulus values obtained from
measurements of pictures of calibrated color targets,
taken on the lunar surface at the operating temperature
of the camera, must be used for accurate calculation of
color. The color targets were provided as parts of the two
photometric targets mounted on the spacecraft. Three
colors are present on each target; they were calibrated
with a spectroradiometer while irradiated by a known
spectral source at various angles of incidence. Because of
the contribution of scattered light to the Surveyor III
pictures, the measurements of the photometric targets in
the pictures must be analyzed carefully by computer
techniques before a final interpretation of color is made.

Approximately 50 sets of pictures were obtained for
colorimetric measurement during the Surveyor III tele-
vision operations. Each set consists of multiple pictures
taken through each of the three color filters. Experience
from the Surveyor I pictures in reducing color measure-
ments indicated there were significant variations between
the video signals for pictures of the same scene taken in
succession. The greatest difference occurred between the
first and second pictures. After the third picture, the
differences were negligible. Therefore, three pictures
were taken through each color filter on Surveyor III;
the first two are not used for color measurement. All of
the pictures in a given set were taken by positioning
the camera at one azimuth and elevation setting and
rotating the filter wheel through the color sequence, to
avoid incorrect picture registration. The neutral density
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coatings on the filters permitted all pictures in a set to
be taken without change in iris, thereby eliminating
errors in color measurement resulting from uncertainty
in aperture.

Sets of pictures for colorimetric measurement were
taken of various parts of the lunar surface. Some of the
larger blocks and the material disturbed by the
SMSS were of special interest. A first attempt to look
for color differences has been made by preparing color
pictures, by color reconstitution methods, using the pre-
flight calibration for control. Figure III-40 shows three
black and white pictures, taken through the % (red),
y’ (green), and 2z’ (blue) filters, that were used to prepare
a color picture of the footpad, the photometric target,
and the debris placed on the pad by the SMSS.
The known colors on the photometric target, the white
surface of the footpad, and the gold tip of the attitude
control jet were reproduced fairly well in the reconsti-
tuted color picture; the debris is dark gray in color.
Figure I11-41 shows three pictures of a SMSS trench and
the adjacent disturbed fine-grained material on the
lunar surface taken through each of the color filters.
The light blue color of the SMSS was reproduced
well in a reconstituted color picture, although the color
is somewhat washed out because the image of the
sampler was nearly saturated in parts of the pictures;
the disturbed material of the lunar surface is a relatively
uniform dark gray. No demonstrable differences in color
have been observed on any of the examined coarse
blocks, which are all gray, but lighter than the fine-
grained gray matrix of the surface. It will be necessary
to digitize the television pictures and analyze the color
by computer methods to determine whether subtle color
differences are present among the materials observed.

H. Eclipse of Sun by Earth as Seen
From Surveyor Il

An unusual opportunity occurred late in the lunar morn-
ing to observe an eclipse of the sun by the earth, which
took place on Day 114 during the Goldstone pass of the
moon. Were it not for the fact that the spacecraft was
tilted as much as 14.7 deg to the west and was oriented
favorably with respect to azimuth, it would not have
been possible to observe the earth from a landing site
at 23°W longitude because of the limited range of eleva-
tion angles through which the mirror can be stepped. To
observe the earth, the mirror was pointed upward, po-
sitioned at its highest permissible elevation step, and
a wide-angle picture of the eclipse was obtained. The

JPL TECHNICAL REPORT 32-1177




Fig. 111-40. Narrow-angle Surveyor Ill pictures showing photometric target and debris on footpad 2. Pictures taken
on Day 116: (a) through X’ filter (red), 12:00:54 GMT; (b) through Yy filter (green),
12:02:14 GMT; and (c) through 7’ filter (blue), 12:01:27 GMT
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Fig. 1ll-41. Narrow-angle Surveyor Il pictures of SMSS trench observed on Day 114: (a) through X’ filter
(red), 05:19:23 GMT; (b) Y’ filter (green), 05:15:18 GMT; and (c) Z’ filter (blue), 05:20:20 GMT

image of the earth was reflected from a part of the
mirror very close to its upper edge. During the eclipse,
two series of pictures (a total of 20 pictures) were obtained
through the color filters. The first series of pictures was
obtained at approximately 11:24 GMT; the second set
was obtained about 37 min later. The pictures were taken
at two iris positions and multiple pictures were
taken through each filter.

