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Introduction 

RICHARD J. ALLENBY 

Apollo 8 was launched from Cape Kennedy, Fla., at 7 :50 a.m., e.s.t., on 
December 21, 1968. Two hours 50 minutes later, translunar injection was per
formed; and astronauts Col. Frank Borman, the commander; Capt. James A. 
Lovell, Jr., the command module pilot; and Maj. (now Lt. Col.) William A. 
Anders, the lunar module pilot, were on their way to the Moon. The spacecraft 
was placed in an elliptical lunar orbit at 69 hours 8 minutes after liftoff. After 
flying two elliptical orbits of 168.5 by 60 nautical miles with an inclination of 
12° to the Equator, the spacecraft was placed in a nearly circular orbit of 59.7 
by 60.7 nautical miles, in which it remained for eight orbits. At 89 hours 19 
minutes, transearth injection was performed from behind the Moon. A nearly 
flawless mission was completed on the morning of December 27 when splashdown 
occurred in the Pacific Ocean after a total elapsed time of 147 hours. 

Lt. Gen. Sam C. Phillips, the Director of the Apollo Program, announced 
that such a mission was being considered at a press conference on August 19, 
1968. Formal announcement that NASA was preparing Apollo 8 for an orbital 
flight around the Moon was released to the press on November 12, 1968. 

The primary purpose of this mission was to further progress toward the goal 
of landing men on the Moon by gaining operational experience and testing the 
Apollo systems. However, a great effort was also made to accomplish worthwhile 
scientific tasks with photography and visual observations by the astronauts. 

In planning the scientific tasks to be attempted on this mission, it was 
obvious that one of the prime tasks should be photography of the lunar surface. 
Such photography would furnish valuable information on the following: 

1. Approach topography and landmarks for the early Apollo landings 
2. The scientific merit and the roughness of areas for possible follow-on 

Apollo landings 
3. The broad structure and characteristics of the lunar surface 

During the orbital part of the mission, a major portion of the lunar far side 
would be in sunlight. Although almost all of the far side of the Moon has been 
photographed by the automated Lunar Orbiter spacecraft, the photography 
generally was made with the spacecraft relatively far from the Moon, limiting 
the Lunar Orbiter photographs to an average resolution of approximately 100 
meters. Thus, Apollo photographs of the far side would have much better reso
lution than existing pictures. 

Finally, it was recognized that contamination, both as it relates to window 
fogging (which did occur) and to contamination clouds around the spacecraft, 
should be studied for both scientific and operational interests. 

vii 



viii INTRODUCTION 

In summary, Apollo 8 was a highly technical and operationally difficult 
mission with a very tight schedule for science mission planning. That a worth
while scientific plan was generated is a tribute to the scientists associated with 
the mission. Accomplishment of so many of these tasks was possible only through 
the close cooperation of all the center and program offices, and an outstanding 
effort by the flight crew. The scientific groundwork laid during the Apollo 8 
mission will contribute substantially to the more extensive scientific missions 
that will follow. 
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1 
Visual Observations 

WILLIAM A. ANDERS, JAMES A. LOVELL, AND FRANK BORMAN 

INTRODUCTION 

The unique scientific aspect of the fiight of 
Apollo 8 was the exposure of man and his ac
cumulated training and experience to an environ
ment previously examined only through the pro
gramed systems of unmanned spacecraft. This 
was an opportunity for the observation of another 
planetary surface in a situation that combined 
continuously varying viewing geometry and light
ing with the exceptional dynamic range and color 
discrimination of the human eye. Add to this the 
potential of the experienced human mind for both 
objective and interpretive selection of data to be 
recorded. 

These thoughts prompted the authors to sched
ule as much refresher and supplemental training 
in lunar geology as the test-flight nature of the 
Apollo 8 mission would allow. Much of the training 
was keyed to the application of a critical item 
checklist (table 1-I, p. 5) to existing Lunar 
Orbiter photographs. In addition to this training, 
we had use of an average eye resolution of about 
100 feet from a 60-n.-mi. altitude and a 10 X 
monocular telescope. Limitations on our obser
vations consisted primarily of partially fogged or 
smeared side and hatch windows, operational con
straints on spacecraft attitudes, and required 
changes in the planned timelines. 

COLOR 

Subtle color variations in the materials of the 
lunar surface have been previously noted by 
special spectrometric photographic techniques uti-

lizing terrestrial telescopes. Thus, the observation 
and spatial context of any color variations ob
servable from 60 n. mi. were of particular interest. 
There is general agreement among the authors 
that regional variations in lunar surface color are 
in shades of gray, possibly with faint brownish 
hues similar to the color of dirty beach sand. 
Our photographs on black-and-white film illus
tratP observed general lunar color more closely 
than do the initial printings of the color films. 
)reither were specific colors observed associated 
with any particular lunar features. 

These observations do not seem surprising, in 
retrospect, because the terrestrial colors with 
which we are familiar can be attributed largely 
to the effects of oxidation, the biosphere, and 
water. 

SURF ACE TEXTURES 

wiare Areas 

Both the far-side and near-side terminators were 
across dark mare or marelike areas during most 
of the 10 Apollo 8 lunar orbits. The surfaces of 
the marelike materials in the far-side basin XV 
resembled those of mare materials on the front 
side in their detailed characteristics-that is, rela
tively smooth, with numerous small craters and 
crater clusters superimposed on them. On the 
other hand, the variety of the number and moder
ate scale features such as depressions, domes, 
benches, and cones was much greater than was 
observed on near-side mare areas. 

The near-side mare materials of the Sea of 
Fertility, illuminated at low-to-moderate phase 
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angles, appeared very much like mare materials 
we had studied on moderate-resolution, moderate
Sun-angle Orbiter photographs, except for the 
greater number of small bright halo craters ob
servable at zero phase. The surface of the mare 
materials in the southern part of the Sea of 
Tranquility on the approach to landing site 1 and 
the terminator resembled the surface of a frozen 
sea with a broad, but irregular, swell. Although 
not as concentrated as in the far-side basin XV, 
the domes, cones, filled craters, depressions, and 
overlapping benches on the mare materials near 
landing site 1 gave the area an appearance similar 
to a subdued version of the Pinacate volcanic 
region of Sonora, Mexico, as seen from aircraft 
at about 40 000 feet altitude. 

The marelike materials of the far-side crater 
Tsiolkovsky were the darkest appearing materials 
we observed. Our flightpath took us about 200 
n. mi. north of Tsiolkovsky, and our visibility 
to the south was limited by window fogging; 
however, this mare did appear to be very smooth, 
again with the exception of the ubiquitous small 
craters. Through the monocular telescope, and 
then barely with the unaided eye, we were able 
to discern several large boulders on this surface 
next to the base of the central peak. To be ob
servable from over 200 n. mi., these boulders 
must be several hundred meters in diameter. One 
of the boulders appeared to have a track leading 
away from it, indicating it had rolled off the 
central peak. Other than these boulders in Tsiol
kovsky, no boulders were observed on mare ma
terials, even during use of the spacecraft sextant 
for landmark tracking. 

Highland Areas 

Most of the far-side highland terrain was illumi
nated at relatively high Sun angles with a corre
sponding loss in visible textural detail. Under this 
lighting the surface materials appeared to be es
sentially homogeneous. At moderate Sun angles, 
in the region near longitude 160° W, there was a 
subtle but widespread fine lineation of shallow, 
locally irregular troughs and ridges running across 
craters and intercrater materials alike. This tex
ture resembled, on a less massive scale, the tex
tures radiating from the Orientale basin, and also 
that which would be left by a grass rake on ir-

regular ground. In some places the texture was 
similar to sets of linear sand dunes. Locally, the 
trend of this texture was roughly parallel to ir
regular chains of craters set in an irregular herring
bone pattern. This was particularly pronounced 
near the western rim of the far-side basin XV. 

At high phase angles near the subsolar point, 
the visible surface texture of the far-side highlands 
was dominated by a peppering of small bright 
halo craters. There were many times more such 
craters than we had expected to see based on our 
premission studies of Orbiter photographs. 

Slopes 

We found that we could see considerable detail 
on slopes, both those in shadow and those under 
high illumination. Under high-Sun-angle illumi
nation (low phase angle), the slopes of crater 
walls, particularly the steep walls of new craters, 
showed a wide spectrum of albedo variation. The 
albedo texture of these walls was one of downslope 
streaking of the lower two-thirds to three-quarters, 
and a tendency toward roughly horizontal banding 
in the remaining upper portion of the walls. The 
texture strongly suggests that talus slopes have 
formed downslope from layered materials in the 
upper crater walls. The fact that small craters are 
very rare on these steep slopes relative to the 
nearby flat areas indicates relatively continuous 
and recent downslope movement of material. 

The inner walls of large craters are characterized 
by terraces and/or lobes of material that strongly 
suggest slump and landslide activity. These proc
esses are probably the dominant processes in the 
gradual subduing of the raised portions of the 
rims of large craters. 

Ray Patterns 

Some of the most distinctive surface textures 
we observed were ray patterns radiating from 
many of the most sharply defined craters. The 
most extensive of these patterns were visible in 
the highlands only near the subsolar point or 
somewhat farther from this point after our trans
ea1 th insertion burn. On the mare surfaces, some 
ray patterns, such as the two distinctive rays 
from l\fossier A, were markedly visible. There was 
no detectable thickness to any observed rays. 
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PROBABLE IMPACT FEATURES 

Small Bright Halo Craters 

One of the most striking features of the lunar 
far side is the number of small (less than 1000 
meters in diameter) rayed and bright halo craters 
that are visible near the subsolar point. There 
were several times more of these bright craters 
than we had expected from our premission study 
of Orbiter photographs. At progressively lower 
Sun angles on the surface, these presumably fresh 
craters become visually less obvious; but we should 
expect that they are also more abundant in the 
landing areas than previously indicated. 

Large Impact Craters 

Our limited observation of large craters having 
the irregularly surfaced rims and apparent ejecta 
blankets characteristic of impact craters did not 
disclose much new information except for the 
observations on slope surface textures reported 
in the preceding paragraphs. Some large craters 
have single large spiral patterns on their floors 
which are difficult to explain except by some form 
of differential slumping. We were, however, im
pressed by the relatively subdued features of most 
large far-side craters compared to most craters 
visible in the mare regions of the near side. 

The crater Taruntius, although it has a well
defined central peak and surrounding array of 
secondary craters, is unusual in appearance as 
compared to other large impact craters. Its single 
rim is sharper in cross section, and there is a 
prominent, roughly circular crack pattern in its 
floor materials. 

PROBABLE VOLCANIC FEATURES 

Regional Features 

The region known as Smyth's Sea contains 
several examples of large craters with concentric 
double rims. The material of the floors of these 
craters and that between the double rims appeared 
identical in texture, albedo, and color to the sur
rounding mare. These observations support pre
vious proposals we have heard that mare materials 
were once relatively fluid and were implaced 
largely by volcanic processes originating essen
tially directly below their present location. 

The very dark marelike areas in the crater 
Humboldt were visible to us after the transearth 
insertion burn. These irregular lobate areas form 
a discontinuous ring between the brighter floor 
and walls of the crater, and in shape and detailed 
outlines they strongly resemble the young dark 
lava flows of the western United States. In ad
dition to these marelike areas between the floor 
and wall, there were several very bright polygonal 
cracks visible in Humboldt's floor materials at 
our particular lighting angle. 

The volcanic appearance of the surface textures 
of materials in the far-side basin XV and in the 
vicinity of landing site 1 have been mentioned 
in a preceding section of this chapter. 

Dark Craters 

Two distinct examples of sharply defined, fresh
looking dark craters several miles in diameter 
were observed. These craters have very dark in
terior walls in contrast to the bright walls of most 
other fresh-looking craters. One such crater was 
somewhere southeast of the Sea of Crises and 
north of our orbital path; and the other was south 
of our path at about ll0° E longitude. These 
craters must be classified as of uncertain origin 
and certainly are not as clearly of impact origin 
as many of the fresh craters we observed. 

Possible Lava Tubes 

The western rim and inner walls and bench of 
the far-side basin are crossed by a branching 
pattern of irregular troughs. The pattern strongly 
resembles that of lava tubes such as those in 
flows on the slopes of Maunaloa, Hawaii. This 
resemblance recommends caution when inter
preting similar features on the Moon as trains of 
secondary impact craters. 

Regional Faulting 

Craters and crater-related features dominate 
the portion of the Moon we viewed from Apollo 8; 
however, several well-developed examples of 
graben-type regional faulting were visible. Al
though we were specifically interested in observa
tions related to the question of regional strikeslip 
faulting, no evidence of such faulting was ob
served. Local enechelon offsets in grabens indicate 
that shearing stresses have been present but were 
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released by grahen development rather than strikP
slip faulting as is common 011 Earth. This differ
ence between terrestrial a11d lu11ar regional faulti11g 
suggests the possihility of a major differen<'e i11 
tectonie processes a11d/or <·rust al lll<'<'hani<·nl prop
erties. 

The most striking grabpn:,; observed were the 
Cauchy rilles nort hPast of landing :,;ite l in th<' 
Sea of Tranquility. Tlw :,;outhernmo,;t graben 
grudet:i without i11tPrruptio11 into a :,;('( of two 
irregular fault :-i<'arps whieh arP HtPpped dow11 to 
the south. 

GENERAL LUNAR VISIBILITY 

Terminator 

Our training had indicated that the observation 
of fine topographic detaib would be best at and 
near the terminators. Thie; fact was even more 
pronounced in flight than we had anticipated. Also 
confirmed was the ability to sec detail in the 
shadowed side of craters due to backscattered 
light from the brightly illuminated opposite wall 
of the crater. Detail was also visible in the bright 
wall areas. 

Zero-Phase Angle 

Visibility was poor in areas viewed at low pha:,;e 
angle, but was better than had been Pxpected. 
Topographic detail could be picked out in areas 
within about 5° of zero phase, particularly at low 
Sun angles; that is, when we looked at the lunar 
surface along the Sun line. Part of the explanation 
of our ability to see detail at or near zero phase 
may be tied to the fact that this point is always 
moving along the surface. This allows the inte
gration and extrapolation of detail observed first 
under favorable lighting to I)(' carried into the 
zero-phase area. 

Subsolar Area 

The visibility in the subsolar area was similar 
to that near zero phase close to the terminators, 
except that topographic detail was difficult to 
observe due to the complete lack of shadows in 
the surrounding terrain. Albedo differences were, 
of course, clearly visible within this area and wen' 

the <·lues to major topographic variations insofar 
a:,; thPs<• variations were rclatPd to different surface 
prop<'rtiPs. Tlw lack of clear-cut topographic pat
tPrns mad<· !'f't•ognition and tracking of navi
gatior1al landmarks very difficult in this area. 

EARTH SHINE 

Our major surprit:ie with respect to visibility 
was t hP <"larity with whil'h features eould be 
YiP\\'<'d in <'art hshin<', parti<'ulnrly after a few 
minutes of light adaptation. At one point we 
were able to distinguish the floor, benches, and 
walls of th<· <'rater Copernicus with surprisingly 
good dPfinition. Landmark tracking would prob
ably bP feasibl<' in earth:,;hine, but difficult. There 
does not gPnerally appear to be sufficient light to 
attempt landings under thPse conditions; however, 
this possibility should not be eliminated without 
furthPr study. 

ASTRONO\HCAL OBSERVATIONS 

Solar Corona 

The :,;olar corona was observed once through 
the scanning telescope just before spacecraft sun
ris<'. It appPared as a very bright glow just above 
the sunricsP point at the horizon with dimmer 
:,;trPamers fa1minii; out above and away from this 
point. 

Dim-Light Phenomena 

No specific dim-light phenomena were observed, 
although areas proposed to contain them were 
Pxamined visually. The Magellanic clouds appear 
to have been observed, however, during the night 
pass of one• of the late lunar orbits. 

Terrestrial Observations 

Y<'ry little time was devoted to observations of 
the Earth 011 Apollo 8. One interesting high
altitude cloud, however, was seen shortly after 
spaeecraft sunrise during the two orbits prior to 
translunar injection. This was a long, thin, brown
ish-gray eloud that appeared to be slightly north 
of our trnck and below our orbital altitude of 
about 100 11. mi. This cloud may be related to 
our ~--1 \'B effltwnts. 
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TABLE 1-1.-Crit-ical Item Ch£cklist 

Observaticm Targets Index 

Apollo sites (A) 
Boulder fields (BF) 
Color (C) 
Contacts (C3) 
Crater fill: 

Concentric (CF) 
Domed (DCF) 
Turtle back (TBF) 

Darkness (spacecraft): 
Atmosphere 
Gegenschein 
Star field 
Zodiacal light 

Delta-rimmed craters (DR) 
Domes (D) 
Earthshine 
Eruptive craters: 

Chain (CC) 

Dark halo (DC) 
Elongate (EC) 

Grabens/faults (G/F) 
High relief surfaces (HR) 
Impact craters (large, fresh) 

(IC) 
Low relief surfaces (LH) 
Outcrops (OTC) 
Ridges (R) 
Rilles (RL) 
Slopes (terra) (ST) 
Strain diagram 
Sunrise (spacecraft) 
Surveyors (S) 
Terminators 
Transients 
Translunar /transearth 
Uncratered surfaces (US) 
Zero-phase (Z) 

NOTE. -Abbreviations of key f ea tu res to typical exam pies 
spotted on the Target of Opportunity Chart. 

An asterisk indicates an item for which visual obser
vation may be particularly fruitful. 

(A) Apollo Sites 

• Note contacts other than those now known (see Apollo 
Site Landmark Chart) 

• Subjective judgments on lighting limits for LM landing 
• Note albedo contrasts at zero phase 

Regional contacts, color variations, *landmarks 

(S) Surveyors 

• Observe and plot location of white spacecraft, the space
craft shadow, or specular flashes 

*Location: Flashes, shadow, white spot 
Position-Surveyor V 

(C3) Ccmtacts 

• Note other contrasts besides albedo and/or topography 
Contrast: Color, relief, patterns, cratering, boulders 
Geometry: *Sharpness, shape, elevation change 

(IC) Impact Craters (Large, Rayed) 

• Determine overlapping relationships between ponds and 
other rim materials 

• Identify flow structures in rim materials 
• Identify any layers, color differences, or caves on crater 

wall scarps 
• Identify any eruptive cones, flows, or domes at base of 

crater-wall scarps 
Type: Rayed, bright-halo, sharp-rimmed, low-rimmed, 

subdued 

Shape: Circular, asymmetric, polygonal, terraced 
Secondaries: Fields, loops, branchings, clusters 
Rim: Radial patterns, concentric patterns, boulder 

fields, dune fields, *flow patterns, *colors 
*Ponds: Size limit, surface texture, flow patterns, 

boulders, superposition, sources 
\Valls: Textures, patterns, *layers, contacts, flows, 

channels, *caves, *colors 
Benches: Rim relation, *pond relation, *wall contact, 

channels, *eruptive features 
Floor: Textures, flow patterns, fracture patterns, boulder 

fields, *eruptive features, colors 
Central peak: *Layers, *layer orientation, contacts, 

colors 

(HR) High Relief Surfaces 

• Determine any local variations in albedo or color 
Type: *Knobby terra, *domed terra, cratered term, 

hummocky terra, parallel ridges, arcuate ridges 
Associations: *Eruptive features, patterns, boulder fields, 

crater fields, superposition, elongate craters 
Color: Variation, change sharpness, associations, shape 
*Source: Point, line, multiple, covered, direction 

(LR) Low Relief Surfaces 

• Identify source of any observed flows 
Type: !\fare basin, mare region, very dark region, light 

basin, smooth terra, very light region 
Relief: Low domes, low ridges, rimless depressions, 

patterns, boulders, halo craters 
Color: Variation, change sharpness, associations, shape 
*Source: Point, line, multiple, covered, direction 
*Benches: Type, color contrast, pattern contrast, crater 

contrast, front slope relations, superposition 

(DF /TBF /CF) Domed/Turtle Back/Ccmcentric 
Crater Fill 

• Identify any associated eruptive features 
Type: Concentric, domed, polygonal, knobby, combi

nation 
Association: Crater type, *eruptive features, age re

lations 
Characteristics: Relief, patterns, color, boulders, filling 

level 
(ST) Slopes (Terra) 

• Note any indications of layers or other structure 
*Layers, *contacts, *outcrop, boulders, patterns, color 

(BF) Boulder Fields 

• Note minimum and maximum sizes observed 10° to 25° 
from the terminator 

• Subjective judgments on SCT tracking of landed LM 
• Note association and direction of boulder tracks 

Association: Isolated, crater rim, crater wall, slope, dark 
halo, talus, slide 
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TABLE 1-I.-Critical Item Checklist-Continued 

Geometry: Size, shape, pattern, *boulder sizes 
*Tracks: Direction, length, starting position 
Source: Erosion, impact, eruption, *outcrop 

(US) Uncratered Surfaces 

• Note position and describe characteristics 
*Characteristics: Relief, color, albedo, reflections, pat

terns, boulders, fractures 

(OTC) Outcrops 

• N'ote location and associations of any observed outcrops 
*Association: Crater wall, central peak, rille wall, terra 

slope, eruptive feature 
*Characteristics: Size, shape, color, reflections, 11cc•essi

bility 

(PC/EC/CC) Dark Halo/El.ongate/Chain Craters 

• Identify any shallow impact crater fields near base of 
cone 

• Identify any associated flows, channels, or color 
• Identify any layers or caves in crater wall 

Shape: Circular, elliptical, arcuate, linear 
Halo: Shape, limits, relief, patterns, rays, *boulders, 

small craters, colors, superposition 
Cone: Shape, breaching, *channels, patterns, boulders, 

