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microscope revealed that all of these craters were
either low-velocity or polishing artifacts. The lack
of meteoroid impacts of these limiting sizes is
consistent with current estimates of the micro-
meteoroid flux on the Moon.

There is a marked concentration of pits on the
same side of the tube to which a brown contami-
nation is adhering. The material found in some
of the craters is similar in composition to lunar
soil.

Location and Geometry of Landing

Apollo 12 landed about 155 m northwest of
the Surveyor 3 spacecraft (ref. 1). This closeness
is dramatically shown in photographs taken by
the astronauts. (See fig. 1) From such photo-
graphs, it is obvious that the LM landed on the
rim of the Surveyor crater, and is approximately
sitting on the horizon as seen from the Surveyor
spacecraft. Note from figure 1 that the front, flat
surface of the Surveyor television camera is ap-
proximately parallel to a line joining Surveyor 3
and the LM. This is also confirmed by correlat-
ing certain craters in figure 1 and those of refer-
ence 2. Such a correlation puts the LM at a cam-
era azimuth of about 90°. Also, from reference
2, it is found that the camera is leaning toward
the LM, and that the horizon, in the direction of
the LM, is at a camera elevation of 25°.

The polished aluminum tube that was sec-

Ficure 1.—View of the Lunar Mod-
ule from the Surveyor 3 spacecraft.

tioned by the astronaut can also be seen on the
Surveyor spacecraft in figure 1.

TV Camera Housing

As previously mentioned, the camera housing
was examined for evidence of meteoroid impacts
during the time the camera was in the Lunar
Receiving Laboratory at MSC. The time avail-
able permitted only a quick look for obvious im-
pact craters. About 1150 cm? of the surface area
was optically examined at 25 X magnification;
the other surfaces were scanned at lower powers.
Generally speaking, all of the flat surface areas of
the housing were covered by the 25 X magnifi-
cation scan; the cylindrical portions, such as the
barrel and the hood, were covered at lower
powers. As a result, it is correct to say that there
were no damaging impacts on the camera hous-
ing. The surface of the mirror also was-examined
for obvious impacts.

Typical surface effects and suspected impact
craters are shown in figure 2. It is interesting to
note that the paint surface differs around the

‘periphery of the housing. On the side closest to

the Surveyor centerline, the surface appears
grainy; on the parts facing outward, the surface
is cracked like a dry river bed. Several holes and
popped craters appear at the junction of cracks
or along the cracks, and these were not included
in the total of suspected impacts. There also was
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evidence of a large number of shallow white
craters covering the housing with definite con-
centration occurring around the periphery. The
craters were obviously fresh because the original
white painted surfaces had been discolored to a
sandy brown and the original color was being
displayed. This effect is discussed in greater de-
tail later in this article, as the cause is probably
not of meteoroid origin.

The craters identified as of possible meteoroid
impact origin because of their hypervelocity also
are shown in figure 2. There were five such cra-
ters ranging in size from 130 to 300 pm in diam-
eter. However, it is likely that not all of these
were caused by meteoroids. This is especially

true when it is considered that three of the
suspected impacts occurred on the flat mirror
gear-box housing, about 25 cm? in area. If the
five craters were considered to be of meteoroid
origin, then the flux, allowing for lunar shielding
(1/2) and spacecraft shielding (1/4), would be
1.49 X 10-/m?/sec. Allowing for the gravita-
tional attraction of the Earth which, at 20 km/
sec, is 1.74, this is a near-Earth flux of 2.62 X
10-¢. The mass associated with the smallest crater
found, 150 um wide, is about 10-%7° g using a
crater-diameter-to-meteoroid-diameter ratio of 10.
The 95 percent of upper and lower limits for five
impacts is 11.7 to 1.6 according to reference 3. If
this spread in flux is associated with a spread in

Ficure 2.—Evidence of impacts on Surveyor 3 camera housing.
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crater in the center is about 8 um in diameter;
the material in this crater has as major compo-
nents silicon, iron, calcium, and titanium. Tita-
nium was also found in another crater on this
tube. Because only six craters were extensively
analyzed by SEM non-dispersive X-ray analysis,
the significant amounts of titanium found in
three of them are indicative of a lunar origin.
From the mineralogical standpoint, at least three
phases are present:

(1) A calcium aluminum silicate, which is un-
doubtedly plagioclase.