During the eclipse, the sun passed behind the earth
along a path that brought the position of the center of

56

the sun, as seen from the moon, to within 15 min of the
sublunar point on the earth (Fig. III-42). At the time
the sun was most nearly centered behind the earth, the
projected center of the sun lay northeast of the sublunar
point. The sublunar point was about 172°W longitude,
12.5°S latitude at the time the first series of pictures was
taken, and at about 179°E longitude and 12.5°S latitude
at the time the second series of pictures was taken. These
positions are in the southwest Pacific. The limb of the
earth lay along western North America, the eastern
Pacific, eastern Antarctica, the central Indian Ocean,
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ORIENTATION OF BOTTOM EDGE OF TELEVISION PICTURE OF ECLIPSE

Fig. 111-42. Diagrams showing orientation of earth and position of the sun, as seen from the moon on Day 116, at
11:24 GMT and 12:01 GMT. A series of pictures of the eclipse of the sun by the earth was taken with
the Surveyor Il television camera approximately at each of the times illustrated

southeast Asia, central China, eastern Siberia, and a
short arc across the western Arctic Ocean.

In the first series of eclipse pictures, the earth is
partially surrounded by a halo of refracted light that
varies greatly in brightness from one position to another
along the limb (Fig. I11-43). A very bright region, approx-
imately 60 deg in arc length, lies along the northern part
of the limb, nearest the position of the sun. In the major-
ity of pictures taken, parts of the image of the halo in
this region are saturated. On either side of this bright re-
gion, the halo has a beaded appearance; small bright areas
of short arc length are separated from other bright
areas by sectors of the halo that are relatively faint.
Most of these bright areas or beads are only a few degrees
in length, but one relatively bright sector about 20 deg
long is present that cannot be resolved into separate
beads. At least 12 beads can be distinguished in the halo.

A gap ranging from about 50 deg to more than 90 deg
is present in the images of the halo along the eastern
limb of earth. Over most of the arc length of the gap,
the halo was too faint to be detected with the exposures
used, but over a short sector of the gap the image of the
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earth may have been cut off by the edge of the camera
mirror.

In the second series of eclipse pictures, the very bright
region in the halo shifted to the northeastern part of the
limb, following the sun (Fig. 111-43). More of the eastern
limb was bright enough to be detected in the second
series of television pictures than in the first series, and
the gap was reduced to an arc length no greater than
40 deg. At least 18 beads can be distinguished in the halo
in the best exposed pictures. Many of these beads occur
at the same angular position, relative to the projection of
the earth’s axis, as the beads observed in the first series
of pictures (Fig. II1-43). The beads are clearly related to
features in the earth’s atmosphere, in contrast to the
brightest region in the halo, which is related to the
position of the sun.

To identify the atmospheric features controlling the
distribution of the beads, each bead’s position in the sec-
ond series of pictures was measured relative to the pro-
jection of the earth’s axis. These positions were plotted
on the trace of the limb on stereographic projections of
the northern and southern hemispheres of the earth. The
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Fig. 111-43. Superimposed Surveyor Ill pictures illustrating distribution
of light in the refraction halo of the earth at the time the first series
of eclipse pictures was taken and at the time the second series
was taken. An eclipse image taken from the first series of
pictures has been reduced in size and shown nested within
an eclipse image taken from the second series of eclipse
pictures. The angular orientation of both images is the
same. Line marked N-§ shows projection of earth’s
axis on plane of pictures. Eighteen beads, identi-
fied by letters, can be distinguished. Note the
angular position of beads in the refraction
halo tends to remain the same, but the
bright region nearest the sun changes
position between the time of the first
series of pictures and the second
series, following the sun
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plotted positions of the beads were then compared direct-
ly with stereographic mosaics of ESSA 3 pictures of the
earth taken on the day preceding the eclipse (Fig. III-44a
and b). Even though there was some shift in cloud pat-
terns between the time the ESSA 3 pictures were taken
and the time of the eclipse, it can be seen that the beads
occur predominantly over clear or largely clear regions
between the clouds. Clouds tend to occult the refracted
rays of the sun, most of which pass through the low at-
mosphere at the limb; the beads occur at depressions in
the optical silhouette of the earth.