*colors 
Crater: Shape, wall texture, caves, channels, bottom, 

*colors 
•Associations: Alinements, domes, flows, faults, contacts, 

geologic units, age relations 

(G/F) Grabens/Faults 

• Note nature, age, and direction of offsets 
• Determine associated strain relationships 

Shape: Linear, enechelon, angular 
Associations: Eruptive features, rilles, parallelism, con

stant angles, age relations 
*Offsets: Contacts, ridges, cra4!rs, patterns 
Ends: Shape, termination point 

(R) Ridges 

• Identify any attached or superimposed flows, cones, or 
dikes 

• Determine associated strain relationships 
Type: Mare, terra 
Shape: Rounded, flat-topped, wrinkle, branching, com

posite 
Characteristics: Colors, age relation 
• A's.sociation: Cones, domes, dikes, local flows, rilles, 

fractures 
(D) Domes 

• Identify any 11ttached or superimposed flows, cones, or 
dikes 

Type: Man•, terra 
Shape: Rounded, flat-topped, elongate branching, 

*lobate 
Characteristics: Size, *slopes, *lobes, colors, *age re

lations 
Central crater: Size, shape, rim, wall texture, *caves, 

channels, bottom, colors 
*Superimposed cone (see Dark H11lo Crater Checklist) 
*Associations: Surface, eruptive features, dikes 

(DR) Delta-Rimmed Craters 

• Determine if rim is a composite of cones, domes, and/or 
flows 

Shape: Circular, polygonal 
*Rim: Extent 
*Crest: Cones, breaching, slumps 
\Valls: Textures, patterns, *layers, *cones, contacts, 

caves, *colors 
Floor: Filling type, flow patterns, eruptive features, 

source 
(RL) Rilles 

• Observe tails of sinuaus rilles for evidence of alluvial 
deposits 

• Observe heads of sinUOOB rilles for evidence of exact 
source of any erosion agents 

• ~ ote any interruptions in continuity of small sinuous 
rilles, such as ridges or bridges 

• Determine any interruptions in continuity of small 
sinuous rilles, such as ridges or bridges 

• Determine strain relationships near angular and arcuate 
rilles 

Shape: *Sinuous, linear, angular, arcuate, combination 
Head: Type, association, breaching, colors, age relations 
Body: Sharpness, continuity, •floor features, briqges, 

Jeeves, layering, colors, age relations 
*Tail: Low fans, fine brancping, Jeeves, terminations, 

colors, age relations 
Associations: *Control features, parallelism, constant 

angles, patterns 

(C) Color 

• If visible color is observed, note associated features in 
as much detail as possible 

• Note any color contrasts 011 cliffs or steep slopes 
•Association: Mare bench, halo crater, dome, cliff, 

boulder field, rille, very dark or very light/fresh areas 
*Color chart: Best match, range, phase variation 
Contacts: Change, sharpness, associated variations 

~ 1 · 

(Z) Zero-Phase 

• At zero-phase point on mare approximately 16° from 
terminator, note horizontal and vertical limits of 
effective washout 

• Judge lighting limits for LM landing 
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TABLE 1-I.-Critical Item Checklist-Continued 

• ~ote any albedo !'ontrasts on cliffs and stPl'Jl slop(•s 
Albedo: *Contaets, features, detailPd asso<'iations 
*Washout: Horizontal limits, vertical limits, rangP furn·

! ion, tPrrain function, rPliPf dPfinition limit 

Terminator 

• Identify any flow fronts on low relief surfacps 
• Identify any alluvial and or braided fans at thP tails of 

sinuous rilles 
• Note any glows or ohs!'urations at lunar sunrisP (near 

side) terminator 
*Subtle relief: Ben<'hes, flows, patterns, roughness, 

boulder fields 
•Lunar sunrisP: Glows, obscurations 

Earlhshine 

• Evaluate landing and landmark tracking fpasihility 
Washout: Horizontal limits, vertieal limits, range furn·

tion, terrain function, n•lief definition limit 
Visibility: Dark adaptation, ft•atun•s visiblP, minimum 

crater size, Earth anglP fun<"tion 
*Features: Known detail, rPlief contrast 
Zero phase: Albedo contrast, washout, *spotnwtPr 
•Landmarks: Smallest rratl'l', initial points 

Transients 

• Xote associated features and temporal variations 
Position: Declination/ direction, *assol'ia tion 
Characteristics: Brightness, c·olor, type, size, shape, 

obscuration, flash 
*Variation: Temporal, moVPlllPnt, tt-rminator, position 
*Source: Feature, area 

Darkness (Spacecraft) 

• '.\ote <'elPstial position and covnagt• of any observPd 
dim-light phl'nomena sul'h as: 

8tar field: General density, identifieation 
Gegenschein: Antisolar (Gemini), intensity, shapt• 
Zodiacal light: 90° from Sun to corona 
Atmospherp: Star halo, glow after sun1<Pt or prior to 

sunrise 
Libration points: Ct•ntrnl Gpmini, begin observation at 

LOS 
Sunrise (Spacecraft) 

• ~ote crlestial limits of solar corona 
• ~ote beginning and extPnt of limb brightening prior to 

sunrise 
• '.\' otl' first observation of contamination cloud and 

change in visibility immediately aft('f sunrise 
Limb brightening: 8tart GET, start position, max GET, 

max position, colors, diffusp light GET, diffuse light 
position 

Solor corona: First light GET, boundttry GET, strpmner 
direction, head GET, head position, colors 

Exterior contamination: Cloud GET, visibility chungP 
star rPcognition, S/C shadow 

Tramlunar Tramearth 

• Note celestial position and eoverage of any dim-light 
phenomena 

Aurora: Shape, color, limits 
Exterior contamination: Star field degradation, tempornl 

changes 
Libration points: 21.5 hours GET, Pisces(,), Aries (o-), 

Pleiades 





2 
Initial Photographic Analysis 

AREAL COVERAGE 

JA~rns H. SASSER Al'iD F. EL-llAz 

The combined Apollo 8 photographic coverage 
of the lunar surface is summarized in figure 2-1. 
Much of this area was photographed by Luna III 
and Lunar Orbiters I to V. However, the Apollo 8 
photography was taken with different lighting 
conditions and at different viewing angles. In 
addition, the resolution of Apollo 8 photography 
is in most cases significantly better. 

Detailed index charts of the areal coverage of 
the different film magazine types can be found in 

I 
I 

I 
I 

I 

the' pocket of the inside' back cowr. Coveragl' by 
the film magazines is indicated by different colors, 
and frame numbers are given within the footprints 
of the frames. Data pertaining to the 70-mm film 
arc also tabulated in appendix A, together with 
reproductions of the recovered film. 

COMPARISON WITH LUNA III 
PHOTOGRAPHS 

E. A. WHITAKER 

The Soviet spacecraft Luna III photographed 
the lunar eastern limb and adjacent far-side areas 
in October 1959, under essentially full-Moon 

\ 
\ 
\ 
I 
I 
I 
\ 
I 
\ 
\ 

\ 

/ 

FIGURE 2-1.-Lunar-surface coverage of Apollo 8 photography. 

9 
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illumination. Although analysi:-; of the material by 
two Soviet groups (Leningrad and Moscow) pro
duced somewhat differPnt. n•sult:--, the Moseow 
group added 18 new rutmPs to thl' more prominent 
features. The most definitive di:--russion of the 
Luna III material i:-- probably that givt>11 in 
rderenct>s 2-1 and 2-2. 

FrnuRE 2-2.-Apollo 8 frame 2506-B reccntered on Luna 
III subsparerraft point. 

Although the five Lunar Orbiters photographed 
the entire area included in the Luna III material, 
the totally different illumination and viewing
angle conditions have largely rendered compara
tive studies impossible. However, these difficulties 
have now been almost entirely removed by the 
Apollo 8 acquisition of a number of photographs 
of the Moon after transearth injection (TEI). 
Illumination conditions closely matched thos<· for 
Luna III (less than 7° differeIH'<'), and viewing 
directions were not grossly different during this 
phase of photography. 

For Luna III, tlw subspacecraft point was 

17° N, 117° E. For Apollo 8 frame 2506-B, the 
e01-respo11ding C'oordinates were 8° S, 67° E, a 
differc·ncc of 25° latitude and 50° longitude. To 
foeilitatP eompari:-;011 of the photographs, an image 
of frame 2506 wa1, projected onto a precision 
:36-inch-diameter matte-white hemisphere using 
a 10½-ineh-foeus lens for nearly correct restora
tion of the g<-'ometry. The direction from which 
this image wai, then photographed was approxi
mately the same as that of the Luna I II photo
graph, although the correct scale distance could 
not be duplicated. Figure 2-2 is a reproduction 
of this recentere<l view. Figure 2-3 is a somewhat 

Fwmm 2-a.-~Best Luna III frame with Soviet nomen
clature added. 

cleaned-up version of the best high-resolution 
Luna III frnmP, originally published in references 
2-1 and 2-2. A considerable degree of corre
sponclene<' exists between the two figures, par
ticularly whe11 viewed with a stereoseope. 
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DISCUSSION OF NAMED 
FEATURES 

E. A. WHITAKER 

PROVISIONALLY APPROVED 
NOMENCLATURE 

The 18 new names given to far-side features 
by the Moscow group were submitted to and 
provisionally approved by the International Astro
nomical Union (IAU) in 1961 (ref. 2-3). Of these, 
12 are covered by the Apollo 8 photography. It is, 
therefore, comparatively simple to ascertain the 
topographical nature and charted coordinates of 
these features via the sequence: Luna III map to 
Luna III photograph to recentered Apollo 8 
photograph to appropriate Lunar Orbiter photo
graphs to Aeronautical Chart and :information 
Center (ACIC), USAF, Lunar Farside Chart 
LFC-1. The latter records only 3 of the 12 names 
in question, namely Joliot-Curie, Lomonosov, and 
Tsiolkovsky. The remainder are discussed briefly. 

1. Giordano Bruno.-Although at the center of 
a major ray system (fig. 2-4) which extends onto 
the earthward hemisphere as far as :Mare Crisium, 
this sharp crater is only about 25 km in diameter. 

FrmmE 2-4.-Apollo 8 frame 2209-D showing Giordano 
Bruno ray system and other named features. 

It is best seen on Lunar Orbiter V ~1-181 and is 
charted at 37.7° N, 102.5° E, on LFC-1. 

2. Maxwell.-This is a 100-km-diameter for
mation with a dark, flat floor, overlapped by 
Lomonosov (fig. 2-4). It is best seen on Lunar 
Orbiter V M-181 and is charted at 31° K, 99° E, 
on LFC-1. 

3. Edison.-Edison is a 60-km-diameter, dark
floored formation contiguous with Lomonosov 
(fig. 2-4). It is best seen on Lunar Orbiter V 
l\l-181 and is charted at 26.2° K, 100° E, on 
LFC-1. 

4. Popov.-A 6-km-diameter crater situated in 
an ill-defined bright area (fig. 2-4), Popov is best 
seen on Lunar Orbiter IV M-146. It is not charted 
on LFC-1 but would be situated at 15.5° N, 
97.5° E. 

5. Hertz.-A 10-km-diametercraterwithasmall 
nimbus, Hertz is situated on the floor of a larger 
crater (fig. 2-4). It is best seen on Lunar Orbiter II 
M-196 and is charted at 11.5° N, 98.7° E, on 
LFC-1. 

6. Lobachevsky.-This feature is a vague, dark
ish area that does not correlate with a crater. 
The area is best seen on Lunar Orbiter II M-196 
and is centered at 8° N, 110° E, on LFC-1. 

7. Pasteur.-A sharp-edged crater some 30 km 
in diameter with moderately bright walls, Pasteur 
is surrounded by a vague nimbus. It is best seen 
on Lunar Orbiter II M-196 and is charted at 
9° S, 109° E, on LFC-1. 

8. Sklodowska-Curie.-The central crater of this 
small but conspicuous nimbus is only 5 km in 
diameter. Best seen on Lunar Orbiter II M-196, 
it is charted at 21.2° S, 99.5° E, on LFC-1. 

9. Soviet Range (Montes Sovietici).-This elon
gated bright area was misinterpreted as a moun
tain range by the Moscow group (ref. 2-4). The 
author previously interpreted the marking as two 
distinct overlapping ray systems (refs. 2-1 and 
2-2), a conclusion confirmed by Apollo 8 photo
graphs. The center of the southernmost ray system 
is a sharp-featured crater 35 km in diameter, best 
seen on Lunar Orbiter III M-121 and charted 
at 5.7° S, 121.5° E, on LFC-1. The center of the 
more northerly system is a 90-km-diameter crater 
with sharp features and a large central peak. It is 
poorly depicted on Lunar Orbiter I M-136 (over
exposed) and Lunar Orbiter IV M-122 (low reso
lution). It is charted at 4° N, 120° E, on LFC-1. 
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PROPOSED NO;\1ENCLATURE 

At the 1\)67 General Assembly of the IAC, it 
was agreed that the new 11ames for lunar far-side 
features suggested by the Soviets on the basis 
of their Luna II I and Zond I II missions should 
be held in abeyancP until a speeially appointed 
subcommittee could examine th<' whole question 
taking the far-side Lunar Orbiter photography 
into account. As a guideline, it was decided that 
about 500 new names be usPd; that is approxi
mately the number of cratns 50 km in diameter 
or larger that are present on the far side. 

The following recommendations will be for
warded to Commission 17 (Tlw :\foo11) of the 
IAlT by the author for action by the Subcommittee 
on Lunar Nomenclature: 

l. The natures and coordi11ate positions of the 
following features are confirmed: Giordano Bruno, 
.:\faxwell, Lomonosov, Edit-on, Joliot-Curie and . ' Ts10lkovsky. 

2. The following names should be reassigned: 
Popov, Hertz, Lobachevsky, Pasteur, and 
Sklodowska-Curie. 

3. ;\fontes Sovietit:i (SoviPt Range) is incor
rectly classified. 

4. ThP source craters of tlw bright ray system, 
which was misinterpreted as a mountain range 
by the Soviets, should receive names. The northern 
crater will receive a name autoruatieally because 
of its diameter, but the diametrr of the southern 
crater is less than 50 km. Giordano Bruno is also 
less than 50 km, but the retPntion of its name is 
indicated because of its extensive ray system. 

GEOLOGY 

PRELIMINARY COMPARISON OF APOLLO 
8 AND LUNAR ORBITER PHOTOGRAPHY 

RoBERT G. STRo,1 

Introduction 

Both the Apollo 8 and Lunar Orbiter photog
raphy are good sources of information for geologic 
and terrain studies of the lunar surface. The 
Lunar Orbiter photography provides high-reso
lution coverage of practil'ally the entire surface 
of the Moon. However, the Apollo 8 photography 
has several important advantages over the Lunar 

Orbiter data, and although it docs not' replace 
tlw Lunar OrbitPr data, the Apollo 8 photography 
doc>s supplement the records. 

The Apollo 8 photography has provided good 
stPreoscopie c-overage unhampered by the slightly 
offset strips characteristic of the Lunar Orbiter 
photographs. It i:-1 now possible to obtain accurate 
quantitativP measurements of the elevations and 
slope angles of relatively large areas of the lunar 
imrfacc by standard photogrammetric techniques. 
AccuratP contour maps and accurate positioning 
of features 011 the back side should now become 
a reality. 

Relatively distortion-free, full-disk lunar photo
graphs \\WP obtained from Apollo 8. These will 
enable the selenodesist to make accurate position 
mcasureme11ts and better detem1ine the figure of 
the Moon. 

Because the Apollo 8 film was returned to 
Earth, it was possible to process it under con
trolled conditions. Therefore, the Apollo 8 photo
graphic prints have a greater dynamic range than 
the Luuar Orbiter prints; one result is that the 
Sun-exposed slopes show considerably more detail 
than comparable Sun-exposed slopes on the Lunar 
Orbiter prints. 

One of tlH' most valuable aspects of the Apollo 8 
photography is that extensive photographs under 
high-illumination conditions (Sun angle greater 
than or equal to 50° from the horizontal) were 
obtained for large areas of the lunar far side. 
This achievement has resulted in much new infor
mation that has an important bearing on geologic 
interpretation and terrain studies, and which 
should be of significance to future lunar ground 
operations. 

Also new with Apollo 8 is vertical high-resolution 
tem1inator photography (Sun angle less than or 
equal to 7° from the horizontal), which shows 
very small elevation differences and emphasizes 
fine structural detail. The Lunar Orbiter records 
contain only several medium-resolution photo
graphs with Sun angles less than 7°, and even 
these are not well exposed near the terminator. 

Resolution 

A preliminary evaluation of the resolution of 
the Apollo 8 photography indicates that the verti
cal 80-mrn lens records have a resolution slightly 
better than the best Lunar Orbiter photographs 
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of the far side taken with the 610-nun lens. This 
greater resolution is due to the fact that the 
Apollo 8 spacecraft was at an altitude of 110 km 
above the lunar surface, whereas the Lunar 
Orbiter spacecraft was at an altitude of approxi
mately 1300 to 1400 km over the far side. It is 
possible to resolve craters of approximately 60 
meters in diameter on the high-resolution Lunar 
Orbiter photographs and of approximately 50 
meters on the Apollo 8 photographs of the far 
side. However, the Apollo 8 prints used in making 
the comparison are sixth generation and, there
fore, may be subject to an approximate 10- to 15-
percent loss in resolution over the original film. 

The Apollo 8 250-mm lens vertical photography 
taken from lunar orbit was recorded on color film 
SO-368. The resolution is approximately three 
times better than the 80-mm lens photography, 
recording craters as small as 17 meters in diameter. 
However, the prints made from the color trans
parencies and used in making the comparison are 
fifth generation and are, therefore, subject to an 
approximate IO-percent loss in resolution over the 
original film. 

In summary, the Apollo 8 vertical photography 
has a resolution approximately 1.2 to 4.2 times 
higher than the best Lunar Orbiter photography 
of the lunar far side. A more accurate determi
nation of the Apollo 8 photographic resolution 
must await examination of the original film. 

High-Illumination Photography 

One of the most important aspects of the Apollo 
8 photography is the acquisition of high-resolution 
photographs under high-illumination conditions. 
For the first time, it is possible to compare topo
graphic features photographed by Lunar Orbiter 
under relatively low lighting conditions (phase 
angle of approximately 20°) with the same features 
photographed by Apollo 8 under high lighting 
conditions (phase angles greater than or equal to 
50°) and with approximately the same resolution. 

Figures 2-5 to 2-8 are pairs of Lunar Orbiter 
and Apollo 8 photographs of the same areas taken 
under different lighting conditions. The Lunar 
Orbiter photographs were all taken at a relatively 
constant Sun angle of approximately 20° from the 
horizontal, while the Apollo 8 frames record Sun 
angles varying from 34° to 77°. As the Sun angle 
becomes greater, differences in albedo become 

FrnuRE 2-5.-Comparison of photography of same area 
(11 ° S, 17 4 ° E) on the lunar far side. (a) Portion of 
Lunar Orbiter II frame H-33 (Sun angle 20°); (b) 
Apollo 8 frame 2081-D (Sun angle 34°). 

more apparent. On the Apollo 8 photograph in 
figure 2-5(b), albedo differences are just beginning 
to appear at a phase angle of 34°, and it is still 
easy to recognize topographic features by their 
shadows. At the higher phase angles (51 °, 62°, 
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Fwum,: 2-6.-Comparison of photography of same area 
(13° S, 157° E) on the lunar far side. (a) Portion 
of Lunar Orbiter II frame H-75 (Sun angle 19°); 
(b) Apollo 8 frame 2100-D (Sun anglP 51.5°). 

and 77°), shown respectively in figures 2-6(b), 
2-7(b), and 2-8(b), the albedo differences are 
readily apparent; but it becomes considerably 
more difficult to recognize elevation differences 
because of the lack of shadows. 

The surface of the Moon at high phase angles 
is covered by thousands of small bright spots and 
streaks which were observed visually and de
scribed by the Apollo 8 astronauts. These bright 
spots and streaks represent either the relatively 
steep slopes found on the interiors of craters and 
sides of hills, or rays and nimbi surrounding small, 
sharp craters. Examples of bright interior crater 
slopes are indicated at A in figures 2-6(b) and 
2-7(b). These craters are sharp rimmed and bowl 
shaped, as seen on the matching low-Sun-angle 
Lunar Orbiter photographs (A in figs. 2-6(a) and 
2-7(a)). The crater in figure 2-6 is about 8 km 
in diameter and 1.5 km deep, while that in figure 
2-7 is about 10 km in diameter and 2 km deep. 
Judging by the extinction of shadows in craters 
of similar size and shape on other Apollo 8 photo
graphs, the interior slopes arc between 30° and 
40°, the most likely angle being roughly 35°. On 
the interior f'llopes near the rim crest, the material 

FwuRt; 2-7. --Comparison of photography of same area 
(l-t 0 S, l-t!i0 E) on the lunar far side. (a) Portion 
of Lunar OrhitPr I frame H-115 (Sun an11:IP 20°); 
(b) Apollo 8 framt· 2112-D (Sun angle 62°). 
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FIGURE 2-8.-Comparison of photogrnphy of same area 
(12° S, 127° E) on the lunar far side. (a) Portion 
of Lunar Orbiter I frame H-136 (Sun angle 21°); 
(b) Apollo 8 frame 2129-D (Sun angle 77°). 

has a mottled appearance, which grades down
slope into alternating dark and light streaks, the 
bright streaks being dominant over the dark. 
These bright streaks and patches probably repre
sent newly exposed surfaces resulting from the 
downslope movement of the material. 