(2) A calcium iron magnesium silicate with a
trace of titanium, which is consistent with clino-
pyroxene.

(3) One containing calcium, iron, titanium,
and silicon in varying amounts and possibly also
containing aluminum and magnesium. This is
probably glass and unresolvable mixtures of very
fine fragments.

A crater that gave us some difficulty is the one
shown in figure 12 at 170° from the scribe line.
Its size is about 80 by 110 um and is one of the
largest craters on the tube. The reason for the
difficulty was the surprising appearance of “rods”
in the crater, which looked very much like glass
fibers under an optical microscope. The SEM
analysis showed them to be identical in com-
position to the glass fibers in the astronauts’ outer
garments and in the back pack in which the Sur-
veyor 3 parts were stowed. Experiments at MSC
have shown that it is possible to break a few
fibers by jamming the end of a strand of beta-
fiber into a crater of this size.

As no meteoroid impacts were found on the
tube, it is possible to set upper limits to the
meteoroid flux at the Moon. The detection thresh-
old over the entire tube corresponds to craters
about 50 wm wide. The highly contaminated re-
gion was sufficiently pitted and scarred as to
make it impracticable to resolve features of
smaller craters. On the non-pitted sides of sec-
tions B and C, the detection threshold corre-
sponds to 25 wm and larger craters. The effective
non-pitted region is about one-half the area of
these sections. If it is assumed that meteoroid
impact craters are hemispherical in shape, then
the threshold penetration depths are, respec-
tively, 25 um over the entire tube and 12.5 um
over one-half each of two 2.5-cm sections.

The 50-um threshold over the entire tube cor-
responds-to a meteoroid 14.5 um wide and with
a mass of 10-5* g. The 25-um threshold corre-
sponds to a meteoroid 7.5 um in diameter and
10-9-%¢ g in mass. These masses correspond to a
20-km/sec impact velocity and a 1-g/cm density.
The area of the entire tube is about 78.5 cm?; the
area of the non-pitted regions of sections B and
C is 10.1 cm?. If it is appropriate to use a shield-
ing factor of one-half due to Moon and another
factor of two-thirds due to the fact that the Sur-
veyor spacecraft obliterates about one-third of
the remaining solid angle from which meteoroids
could approach, the effective area-time exposures
are 2.16 X 10° m?* sec for the entire tube and
2.8 X 10* m?* sec for the non-pitted regions of
sections B and C. Upper confidence limits of 95
percent on the meteoroid flux for no impacts for
area-time exposures of 2.16 X 10° m? sec and
2.8 X 10* m* sec are, respectively, 10-*"> im-
pacts/m?*/sec and 10-*-%® impacts/m?/sec. To
compare these upper limits of the Moon with
fluxes of Earth, one must allow for a gravita-
tional flux increase factor of 1.74 at the Earth.
Hence, the corresponding upper limits at Earth
would be 10*°* impacts/m?/sec for masses
larger than 10->* g and 10-*%* impacts/m?/sec
for masses larger than 10 g These upper
limits are in good agreement with penetration
measurements but not with older acoustic meas-
urements, as can be seen in figure 3.

In summary, no meteoroid impacts larger than
25 um were detected on the section of the Sur-
veyor 3 strut returned from the Moon. The close
association between the brown contamination
and the pits on this section is significant. Also,
the fact that there is lunar material in the pits
is evidence that this phenomenon occurred while
the Surveyor 3 spacecraft was on the Moon.
Three possibilities for an origin to the pitting and
contamination are—

(1) Lunar secondary and tertiary ejecta dis-
turbed by primary meteoroid impacts bombard
the exposed area of the tube, causing the pitting.
The contamination is also composed of lunar
material. The evidence from the sheared ends of
the tube, however, has the contaminated and
pitted side of the tube pointing away from a di-
rection from which secondary ejecta is likely to
approach. SEM analysis of the contamination
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