Preliminary reduction has been started on the colori-
metric information contained in the pictures. Six pictures,
one taken through each of the three color filters during
each of the two periods of observation (Fig. III-45),
were digitized using equipment at Jet Propulsion Labo-
ratory, Pasadena, Calif. The video voltage recorded on
magnetic tape was divided into 64 equally spaced levels.
For calibration, the preflight recording of the 3 X 3
filter matrix was also digitized. Equations for computing
tristimulus values were derived from the digital print-
out of the preflight calibration tape.

The digitization procedure adopted for the television
pictures generates a larger number of digital picture
elements along a scan line than there are scan lines in
the picture; the digital picture is a rectangular matrix of
600 X 684 elements. In the first series of pictures, the
image of the refraction halo is 54 lines high and 61
picture elements wide. The total number of picture ele-
ments yielding colorimetric data in each of the digitized
pictures from this series was 644. Chromaticity coordi-
nates for selected picture elements were calculated, by
means of the tristimulus value equations, from the digital
voltages of corresponding elements in pictures taken
through each of the three color pictures. Because of
present uncertainties about the preflight calibration
tapes and because of possible jitter or other displace-
ment of image points in corresponding pictures, the
calculated chromaticity coordinates may have an error
as much as 0.03 in x and y.

Chromaticity coordinates were calculated for 18 points
on the images in the first series of eclipse pictures and
were plotted on a chromaticity diagram (Fig. III-46).
The location of these colorimetric measurements with
respect to the eclipse images is shown in Fig. III-47.
Also plotted on the chromaticity diagram are the locus
of color temperatures for a body which obeys Planck’s
law (a blackbody) and the locus of color temperatures
for natural daylight as far as 4800°K. Loci of correlated
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color temperature (Ref. ITI-14) are shown in Fig. 111-46
crossing the Planckian locus.

Most of the colorimetric measurements were taken in
the bright region of the halo controlled by the position of
the sun. The majority of measurements in this region
have a correlated color temperature close to 4800°K.
Beads in the halo exhibit lower correlated color tempera-
tures. The center of bead G, close to the bright region,
has a correlated color temperature of about 4000°K, and
the center of bead A, which lies over Anarctica, farthest
from the projected position of the sun, has a correlated
color temperature of approximately 2850°K. The cor-
related color temperature tends to decrease in directions
away from the projected position of the sun and also
tends to decrease toward the inner edge of the halo. As
would be expected, the color temperature has a tendency
to be lower for light that followed paths of greater atmos-
pheric absorption. Most of the colors present in the
images had purities less than 50%.

I. Partially llluminated Earth as Seen
from Surveyor Il

During the period from 10:29 to 11:06 GMT on
Day 120, 25 pictures of earth were taken with the
Surveyor III camera in the wide-angle mode. The angle
of elevation was too great for pictures of the earth to be
taken in the narrow-angle mode. The images were ob-
tained using the three color filters (red, blue, and green),
and a color picture of the earth has been reconstituted
from a selected set of three pictures. A diagram of the
orientation of earth and the theoretical position of
the sunrise line and corresponding series of pictures taken
through each filter position are shown in Fig. III-48.
The bright areas in the pictures are cloud covered;
clouds can be seen to extend over most of the Atlantic
Ocean and the northern coast of South America. Parts
of the Caribbean Sea and southwestern Brazil appear to
be free of clouds.