Terminator Photography 

Tlw Apollo 8 mission Rucceeded in obtaining 
wf'll-Pxposed vertical terminator photography at 
pha:-w anglP8 !es;; than i 0

• Tlw Lunar Orbiter 
rPcords contain only a few medium-resolution 
photographs with Sun angles less than i 0

, and 
evpn these arP not well Pxpm,ed near the termi
nator. This type of photography is important, 
because it shows very small elevation differf'I1ees 
and Pmphasizes fine structural detail that is not 
apparent on photographs taken at higher Sun 
anglPs. Analy:,;is of terminator photography is not 
only important to t hP geologic interpretation of 
surfaee features but it is also helpful to mobility 
studies for roving vehicle:,;. 

Figure 2~9 is an Apollo 8 photograph taken at 
5° 8, 153° \V, near the :,;tmset terminator at a Sun 
angle of 2°. This photograph shows numerous 
shallow depressions and swales that are not visible 
at higher Sun angle;;. Cnfortunately, all well
exposed Apollo 8 vPrtieal high-reimlution termi
nator photography was takrn of the highlands on 
the far Ride of the l\foon. The astronauts described 
the marr surface very 1war the sunrise terminator 
as having undulations similar to the surface of 
the sea. It is important to determine if these 
slight undulations are no more than features simi
lar to the shallow deprN,sions and swales seen in 

Fwunt; 2-!I.-Apollo 8 frame 2048-D of lunar far side. 
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figure 2-9, or if there is some fundamental differ
ence between the very gentlr topography of the 
maria and highlands. 

Summary 

The Apollo 8 photography is an important 
source of new information for geologic and terrain 
studies of the lunar surface. Several of the new 
aspects of this photography include: 

1. Undistorted stereoscopic coverage along a 
continuous strip of terrain of more than 
4800 km. 

2. Relatively distortion-freP, full-disk lunar 
photographs. 

3. High-resolution photography exhibiting a 
continuous variation of Sun angles from 0° 
to 80°. 

The resolution of the Apollo 8 vertical pho
tography is roughly 1.2 to 4.2 times higher than 
the best far-side Lunar Orbiter records, and thus 
provides the highest resolution of the lunar far 
side acquired to date. 

Conclusions from a comparison of the Lunar 
Orbiter low-illumination and Apollo 8 high-illumi
nation photography include: 

1. The degree of brightness is directly related 
to the inclination of the slope; the steeper the 
slope the brighter it is at high Sun angles. 

2. The bright interior slopes of craters result 
from the downslope movement of material, ex
posing fresh surfaces. 

3. All small craters with bright rays and nimbi 
on the high-illumination Apollo 8 photography 
correspond to sharp, fresh-appearing craters on 
the low-illumination Lunar Orbiter records. How
ever, not all small sharp-appearing craters on the 
Lunar Orbiter records are bright on the high
illumination Apollo 8 photographs. Since the 
bright-halo craters are apparently the freshest 
craters, it appears that the examination of high
illumination photography is the best method of 
determining the degree of freshness of craters. 

4. For safety reasons, bright, blocky crater 
halos and bright, possibly unstable, slopes should 
be initially avoided in ground operations. How
ever, bright craters may be ideal for gathering 
fresh rocks that have been excavated from the 
solid subsurface layer. 

PRELIMINARY INTERPRETATIONS OF 
LUNAR GEOLOGY 

D. E. WILHELMS, D. E. STUART-ALEXANDER, 

AND K. A. How ARD 

Lunar Far Side 

The Apollo 8 photography augments the Lunar 
Orbiter photography of the far side. For the first 
time, good high-illumination photographs were 
taken from a spacecraft so that areas of different 
reflectivity could be delineated; in particular, 
rayed craters and mare areas. Reflectivity as seen 
on near-full-Moon photographs has been an es
sential tool in small-scale (1: 1 000 000 and 
1: 5 000 000) lunar geologic mapping, and the lack 
of high-resolution reflectivity data has reduced 
the effectiveness of large-scale mapping. Such data 
are useful in estimating relative crater ages, lo
cating rough terrain (bright), and identifying 
young volcanic deposits (dark). The Apollo 8 
far-side photography also includes the best termi
nator photography obtained from a spacecraft. 
Both the high-Sun and low-Sun vertical photo
graphs show good detail of the area directly under 
the orbital track, and the oblique photographs 
reveal a mountain range that had not been pre
viously identified. 

Two extensive ray systems that just overlap 
are shown in high-illumination Apollo photo
graphs. A discussion of these ray systems, forming 
the so-called Soviet Mountains, and the source 
craters is given in the section of this chapter 
entitled "Discussion of Named Features." These 
two relatively small craters must be among the 
youngest on the Moon. Other such brightly rayed 
craters will probably be found from future high
illumination photography of the rest of the lunar 
far side. 

Albedo variations are quite distinct in most 
high-Sun photographs (fig. 2-10). The abundance 
and wide distribution of fresh, rayed craters, down 
to the smallest resolvable sizes, are particularly 
impressive. Most of the ray patterns are sym
metrical; however, several bright-rayed craters 
display ray-excluded zones. A discussion of this 
fact and of possible causes is given in the section 
of this chapter entitled "Craters." 

Albedo differences are also distinct on mare 
surfaces. For example, Mare Smythii, whose cir
cular form shows up with exceptional clarity, 
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FIGURE 2-10.-Stereoscopic pair (Apollo 8 frames 210.'l-D and 2104-D). These photographs were taken at high Sun 
illumination and show various geologic features surh as stripes in mass-wasting debris on ernter walls; horizontal 
structure high on rrater walls; numerous small, bright <'raters; and topographic features barely visible monoscopieally. 

appears in one high-illumination picture to have 
a partial dark border around a lighter interior (fig. 
2-2). This is reminiscent of the wider dark border 
of Mare Humorum. Apparently, some of the 
youngest and darkest volcanic products are em
placed at the margins of circular basins. 

Light and dark stripes running down crater 
walls much like stone stripes in talus are common 
(fig. 2-10). A zone of irregular, but generally 
horizontal, stripes is characteristically observed 
higher on the walls. The horizontal separation 
probably represents two kinds of mass wasting 
above and below a break in the slope along crater 
walk SomP horizontal stripes appear to be con-

tinuous around a number of craters and almost 
certainly represent a layer or a rock ledge. 

The oblique shots from Apollo 8 arc also useful 
because they cover a wide field of view and because 
relief features are seen more clearly. One inter
esting discovery from the oblique photography is 
a mountain range 200 km long located at 20° S, 
160° W (fig. 2-11). This mountain range docs not 
seem to be associated with any crater or basin. 
The range is also discernible in the upper center 
portion of Lunar Orbiter I frame M-38. 

The strip of continuom; photographic coverage 
makes conspicuous any variations in normal ter
rain patterns. For example, oddly patterned terra 
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F10URE 2-11.-Mountain range on lunar far side (Apollo 8 
frame 2319-E). 

consisting of numerous subdued hummocks and 
swales, but containing few fresh craters, was 
identified at latitude 10° S, longitude 180° E. The 
topography is similar to the probable-volcanic 
units of the lunar near side in the vicinity of the 
craters Zupus and Descartes, and is crossed by an 
unusual round scarp or flow front similar t•) a 
mare ridge. (See the section of this chapter en
titled "Possible Volcanic Features.") These fea
tures had been overlooked until they were seen 
in Apollo 8 photographs, but reexamination of 
Lunar Orbiter photographs showed that the un
usual texture extends over a broad region to the 
south. A second area of interest is a field of 
secondary craters selected from Lunar Orbiter 
photography as Apollo Target of Opportunity 
(ATO) 12 at 9° S, 164° W. Although the intricate 
pattern of secondary craters, gouges, and linea
ments in this area is displayed in detail by Apollo 
8 photographs, the wide views of the Lunar 
Orbiter pictures are necessary to see the relation 
of the secondaries to their source craters and to 
the surrounding terrain. The Apollo 8 and Lunar 
Orbiter pictures are clearly complementary. 

Lunar Near Side 

It was hoped that additional photography could 
be obtained of large areas of the eastern front 
side and east limb where Lunar Orbiter photog
raphy is inadequate for reliable regional geologic 
studies. This section of the report describes the 

extent to which knowledge of this region has been 
increased by Apollo 8 photography or can be 
improved by future lunar photography. 

The south and east parts of the Crisium basin 
and the adjacent so-called lake country of small 
irregular maria were photographed poorly by 
Lunar Orbiter, and one location along the east 
Crisium basin margin was missed completely 
because of light-struck film. The same area 
was covered by Apollo 8 photography, but 
all of the photographs have relatively poor 
resolution. However, many of the photographs 
are useful for positioning of features, be
cause they give a perspective that is different 
from Earth-based and Lunar Orbiter photographs. 
The color pictures of magazine B taken during 
TEI of large parts of the lunar disk centered 
near the eastern limb (fig. 2-2) fill in the previous 
coverage, provide an excellent perspective, and 
have better resolution than the Earth-based photo
graphs. However, their resolution is less than that 
of the Lunar Orbiter photographs. The complex 
maria in this east-limb region can be mapped 
from these color photographs. Other coverage is 
on black-and-white film. Numerous photographs 
of magazine G (the high-speed film) cover this 
area and much of the rest of the eastern part of 
the Moon. These pictures have resolutions typical 
of Earth-based photographs, although again with 
a different perspective. Frames 2863 to 2866 are 
the best photographs taken of this entire area 
during the Apollo 8 mission and, therefore, for the 
area along the east Crisium basin margin missed 
by Lunar Orbiter, the best of all photographs. 
It is unfortunate that the Apollo 8 photographs 
were not taken with finer-grained film and a 
longer focal lens, or both. (The writer is not sure 
whether these photographs were taken with the 
80-mm or 250-mm lens.) Photographs on magazine 
D (frames 2203 to 2206), taken with the 250-mm 
lens during TEI (before the color photographs 
were taken), also give useful regional views of 
the Mare Crisium/lakes region, although they 
show smaller areas than the other magazines and 
have poor resolution (film-grain limited); frame 
2206 covers the totally missed spot. Other frames 
taken with the 250-mm lens on this magazine 
give similar regional views of the area farther 
east, at and beyond 90° E. Frames 2181 to 2184, 
which induck• part of the lake country, were 
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taken obliquely with the 80-mm IPns; therefore, 
their resolution is also quite low, cwn though 
they were taken in lunar orbit. 

Mare Fecunditatis, the Sec chi peninsula ( target of 
opportunity (T/O) 78a), and l\fare Tranquillitatis 
were photographed most often by fonvard-looking 
obliques. A large block of photographs of this area 
is on magazine E. One sequence (frames 2339 to 
2345)-in addition to some rather dark, poorly de
tailed pictures of Messier and Messier A (T/O 75), 
Mare Fecunditatis, and the Secchi peninsula
includes two excellent, well-exposed, and well
illuminated scenes in Mare Tranquillitatis taken 
with the 250-mm lens. One of these (fig. 2-12), 
which includes the Cauchy rilles and Cauchy 
domes (T/O 87, frame 2344), shows the area 
better than does any Lunar Orbiter photograph 
and is useful in spite of the extreme obliquity 
and low resolution. The same description applies 
to the other frame (2345, fig. 2-13) in the vicinity 
of landing site 1 where, unfortunately, the window 
cuts off the landing site 1 from view. The so-called 
training sequence (frames 2271 to 2309) is an 
improvement over Lunar Orbiter IV photography 
in approximately the first two frames, where the 
near scene is within the poor Lunar Orbiter IV 
frame H-61. The next frames, however, within 

FrnuRE 2-12.-Cauchy domes and rilles (Apollo 8 frame 
2344-E). 

FrnuRE 2-13.-The crater Maskelyne F and the area 
north of landing site l (Apollo 8 frame 2345-E). 

the area covered by Lunar Orbiter I frame M-41 
and Lunar Orbiter IV frames H-66 and H-73, 
are not particularly useful. The western, near
terminator pictures in the vicinity of landing site 
1 arc underexpo;;:cd and are north of landing site ] 
proper. The only good frames in this sequence 
are frames 2300 to 2309 (fig. 2-14), which were 
taken when the camera was pointed back. The 
film sensitivity had also improved greatly, pos
sibly through prefogging. Crater densities, fine 
textures in several geologic units (including one 
probably like that in landing site 1, unit tm in 
fig. 2-14), and relations among mare ridges (show
ing overlap of a subdued ridge by a sharp one) 
are all brought out in the low-Sun illumination 
(fig. 2-14). 

The part of the continuous strip of magazine C 
that falls within the Fecunditatis-Secchi-Tran
quillitatis area has too low a resolution to be any 
more useful than even the poorest Lunar Orbiter 
photographs, because it was taken at an extreme 
oblique angle and with the 80-mm lens. The only 
useful parts of the latter strip on the front side 
are those near the subspacecraft point; namely, 
those in the eastern parts of frames to approxi
mately 2798 covering the terra east of Langrenus. 
These frames have better resolution than the 
Lunar Orbiter photographs of the same area. 
Ages of craters are easier to determine from the 
Apollo 8 photographs than from the Lunar Orbiter 
photographs, because the details of mass wasting 
seen on Apollo photographs are more diagnostic 
of age than the details of topography seen on the 
Lunar Orbiter photographs taken at a lower Sun 
angle. Forward-looking obliques taken with the 
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c Crater material 
c<'i Irregular crater material, dust,·rn (volcanic·) 
ci Irregular crater material, singl<' 
d Dome material (voleanic'/) 
m Mare material 
mh Hilly mare material (small vokunic constructs'!) 
mr Undivided mare ridge material 
mr1 Older mare ridge material 
mr2 Younger mare ridge mafrrial 
th Hilly terra material 
tm Terra-mantling material (similar to that in site 

2 P-2'/) 
ts Smooth terra material 

Contact 
Inferred con tact 

WJJ Depression 

T Scarp 

Frnuai; 2-14.-Area northeast of landing site I. 

80-mm lens are best out to approximately 5° from 
the subspacecraft point and are useful out to 10°. 

Frames 2779 to 2788, magazine C, are in the 
vicinity of Mare Smythii and include some of the 
ring craters (possible calderas) characteristic of 
this region. The photographs have a much higher 
resolution and a very different illumination than 
the best Lunar Orbiter picture, IV H-27. A com
parison of Lunar Orbiter and Apollo pictures 
taken at different illuminations was one of the 
main objectives of Apollo 8 photogmphy, and the 
vicinity of Mare Smythii is the only place it can 
be done with near-vertical pictures taken on the 
near side. (For the results of this comparison, see 

the ,mbseci ion "Rayed Craters and Bright-Halo 
Craters'' i11 the sPction of this chapter entitled 
"Craters.") 

The obliques taken with the 250-mm lens near 
the terminator of the Goclenius-Capella area 
(magazinP E) (for example, fig. 2-15) arc a con
siderable improvement over Lunar Orbiter IV 
H-65. The typP of terrain can be identified; the 
agp of craters and other units can be estimated by 
their fm,hncss; and cmters on plains surfaces can 
be counted. The photographs are also an improve
ment over Lunar Orbiter IV H-72, but less so, 
because the latter are fairly good. The main ob
jective achieved by the sequence was to fill in the 
Colombo area (T /0 73). A large number of the 
targets of opportunity selected to be taken on 
this mission are nearby, but most of them are 
Pither not within the strip taken or they are 
shadowed by higher peaks. The only ones seen 
arP the .McClure cluster (T/O 72) and the hilly, 
probably volcanic materials (T/O 84). These illus
trate the potential value of target preselection. 
However, the other Apollo 8 pictures add infor
mation on the fine textures of craters and rela
tively flat-lying materials that permits their classi
fication. It is co11eluded that pictures taken with 
the 250-mm lens out to 12° to 14° from the 
groundtrack are useful for geologic purposes. 

Extreme obliques taken near the terminator 
south of the track after the Goclenius-Capella 

FIGURE 2-15.--Part of Mare Fecunditatis and the craters 
Goelenius, :\fagelhaens, Magelhaens A, and Colombo 
A (Apollo 8 frame 2225-E). 
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pass (also magazine E) show the crater Daguerre 
(T/O 94) and much of Mare Nectaris. The copies 
of these which were available for study are too 
dark to be useful, but copies viewed earlier at 
the NASA Manned Spacecraft Center were good 
and potentially useful. However, these extremely 
oblique photographs should be used in conjunction 
with vertical photographs from Lunar Orbiter, 
which show shapes in plain view better than 
Apollo 8. Southwest of Daguerre is a cracked, low, 
circular, dornelike area about 30 km in diameter 
that is cut by fresh cracks and split into blocks 
standing at various levels. This feature was ob
served on Lunar Orbiter photographs (H-72), but 
its raised, domelike character was not recognized 
until the Apollo 8 picture, which was taken at a 
lower Sun illumination. It is one of several probable 
volcanic features in this margin of Marc N ectaris. 

There are two sequences in magazine E taken 
at an extreme oblique angle of the Sinas-Jansen
Vitruvius area (including T/O 106 and T/O 107) 
near the terminator north of the track. One se
quence (frames 2846 to 2850) has the proper 
exposure to bring out useful detail at the very 
low Sun angle and gives by far the best pictures 
of this area. Details of mare ridges and a variety 
of domes are brought out by shadows. The other 
sequence (frames 2334 to 2338) is too dark to be 
useful. (At least, the copies available to the 
writers are too dark.) The good pictures among 
these demonstrate that near-terminator photog
raphy is always desirable even at extreme oblique 
angles, provided it is properly exposed. 

Targets of opportunity taken oblique'y in the 
east-limb region, where the Sun angle was inter
mediate (39° to 63°), yielded approximately the 
amount of information hoped for when taken ,vith 
the 250-mm lens. The photographs (taken on 
magazine E) are an improvement in resolution 
over Lunar Orbiter photographs of the same re
gion, and neither the lack of strong shadows nor 
high albedo contrast prevents information from 
being extracted. The best of these T/O photo
graphs is that of T/O 65, the crater Kapteyn 
(frame 2270). Its angle of obliquity (6° from the 
groundtrack) is quite satisfactory for good per
spective and resolution, and details of the mass
wasting process of its slopes can be seen. Other 
pictures, though good, yield few new geologic 
results. Target of opportunity 58, thought to be 

a fairly fresh crat<'r with secondaries (franws 2262 
to 2264), turned out to b<' not RO fresh and was 
partly missed; the pictures ar<' of little int('rest 
excPpt as fill-in. Crater Behaim (T/0 63), with a 
domical central peak (frame,, 2268 and 2269), 
was well photographed, although the angle wuR at 
approximately the extreme of usdulneRs (10° from 
the ground track); howewr, 1 he pPak lacks detail, 
and nothing was learned about its origin. The 
crater Ansgarius was also included with these 
targets and provides a view of older, large craters. 

CRATERS 

Crater Characteristics 

F. EL-BAz 

Introduction 

Apollo 8 photography will be of value in the 
study of the cratering process in general and 
probable impact crater,; in particular, because 
areas on the far side of the Moon that are heavily 
populated with probable impact craters received 
good photographic coverage with favorable light
ing and viewing conditions. Some craters of prob
able volcanic origin, however, were also photo
graphed. 

Some of the more imposing impact features were 
photographed following TEI, where near-full
Moon photographs (frames 2462 to 2506, maga
zine B) display a number of bright-rayed craters. 
Several of the familiar probable impact craters 
on the Earth side are clearly visible (fig. 2-2). 
Th<' crater Humboldt is in the lower part of the 
photograph, and the mare-filled crater Tsiolkovsky 
iR near the lower right edge. Tv.ro bright ray sys
tem,; forming the so-called Soviet Mountains 
dominate the area in the middle portion of the 
photograph (figs. 2-2 and 2-4). 

At high-Sun angles, details of impact craters 
are well recorded. This is particularly true in the 
case of fresh or relatively young craters, where 
the usually bright ejecta surrounding the crater 
contrast strongly in albedo with their surround
ings. For this reason, most of the vertical as well 
as the oblique high-Sun photographs taken by 
the Apollo 8 crew appear "peppered" with small, 
bright spots, many of which are surrounded by 
radial ray systems (fig. 2-10). The Apollo 8 astro-
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FIGURE 2-18.-Crater rays. (a) Ray-excluded zones around 
probable impact craters (Apollo 8 frame 2869-G); (b) 
oblique view of craters Messier and Messier A. N otc 
the zero-phase point directly below the craters. The 
Sun angle is 17° (Apollo 8 frame 2341-E). 

at 11 ° S, 165° W. The interior walls of the crater 
are terraced, and the terraces display layering. 
The crater has an irregular but fresh-appearing 
central peak, and the floor is strewn with large 
mounds of rock. The outer rim of the crater shows 
characteristics of impact-produced ejecta, includ
ing a number of secondary crater chains. Lunar 
Orbiter I photograph M-28 shows that the crater 
has a well-developed bright-ray system. 

Figure 2-20 is a set of Apollo 8 photographs 
depicting large blocks of lunar rocks. One segment 
of the crater is enlarged in figure 2-20(a). The 
layering is brought out by the effect of shadows 
(Sun angle 17°). In this 250-mm lens view, block 
fields are quite evident on the floor, along the 
terraced walls, and on the crater rim. Two large 
blocks, larger than 100 meters in diameter, are 
circled; one is on the rim and the other on the 

crater wall. Many other blocks are visible, es
pecially near the upper edge of the photograph. 

In figure 2-20(b), large blocks are clearly seen 
on the shadowed crater wall in the middle of the 
photograph. The area illustrated in figure 2-20(c) 
is within 5° on the lunar surface from the crater 
in figures 2-19 and 2-20(a). In the center of the 
photograph, a small trough cuts through an old, 
subdued crater. Near the southern end of the 
trough, a large north-south-trending ridge or block 
can be seen clearly. This ridge resembles a half
buried disk standing on edge. A block near the 
northern end of the trough displays a similar 
form. (The block circled on the outer rim of the 
impact crater in fig. 2-20(a) bears similarity to 
this form.) 

Other blocks were observed visually by the 
Apollo 8 crew on the central peak of Tsiolkovsky. 
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FIGURE 2-19.-lmpact crater with well-developed field of secondaries (Apollo 8 frame 2245-E). 

In agreement with studies relating block size to 
crater size, the large blocks observed by Apollo 8 
occur in and around large craters. No doubt 
many small blocks arc present in association with 
smaller craters on the far side, but. they were not 
resolved by the lenses used. 

Crater Chains 
Continuous and/or discontinuous chains of 

craters and crater clusters are common on the 
lunar surface. Many of these arc similar to vol
canic crater chains on the Earth and may be the 
product of lunar volcanism. Others appear to be 
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FIGURE 2-20.-Apollo 8 photographs depicting large blocks 
of lunar rock. (a) Frame 2328-E, (b) frame 2266-E, 
(c) frame 2060-D. 

the product of ejected material from impact craters 
and are described as secondary crater chains. 

Apollo 8 photography includes several examples 
of crater chains (figs. 2-21 and 2-22). In figure 
2-21, a crater chain is made of several round-to
elongated craters alined in one direction. The 

ii 

I 
I ~:, 

. ' 
(c) , 

f 

chain is discontinuous; the crater in the lower 
right corner of the photograph is separated from 
the rest of the chain. Between this crater and the 
next one in the chain is a trough which is probably 
a graben. The four craters in the middle are of 
approximately e>qual size but of varying depth. 
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FIGURE 2-21.-A probable volcanic crater chain (Apollo 8 frame 2673-C). 

The largest depression, on the upper left end of 
the chain, has an elongated form, a raised-but
not-very-sharp rim, and an irregular interior. This 
interior is suggestive of a crater pair rather than 
of a single crater. These characteristics imggest 

that the chain is of internal origin; that is, that 
it is a volcanic crater chain. 

The photograph in figure 2-22 was taken at 
low-Sun angle, about 7°. Although shadows cover 
part of the crater interiors, much detail is clearly 
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FI<lURE 2-22.~-A prohahle secondar~· rrater c•hain (Apollo 8 frame 205:{-D). 

visible. The crater chain running from the lower 
right to the upper left parts of thP photograph is 
different from the <"rater l'hain described prP
viously. In this case, a largP, l'longated depression 
abuts against a crater with a polygonal form. 
Following a break in the chain, a crater cluster 
made of craters similar in shape is seen. The 
eratcrs of the cluster are of difforPnt sizPH, but 
thPir depths arP proportional to their sizes. 

Both parts of the crater chain are surrounded 
by lineaments, which form an irregular V-shape 
pointing toward the lower right end of t hP chain. 
Such feature;; have been called "herringbone" 
structures and are thought to be the product of 
deposition of material from ejecta streams that 
are secondary to a larger impact crnter. (See the 
section of t hi;; chapter entitled "Hyper;;onic Gas 
Flow.") Thi:,; array is located at about 5° S, 
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157° \V. It bears similarity to other chains of 10- 5 

craters and crater clusters previously photo-
graphed by Lunar Orbiter IV. The array i1-- bP-
lieved to be, and probably iR, Reconciary to t hr 
craterlike Mare Orientalr. 

Small cratrrR also form continuous and/or dis
continuous chairn;. Apollo 8 nmr-tPrminator pho-
tography of the lunar far side includeR several 
exampleR. 

Rayed Craters and Bright-Halo Crater;; 

NEWELL J. TRASK AND GORDON A. S\\ANN 

It has long been known that contrasts in the 
albedo of lunar surface materials show up moRt 
clearly under high angles of Sun illumination. 
Spacecraft photographs have indicated clearly 
that this effect extends to small features, especially 
craters with rays and bright halos. Very few rayed 
and bright-halo craters are seen on photographs 
taken with low angles of Sun illumination in 
contrast to numerous such features on higher-Sun
angle photographs. The photographs taken by the 
Apollo 8 crew include many with angles of Sun 
illumination higher than those of any previous 
spacecraft photography. As expected, these high
Sun-angle photographs show a myriad of bright 
spots at the positions of craters with rays, bright 
halos, and walls. These craters are of interest 
because they are the youngest features on the 
Moon and may be surrounded by fresh ejecta of 
lunar bedrock. Also, they may pose hazards to 
landing spacecraft. 

Direct comparison of several of the Apollo 8 
frames can be made with Lunar Orbiter photo
graphs of comparable scale taken with much lower 
Sun angles. Seventy-five craters on part of Apollo 
8 frame 2787-C on the east limb appear to have 
rays or bright halos, compared to 18 craters in 
the same area covered by Lunar Orbiter IV H-27. 
Corresponding numbers on Apollo 8 frame 2112-D 
on the far side and Lunar Orbiter I H-115 are 
65 and 12, respectively. Thus, many craters in 
the Apollo landing sites may have rays or bright 
halos that are presently unrecognized. Figure 2-23 
shows a typical cumulative count of bright-halo 
and rayed craters from Apollo 8 photography. 
Only craters having a clearly defined bright halo 
or set of rays were included; bright spots which 

------ Typical curve ror "fresh" craters, 
Lunar Orbiter photographs or 

landing sites 

Frequency of rayed and 
bright-halo craters from 

Apollo 8 photography 

Crater diameter, meters 

F1r.uRt; 2-2:l.-Frequency of raypd and bright-halo craters 
on Apollo 8 photography rompared with frequency of 
"fresh" or eumorphic crnt!'fR on low-Sun-illumination 
photographs. 

might be only the bright walls of craters were not 
included, although many are probably small, 
bright-halo craters. Also shown is a typical count 
of so-called eumorphic or "sharp" craters in 
Apollo landing sites ma<le from low-Sun-angle 
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photographs. Allowing for differences in judgment 
as to what constitutes a sharp crater, the two 
curves are in essential agreement for crater diam
eters of 100 meters. Accurate counts of rayed and 
bright-halo craters for diameters less than this 
cannot be made on the Apollo 8 photographs 
presently available to us; and whether the two 
curves continue to agree to smaller sizes is not 
known. High-Sun-angle photography with higher 
resolution could answer this question. Nor is it 
known if the points for the bright-halo and rayed 
craters apply equally to the areas studied and to 
the Apollo landing sites, but it seems likely that 
they do. Visual comparison also shows clearly 
that some large, sharp craters (up to several 
kilometers in diameter) do not have bright halos, 
although they do have bright walls. Apparently, 
the rays and bright halos are of such a thickness 
that they have been destroyed on some large 
craters, although this degradation has not ap
preciably changed the apparent sharpness of the 
rim crest. 

An important observation made during the 
comparison of the Apollo 8 and Lunar Orbiter 
photographs is that several craters on sunward
facing slopes are not especially sharp and yet have 
distinct bright halos. These craters have somewhat 
fuzzy, indistinct halos on the Lunar Orbiter pho
tography, and it was not clear if these were 
genuine bright halos or were some sort of optical 
effect developed on the bright, sunward-facing 
slope. The first interpretation now appears to be 
correct. In annotating large-scale photographs of 
the Apollo landing sites for use in the onboard 
data package, al1 mappers noticed similar ques
tionable bright-halo craters without sharp rim 
crests on sunward-facing slopes. Some of these 
were shown as bright-halo craters, but many were 
not. It now appears that the number of bright
halo craters in the landing sites should be in
creased at least by these examples which earlier 
were in question. The bright-halo craters without 
sharp rim crests probably are morphologically 
subdued from the time of their formation because 
of the instability of loose debris on the slopes. 

Assessment of the hazards posed by the probable 
increase in the number of rayed and bright-halo 
craters in the Apollo landing sites depends on the 
interpretation placed on these features. The usual 
interpretation is that the rays and bright halos 

around small craters (10 to 100 meters in diameter) 
consist of blocks quarried from lunar bedrock 
beneath the lunar regolith that have not been 
exposed to the darkening effects of space radiation 
(ref. 2-5). Thus, the number of subresolution 
blocks around small craters in the Apollo landing 
sites may be higher than currently anticipated. 
If this interpretation is correct, however, there 
should be a limiting diameter below which craters 
do not have bright halos or rays; the limiting 
diameter at any point would depend on the local 
thickness of the regolith. Estimates of the thick
ness of the regolith in the landing sites range 
from 1 to 10 meters (ref. 2-6); new craters up to 
40 meters in diameter might lack ejected blocks 
if they formed in an area of the thickest regolith 
development. Other origins for rays and bright 
halos should not be ruled out at present. The 
importance of pulverization, grain size, and grain 
shape in producing rays has been emphasized 
(ref. 2-7); and an origin as sublimates resulting 
from the impact of cometary debris has been sug
gested by some. Determination of whether or not 
there is a cutoff in bright-halo craters below a 
certain diameter that correlates roughly with the 
thickness of the regolith would have an important 
bearing on the validity of these theorie8. 

Hypersonic Gas Flow 

J. A. O'KEEFE, w. s. CAMERON, AND 

HAROLD MASURSKY 

High-resolution lunar photography, especially 
that of Apollo 8 and Lunar Orbiters IV and V, 
shows a curiou8 set of markings, denoted "grass 
raking" by the Apollo 8 astronauts, around most 
of the large impact craters. Near Tycho, Co
pernicus, Aristarchus, Masting C, and the un
named far-side crater at 11 ° 8, 165° W, a pattern 
is visible, the predominant element of which is a 
kind of braid. Figure 2-19, from Apollo 8 photo
graphs, shows a 8harp, new, far-side impact crater. 
Figure 2-21, centered near 7° S, 167° W, shows 
part of the pattern near the same crater. Figure 
2-24 from Lunar Orbiter V shows part of the 
pattern near Copernicu8 with its "bird's-foot" 
pattern. Lineations are seen which form approxi
mately equal angles with the radius from the 
center of the crater. In 8ome region8, the8e line-
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fIGURls 2-24,-Chain of secondary craters of Copernicus, showing bird's-foot pattern (Lunar Orbiter V frame M-144), 

ations are visible as appendages to craters, es
pecially when these craters occur in lines, In other 
areas, the lineations are not obviously associated 
with craters but simply extend across the surface. 
The characteristic thing about the lineations is 
that, wherever they are observed, they make, in 
any given region, a definite angle \\'.ith the radius 
from the center of the associated crater. 

The markings may be caused by splashing of 
ejecta from secondary craters. Similar markings 
have been experimentally produced (ref. 2-8) by 
hypersonic turbulent flow in wind tunnels (fig. 
2-25). These markings are also found on reentry 
heat shields. 

It has been shown that the Ries suevite pro
duced by shock metamorphism accompanying the 
impact event has lost most of its water (ref. 2-9). 
Similar results are known for the other impact 

glasses (ref. 2-10). Even if the amount of water 
contained in the lunar rocks is small, the strong 
heating of many cubic miles of rock by a large 
impact event will produce large volumes of gas. 

Great impact events are thought to produce a 
base surge similar to those produced by atomic 
blasts (ref. 2-11). The base surge is a particulate
material-laden mass of gas that pours out over 
the surrounding region with high velocity after 
the event. Perhaps deposits formed by this 
mechanism surround young lunar craters like 
Censorinus, Masting C, Aristarchwi, and the Mare 
Orientale basin. 

On the lunar surface, the base surge would 
expand into a vacuum and reach very high ve
locities. At a temperature of 2000° C, the velocity 
of sound in the gas is probably near 1 km/sec, 
and the Mach angle from the patterns appears 
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Tunnel conditions 
Pressure = 1600 psia 
Temperature = 1500' R 
Time • l sec 

FmuRE 2-25.-Pattern produced by hypersonir turbulent 
flow in a wind t11nr1Pl. 

to be at 10°. The Mach number is then 6 or more, 
and the velocity of flow is 4 km/sec. Since the 
velocity of escape from the Moon is 2.5 km/sec, 
this mechanism seems to offer the possibility of 
removal of material (refs. 2-12 and 2-13) from 
the lunar surface by ablation of this kind. That 
is, the deposits surrounding impact craters, the 
peculiar marking around secondary crater chains, 
the" grass raking," and the ejection of fragments 
from the lunar surface may be caused in part by 
the hypersonic gas flow. 

POSSIBLE VOLCANIC FEATURES 

Landforms 

F. EL-BAz AND H. G. WILSHIRE 

Only a few probable volcanic landforms werP 
photographed by Apollo 8. The section of this 
chapter entitled "Preliminary Interpretations of 
Lunar Geology" includes descriptions of several 
areas where regional volcanism appears to have 
been responsible for some surface units and struc
tures. In the section of this chapter entitled 
"Craters," probable volcanie (Taters and crater 

chains (fig. 2-21) were described. The following 
is a brief description of the constructional land
forms which may be the products of volcanism. 

A few steep-sided cones with elongated and 
breached summit pits were photographed by 
Apollo 8. One such positive feature is illustrated 
in figure 2-26, where the hill (18 km in diameter) 
is surrounded by an apron of lower relief. Although 
the Lunar Orbiter photograph H-36 of this site 
suggests that the feature may possibly be the 
result of impaet, the feature probably constitutes 
a volcanic cone and associated flows. A similar 
example is seen in Apollo 8 frame 2686-C. In 
this casP, a steep-sided cone with a breached 
summit crater (approximately 10 km in diameter) 
occurs nl'ar the centrr of a large flat-floored crater. 
Here again, this frature may be an impact crater 
on a small hill. 

The only probable volcanic domes observed in 
the photography are the Cauchy domes, which 
are clearly visible in frame 2344 (fig. 2-12). The 
Sun angle and viewing direction of this photograph 
were suitable for the delineation of the difference 
in appearance of the smooth-surfaced, broad, low 
domes with distinct summit craters from that of 
the rugged domes. 

A number of flows and flow fronts of probable 
volcanic origin were detected in the Apollo 8 
photographs. At least two examples are pictured 
in figure 2-27. A crater, which is cut by the upper 
right edge of the photograph, displays a raised 
rim and an extremely irregular floor. The floor is 
strewn witl1 irregular, positive features and a 
number of small craters. The rim crest of the 
crater appears to have been the starting point 
of a number of flows. One flow trends in a south
easterly direction and ends in a pool of dark 
material. The floor of a large crater southeast of 
the pool also displays a flow front reminiscent in 
gross morphology of those on the northeastern 
floor of the crater Copernicus (which may be 
debris flows). 

Scarps which may be flow fronts of volcanic 
material or debris are seen in the left portion of 
figure 2-27. One of these is very sharp and clearly 
delineates at least one generation of dark mantling 
material. The scarp cuts across several craters, 
which suggests, alternatively, that it may be a 
fault scarp or at any rate tectonically controlled. 
A crater located near the lower end of the pictured 
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FIGURE 2-26.-Stereogram of area on lunar far side depicting a probable volcanic rone (Apollo 8 frames 2055-D and 
2056-D). (a) Frame 2055-D, (b) frame 2056-D. 

FwuRE 2-27.-Probable volcanic or debris flows (Apollo 8 
frame 2687-C). 

part of the scarp is about 18 km in diameter. 
This crater displays a subdued rim and a dark 
apron of mantling material in a subradial texture. 

Other flow lobes are more likely to have origi-

FrnuRE 2-28.-Apollo 8 frame 2709-C, showing debris 
flow Johe. 

nated as debris flows rather than volcanic flows. 
An example, which may be seen in Apollo 8 frame 
2709-C (fig. 2-28), is a conspicuous narrow lobe 
which extends from the inner wall of a large 
crater toward its center. 
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Sublimates 

E. A. WHITAKER 

The possibility has recently been discussed (ref. 
2-15) that some of the bright markings observed 
on the lunar surface at small phase angleR might 
be caused by deposits of certain materials which 
have sublimed during internal lunar heating. Since 
that time, Lunar Orbiter photographs have re
vealed other featureR which may tentatively be 
ascribed to sublimated substances, because their 
appearance is not easily ascribed to any of the 
normally accepted lunar surfacr processes. 

These markings may be divided into two classes. 
The first is exemplified by a number of white
topped hills in the general area north of Mare 

Vaporum (which could, however, be bedrock ex
humed from burial by dark mantling materials). 
The second clasR iR exemplified by the well-known 
marking, Reiner 'Y, and, more particularly, by the 
chain of bright patcheR extending both north and 
south of this feature. Lunar Orbiter IV frames 
H-157 and H--162 Rhow that these markings do 
not correlate with surface topography. 

Lunar OrbitPr photography has revealed the 
presencf' of two more regions displaying such 
markings. One rPgion is centered at 35° S, 165° E, 
and is best seen on Lunar Orbiter II frame M-75; 
the other if- situated immediately north of Mare 
.:\farginis and is partially visible on Lunar Orbiter 
II frame M-196. 

Some Apollo 8 photographs display this region 

FIGURE 2-29.-Unusual surface markingR in region of northern Mare l\larginis and ,·rater Goddard (from Apollo 8 frame 
2208-D). 
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under high illumination. In thei'ie photographs, 
the full extent of thii'i unui'iual group of rnarkingi'i 
can be appreriated. Figure 2-29 illu:-,tratei'i the 
brightest region of these markings, whirh surround 
the large dark-floored crater Goddard, and should 
be eompared with figures 10, 11, and 12 of refer
ence 2-15. Clearly, morP work needt-; to be done 
on the:-;e ft,aturei'i lwfore any firm conclusions can 
be drawn. 

COLORIMETRY 

GENERAL STATEMENT-THE COLOR OF 
THE MOON 

E. A. WHITAKER AND A. F. H. GOETZ 

C 'onfusion hm, arisen over apparently conflicting 
estimates of the color of the surface of the Moon. 
The astronauts' most frequent lunar descriptions, 
such as "gray" and "whitish-gray," agree with 
measurements made by Surveyor III (ref. 2-16). 
However, precision measurements made from the 
Earth definitely show that the color is not pure 
gray but, as the astronauts also suggested, rather 
a brownish gray. Correctly exposed color films, 
taken either from lunar orbit or from the Earth, 
invariably display a warm rather than a cool tint. 

It hm, long been recognized that the color of 
the lunar surface is not entirely monotonous, but 
that snuill differences of tint are displayed by the 
maria (ref. 2-17). More recently, it has been 
found that the color also changes with phase, a 
phenomenon caused by differential polarization 
at different wavelengths. The mean relative re
flectivity of the lunar surface compared with a 
completely nonselective reflector is illustrated in 
figure 2-30 and is based on data given in reference 
2-18, which also gives the transmission data for 
th£> filter:-; used. Any substance which reflects a 
continuous spectrum in the manner exemplified 
by figure 2-30 will appear browner, or warmer, 
to the eyP than the illuminating light.. 

Comparisons of measurements of the color of 
th£> 1\foon and of the color of a distinctly brown 
Hawaiian lava showed the lava to be the browner 
(ref. 2-19). A comprehensive study of lunar surface 
colors has shown that evPn the "bluest" areas 
(for example, Aristarchus) are somewhat brown
ish, a result obtained Parlier (ref. 2-20). 

A numlwr of investigators have attempted to 
interpret c·olor differPnces measured from tlw 

Earth as caused by differences in particle size 
(refs. 2-21 and 2-22), age (refi'i. 2-23 and 2-24), 
or composition (ref. 2-25). A strong argument 
has been made in favor of compositional differ
ences being the cause of color differences, based 
on the results of an extensive series of differential 
photometric measurpments. 

If subsequent evidence proves th£> correlation 
between spectral reflectivity and composition, and 
sufficient "ground truth" can be obtained, accu
rate high-resolution color measurement will be n 
useful tool in geologic mapping of the lunar 
surface. 

Photoelectric photometry is the most accurate 
means for making spectral reflectivity meas11re
ments. Accuracies of 0.1 percent were obtained 
(ref. 2-25). However, at the present time, pho
tometry is a slow, point-for-point method, not 
suitable for large-area coverage or convenient data 
display. With some sacrifice in accuracy, photo
graphic methods can be used. By using micro
densitometry, photographic plates can be analyzed 
for quantitative color differences; but, again, data 
display is difficult, and the method is time con
suming. Telescopic color-difference pictures that 
give qualitative color information in image form 
have been produced (ref. 2-26). ln this method, 
a print is produced from a sandwich of a blue 
negative and a red positive plate. Color bound
aries, particularly in mare regions, are easily de
tected. Errors are introduced, however, because 
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of the difficulty of aceura tPly t'ontrolling the 
photographie development and n•pr(J(lueticm proC'
e8Se8 over a wide dynamic rangP. 

An image-processing method has hec>n developed 
to utilize the high information contc>nt and good 
display charaderistics of photography and to 
circumvent tlw diffieultiPs of standard miero
densitornetry in ordPr to obtain quantitativP eolor 
information. Details of this nwthod will hP dis
cussed in thP following seetion. 

A study of difforential rnlor photometry (r<'f. 
2- 25) reveals that a largP number of speetral 
curves, partieularly in tlw nrnr<' rPgions, exhibit 
a nearly linear behavior in thP wavclc>ngth rPgion 
of 4000 to 7000 A. ThPrPforP, tllC' gr<'afrr tlH' waw
length separation of thP points in tlw spt>etrum 
observed, thP grPatPr tiH' diff Pren('<' signal ob
tained. Typical differences obtai1H'd across color 
boundaries in the maria, aftPr albedo normali
zation, arP 4 to 7 pPrcent. Such eolor differenees 
arc not detectablP by th<' Pyr• or on eolor film 
without special enhancPment tPrlmiqueR. 