As the distance between centers of the television lines
is about 2.5 min of arc, the details shown in the
Surveyor III pictures of the earth are comparable to
the details recorded in good quality telescopic photo-
graphs of Mars, near opposition, or observed visually
with a telescope of about 20-cm aperture.

A preliminary analysis of the earth pictures by color
reconstitution indicates the clouds are white, whereas
the areas free of clouds vary in hue from greenish blue
to purplish blue. The colors are similar to those recorded
and seen by the Mercury and Gemini astronauts.
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(a) NORTHERN HEMISPHERE

DAY

Fig. lll-44. Stereographic mosaics of ESSA 3 pictures of (a) northern and (b) southern hemispheres of the earth.
Pictures taken on the day preceding the eclipse. Bright areas are clouds and, in mountainous regions and the
Arctic, snow fields; dark areas are clear. Note position of African continent, which may be seen in the clear
areas on right-hand side of (a). Trace of limb of earth, as seen from the moon, and positions of beads
and the bright region in the refraction halo of the earth observed in the second series of eclipse
pictures taken by Surveyor Ill are shown by the white circles and lines that extend from
90° west to 90° east. Beads occur in areas that are largely clear. Letters beside symbols
for beads correspond to letter identification of beads in Fig. 111-43 (mosaic of ESSA 3
pictures provided through the courtesy of Dr. David S. Johnson, National
Environmental Satellite Center, ESSA)
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(b) SOUTHERN HEMISPHERE
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Fig. 111-44 (contd)

DAY
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Fig. 11-45. Wide-angle Surveyor Il pictures showing eclipse of sun by earth as observed on Day 114
through the filters indicated: (a) X’ (red), 11:31:40 GMT; (b) y’ (green), 11:23:06 GMT; (c) Z’ (blue),
11:24:01 GMT; (d) X/, 12:02:10 GMT; (e) ¥, 12:03:10 GMT; and (f) Z/, 12:02:44 GMT.

(First set of figures includes a, b, and c; second set of figures includes d, e, and f)
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Fig. 111-46. Chromaticity coordinates of selected points from the first series of Surveyor eclipse pictures. For
purposes of comparison, the Planckian locus with correlated color temperature lines is shown together
with the locus of natural daylight as measured by Y. Nayatani and G. Wyszecki (Ref. 1lI-15)
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Fig. 11l-47. Diagram of the solar eclipse showing positions of points on the color composite image
that were measured for color. The letters refer to the beads
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Fig. 111-48. Wide-angle Surveyor Il pictures of earth as observed on Day 120 through: (a) X’ filter (red),
10:39:29 GMT; (b) y’ filter (green), 10:37:18 GMT; and (c) Z’ filter (blue), 10:38:15 GMT. The lunar
libration had caused a favorable movement of the earth’s position giving an unobstructed view
of earth from Surveyor Ill. Diagram shows orientation of earth when pictures were taken
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IV. Soil Mechanics Surface Sampler: Lunar

Surface Tests, Results, and Analyses

R. F. Scott and F. I. Roberson

After the success of Surveyor I in meeting the objec-
tives of the engineering flight series, selection from
among candidate experiments led to the inclusion of the
soil mechanics surface sampler (SMSS) on the Surveyor I11
payload. Although originally planned for later Surveyors,
the SMSS was modified to fit the reduced telemetry and
commanding capability of Surveyor III. Specifically, the
SMSS was adapted to the mounting location and the elec-
tronics interface of the approach television camera. This
required a concentrated, short-term effort to modify,
build, and test the SMSS to meet the demanding inter-
face requirements.

Modifications to the SMSS included removal of the
strain-, acceleration-, and position-measuring systems
originally planned, and incorporation of a means for
measuring current drawn by the motors during operation.
A description of the modified device, its performance on
Surveyor I11, and some conclusions regarding the lunar
surface material are presented in this section.