APOLLO 8 COLOR EXPERIMENT 

A. F. H. CoETZ 

Introduction 

Apollo 8 presented a uniqm• platform from 
which to perform high-mmlution lunar colori
metric photography. A.II pn·,·ious spectral reflpc
tivity or color mea1mrenwnts, with tlw exception 
of those made by Surveyor (n•f. 2-16), have been 
maclc from the Earth when• PVPll good atmoR
pheric Reeing limitR rcRolution to approximately 
I km at the lunar sulwarth point. FurthPrmorP. 
no far-sidP color mea.surPmPnts had beell undPr
taken prior to Apollo 8. 

The Experiment 

The dcRign of the Apollo 8 two-rnlor experiment 
was largely dictated by h:mlwan' and mission 
constraints. Color-separa1 ion photography 011 
black-and-white film wa.s thl' ollly fPasible method 
for obtaining quantitative eolor information from 
orbit. Two filters were chosPn to give the grPatPst 
wavelength Reparation r·ommPllsuratP with space
craft-window transmission and film-sensitivity 
eonstraints. The filters, -t7B (cPJ1tPr w:tvPlength 

-1350 A) and 29+0.GND (center wavelP11gt.h 
(WOO A.), wPre moullted ill a slid<• devii_·e, whieh 
attaclwd to tlw lPlls ill lieu of a filtPr. Exposures 
were nrnde altPrnatel_v through eaeh filter. ThP 
time lwtween exposures was lPss than 5 seconds. 
Csillg the• Hasselhlad <'amera and 80-mm lens, 
lunar-surfac•p resolution from orbit was expected 
to he .50 nwt.ers, approximately 20 tinms great.er 
than the hPst Earth-h:t.sed tPlescopP photography. 

Data Return 

For opt•rat ional rP:t.sons, 1w scheduled T/0 pho
tography, ineluding red-blue filter photography, 
was earriPd out in the nillth orbit. At this time, 
t lw filter holdPr was us<'d to rPducP tiH' light IPvel 
in the tPlevision c·amPra. Following TEI, a llUlll
ber of red-bluc• photographs WPI'l' takc•n with 
the 2,50-mm h•ns. A.ceidr•lltally, ;3:3 expo
surPR wPn' m:ull' on :-40-:368 (!'olor) film and 
were, thPrPfore, not usable for allalysis. Un
fortunatPly, these wc•re the best exposures made, 
:i..-; the images filled almoRt tlw P11tire frame. 
~hortly aftPr TEI, eight pairs of rPd-hlue photo
graph.s wc•rp Pxpo:--ed on type 2485 high-speed film. 
This film had !wen inte11ded for dim-light photog
raphy, but was exposed aerording to the plan for 
type 3400 film. Thirteen t>xposurPs were also made 
using the polarizing filters. Ko expoRure calibration 
was made l)('forr• processing the 2485 film (maga
zinP G). ThPreforP, 110 quantitative color data 
ran be retriPved from these images. :\fogazine E 
(type :3400 film) contain;; 10 pairs of red-blue 
exposur<'S. However, the full-Moon, quarter-phase 
images measuJ'{' only 8 nun or less in diameter, 
making th<'rn misuitablP for analysis. 

Image Processing 

The requirenwnt for reduring a large llUmlwr 
of color-sPparation photographs to obtain high
resolution, quantitative eolor data preelucled the 
use of standard microdensitometry methods. 

The .Jet Propulsion Laboratory (,JPL) Image 
Procf.'ssinl,!; Laboratory offered to assist ill the 
analysis of Apollo 8 two-color photography. The 
prm·ess is a variation of routi1ws used in tlw 
analysis of otlwr typps of photography (rPk 2-2i 
and 2-28). 

To dPvl'lop and test the method, telescope 
photograph;-; of se,·l•ral lullar arPas wPrP takP11 
through a spaePtraft window and through tlw 
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appropriate filtel'8. The film and processing wcrP 
identical to that usPd for thP Apollo 8 flight. 
Sensitometric calibration strips wPrP prP<>xposPd 
through thP sarnP filters. 

Both the film and the ealibration strip:-- were 
digitized with a scanning spot size of 2.5µ. A 
10 000-picture-Plement (pixel) sample of eaeh cali
bration step wa.'l scanned. Plots of the digital 
number (DN) versu:-- density (D) of thP initially 
exposed wedges produe<'d overall system ealibra
tion curve:--, DN versus the logarithm of th<' ex
posure (log E) for each of the filters. 

Each picture was scanned several times, and 
the multiple seam, were averaged to minimize 
noise, after which a geometric correction program 
was used to register the red and blue pictures to 
each other. These became the master input pic
tures for the processing. 

Each picture was then converted to the log E 
domain through application of the appropriate 
calibration curve to each pixel. The relative ex
posure between pictures was then adjusted to 
give an equal DN in each picture in an area 
defined by observation to be gray. Subtraction 
of one picture from the other i:,; the equivalent 
of taking the ratio of the exposures, which results 

FIGURE 2-31.-Mare Imbrium, including Plato and Sinus 
lridum, taken at .\fount Wilson Observatory. This 
photograph was taken through :Mount Wilson's 24-
inch telescope through an Apollo spacecraft heat
shield window using 35-mm 3400 film and a 47B 
(blue) filter. The original negative was scamwd with 
a 25µ spot size and the tape replayed to produ!'e 
this photograph. 

in a "picture" that is independent of overall 
albedo differenees, the negative values of which 
repre:--ent varying Rhades of one color, while zero 
represents gray, and positive values represent the 
other color. The colors are progressively more 
intPnRe as the DN departs from zero. 

FigureR 2-31 and 2-32 are the original, scanned 
photographs, taken with 47B and 92+0.6ND 
(center wavelength 6600 A) filters, respectively. 
Plato, Sinus Iridum, and a portion of Mare 
Imbrium are visible. Figure 2-33 is the difference 

FIGURE 2-32.-Same as figure 2-31, but taken through a 
92+0.6ND (red) filter. 

FrouR~: 2-33.-Blue-minus-red differenee picture. In this 
photograph, boundaries exhibiting uniform color in 
spite of albedo contrasts, such as the eastern rim of 
Sinus Iridum, demonstrate the dynamic range and 
good resolution a!"hieved by this method. 
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picture in which the light areas are blue and t hP 
dark areas are red. The diffrrrnces have bern 
expanded to nearly fill the dynamic range of thP 
processor. A point known as l\Iare Imbrium 2 
(ref. 2-25), located southeast of HPradiclPs Prom
ontory, was chosen to be gray. 

The major color boundary in :\Ian• Imbrium 
has been measured photoelPC'lrically (ref. 2-25). 
A color differenee of 5.5±0.5 pPr<'ent wa,- meas
ured across the boundary at t lw points l\IarP 
Imbrium 3 and 4. The corrPsponding differeneP 
found by in1age proePssing i;; 5±2.5 percent. 

PHOTOMETRY 

AN INVESTIGATION OJ<' THE LUNAR 
HEILIGENSCHEJN 

E. A. WHITAKER 

The occurrence of the heiligenschein as a ter
restrial phenomenon has undoubtedly been known 
since ancient times. More recently, it has been 
described and its production attributed to two 
distinct phenomena (refs. 2-29 and 2-30): 

1. Internal reflections within transparent beads 
(as in beaded projection screens, reflective tape, 
and paint) or drops (as in dew on a lawn). 

2. A shadowing phenomenon in structures such 
as vegetation, whereby all shadows are hidden at 
very small phase angles. 

Recent work (ref. 2-7) has shown that a number 
of terrestrial substances display a distinct heiligen
schein effect; but, from this work, it not possible 
to decide whether or not other phenomena may 
also be effective. 

Photometric work (ref. 2-31) has established 
the fact that the brightness of all illuminated 
portions of the Moon increases rapidly near full 
Moon. A similar effect was noted and measured 
(refs. 2-32 and 2-33) in the case of the asteroids. 
It was found that, for phase angles greater than 
approximately 5°, brightness increased linearly 
(on a logarithmic scale) with decreasing phase: 
but, for angles less than 5°, the brightness in
creased much more rapidly. This nonlinear surge 
was termed the "opposition effect." Later, a simi
lar phenomenon on the Moon was noted and 
measured (ref. 2-20), the brightness at 1 ° phasP 
being almost 50 percent greatPr than at 5°. Prior 

lunar photometry (refs. 2-34 and 2-35) is not 
sufficirnt ly preci,;e to sPparate thi,; opposilion 
effect from the general linear phas<' effect. 

From t hr work reported in reference 2-20, it 
was prPdictPd that the surface of the Moon should 
display a strong heiligenschein. This prediction 
was first c-onfirmed by photographs transmitted 
by 8urV<•yor I (rpf. 2-36) in which the shadow of 
the camera is seen to be ,;urrounded by a bright 
halo sevrral degrrrs in diameter. Although a few 
photographs tran:smitted by Lunar Orbiter V in-
1·ludP t IH' zpro-phase point, tho,;e Apollo 8 photo
graph:,; that include t hi:-; point afford the fir,;t 
opportunity to make detailed measurements of 
thr lunar heiligrrn,chein. For accuratP work, a 
reeording microphotometer should he useJ and 
allowancp:-; ,;houlcl l){' made for vignetting and 
other gronwtrieal effects. However, as an interim 
procedure, two frames (frames 2126 and 2148) 
which :-;howeJ minimum albedo differences in the 
arra of the heiligenschein were chosen. A trans
parent millimeter scale was attached, in turn, to 
each of the:-;e frames (which were in the form of 
po:-;itive film transparencies), and measurements 
of den,;ity were taken at eight 1-mm intervals in 
each direction outward from the brightest point 
using a simple visual spot densitometer. Two of 
the 8em,itometric step wedges at the tail of thr 
film were also measured. 

Once the density differences of the original 
wedge steps and the scale of the photograph were 
known, the actual relative reflectivity of the lunar 
surface at various angular distances from thr 
zero-phase point was easily determined. The re
sults are presented in table 2-1. 

To determine the brightness/phase-angle curve 
for larger phase angles, it i,; advantageous to make 
use of the integrated brightness measurements of 
Rougier (in ref. 2-37). The lunar photometric 
function has been correctly shown (ref. 2-38) to 
be the product of thr followin11: three phase func
tions: 

1. The phase function of the particles forming 
the "fairy castle" layer. 

2. The Lommel-SPeliger term cosi/ (cos i+cos f) 
for the visible shadowing within that layer, where 
i is the angle of ineidencP and f is thr anglr of 
emergencP. 

3. A rPtrodirPC'tivr function which corrPC'ts tlw 
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TABLE 2-I.-Measurements of the Heiligenschein 

[Film gamma al den,ily of lll•ilige11.sehPi11 =:l.2: inrng,
st:ale for SO-mm fo(·11.s lP11S = 0. 72° /mm I 

--~-~---

Distance frnm I Eq11ivale111 I _\[ea11 _film I Equivalent 
zern phase, mm degree, de11,1t y bright 11e,, 
________ , _____ ! ____ .__ ---

0. ti 1. [.j 1.011 
I. .7 1.:w .HO 
:!. 1.4 1.40 .S4 .. 2.2 1.4!i .7S "· 
4. 2.H I • ,->tl .,.-) 
."i. :i. (i 1.61 . 7'2 
6 .. ... 4 .:{ 1.6.i,i . 70 
7. .,.0 l.(i\l .GS 
8 .. ... .-, .8 1.7:l .titl 

last term by allowing for t hP hiding of those 
shadows at small phase angles. 

The expression used in reference 2-38 for thi,; 
last term is not correct, however, and a more 
accurate expression has now been obtained. The 
author of this section has al,;o ,;hown that an 
excellent fit between Rougier's results and theory 
(in ref. 2-37) can be obtained by assuming a bulk 
density of about 40 percent (60 percent porosity) 
for the fairy-castle layer and a Lambert function 
for the individual particles (in the small-phase
angle range used here). By adapting the function 
to the conditions of the measured frames (phn.-;e 
angle= angle of emergence; angle of incidence= 
constant at about 0°), the solid line in figure 2-34 
is obtained. The vertical bars indicate Rougier's 
measurements of the waxing and waning Moon 
also adapted to the preceding conditions. The 
heiligenschein measurements have been plotted 
so that the value for 5° phase angle agrees with the 
Rougier value. 

As noted in reference 2-38, the steepness of the 
retrodirective function depends solely upon the 
bulk density of the reflecting layer. A retro
directive function can be fitted to the heiligen
schein peak, but it is then impossible to fit the 
Rougier results except by using a very peculiar 
and unknown phase function for the particles. 

In summary, the lunar heiligenschein is the 
result of two distinct phenomena. Shadow-hiding 
in the fairy-castle layer causes a brightening of 
about 2.2 percent per degree for phase angles 
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between 20° and 0°. In tlw range of 5° through 
0°, however, an additional nonlinear brightening 
occurs that boosts the reflectivity by an extra 
35 percent beyond t.lw c-xtrapolated zero-phase 
value. This brighkning is presumably similar to 
the phenomenon obsern•d and reported in refer
em·P 2-7, and may he eaused by an internal 
reflection effeet and/or some other pffect (for 
PxamplP, diffract.ion) not yet investigated. H<•
gardi11g the possible translucency of tlw particlP:-1, 
the Lambert phase function for the partieles !'<'

quires an additional fador of 0.08(1-c·os u) 2, when• 
(I is phase angle. This may be partly an indication 
of translucency. Even more interesting are t.lw 
rece11t polarimetric studies carried out, at various 
wavelengths, at the Lunar and Plaiwtary Labora
tory of the University of Arizona. In these studies, 
the lunar results can be duplicated only by parti
eles which display some degree of translucency. 
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THEORETICAL PHOTOMETRY 

H. A. PoHN, R. L. WILDEY, AND H. W. RADIN 

Introduction 

The Apollo 8 photographs have provided a 
wealth of data for :--tudiP=- of tlw lunar photo
metric function: 

1. ThP first calibrated lunar photograph at less 
than about 1.5° phase anglP and the first obser
vations of the heiligcn,;chein. 

2. The first zPro-phasc photography of the lunar 
for side. 

3. ThP best-calibratPd high-resolution lunar 
photography to date>. 

4. The first high-rPsolution photometric data 
on original film. 

The Apollo 8 pictures provide tlw first oppor
tunity to detPrmine the lunar photometric func
tion in the vicinity of zero phase without ex
trapolation. Tlw picturP=- also provide the fir,;t 
opportunity for an accuratP dPtermination of the 
photometric function, in a single terrain unit, 
over a fairly wide range of photometric angles. 

Significance of Photography 

Since the Earth subtend:-: an angle of about 2° 
(diameter) at the Moon, and the Sun subtends 
about 0.5°, the closest possible approach to zero 
phase for telescopic observation,; is about 1.5° at 
the center of the disk. (The range is from 1.25° 
at the limb nearest eclipse to 1. 75° at the far 
limb, for no penumbra! shadowing.) The photo
metric function rises sharply with decreasing phase 
angle in this region; therefore, the extrapolation 
to zero phase is subject to error. Apollo 8 photo
graphs are the first ones taken from lunar orbit 
to contain the zero-phase point within the range 
of calibration. 

Advantages of Apollo 8 Photographs Over Earlier 
Data 

Most earlier photometric analysis has been done 
from Earth-based tele:-:copic photography. (Lim
ited photoelectric observations have been carried 
out.) Apollo 8 photographs have much higher 
resolution, a much wider range of photometric 
angles in a single terrain unit, and freedom from 
atmospheric "seeing" effects. In comparison to 
earlier lunar missions, the paramount photo-

graphic aceomplishment of Apollo 8, from the 
standpoint of photometry, is the return of the 
film. (The imaging system also has a higher degree 
of basic· intPrnal photometric integrity.) The re
turn of the film to Earth permits better calibration, 
more uniform proce,;sing, and a wider dynamic 
range than has been achieved in the past. The 
inherent errors of indirect picture transmission 
are also avoided. 

FruuR~: 2-:J5.--Apollo 8 frame 2148, showing zero-phase 
point. 

F1<a:1n: 2-:Hi.· -Portion of Lunar Orbiter II frame M-1!16. 
showing !oration of Apollo 8 frame 2148. 
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Preliminary Results 

An isodcnsity truer of t IH' zero-phase region of 
Apollo 8 frame 2148 (figs. 2-35 to 2-37) shows 
that the photometric function iTHTC'ases much 

Fwmrn 2-:3i.-Apollo 8 oblique frume 2751, ,,howing lo
cution of Apollo 8 frame 21-!8. 
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FrnuRE 2-:l8.-Lunar photometri<' funf'tion near zero 
pha~(l. 

mon' sharply with de(Tcasing phm,l' angle than 
was previou,-ly beliPvPd. Lunar rcflPetivity is about 
20 1wrcent higlwr at zpro phasP than at a 1.5° 
phas<> anglP. An approximatP c·urvP is shown in 
figure 2-38; thPsP rP,mlt,- arc :-ubjrct to latPr 
refinement. 

PHOTOJ\IETRIC FUNCTION HEDCCTIONS 

J.orns L. DHAGG .Prn IIAHOLD L. Pn101t 

The Apollo 8 photography offrred t IH' first 
opport unit.y 1 o perform dPt ail<>d photometric rP
duct ion at zero pha:-;e. (At this condition, Surveyor 
and Lunar Orbiter photographs rea!'IH'd satura
tion, and telescopic observations are occulted.) 
Approximately 60 franws including t lw zPro-phasP 
point were recorded on Apollo 8 magazincR C' 
and D, type 3400 black-and-whitP film. Six of 
these franws, all from magazinP D, were selected 
for a quick-look analysis: 2124, 2134, 2138, 2145, 
2147, and 2149. Selection of thcsP particular 
frames was basPd on t hr following: 

l. They \Vere taken at a mmera aperture of 
f /11 \\'here camera lens ('alibration was available 
for relative transmission off-axis. All magazine C 
frames were taken at f /5.6. 

FIGURE 2-39.-Apollo 8 frume 21·1i-D, showing densi
tometer tnLC'P, prinripal point, and ZPro-pbase point. 



42 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND V!Sl:AL OBSEHVATIONS 

3.0 

2. 8 

2. 6 -....-.--~ --- Micrcxlens1tometer trace 

~ 
.:---

.,, 
~ 2.4 
Cl 

2.2 

2. 0 

1.8 
Zero-phase point 

FIGURE 2-40.-Apollo 8 frame 2147-D master positive traces and points. 

2. All frames were taken approximately verti
cally, allowing simplified geometrical calculations 
based on single densitometric scans through the 
principal point and zero-phase point. Magazine C 
frames were taken with a 12° camera pitch angle. 

The principal point and zero-phase point were 
located on each frame, and densitometric traces 
(figs. 2-39 and 2-40) were extracted from frame 
edge to frame edge through these points. A second
generation master positive was used for all scan
ning. A mean brightness trace was fitted to each 
microdensitometer trace. The assumption was 
made that variations of the microdensitometer 
trace from the mean brightness trace were caused 
by local variations in albedo and slope, and that 
the mean trace corresponded to a uniform sphere 
and albedo. Eighty-two data points were ex
tracted, and the phase angle g and luminance 
longitude a computed for each data point. Con
version of the microdensitometer data to exposures 
was performed through the use of sensitometric 
strip 4B (fig. 2-41) preexposed onto the head end 
of the flight film. The exposures were corrected 
for lens transmission characteristics, but have not 
been corrected for potential spacecraft-window
transmission effects. The values for each frame 
were then normalized to zero phase. 
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Data points within each frame were limited to 
approximately 20° or less, both in phase angle 

Fwu1n: 2--t 1.-D lo~ E curve for 8trip 4B, Apollo 8 
magazine D. 
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FwuRE 2-42.-Data points for various luminance longitudes (a). 

and luminance longitude. Data points and fitted 
curves are plotted (fig. 2-42) for a=0°, 4.7°, 9.4°, 
-4.7°, -9.4°, -13.95°, and -18.1°. The curve 
for zero a is also plotted against the JPL fits 
(ref. 2-39) to data of Fedorets and Sytinskaya, 
with all curves normalized to zero phase. The 
results show (fig. 2-43) a better fit to the Sytins-

kaya data, with a slightly sharper falloff from 
zero phase. This sharper falloff may be an im
provement in the function, or it may be indicative 
of an adjusted function for the highlands of the 
lunar far side. The data scatter does indicate that 
additional and more detailed reduction of this 
type is warranted from the Apollo 8 photography. 
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VISIBILITY AND APOLLO 8 
PHOTOGRAPHIC RESULTS 

K. ZrnoMAN 

Introduction 

Visual observations by the Apollo 8 crew have 
increased the knowledge of lunar-feature visi
bility. The photographic records document some 
of these observations and are an additional source 
of data for studying lunar photometric functions 
and visibility problems. The purpose of this sec
tion is to summarize the observational and photo
graphic results as they pertain to visibility and 
to compare the results with previous studies and 
simulations. In particular, the question of Sun
elevation-angle constraints during L~'1 landing is 
reviewed, 

Summary of Results 

The terminology for the viewing conditions of 
interest is illustrated in figure 2-44. For simplicity, 
only tlw in-plane case is diagramed. Critical view
ing conditions for lunar operations arc those for 
looking near and at the zero-phase point, for 
viewing at high-Sun angles, and when the oh
,;erver-line-of-sight (OLOS) elevation angle 8A iR 
less than the Sun-line-of-sight (SLOS) elevation 
angle 88 . The washout that occurs at the zero
phase point and the loss of contrast that occurs 
when 8.1 iH lPss than 88 have been thought to 
prPsent a serious problem for lunar module (Ll'vl) 
landing. In addition, substantial difference,; in 
surface appearanee oceur between the relatively 
flat and homogeneous smooth maria and the 
rougher highlands. The former, of course, are of 
interest for the first three or four landing missions, 
whereas the· latter arc of intere,;t for the later 
exploration-oriented missions. 

The most important of the Apollo 8 obser
vations arc the following: 

1. The zero-phase washout is less severe and 
more limited in size than anticipated. 

2. Albedo differences, especially in the high
lands, assist vi,.;ibility to a greater extent than 
anticipated. 

3. Detail eould be Heen in :-;hadows. 
4. Surface fpatures could be Reen under earth

shine. 
Thc> general decrease in topographic information 

at higher Su1t angles, c,;pecially relative height 
information, was much as expected. The latter is 
illustrated in figure 2-45, which shows two frames 
from the fourth-revolution stereoscopic strip of 
roughly comparable terrain for low- and high-Sun
a1tgle conditions. The overall flattening and loss 
of terrain-height information in the high-Sun
anglc frame is apparent; however, substantial de
tail ean still bP seen because of albedo difference,;. 

A washout, or zero-pha;,e region, can he seen 
in figure 2-45(/J). The overprinted ellipses are 
c011Htan1 phase-angle eoutours and indicate that 
the washout, under the conditions of high-Sun 
and nearly vertical viewing, subtends about 3°. 
An obvious feature of figure 2-45(/J) is the many 
small, bright cratcrH. A result of importance for 
visibility is the somewhat contradictory situation 
in whieh t hei-;e steep cratPrs ( which should lw 
a voidPd hy the LM) arc best seen at high Sun 
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FIGURE 2-44.-Definition of viewing situation. 

45 

FIGURE 2-45.-Equal phase angle contours from 1 ° to 10° for Apollo 8 frames 2124 and 2125. (a) Frame 2125, (b) 
frame 2124. 
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Fwu1rn 2-46.-Apollo 8 photographs showing zero-phase 
points. (a) Frame 2271, (b) frame 2272, (c) frame 22n, 
(d) frame 2339, (e) frame 2340, (f) frame 2341, (g) 

franw 2342, (h) framr 2818, (i) frame 2819, (j) frame 
2820, (k) franw 2821. 
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angles, whereas relative terrain heights and slopes 
are best seen at low Sun angles. 

Zero-phase points, or what appears to be near
zero phase, were obtained on a few frames covering 
maria regions and under conditions similar to 
those of LM descent. These are frames 2271, 
2272, and 2273 (magazine E) of the training se
quence near landing site 1 (250-mm lens); 2339 
to 2342 (magazine E), taken near Mare Fecundi
tatis (80-mm lern,); and 2818, 2819, 2820, and 
2821 (magazine C), with a near-zero-pha.-;e point 
in Mare Tranquillitatis (80-mm lens). This set of 
photographs is shown in figure 2-46 and is dis
cussed further in the section of this chapter en
ti tied "Simulation of Lunar Module Photography 
and Lunar Module Landing Conditions." 

Discussion 

Comparison of Orbital and LM-Descent Viewing 
Conditwns 

The nominal landing point during LM descent 
is seen at a 16° aspect angle (}A measured from 
the local horizontal at the landing point to the 
line of sight to the LM. Thus, it is appropriate 
to examine the Apollo 8 visual observations and 
photographs for conditions which include surface 
regions viewed at aspect angles in the neighbor
hood of 16°, particularly for the cases when the 
scene includes the zero-phase or near-zero-phase 
points. Referring to figure 2---44, the look angle 
(}L is defined as the deviation of the OLOS from 
the spacecraft local horizontal. This angle is the 
quantity which an observer would use to describe 
the angular size or direction of surface features. 
To compare the LM-descent and orbital viewing 
conditions, the manner in which two angles, the 
phase and aspect angles, vary as a function of (}L 

at the two altitudes is compared. The aspect angle 
is a measure of foreshortening, an important degra
dation factor for high-oblique viewing. The phase 
angle g is also related to visibility. The question 
posed is whether the region enclosed by a given g 

or a given (}A would subtend a substantially differ
ent (}L between orbital and high-gate altitudes. 
If these cases are indeed different, a washout 
region defined in terms of fh from 60 n. mi. will 
be a different size compared to a washout region 
also defined in terms of fh, but from an altitude of 
1 or 2 n. mi. 

Aspect angle and g for four altitudes itre shown 
as a function of BL in figures 2---47 and 2---48. 
Phase angle was calculated by assuming zero 
phase at the surface point corresponding to 8.-t. of 
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16°; that is, for eA = lti 0
, Os= 16°. To ('0tnpare till' 

effect of altitude, examine the ehangP that occurs 
in eA as eL is varied around the eL valuP eorrc'
sponding to eA = 16°. (At 1 II. mi., eL = 15°; at 
60 11. mi., 0L=25°.) It is clear that the 0.1 change 
corresponding to, for example, a ± 5° eL variation 
is quitP differPnt lwtwccn altitudes of 1 and no 
11. mi. The differPncr is greatest downrnnge of 
the 16° eA point; substantial foreshortening of 
surface features occurs beyond this point for the 
higher altitude. In fact, thr horizon is reached at 
OL = 20° at 60 n. mi. This results in poorer visi
bility of features at 60 n. mi. compared to 1 11. mi., 
relative to their visibility at 0.4 = 16° when viewing 
down range of that point. Note also that the abso
lute value of OL to the 0.1 = 16° point increases 
about 10° between 60 and 1 n. mi. 

A plot of g versus OL corresponding to the pre
ceding conditions (zero phase set at 0.1 = 16° for 
all altitudes) is shown in figure 2~48. For this 
case, the variation of g about the zero-phase 
point is the same at each altitude for a given OL 
variation. The only change is a displacement of 
the function along the OL axis of an amount equal 
to the central angle between the zero-phase points 
for the various altitudes. 

The importance of these comments is in the 
fact that observing the lunar surface at a 0.1 of 
16° from 60 n. mi. does not effectively simulate 
the LM landing situation, due to the foreshorten
ing effect. At this altitude, a series of photographs 
that include the zero-phase point for Sun elevation 
angles from about 10° to 30° is required to cover 
the range of conditions during Ll\I landing. 

Shadow Visibility and Visual Dynamic Range 

The demonstration of visibility in shadow re
gions has implications for lunar surfac;e operations 
and for future lunar photography. Shadow regions 
have been considered a potential hazard for sur
face extravehicular activity and for LM and flier 
operations, because holes in shadows or pro
tuberances covered by shadows might not be de
tected. The luminance in the shadow observed 
from Apollo 8 is presumably caused by back
scatter from adjacent illuminated areas. This effect 
is especially evident in shadows within craters. 
An estimate can be made of the amount of illumi-

nation ba;;rd 011 t hc> fad that t lw <'fP\\' wa:,; ablP 
to ob;;erve dc>tail; that is, the ,-,urfacc luminam•p 
must have been grc>atc>r than the visual threshold 
for visibility in a dark arPa ,-;urrmmtkd by a 
larger, brighter area. 

Related to this question is tlw problem of t·om
paring the dynamic range of film and of t lw PyP. 
A number of comments have been made l'oncern
ing the Apollo 8 results to the pffect that thP eyP 
has a greater dynamic range than film. Such 
comments arr misleading unless thP actual t·on
ditions of measurement arP spPcified, such as typc> 
of film, granularity, D log E t:urve, and type of 
criteria (such a:; discriminable gray step:,; or re
solvable detail) by which the film and visual 
dynamic ranges are measured. Visual dynamic 
range is often de:,;cribed by the total operating 
range of the visual system fort lw lowest thre:,;holcl 
for seeing to the point at which light intensity 
will cause pain or damage. This description is 
inappropriate as a basis for comparison to film 
sensitivity. Although the eye can operate over a 
range of 10w, it cannot do so at any one tinw. 
At a given time, thP eyP has a single operating 
point, and the variation in light level around the 
operating point to which it responds is sub
stantially smaller than the total range of 1 ow. 
The operating point itself is determined by tlw 
adaptation luminance to which the eye is exposed. 
The adaptation level i:,; a weighted funetion of the 
luminance distribution in the visual fidd, and can 
roughly be taken as thP average luminance. De
pending on the adaptation level, thP eye may have 
a dynamic range greater or smaller than a given 
film-development combination. In the case of 
seeing in shadows, the Pye has an advantage over 
film in that it can adapt to thP dark and, thereforP, 
become more sensitive if thP shadow region is 
observed over a time period. 

The amount of light in a shadow region needPd 
for visibility was bounded by Pxamination of two 
criteria: 

1. What luminance level is necessary to raise 
the brightness of a small dark spot ju:st above 
complete black when it is seen against a larger, 
bright surround? This is the minimum luminancP 
necessary to perceive anything in a Rhadow and 
can be considered a noise level. 

2. What luminance level is necessary to seP 
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detail inside a dark spot bounded by a larger, 
bright surround'? This criterion will require a 
greater luminance than the first and can be used 
as an upper estimate. 

As is usually the case, such threshold values 
will depend on many parameters: the angular size 
and luminance of the surround; the angular size 
of the dark area; the angular size and contrast 
of the critical detail for the second criterion; and 
the specific judgment required of the observer. 
To correlate with Apollo 8 observations, a sur
round should be used that subtends at least 20° 
to 30° at the eye and a dark area should be used 
that simulates a shadow that subtends 2° to 5°. 
The size of features visible to the crew in the 
shadow is not known to this author. 

Data from reference 2-40 approximate the con
ditions necessary for estimating the first criterion. 
From a 180° surround with a 1.5° dark area, the 
just-visible luminance in the 1.5° area was de
termined as a function of surround luminance. 
The results are shown in figure 2-49. Also plotted 
are the results obtained in reference 2-41 for a 
somewhat different type of experiment, although 
these results agree well with the reference 2-40 
data in the region of interest. At a 10° 88 , the 
average luminance of the lunar surface is 325 ft-L 
for viewing vertically, assuming an overall re
flectance factor of 0.1, a reflectance of 0.25 along 
the line of sight, and solar illumination of 13 000 
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FIGURE 2-49.-Just-visible luminance as a function of 
surround luminance. 

lumens/ft2• Entering this value on the ordinate 
of figure 2-48, a just-visible luminance of 0.3 to 
0.56 ft-L is obtained, or about 0.001 to 0.002 of 
the surround luminance. 

To estimate the luminance required for detailed 
visibility, the size and contrast of the detail should 
be specified. Unfortunately, this cannot be done 
without additional information from the crew as 
to visible feature size. However, an experiment 
described in reference 2-42 can serve to set an 
upper luminance level for small detail. Subjects 
in that experiment estimated orientation of 
Landolt "C" ring of the following dimensions: 
outside diameter =9.65 minutes of arc, stroke and 
gap width= 1.93 minutes of arc. Contrast ratios 
were determined for various background and sur
round luminances and sizes using the following 
equation: 

. LT-LB 
Contrast rat10 C = LB 

where LT= target luminance for 50 percent correct 
judgments and LB= background luminance. 

For a background (or shadow) size of 5° and a 
surround luminance of 176 ft-L, the following 
contrast thresholds were found for 50 percent 
correct judgments: at a shadow luminance of 
18.73 ft-L, C=0.25; at a shadow luminance of 
1.57 ft-L, C = 1.5. B~cause lunar-feature contrasts 
in shadows are likely to be on the order of a few 
tenths or less, it is concluded that shadow lumi
nance would have to be on the order of 10 ft-L 
for detection of small detail. This detail size is 
probably unrealistic; critical feature size was more 
likely in the region of 10 to 20 minutes of arc, 
in which case a tenfold reduction in threshold to 
about 1 ft-Lis reasonable. 

It is concluded that shadow luminance was 
greater than 0.6 ft-L and less than 1 to 10 ft-L 
for 325-ft-L average lunar surface luminance. Be-

;Beam splitter 

' r-7---- 35-mm camera 

Solar simulator ~=:::=:::=:::=:::=.::-=_;-- ~ 28-mm-foc
1
eanl-slen.gth 

source, angular 
subtense • 0. 5' -- Source elevation 

~-'--'---- angle 

1:25,000 scale model 
of site 3 

FIGURE 2-50.-Viewing conditions for zero-phase photo
graphs of lunar-surface model. 
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FIGURE 2-51.-Lunar surface model dusted with copper 
oxide ~landing site 3). (a) Sun elevation 90°, (b) Sun 
elevation 80°, (c) Sun elevation 70°. 

cause visual threshold contrast ratios are nearly 
constant in the range from 10- to 1000-ft-L rmr
round luminance, the ratios of 0.6/325 = 0.002 
and 10/325 = 0.031 can be used to estimate shadow 
luminances for other surround values. 

It must be emphasized that the threshold values 
are greatly affected by target contrast and size, 
which are unknown. However, these estimates 
arc believed sufficiently accurate to establish film 
exposure conditions for photographing in the 
shadows. A further conclusion is that the standard 
lunar photometric functions, measured with an 
essentially collimated source 1mbtending a small 
angle, may be inappropriate for determining 
shadow luminance and contrasts in shadows, be
cause the shadow area is illuminated diffusely. 

Lunar Surface Simulation 

Simulations of the lunar surface for visibility 
studies have been of two types: 

1. Analytical, using a lunar photometric· model. 
2. Physical, using a model dusted with copper 

oxide or portland cement. 
An attempt was made to compare the appear

ance of a copper-oxide-dusted model with Apollo 8 
photographs under high Sun illumination. Photo
graphs of a 1:25000-scale model (8 by 12 in.) of 
landing site 3 were taken under the conditions 
shown in figure 2-50. The results are shown in 
figure 2-51 for 90°, 80°, and 70° Sun angles and 
a vertical view angle. In this figure, the camera 
line of sight is normal to the model center. Also 
shown are Apollo 8 frames with corresponding 
Sun angles. It can be seen that the model appear
ance and washout extent are similar for the two 
cases, allowing for the uniform albedo and relative 
smoothness of the model. 

EVALUATION OF PHOTOCLINOMETRIC 
PROFILE DERIVATION 

B. K. LUCCHITTA AND N. A. GAMBELL 

Origin of the Study 

The availability of Apollo 8 vertical stereo
scopic-pair photography (magazine D, type 3400 
film) of the Moon led to an opportunity to com
pare slopes derived by photometric methods with 
slopes derived by photogrammetric methods. 
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Procedure 

Geometric and Film Purameter8 

Becausp of t hP short 1 inw availablf' for t hf' 
photonwtrie analy.~is, th<' c·omputPr program (ref. 
2-43) for slope dPrivat io11 from Lunar Orbit Pr 
pictures (on 35-mm GRE filmJ was modifif'd and 
used. C sing vf'r1 irnl photography (0° tilt) ,1 the 
following paranwtf'rs arP JH•c·Pssary for t hf' <·ompu
tations: 

1. Longitude a11d latitude of thP Cf'lltPr of the 
frame (70-mm film). 

2. Altitude oft hf' rnmf'ra lens above the surface. 
3. DPviation from north (anglf' between ground 

north and picture-franlP coordinatf' sy:-;tem). 
4. Sun angle (,mlar elPrn.tion). 
5. Longitude and latitudP of 1 IH' :-;ubsolar point. 
6. X- and Y-coordinates (pieturp-franlP coordi

nate sy;;tem) of thP ZPro-phasf' point. 
7. Focal length of the lens. 
8. Location of the initial point of the area to 

be scanned in picture-franlP <'Oordinates. 
!J. Scan angle (anglc bet WPPn the traee of thc 

phase planc and the X-axis of thc pieture-franw 
coordinate system). 

10. Exposure values for th<· <·alibration gmy 
scale (Apollo 8 type 3400 film). 

11. Density values for t hP gray scale of t hf' 
fourth-generation, 70-mm, type 3400 film. 

12. Shutter ,;pcPd of c·amf'ra for the picture 
used. 

Format and 11/icrodensitometer Parameters 

The following format is rpquir<'d in thc program 
from reference 2-43: 

l. Chit area of approxinrntPly 20 mm by 8 mm 
(20 mm along the phaHe line). 

2. Fifteen parallel scans along traeeR of thP 
phase planes (scans 0.6 mm apart). 

3. Up to 500 points per scan. 
4. Phase angle bet ween 40° and 110°. 
5. Machine parameter;; as givf'n in table 2-Il. 
6. A minitape, onto which the density levels 

arp coded in 168 steps (binary <·oded decimal). 

1 In the pa.se of <":tmPra-axis till, additio11:1I paramPters 
are necessary fo1· the <·om put a1 io11.,. 

Selection of Photograph 

Tllf' V<'rtical stereoscopic-pair photographic 
coverage of t lw .'.\loon extended approximately 
from 80° E to 150° W along the back side. The 
photographs near the terminator (approximately 
150° WJ wcr<~ unsuitable for clinometry because 
of largP shadow arPas; thosr near the limb (90° E) 
were um,uitahlc lwcause of small phase angles. 
Frarnf' 2082 (magazine D, Kodak Panatomic X 
aerial, typP 3400 film) at a scale of 1: 1375000 
was selected as showing sufficient detail for photo
metric analysis. The scanning was done on a 
fourt h-gPW'ration positive. 

Obtaining Parameters 

Tlw focal length (80 mm), Sun angle (35°), 
altitudP of thP ,;pa<·cc-raft (l 10 km), and exposure 
values for the calibration gray scale were obtained 
from thf' support data books. (Reference app. A 
of this d0<:umcnt for further information.) The 
approxinmtP latitudc and longitude of the nadir 
point were available in the chart of footprints of 
the photography. 

Additional parameters were obtainPd or ap
proximated in the following manner: 

~fore prPcise latitude and longitude were de
rived from Lunar Orbiter photography by image 
matching, using Lunar Orbiter II frame H-33. 
The north deviation angle was obtained by the 
,;amf' 1rn~t hod. Thus, the values used were ( 1) 

174.3° E, (2) !J.!)0 S, and (3) 183° K deviation 
angle (a,: <lf'fincd in ref. 2-44). 

The latitude and longitude of the subsolar point 
are necessary for calculating the coordinates of 
tllf' zero-phase point. To obtain these quantities, 
thf' exact time at which the photograph was taken 
has to be known. The time was approximated to 
within an hour (I) by knowing the orbit number, 
the position at which the picture was taken, and 

TAHLE 2-II.-Joyce-Loebl MK CS Micro
densitometer Parameters 

Condenser, nun ..... 
Optical magnifi('at ion factor ..... 
:\leehanical mag11ification factor 
Vertical aperture, mm .. 
llorizo11tal apert11n•, mm. 
Spot size, mm 
~'edgP, dPnsity unit.,. 
E1Jf'oder IPVP!.s 

:J2 
20 
10 
I.ii 
l..i 

0.07ii by 0.07t1 
F-140, 0 to 2.4 

l 168 
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TABLB 2-III.-Gray Scale Calibration Values (Magazine D Positive) 

Step Exposure values Helative density value, Brightness values 

------------ ------ ~ - - ---- ·-----~----- -- ----------- --------~-----

1. .. . 
2 ..... . 
3 .... .. 
4 .... .. 
5 ..... . 
6 ..... . 
7 ..... . 
8 ... .. 
9 .... . 

the time required for one orbit; and (2) from the 
orbit number, position, and time of a television 
transmission to Earth. Knowing t hr time, th<' 
coordinates of the subsolar point were interpolated 
from ephemeris data for 1968. A supporting com
puter program established the picture-frame co
ordinates of the zero-phase point and the scan 
angle. Because of a Lunar Orbitrr scale conversion 
in the computer program, the scan angle was 
erroneously established UH 4° (measured clockwise 
from the X-axis). Although it was not used, the 
correct scan angle was later established as being 
10°. The coordinates of the initial point were 
measured with the Mann comparator on the 70-
mm film. The density values of the calibration 
gray scale were calculated from microdensitometer 
scans. It was found convenient to use a density 
of 0.3 as a base for the measurements. Xine steps 
of the gray scale were used for the dcnsity-to
brightness conversion (table 2-III). 

Scanning of the Area and Computer Program 
Modification 

The chit area was scanned on the microdensi
tometer, and the coded data were put on tape, 
which was processed in the 360/65 computer as 
specified in the reference 2-43 program. The fol
lowing modificatiorn, had to be made on the pro
cedure and the computer program in order to 
meet the specifications of the 70-mm spacecraft 
film as opposed to the normally used 35-mm GRE 
Lunar Orbiter film: 

1. A correction scan across the orbiter framelet 
width (correcting errors introduced through tele
viRion line,;) had to be omitted. 