A. Subsystem Description

The SMSS subsystem consists of a mechanism, an
electronics auxiliary, installation substructure, and wiring
harnesses. The mechanism is an electromechanical de-
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vice that can pick, dig, scrape, and trench the lunar
surface, and transport lunar surface material. The elec-
tronics auxiliary provides command decoding, data buf-
fering, power management, squib firing, and control of
the mechanism, motors, and clutch. The installation sub-
structure supports the mechanism and the auxiliary on
the spacecraft. The wiring harnesses provide the elec-
trical interconnections with the spacecraft and between
units within the subsystem.

1. Extension/Retraction Mechanism

The extension/retraction mechanism is designed to
support and position the scoop and to permit opera-
tions within the space envelope shown in Fig. IV-1. The
mechanism rotates about azimuth and elevation pivot
points to provide movement in spherical coordinates.

2. Drive System

Three electrical motors, operating through appropriate
drive trains, furnish mechanical energy to manipulate the
SMSS in extension and retraction, azimuth, and elevation.
At command from earth, an electromechanical clutch
disengages the elevation drive train, allowing the mecha-
nism to be impelled downward by a pretensioned eleva-
tion torque spring, thus striking the lunar surface. A
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fourth electric motor opens and closes the scoop. The
motors and clutch draw electrical power from the space-
craft unregulated bus through the electronics auxiliary,
which also provides switch control.

3. Scoop

The scoop consists of a container, a sharpened blade,
and an electrical motor to open and close the container.
A small footpad is attached to the scoop door to present
a flat surface to the lunar surface. The scoop is capable
of holding a maximum of approximately 3.2-cm diam-
eter solid lunar material, and a maximum of 100 cm?® of
granular material.

Before the Surveyor III flight, a test of SMSS motor
current vs force calibration was performed on the space-
craft at Cape Kennedy under ambient temperature con-
ditions and at an unregulated voltage of 22 V. The

OMNIDIRECTIONAL \

ANTENNA A -

PLANAR ARRAY ANTENNA

SURVEY TV
CAMERA

LEG 2 SHOCK ABSORBER

purpose of this test was to acquire information about
mechanical properties of the lunar surface.

4. Motor Control

Either a 2-s or a 0.1-s period of operation of any of
the motors can be selected by earth command. The
angle or distance through which the SMSS moves by
these commands depends on the motor involved, its
condition, temperature, voltage, and the working load.

B. Functional and Operational Description

The SMSS, as modified for Surveyor III, was mounted
in the location formerly occupied by the approach tele-
vision camera. This position lies below the survey
television camera, between the auxiliary battery and
leg 2, as shown in Fig. IV-2. The area of operation, for
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Fig. IV-2. Surveyor spacecraft, showing SMSS mounted at approach camera location
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a nominal surface plane through the three footpads, is
shown in Fig. IV-1. Because the azimuth axes of the
SMSS and the camera are not collinear, the viewing angle,
through the television system, of the scoop varies with
the scoop’s position. When the scoop is positioned near
footpad 2, the camera looks directly down the extension
arm, which largely obscures the scoop itself. When posi-
tioned near the auxiliary battery, a slight side view of
the scoop is afforded.

As the SMSS is extended, the angle that the scoop
makes with the test surface varies. The extension arm
drawing in Fig. IV-1 shows the effect; the photographs
of the scoop in contact with the surface (Fig. IV-3a and
3b) show the resulting angle for two extension positions
on a nominal, flat surface. The flat surface of the scoop
door is normal to the tangential elevation motion at maxi-
mum extension.

To make optimum use of operating time during a mis-
sion, a standard sequence of testing events has been
established. Automatic, taped sequences of spacecraft
commands have been prepared, which provide the cor-
rect motion, based on preflight tests, to accomplish the
planned operations. Corrections for variations in motion
sizes occurring on the moon are provided by manually
commanding the mechanism after a given taped se-
quence is complete. Table IV-1 lists the size of each of
the motions indicated by preflight calibration. These
motion increments occurred at a motor voltage of 22.0 V
and a motor temperature of 70°F. For comparison, the
sizes of motion increments estimated during Surveyor II1
lunar operations also are listed. More precise calibrations
will be made at a later time.