0.08:3 
.10,i 
.121 
• lii2 
.182 
.219 
.276 
.324 
.408 

2 .1967 
2.160,i 
2.0760 
1.9312 
1.6898 
1.3036 

.7846 

.3138 

.0121 

263.291 
332.278 
:182 .911 
481.013 
ii75.94!) 
693.038 
886.076 

1025.:H() 
1291. 139 

2. The correct Pxprn-mre values for the Apollo 8 
film (type 3400) gray :-cale had to be :-ubstitutcd. 

3. A scalP conversion from 70-mm to 3.5-mm 
film had to be diminated. 

Results 

Comparison With Photogrammetric Profiles 
Obtained From the AP/ C Plotter 

FigurP 2-52 ;,;hows an outline of the area 
scanned. The initial point i:-; at tlw northeast 

FIGURE 2-52.-Apollo 8 frame 2082, area of comparison of 
photoclinometric profiles with photogrammetric profiles. 
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<·omPr of thP outlinPd :m•a. The• :-wanning direetion 
j,., toward tlw northwPst. Topographie profilr,.; of 
tlw 15 seam< (figs. 2- 5:{ all([ 2 5-l) WPrr plottPd 
011 tlw XY1/, plottc·r at a :•wale of I: 100 000. ThP 
first frw :-C'am< at tlw north :--idP of tlw photograph 
:-how a n•latin•I:-· flat erat.Pr bottom with a slight 
risP (approximat<'ly uOtl mPtPrs) ovPr thP <·rat<•r 
rim, and a markPd dropoff (approximatrly - :mo 
nwtPrs) at t IH' <'tl<I. Tlw intPrmPdiat.<• s1·ans ar<• 

§( "' 1500 
c::; :;:; 1000 
~ w soot:_-----------.'!:' E Q 

rPlatiwly flat. with gen th• ups and downs (on 
tlw order of -l00 ml't<•rs) and 1-\0lllP dropoff toward 
tlw Pll(l. Thl' last seans (south :-side of pieturl') 
show a dPfinitc· risP ovc•r the rim of the cratPr 
(1200 ml't<•rs). Phot.ogralllml'trie profi]ps a.long the 
salllP plan<' along ,wan 1, approximat.c-ly sean 8, 
and scan Hi (fig. 2-55) wPr<' provided hy tlw 
AP /C plott<'r. In a c·omparison hetwPen the 
11wthod~. ,wan 15 (fig. 2-56) :-hows good agrPement 
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betwet·n tlw two profi!C's. ~can 1 was tiltPd to 
adju,,t the slightly rising, flat ('rat.Pr floor to almost 
horizontal and shows a markPd diver,.;ion in the 
Plevation of the rim and in thP area outside the 
t·ratPr. Hean 8, wlwn tilted to fit tlw Pquivalent 
photogranuuctrie ;;ean, shows some agrePmPnt in 
;;mall :•walP fratmp,; but is too low in tlw lwginning 
and in thP end. 

1600 
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Fwmn: 2-54.~l'rofiles of 15 s<'ans plotted on XYZ plotter, 
5X vertical !'xaggerntion. 

Comparison of Slopes From Lunar Orbiter Frame 
H-33, Framelet 739, Jf"ith Slopes From Apollo 8 
Frame 2082-D 

An area lying within tlw site ;;canned on Apollo 
8 film wa;; :-;carnwd on Lunar OrhitPr II film in an 
Pffort to <·ompar<• slopPs. Figure 2-57 shows the 
location of both site:-;. ThP large outline shows the 
Apollo 8 area scam}('d on frarrlP 2082-D. Un
fortunately, the differences in scale of the photo
graph,.; makP compa.ris011 difficult. Photometric 
rPduetion of thP :-;ite on Lunar Orbiter II frame 
.M-:3;3 was impossihlr because of the extreme con
trasts in brightne:-;s. Figure 2-58 shows plot8 from 
s<·aiis made on H-33 and the corresponding parts 
from scan;; made on frame 2082. Scan 15 (Lunar 
Orbiter photogrnph) should approximate scan 13 
(Apollo photograph), while scan I 8hould be 
equivalent to scan 10. 

Evaluation 

ThP photoclinomctric profiles start at a relative 
zero elevation at each scan, and the heights are 
intc>grated over the entire length so that errors 
are aecumulatcd. The measured points along the 
sran line arc approximately 75 meters apart, and 
thr computer program furni8hes elevation differ
mePs to a fraction of a meter. At the scaie of the 
scanned area, thi8 prrcision represents noise of 
thP system. To get more preci8ion, reflecting small 
features, a small area would have to be scanned 
on an enlargement. This enlargement would have 
to hP of very high quality in order not to lose re8o
lution at the high spatial frequencies. An alterna
tive way to incrca8e precision is to scan a small 
area with a deerea,.;ed ,.;pot size and increased fre
quency of points along the 8can line. However, 
the reduced signal-to-noise ratio of the photo
multiplier tube at low light levrls may render this 
method unsuitable. 

Errors in tlw photoclinomctric slope derivation 
reported here may be caused by two main factors: 

I. The use of a computer program written for 
Lunar Orbiter photography; or 

2. The lack of some data (usually geometric) 
that are essential to photoclinometry. 

The computer program in reference 2-43 wa8 
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FIGURE 2-56.-Photogrammetric profiles compared with three photoclinometric scans. (a) Photogrammetric scan 3 and 
photoclinometric scan 15; (b) photogrammetric scan 2 and photoclinometric approximately sran 8; (c) photogram
metric scan 1 and photoclinometric scan I. 
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FIGURE 2-57.-Portion of Lunar Orbiter II frame H-33, 
showing areas of photoclinometric comparison. 
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FIGURE 2-58.-Bcan comparison of Lunar Orbiter II frame 
H-33, framelet 739, and Apollo 8 frame 2082. 

written for high- and medium-resolution Lunar 
Orbiter photographs, mainly of the landing sites 
where low relief is predominant and small features 
are of interest. The application of this program 
to high-altitude, 70-mm Apollo 8 photography 
introduces errors which may be related to the 
following problems: 

1. At the scale of Apollo 8 magazine D pho
tography, variations in albedo are present in the 
photograph, but they are not corrected for in the 
computer program. 

2. Lunar Orbiter chit areas, as commonly used 
for photoclinometry, involve phase-angle changes 
of less than 0.5° for high-resolution frames and 
approximately 3° for medium-resolution frames. 
The Apollo 8 film chit area spans 14° of phase
angle change. 

3. The phase angles involved in the Apollo 8 
photograph approach the lower limit of the phase
angle range set in the photoclinometry program. 
Midrange phase angles in magazine D photo
graphs are not suitable for photoclinometric meth
ods, because they occur on the back side of the 
Moon, where the roughness of the terrain results 
in large areas of shadow. 

4. Erroneous interpretation of slope will have 
a large effect on integrated heights over a hori
zontal separation between points of 75 meters in 
the Apollo 8 photograph as opposed to a sepa
ration between points of only 0.6 meter in high
resolution Lunar Orbiter photographs. 

5. The photometric function used in the com
puter program may not be correct for the back 
side of the Moon. 

Additional causes for error may be found in 
one of the following areas: 

1. Altitude given as 110 km may not be precise. 
2. The time at which the photograph was taken 

was not accurately known; therefore, the latitude 
and longitude of the subsolar point may not be 
correct. 

3. The photograph is assumed to be vertical. 
An unrecorded tilt may be present. 

4. The latitude and longitude of features on the 
back side of the Moon are not accurately known. 

5. The scan angle used was not accurate. 
6. Calibration errors and loss of detail in the 

photographs may be introduced through the 
fourth-generation film used. 
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Vertical Resolution of Slope Profiles 

The maximum vertical resolution of slope pro
files can be calculated if the slope and the distance 
between successive points (approximately 75 
meters) are known. Slopes of up to 7° would 
therefore have a vertical resolution of approxi
mately 1 meter; slopes of up to 5°, approximately 
7 meters; slopes of up to 20°, approximately 26 
meters; and slopes of up to 30°, approximately 
43 meters. Most slopes in Apollo 8 frame 2082 lie 
below 20°. 

This vertical resolution is a theoretical limit 
which cannot be attained practically because of 
errors in the photometric function, the albedo, 
the density-to-brightness conversion, and noise 
in the scanning system. 

Applications of Photoclinometry 

Profiles derived by photoclinometric methods 
may be useful as an expression of topographic 
relief in the absence of stereoscopic photography. 
When detailed topographic data are required be
low the contour interval of a photogrammetric 
map, these data may be supplied by photo
clinometry under the conditions previously out
lined. The photoclinometric profiles should be 
referenced to photogrammetric control points. 
Also, the photoclinometric data are useful for 
statistical estimates of terrain roughness if a rela
tively high precision in the recorded heights has 
been achieved. 

Advantages of Apollo 8 Photography 

Photoclinometrically, Apollo 8 photography is 
superior to Lunar Orbiter photography for the 
following reasons: 

1. In Lunar Orbiter photography, the size of 
the area scanned by the microdensitometer is 
limited by the framelet boundaries. 

2. Each Lunar Orbiter framelet contains its 
own sensitometric data, which must be calibrated. 

3. The Lunar Orbiter framelets contain er
roneous density variations as a result of the trans
mission procedure used to reconstitute the images 
from the Lunar Orbiter spacecraft film. 

Using Apollo film, sensitometric calibration data 
need to be calculated only once for all of the 
frames in a magazine. Density corrections for 
television lines are eliminated. 

SELENODESY AND 
CARTOGRAPHY 

EVALUATION OF THE PHOTOGRAPHY 

D. w. G. ARTHUR 

Although the Apollo 8 photography was not taken 
for selenodetic purposes, the photographs have 
some selenodetic applications. The small-scale 
photographs-frames 2473, 2474, 2484, 2485, 2491, 
2505, and 2506 (magazine B)-are exposed from 
a direction (in the lunar frame of reference) which 
is quite new. Furthermore, the photographs cover 
sufficient area to determine without orbital data 
the spacecraft location from the photograph. The 
photographs have approximately the same reso
lution as the plates taken at the Paris Observa
tory. These plates have had extensive selenodetic 
application. Therefore, in spite of the small scale, 
these Apollo 8 photographs have some selenodetic 
applications when used in conjunction with Earth
based lunar photography. The same photographs 
have some usefulness for provisional mapping of 
part of the averted lunar hemisphere. 

The high obliques-frames 2796 to 2819 and 
2744 to 2759 (magazine C), and frames 2187, 
2189, and 2202 to 2214 (magazine D)-have good 
cartographic possibilities, as do the steeper 
obliques, frames 2263 to 2266 (magazine E). The 
value of this photography will increase as more 
photographs are obtained from other directions. 

APOLLO 8 CONTROL POINTS 

RICHARD L. NANCE 

For Apollo 8, a target for optical sightings on 
the lunar far side was called a control point (CP). 
Three control points were selected before the 
flight to make sightings easier. The control point 
identified as CP-1 was located 20° from the 
evening terminator and CP-2 was located 60° 
from the evening terminator. The control point 
identified as CP-3 was located 60° from the morn
ing terminator. The command module pilot 
(CMP) exercised an option of selecting sighting 
targets in real time and selected new targets for 
CP-1 and CP-2. These control points can be 
positively identified on Apollo 8 photography (figs. 
2-59 and 2-60), and the same points were probably 
sighted on all three revolutions. 
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FrnuRE 2-5\l.-Control point 1. 

FwuRt: 2-60.-Control point 2. 

Sightings on CP-3 were made on revolutions 
6 and 7. On revolution 6, the position of CP-3, 
which was selected preflight (point 1 in fig. 2-61), 
was entered into the onboard computer. The 
optics were then automatically driven to view 
this location. Because of the high Sun angle at 
this location and beeausP t lw Sun line was so 
close to the line of sight, primarily only albedo 

FIGURE 2-61.--Control point 3, showing pointR 1, 2, and 3. 

differences could he seen, which made it difficult 
to identify the preselected CP. A bright spot 
(a crater with wry high albedo) was sighted on 
revolution 6. During revolution 6, sextant pho
tography was taken while sighting. Based on this 
photography, point 2 in figure 2-61 was probably 
sighted on during revolution 6. The poor visibility 
made it difficult to reacquire the same feature on 
revolution 7 as was sighted on revolution 6. Since 
sextant photography cannot be taken wlwn the 
sextant is used for sighting, there is no sextant 
photography for revolution 7 to help in identifi
cation. Based on the different positions obtained 
on revolution 6 as compared to revolution 7 and 
based 011 similarity of albedo patterns, point 3 in 
figure 2--61 wa.s pos,;ibly ,;ighted on dming revo
lution 7. Identification of point 3 is le,;s certain 
tha11 poi11t 2. BPeause identificatio11 of CP-3 was 
difficult i11 real time and e\'Pn more difficult on 
photography postflight, the idPntification of CP-:1 
is uncertain. Ther<>fore, a lower level of confidenc<> 
<>xists in the position of CP-3 than in that of 
CP-1 and CP-2. 
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TABLE 2-IV.-Apollo 8 Control-Point Positions (Preliminary) 
-

Co11trol poi11t Latitude, deg• Longitude, deg• Hadins, km 

------- -- --- -- -- --- - -- ~--------~--

CP-1 (averngP, revolution,; 5, 6, a11d 7) ... I -6.2537 -158.0650 1742.336 
CP-2 (average, revolutions :;, 6, and 7). -\l. 7016 +163.2246 1738.093 
CP-:3, revolution 6, pt 2. -8.9229 +97.1466 1739.524 
CP-:3, revolution 7, pt :l. -8.9167 +96.8883 1737.464 

• The sign convention 11,ed i, that N lat a11d E long are positive. 

From Apollo 8 data, the positions ohtairwd for 
the three control points, whil'h may be used in 
mapping the lunar far side, arc shown in table 
2-IV. Ouboard optical sightings by tlw crew pro
vide the basis for ehPcking the positional accuracy 
of lunar charts eompiled from small-scale pho
tography. PhotogrmnmetriC' n'ductious will extend 
these results, as will subsequent Apollo missions. 

As compared with positional data available be
fore Apollo 8, there was a great improvement in 
the accuracy of the positions of these features. 
These positions were dcrive>d from a c•ombination 

of an orbit dctcrminat.ion to locate the command 
module (CM) and a program to locate the land
mark relative to the CM. The former program 
uses Doppler tracking data, and the latter uses 
shaft and trunnion angles, which were measured 
with the onhoard optical tracking instruments. 
It is possible to determine the positions both of 
the CM and of landmarks from optical tracking 
data. In Apollo 8, the instruments used were the 
scanning telescope (SCT), on revolutions 5 and 6, 
and the sextant, on revolution 7. 

The positiom, (table 2-V) of these three features 

TABLE 2-\l.-Apollo 8 Control-Point Map Positions 

[CP-1 and CP-2] 

CP-1 CP-2 

Lunar map 
Latitude, Longitude, Latitude, Longitude, os ow os OE 

-· 

Army Map Service (Al\lS), Lunar Equatorial Zone :\losaic (LEZ), 
1 :2 500 000, 1968 .. .... 05.00 158.,;o 09.50 163.90 

ACIC Apollo Lunar Orbit Chart (ALO), 1; 11 000 000, 1st ed., 1968. 05.80 158.40 10.40 163,70 
ACIC Apollo Lnnar Orbital l\Iap (LO11), 1 :7 .'iOO 000, 1st ed., 1968 ..... 05.80 158.50 10.40 163.40 
ACIC Lunar Farside Chart (LFC-1), 1:.5000 000, 2d ed., 1967 ... 05.6,5 158.50 10.30 163.30 

[CP-3] 

Point 1 Point 2 Point 3 

Lunar map 
Latitude, Longittak, Latitude, Longitudt>, Latitude, Longitude, os OJi: os OE os OE 

AMS LEZ (eastern limb), sheet 3 
of 4 .. . . . . . . ''' 09.00 96.35 9.08 93.90 9.22 95,55 

ACIC/ALO ....... 08.80 96.10 9.05 95.80 9. 10 95.55 
ACIC/LOM ... 08.80 96.20 9.05 95.75 9.20 95.30 
ACIC /LFC-1 .... 09.0.'i 96.10 8.77 96.07 8.83 95.67 
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were scaled from sheets from the four map series 
(refs. 2-45 to 2-48) which cover the lunar far side. 

(ACIC) value in table 2-VI is from referenee 
2-47. In the last row of table 2-VI, the Army 
Map Service (AMS) and ACIC maps are com
pared. As shown in table 2-VI, the largest differ
ence is 1.58°. Although it is realized that three 
points are a small sample from which to develop 
statistical parameters, the positional uncertainty 
(1 sigma) of the maps should be estimated as not 
larger than 2° (60 km). The estimated uncertainty 
used prior to Apollo 8 was 10° (300 km). 

References 2-45, 2-46, and 2-47 are carried 
on board Apollo missions and are used for a 
gross form of navigation, to locate photographic 
targets, and to locate targets for optical sightings, 
respectively. Reference 2-48 is used for planning 
purposes. 

To compare the positions, the Apollo 8 values 
were subtracted from the map values (table 2-VI). 
The Aeronautical Chart and Information Center In addition to the three control points located 

TABLE 2-VI.-Comparison of Apollo 8 and Map Positions 

______ c_o_m_p_a_ri-so_n-----~---L-a-ti_tt_,d_e---~' I_>iffer_e_nc_e~"---Lo_r_1g-it_u_d_e ___ l_1_)1-·ffere11ce 

AMS (Apollo 8) .... . 
ACiC (Apollo 8) ... . 
AMS (ACIC) ... 

AMS (Apollo 8) .. . 
ACIC (Apollo 8) ... . 
AMS (ACIC) ... 

AMS (Apollo 8) .. . 
ACIC ( Apollo 8) ... . 
AMS (ACIC) 

AMS (Apollo 8) ... . 
ACIC (Apollo 8) ... . 
AMS (ACIC) .... . 

AMS (Apollo 8) ... 

CP-1 

-05.00° (-06.25°) 
-05.80° ( -06.25°) 
-05.00° (-05.80°) 

CP-2 

-09.50° ( -09.70°) 
-10.40° ( -09.70°) 
-09.50° ( -10.40°) 

CP-3, point 2, revolution 6 

-9.08° (-8.92°) 
-9.05° (-8.92°) 
-9.08° (-9.05°) 

CP-3, point 3, revolution 7 

-9.22° (-8.91°) 
-9.20° (-8.91°) 
-9.22° ( -9.20°) 

Landmark B-1 

+ 1.2,5° -158.50° ( -158.06°) 
+.45° -158 .. 50° ( -158.06°) 
+.80° -158.,50° ( -158.50°) 

+0.20° 
-.70° 
+.90° 

-0.16° 
- .13° 
-.O:i 0 

-0.31° 
-.29° 
-.02° 

+ 163.90° ( + 163.22°) 
+ 163.40° ( + 163.22°) 
+163.90° (+163.40°) 

+95.90° ( +97.14°) 
+95.75° ( +97.14°) 
+9.5.90° ( +95.75°) 

+95.,55° ( +96.88°) 
+95.30° ( +96.88°) 
+95.59° ( +95.30°) 

-0.44° 
-.440 

.00° 

+0.68° 
+.18° 
+.50° 

-1.24° 
-1.39° 

-.1.50 

- 1.:13° 
-1.58° 
+.29° 

+02.52° ( +02.53°) -0.01 ° +35.03° ( +35.00°) +0.03° 
(-.3 km) ( +.90 km) 
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FIGURE 2-{i2.-Apollo lunar landmark B-1. 

by Apollo 8 data, the position of the B-1 landmark 
(fig. 2--62) was obtained. The B-1 landmark is 
on the lunar front side (table 2-VI). The optical 
sighting and orbit determination serve primarily 
to furnish information from which it is possible 
to evaluate the real-time navigational capability 
of Apollo. 

THE FIGURE OF THE MOON 

w. H. MICHAEL, JR. 

Some information pertaining to lunar radii in 
the near-side equatorial region of the Moon avail
able prior to the Apollo 8 mission is shown in 
figure 2-63, taken from reference 2-49. The data 
in figure 2-63 are plotted without consideration of 
latitude variations in order to indicate overall 
trends, but all data are for locations within ±5° 
of the lunar equator. The solid points on the 
figure are taken from an analysis of the angular 
velocity sensor data from Lunar Orbiter in con
junction with orbit determination procedures, and 
these radii are with respect to the center of mass 
of the Moon. 

The Ranger VIII impact analysis point (ref. 
2-50) is also with respect to the center of mass of 
the Moon. The solid curve represents results of a 
harmonic analysis of radii derived from Earth
based photography (ref. 2-51). This curve is thus 

considered to be with respect to the center of 
figure of the Moon. 

The trends illustrated in figure 2--63 indicate 
that the radii relative to the center of mass of the 
Moon are systematically less than those relative 
to the center of figure by an average of approxi
mately 2 km. (The angular velocity sensor data 
in the 30° E to 40° E region are somewhat anom
alous, but a highland area to the south of Mare 
Tranquillitatis may have influenced these results.) 
The radii relative to the center of mass are also 
less than what might be expected, based on the 
generally accepted value of about 1738 km for the 
mean raqius of the visible disk of the Moon. 

As poipted out in reference 2-49, these results 
may indicate a displacement of the center of mass 
of the Moon toward the Earth relative to the 
center of figure. If confirmed, this hypothesis 
should provide data for geophysicii,l analyses, per
haps with implications pertaining to the origin 
and history of the Moon. The primary requirement 
is to obtain data for radii on the far side of the 
Moon. 

Two types of data were obtaiped on Apollo 8 
that shouid contain information relative to far
side lunar radii; namely, the sextant sightings of 
landmarks on the far side and the far-side pho
tography. Photogrammetric reductions of the far
side photographs are in progress. 

Some preliminary results from analyses of the 
landmark sightings are available, but the results 
given here are from an early stage of the analyses 
and are subject to later modification. The pre
liminary results on lunar radii from three land
mark locations, consisting of average values of 

1744 

E 1742 
.>< 

:::: 1740 
,:, 

~ 

~ 1738 
c:: 
::, 

....., 1736 

Legend 
• Lunar orbiter (angular velocity sensor data! 

- Harmonic analysis of AC IC selenodetic control 
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FIGURE 2-63.-Determinations of lunar radii in the equa
torial region from Lunar Orbiter and other data. 
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TABLE 2-VII. -Preliminary Result,s From Analyses 
of Apollo 8 Landmark Sightings 

8ite Lat it u<le Lo11git ude ltadiu~, km 

B-1. .. 2.54° N :faOl 0 E 17:37 .. -, 
CP-1. .. . . -6.28° 8 - J.">8.07° w 1742.0 
CP-2 .... . . .. -9.71° 8 163.21 ° E 17:37.,i 

results from different orbital passes and somewhat 
different procedures, are shown in table 2-VII. 
These data are with respect to the renter of mass 
of the Moon. 