The originally planned initial standard sequence of
tests included six static bearing tests and a single trench.

Fig. IV-3. Photographs showing angle that SMSS scoop door makes with a nominal surface at (a) maximum extension
distance and (b) minimum extension distance at which surface can be reached
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Table IV-1. SMSS motion increments (no load)

Motion, s Test value®
2.0 (extend) 8.6 cm (3.4 in.)
2.0 (retract) 8.1 ¢cm (3.2 in.)
0.1 (right azimuth) 1.5 deg
0.1 (left azimuth) 1.5 deg
2.0 (up) 6 deg
2.0 (down) 9 deg

Value on lunar® surface Value on lunar® surface
4.4 cm (1.75 in.) 2.5 cm (1.0 in.)
38cem (1.5in) 2.2 cm (0.9 in.)
1.5 deg 2.3 deg
1.5 deg 2.5 deg
6 deg 12 deg
9 deg 12 deg

bPreliminary estimate based on television observation.

aNominal value, based on unit and system level tests at three extension distances.

cBased on SETL tests using full-scale model spacecraft and television system. Comparison made with Day 111 SMSS operations on lunar surface.

Provisions were made for performance of optional tests,
based on decisions made during lunar operations. Such
optional tests were to include: impact tests, picking up
rocks, trenching deeper, and bearing tests on subsurface
material.

A static bearing test is performed by exercising the
extension and azimuth motions until the scoop is posi-
tioned above the desired surface point. Then, with the
scoop door closed to provide the flat surface for contact,
the scoop is driven downward with the elevation motor
until the desired penetration is achieved, or until the
motor is stalled. An open-scoop static test can also be
conducted.

For an impact test, the scoop is again positioned above
the desired surface point, and the elevation drive clutch
is actuated, allowing the scoop to drop to the surface,
accelerated by gravity and the torque spring attached at
the elevation axis. An impact test can be performed
with the scoop open or closed.

A trenching operation is performed by driving the
scoop down into the surface with the door open, then
drawing it toward the spacecraft with the retraction
motor. Material can be removed from the trench by re-
tracting the scoop until it is clear of the surface, forming
a pile of soil at the foot of the trench, or by closing the
scoop and lifting the material out of the trench.

Because position-indicating telemetry is not available,
the operations of the SMSS experiment must be moni-
tored closely by the survey television camera. Sequences
and priorities for tests, therefore, depend on viewing
conditions, spacecraft shadow patterns, and the perfor-
mance of the television system.
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C. Mission Description
1. Engineering Performance

During the flight phase of Surveyor III, a heater was
employed in the SMSS electronics auxiliary. Despite the
heater, the temperature of the auxiliary reached —33°F.

The designed survival temperature for the unit was
=(7/°19;

After touchdown and during the spacecraft assessment
period, the heater remained off for 2.5 h, allowing the
electronics auxiliary temperature to drop to an estimated
—130°F. Thermal power was restored, and the tempera-
ture of the auxiliary remained within operating limits
from initial turn-on (Day 111) until operations were con-
cluded (Day 122).

During the 18 h, 22 min of total on time for the SMSS
auxiliary in the first lunar day, 5879 spacecraft com-
mands were transmitted to it. All commands were
correctly coded, and 1898 SMSS commands were gener-
ated. The SMSS and its electronics auxiliary responded
correctly to each command throughout this period.

Following touchdown, it was found that some of the
Surveyor III telemetry was not reliable so that no valid
SMSS motor current data could be obtained.

2. Lunar Surface Operations

Late in the Goldstone view period of Day 111, it was
determined that the temperature of the SMSS electronics
auxiliary was high enough for operation. The decision

'All times of SMSS events are given in GMT. All SMSS experiments
were performed during periods of lunar visibility from the Deep
Space Station at Goldstone, Calif.
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to turn on the SMSS power was followed by a short
series of tests to assess the condition of the electronics
and to attempt a solution of the spacecraft telemetry
problems. This section will briefly describe SMSS opera-
tions on and after Day 111. The locations of all tests are
shown in Fig. IV-4,

a. Day 111. Initial operations began according to the
standard sequence, and included firing of the pyrotech-
nic locking device (to release the SMSS from its stored
position) and transmission of four commands to extend
in the 2-s timing mode. A television picture to verify
operation of the extension motor showed that extension
had occurred, but that the extended distance was less
than expected.

The sequence of four commands was repeated, and
television verified that the SMSS scoop had then reached
the originally intended position. A standard sequence
was next initiated and included commands to extend;
retract; move right, left, up, and down. Completion of
these motions showed that other SMSS motors had oper-
ated as specified. The scoop door motor and the clutch
actuator were not tested at this time.

Glare in the television optical system, resulting from
sun angle, had prevented a complete television survey of
the area of SMSS operations. Because narrow-angle cov-
erage was available only for the area near the auxiliary
battery, it was decided to depart from the standard se-
quence. The scoop was extended and positioned above
the surface near the auxiliary battery to prepare for the
first static bearing test.

The Goldstone view period ended as the bearing test
sequence was being initiated, with the result that the
SMSS scoop did not contact the surface. The final posi-
tion of the deployed mechanism on Day 111 is shown in
Fig. IV-5.

b. Day 112. It had been intended, at the end of
Day 111 operations, that the first bearing test would be
performed on Day 112 at the final Day 111 position of
the SMSS. Prior to further SMSS operations on Day 112,
television surveys were conducted, including a narrow-
angle survey of the SMSS operations area. However,
during the television operations, problems occurred in
azimuth stepping at a time when the camera was step-
ping clockwise, or to the right azimuth. Accordingly, it
was decided to move the SMSS into the field of view of
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the television camera and to start testing the lunar sur-
face. The SMSS was stepped right twelve 0.1-s steps,
extended five 2-s steps, and down two 2-s steps to locate
it at the surface. Another 2-s down command drove the
closed scoop into the surface at bearing test 1, shown as
point A in Fig. IV-4. After elevating the scoop clear of
the surface, it was moved right and extended, in prepa-
ration for a trenching operation. The scoop was opened
for the first time and driven down into the surface, using
three 2-s lower commands. Sixteen 2-s retract commands,
with television observation verifying performance, were
used to drag the scoop in forming trench 1, located at
point B in Fig. IV-4.

Because of the difficulty encountered in the camera
stepping, it was positioned at +15-deg azimuth, and the
SMSS was moved left to this position, near the auxiliary
battery. There the camera could follow the retraction
motion of the SMSS by stepping its mirror in elevation
only. A trench was started by lowering the scoop (door
open) into the surface, and retracting eighteen 2-s steps,
allowing the camera to record the operation without use
of the azimuth stepping drive.

At the completion of this trenching operation, which
constituted the first pass through trench 2, shown at
point C in Fig. 1V-4, the SMSS was elevated, extended
to the head of the trench, and driven down into the sur-
face in preparation for the second pass through the trench.
After eighteen retract commands, television observation
revealed that the scoop had traveled only 10 cm, which
indicated that it was stalled near the head of the trench.

A narrow-angle survey of trench 2 completed the ac-
tivities for the Day 112 period. Figure IV-6 shows, in a
wide-angle picture, the condition of the operation at the
end of the pass, with bearing point 1 and trenches 1 and
2 visible.

c. Day 113. Objectives for this day’s operation of the
SMSS experiment were to continue in trench 2 to
the maximum depth possible.

To clear the scoop of the stalled condition at the head
of the trench, it was extended once and elevated twice,
all in the 2-s timing mode. Then, two retraction and
two down commands placed the scoop back in the
trench, on the spacecraft side of the point of obstruc-
tion. Eighteen 2-s retract commands were transmitted;
after a television survey, twelve additional <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>