The B-1 landmark is on the near side of the 
Moon, and photogrammetric analyses of Lunar 
Orbiter photographs give a radius of 1735.2 km 
for this point compared with 1737 .5 km given in 
the table. The 1735.2-km value seems to be con
sistent with the results in figure 2-63, indicating a 
possible bias in the 1737 .5-km value in the table. 
Landmark CP-1, judging from its appearance in 
the Apollo 8 photography, seems to be representa
tive of the mean surface level in its area. However, 
landmark CP-2 is a small crater inside a large 
crater, which is in turn inside a still larger crater 
of approximately 40 km in diameter; this point 
seems to be well below the mean surface level in 
its area. 

Considering the results in table 2-VII inde
pendently, there is some evidence of larger lunar 
radii with respect to the center of mass for the 
far-side points. If only the B-1 site is biased, the 
evidence is somewhat strengthened. However, 
these data are not considered to be sufficiently 
convincing to confirm ( or deny) the hypothesis 
concerning a displacement between the center of 
mass and the center of figure of the "Moon. 

PHOTOGRAMMETRY 

PHOTOGRAMMETRIC DATA REDUCTION 

PAUL E. NORMAN, MERRITT J. BENDER, AND 

R. D. ESTEN 

Introduction 

The photography obtained from the Apollo 8 

mission represents a number of firsts, among which 
are the following: 

1. The first photography obtained from lunar 
orbit which included the return of the original 
negatives. · 

2. The first new lunar photography, for all 
practical purposes, since the Lunar Orbiter pho
tography of almost 2 years ago . 

3. The largest scale photography ever obtained 
of the lunar far side. 

Because surveying and mapping, particularly 
by photogrammetric methods, play an important 
role in the KASA lunar exploration program, it is 
only logical to assess the value of the Apollo 8 
photography from this standpoint. Such an assess
ment is of even greater importance in view of the 
limited availability of lunar photography that 
lends itself to the production of the required 
surveys and maps. As a result of these moti
vations, personnel of the ::\ISC Mapping Sciences 
Laboratory undertook an investigation of the 
photogrammetric potential of the Apollo 8 pho
tography. This investigation included an evalu
ation to determine what photography was suitable 
for photogrummetric data reduction, stellar cali
brations of the Apollo 8 cameras, sample control 
extension to determine the value of the pho
tography for establishing lunar control, and the 
production of a topographic map to assess the 
value of Apollo 8 photography for mapping. The 
results of these investigations, which will subse
quently be described in more detail, show that the 
Apollo 8 Hasselblad photography represents a 
valuable medium for photogrammetric surveying 
and mapping of the lunar surface. Therefore, it is 
concluded that surveying and mapping based on 
Apollo mission photography can play an important 
role in the missions leading not only to the first 
lunar landing but also to subsequent lunar explo
ration. 

Photogrammetric Evaluation of Photography 

The first step in investigating the photogram
metric potential of Apollo 8 photography was to 
prepare u summary of the photography along 
with pertinent photogrammetric information. The 
evaluation was limited to photography obtained 
with the Hasselblad cameras, used with both 
80-mm an<l 250-mm lenses. Other photography, 
such as the 16-mm sequence photography, was 
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not considered suitable for photograrnmctric data 
reductions. 

A description of the Apollo 8 mission, including 
the photographic aspects, is contained in the 
Introduction and chapter 4 of this document and 
will be only briefly summarized here. Most of the 
Hasselblad photography was obtained from a 
circular orbit of 60 n. mi. (111 km) with a 12° 
inclination with respect to the lunar equator. 
Photography was taken vertically in strips with 
the camera bracket mounted, as well as from an 
oblique hand-held position. An intcrvalometer was 
available for the strip photography to acquire 
exposures at 20-second intervals. In all, more 
than 600 exposures were acquired using both the 
80-mm and the 250-mm lenses. The photography 
was exposed on 70-mm film, resulting in a format 
size of 55 by 55 mm. Representative scales for 
vertical photographs from the 111-km altitude 
are 1: 1 400 000 for the photography taken with 
the 80-mm lens and 1: 440 000 for the photography 
taken with the 250-mm lens. The photogrammetric 
evaluation yielded the following information for 
each photograph: 

1. Frame number 
2. Approximate location 
3. Focal length of lens used 
4. Approximate scale 
5. Forward overlap and side overlap 
6. Sun angle 
7. Relationship to other coverage 
8. Approximate tilt 
Detailed information concerning the photo

graphic coverage is included in appendix A. Of 
particular interest are two vertical strips which 
run from 150° W to 80° E. Selected vertical and 
oblique photography of features are also of scien
tific interest, such as that of the craters Langrenus 
and Tsiolkovsky. It should be noted that there 
was no time correlation with the orbit, nor were 
there specific attitude data for the camera. 

Camera Calibration Data 

Camera calibration data are an integral part of 
photogrammetric data reductions. The Apollo 8 
Hasselblad camera had no special facilities for 
film flattening; the image plane is located in the 
removable magazine and, except for two V-shaped 
notches on one edge, has no fiducial marks. The 

camera was located obliquely to the spacecraft 
window, and there was a pressure difference be
tween the spacecraft and the outside environment. 
Furthermore, two different cameras and a variety 
of magazines were used for the photography. 
Ideally, the cameras should have been calibrated 
with all combinations of lenses and magazines 
used during the mission. ·what was done, in fact, 
was to select combinations of cameras, magazines, 
and lenses and to use these data for all cases. It 
was further hoped that the effect of the spacecraft 
window and the differential pressure bet\veen the 
spacecraft and the lunar surface could be deter
mined by stellar photography acquired during the 
mission. Such photography was not obtained. 
Therefore, the effect of this condition will have to 
be estimated by comparing the plate residuals from 
the camera calibration with those obtained from 
data reductions. 

The manufacturer furnished some calibration 
data on the camera with the 80-mm lens and an 
unspecified magazine. Because these data were 
incomplete, they were supplemented by stellar 
camera calibrations carried out at the Mapping 
Sciences Laboratory. The following camera/lens/ 
magazine combinations were calibrated: 

1. Camera 1024 with 80-mm lens and maga
zine C 

2. Camera 1024 with 80-mm lens and maga
zine D 

3. Camera 1024 with 250-mm lens and maga
zine B 

4. Camera 1024 with 250-mm lens and maga
zine D 

5. Camera 1020 with 80-mm lens and maga
zine D 

6. Camera 1020 with 80-mm lens and maga
zine G 

Camera 1024 was used with the intervalometer 
for the acquisition of the vertical strip photog
raphy. The results of these stellar calibrations 
are considered to be satisfactory, with the stand
ard error of the plate residuals at the star images 
ranging from 10µ. to 14µ.. 

Analytical Aerial Triangulation 

Because one of the most valuable potential uses 
of the Apollo 8 photography is control extension, 
considerable effort was expended to investigate 
this aspect. There was no direct tic to orbit data, 
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nor was much lunar control available. There were, 
however, four points on the lunar surface with 
coordinates established by sextant observation 
from Apollo 8 (CP-1, CP-2, and CP-3, and land
mark B-1). Since vertical photography was taken 
over three of these points, the investigation cen
tered around these control points and an attempt 
to recover the orbital camera positions. 

The three control points are located on the 
lunar far side. The coordinates of these points 
are listed in table 2-IV. The photography which 
covers these three control points was obtained 
from magazine D (revolution 4) and magazine C 
(revolution 8); the specific eoverage is given in 
table 2-VIII. 

Because no stereoscopic model contained more 
than one control point, it was decided to analyti
cally triangulate short strips at CP-1 and CP-2 
and to impose the constraint that adjusted coordi
nates of the exposure stations lie on the orbit. 

TABLE 2-Vlll.-Photographic Coverage of 
Control Points 

Control point 

CP-1 .. 

CP-2 .. 

CP-3 .... 

• By frame numbers. 

Magazine D Magazine C 
photographs• photographs• 

20;;2 
20ii3 
2o:;4 

2161 
2162 

2664 
266.'i 
2666 
2702 
2703 
2704 
2705 
2771 
2772 
2773 

With this in mind, photographs 2052 to 2055 
and 2664 to 2667 were triangulated as a block at 
CP-1, and photographs 2091 to 2095 and 2702 
to 2705 were triangulated as a block at CP-2. 
In both blocks, the exposure stations were con
strained in latitude and height but allowed to 
adjust in longitude, that is, downtrack. In ad
dition to enforcing CP-1 or CP-2, the exposure 
base as determined by the 20-second intervalom
eter was also enforced. Once the adjusted exposure 
stations were obtained, the positions were con
verted to time values; that is, to ground elapsed 
time (GET). The adjusted camera data for the 
block at CP-2 are found in table 2-IX. 

The solutions seem satisfactory, although the 
results should be treated as preliminary. Although 
the 15 to 20µ plate residuals might seem high 
for conventional aerial triangulation, it must be 
remembered that corrections were not applied for 
the differential pressure and the effect of the 
spacecraft window. Because the strips are con
tinuous between CP-1 and CP-2, another check 
is afforded by computing the average exposure 
interval between the two points. The time interval 
between magazine D photographs 2055 and 2091, 
as determined from the two triangulations, proved 
to be 697 seconds. Thus, the exposure interval 
is 697 /36, or 19.36 seconds. The time interval 
between magazine C photographs 2667 and 2702 
proved to be 693 seconds, so the exposure interval 
is 693/35, or 19.80 seconds. These exposure inter
vals confirm the feasibility of this approach, and 
efforts are currently underway to refine the tri
angulation. 

It is felt that these results show both that 
orbital data for the Apollo 8 vertical-strip photo
graphs can be recovered and that the photography 

TABLE 2-IX.-Adjusted Camera Data (CP-2) 

Frame GET, Latitude, Longitude, Radius, X-tilt, Y-tilt, Heading, Sigmu, 
hr:min:sec deg deg km deg deg deg µm 

2091 ....... • < •••• 75:32: 17 -11. 155 -195.368 1849.05 -0.105 7.225 -94.632 20 
2092 ..... ' .... 75:32:37 -11.244 -196.398 1848.92 - .213 7.394 -94.145 18 
2093 ........ .... 75:32:57 -11.333 -197 .415 1848.74 - .268 7.389 -93.707 21 
2095 ....... .. ' .... 75:33:19 -11.432 -198.585 1848.63 - .253 7.736 -93.124 19 
2702 ... . . .... 83:26:10 -10.650 -194.170 1848.80 7.477 -14.276 -99.817 17 
2703 ... .... 83:26:30 -10. 749 -195.191 1848.86 8.069 -12.848 -98.666 16 
2704 ... ...... 83:26:50 -10.849 -196.213 1848.75 8.851 -11.3881 -97.517 18 
2705 ........ 83:27:10 -10.957 -197.241 1848.61 !). 775 -9.964 -96.315 21 
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can be utilized to extend lunar control. This 
aspect of the investigation is continuing, and the 
next step will be to perform continuous triangu
lations from CP-1 to CP-2. An endeavor is also 
being made to acquire spacecraft attitude infor
mation and to include the information in the 
reduction. 

Topographic Mapping 

Another aspect of the investigation of the sur
veying and mapping potential of the Apollo 8 
photography was its suitability for the production 
of topographic maps. Two approaches were used. 
One was a theoretical estimation of the relative 
horizontal and vertical accuracies obtainable, and 
the other was the production of a topographic 
map of a small, interesting area of the lunar 
surface. 

A theoretical estimate of relative horizontal and 
vertical accuracies can be obtained by the use of 
the following equations: 

and 

where 

H 
mp=-dx 

C 

mp= relative horizontal accuracy 
H = flight height 
dx = accuracy of image measurement 
mh = relative vertical accuracy 

c = focal length of camera lens 
B = space base between exposure 

The horizontal accuracy can be estimated by 
using, for dx, the plate residuals from the tri
angulations. Using 20µ, one then gets mp""'30 
meters for the vertical photography taken with 
the 80-mm lens from the circular orbit of 60 n. mi. 
This value is probably optimistic, however, be
cause the only present method of scaling the 

FIGURE 2-64.-Topographic map produced from Apollo 8 frames 2057-D to 2059-D. 
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stereoscopic models is by the use of the exposure 
interval and spacecraft velocity. Since both values 
contain uncertainties, the resultant model scale is 
approximate. However, it is believed that the 
horizontal position of points within a stereoscopic 
model (vertical photography taken with the 80-
mm lens from 60 n. mi.) can be determined to a 
standard error of about ±50 meters. For the 
relative heightening accuracy, the value of H/B = 
3.5, H/c=l.4, and dx again is 20µ. This gives 
m,. = 100 meters. This is an estimate of the accu
racy of relative heights measured over a stereo
scopic model of the vertical 80-mm photography 
taken from 60 n. mi. The datum in this case is 
local, because little information is available with 
which to level the stereoscopic models. No esti
mate was made of the attainable accuracy with 
the photography taken with the 250-mm lens, 
since no data reduction has been carried out with 
that photography. The 100-meter accuracy esti
mate of the 80-mm vertical photography is not 
good photogrammetrically. However, in this case, 
it is caused by a combination of the poor base/ 
height ratio (B/H) of 0.3 and the 20µ plate 
residuals. 

The topographic map (fig. 2--64) was produced 
from photographs 2057 to 2059 of magazine D, 
taken with the 80-mm lens. The contour interval 
is 200 meters. The contours are purely relative. 
However, they do show that the possible "lava 
tubes" run up and over crater walls and ridges. 
This, in itself, is interesting and points out the 
value of topographic maps that can be produced 
with the Apollo 8 photography. 

PHOTOGRAMMETRY OF APOLLO 8 
PHOTOGRAPHY 

SHERMAN S. C. Wv 

Introduction 

Apollo 8 mission photography is the first return
film photography of the lunar surface in the U.S. 
space program. The photography from this first 
manned lunar orbiting mission has good resolution 
and does not have the distortions that the previous 
GRE-film photographs of unmanned Lunar 
Orbiter photography had. For a preliminary scien
tific evaluation regarding the photogrammetric 
applications of photographs from the Apollo 8 

mission, an attempt has been made to set up 
three models in the AP /C analytical plotter at 
the Center of Astrogeology in Flagstaff, Ariz. 

The models selected include three different 
modes: the vertical case, the convergent case, and 
the oblique case. All the photography was taken 
with a Hasselblad camera using Kodak 70-mm 
film. Two camera focal lengths, 80 mm and 250 
mm, were used. The vertical-case photography 
was selected from magazine D (frames 2081 and 
2082), which was taken with the 80-mm lens 
using Estar thin-base type 3400 Panatomic X 
aerial film. The convergent-case photography was 
selected from the C magazine (frames 2703 and 
2704), which was also taken with the 80-mm lens 
using type 3400 film. The oblique photography 
was selected from the A magazine (frames 2615 
and 2616), which was taken with the 250-mm 
lens using SO-368 color film. 

For this evaluation, fourth-generation trans
parencies were used. No camera calibration data 
were available at the time of this testing, and 
there is no established ground control for absolute 
orientation. One model of the vertical-case pho
tography and one model of the convergent case 
were set up on the AP /C plotter. Contour maps 
of these two models have been compiled at a 
scale of 1 : 200 000. The model of vertical pho
tography has a contour interval of 200 meters, 
and the model of convergent photography has a 
contour interval of 250 meters. Also, a relatively 
large-scale contour map was made of a special 
crater in the model of the vertical photography 
at a scale of 1 :50 000 and a contour interval of 
100 meters. 

Twelve profiles in these two models have also 
been measured for comparison with similar profiles 
obtained with an isodensitometer, for study of 
surface roughness, and for determination of the 
accuracy of the photogrammetric method by re
peated measurements. 

The attempt to set up the oblique model was 
unsuccessful because the relative orientation com
putation would not converge in the AP /C com
puter. This phenomenon has several possible 
causes. First, the actual lens focal length is pos
sibly different from the designed 250-mm lens. 
Second, the lens may cause large distortions. 
Third, the photographs were taken when the 
Apollo 8 spacecraft was not in lunar orbit. This 
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situation resulted in highly tilted photographs, a 
small model base, and a large difference in altitude 
between the two photographs of the model. Hmv
ever, this model could probably be set up on the 
AP /C plotter if the correct lens focal length and 
lens distortion values were available. 

1fost of the photography of the C and D maga
zines can be used in stereoscopic pairs for es
tablishing photogrammetric models. However, to 
obtain accurate results, the complete camera cali
bration data are required. Ground control for the 
back side of the Moon may be established by the 
method of aerial triangulation using the vertical 
stereoscopic strip of magazine D and some parts 
of the convergent strip of magazine C. 

Preliminary Photogrammetric Evaluation 

Since the orbital flight height of the Apollo 8 
spacecraft was about 110 km, the scale of the 
photography is about 1: 1 375 000 for the 80-mm 
lens and 1: 441 000 for the 250-mm lens. If the 
camera has a resolution of 50 lines/mm at the 
center of the photographs, then approximately 30 
meters in ground resolution can be obtained with 
the 80-mm lens and approximately 10 meters with 
the 250-mm lens. Because the least reading in the 
AP /C plotter is lµ, repeated observations in the 
plotter of a specific image point in the model 
have produced the unbelievable result of a 6µ or 
7 µ standard error for both horizontal position 
pointings and elevation readings, which is equiva
lent to about 8 meters on the ground. This result 
was obtained on the type 3400 film by an experi
enced AP /C plotter operator. Since the oblique 
model using color photography taken with the 
250-mm lens did not set up on the AP /C plotter, 
the following discussion refers only to the models 
of vertical and convergent photography taken 
with the 80-mm lens, which set up easily. 

Model of Vertical Photography (Magazine D) 

Vertical photographs 2081-D and 2082-D (fig. 
2-65) were selected for the first model. This model 
was selected so that profiles could be measured 
and a comparison made of the photogrammetric 
and photoclinometric methods. The photography 
from the D magazine taken with the 80-mm lens 
is black and white. The exposure time is 1/250 
second with an f-stop of 5.6. The model coverage 
is on the back side of the Moon located at 10° S, 

[llP 

[li'C 

FIGURt: 2-65.-Apollo 8 photographs used in model of 
vertical photography. (a) Apollo 8 frame 2081-D, 
(b) Apollo 8 frame 2082-D. 

175° W. The ground coverage is about 2650 km2
• 

The Sun angles were 34° and 35°, respectively, at 
the time the photographs were taken. The contour 
map of the entire model is shown in figure 2-66. 
The model was scaled by measuring the distance 



70 

N 

1 

ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

175. 8' , 't-----n--:-,-~-r~-:-_!:IV~P~l!_\IV~Ci-rr-~~--~------7-s. 2. 174.:_0' 
-8. 3° 

I r J F l ~ F :-:r==r-F= 

O 5 10 miles 
'-----+--+-~---~----,,,,---

Contour interval, ZOO meters 
Explanation 

IHP 
IHC 

~ ) Crater rim o Leveling point 
- Supplementary contour 17 Scaling point 

Fwu1rn 2-titi.--Contour map of the entire model of vertical photography. 
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Explanation 

l-_:) 
Crater rim 

between similar images identified on Lunar Orbiter 
II medium-resolution frame 33. Leveling of thi,; 
model was prrformed by arbitrarily :;;electing three 
points (marked with dot:; on the m::tp) which 

appeared to be at the same rlevatiou. An arbitrary 
elevation of 10 000 meter,; was assigned to these 
three points. The model scale is 1 : 1 407 789. This 
sc·ale was magnified 7 .0389 time:- to obtain an 
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original map scale of l: 200 000. ParanwfrrH from 
the output of tlw AP/C ('ompu1cr for the relativP 
orientation and th<' absolutP oriPntation tran.-:
formation are listed in tablP 2-X. 

Figure 2-67 is a eontour map of a small crater 
compiled at a scale of I :50 000 (tlw square area 
marked off in fig. 2-6(\) and shows the smallest 
contour interval that can IH' <·ompiled. The seale 
on the full-sized map is a 28.1556 magnifieation of 
the model scale. The AP;C operator believes that 
a 50-metpr contour interval could be obtained 
by using an extremely slow plot ting speed and 
l'areful attention. 

Profiles I HP and I-HC of figures 2-68(a) and 
2 68(b), r<·spedively, were measured from the 
model of vertir·al photography at the same lo
('ation, as indicatPd in figure 2-65(b), but profile 
I-HP wa:,; plottPd directly from the AP/C plotter, 
and profile I-HC was measured point by point 
and t hPn <·omputed by the IBl\1 360 computer 
and plotted 011 1 he XYZ plotter. This process 
providPR th<· geologist with information for per
forming a statistical analysis of surface roughness. 
ProfilPs J-VP and 1-VC of figures 2-69(a) and 
2-69(b), respectiVPly, WNP measured in the same 
purposP as I HP and I-HC, except that they 
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(bl Ground distance, kilometers 

Fwmu: 2-u8.-Profiles iu eust-11·pst dire<"tion in the model of vNtical photography. (a) Profile I-III', (b) profile I-UC. 
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were measured in a south-north clirPetion as indi
cated in figure 2-65(b). 

Profiles I-D 1, I-D 2, and I-D 3, as shown in 
figure 2-70, were measured point by point and 
computed by the IBl\I 360 computer, then plotted 
on the XYZ plotter. These three profiles are 
exactly at the samf' location and were measured 
three times. These measurements, therefore, pro
vide not only information for crater slope studies 
but also show the error of plotting in the model. 

]Hodel of Convergent Photography (1\fagazine C) 

Photographs 2703 and 2704 from magazinf' C, 

as shown in figure' 2-71, WPr<' scledf'd for the 
second modPI. This partienlar model was selected 
for cvaluut ing the Apollo 8 convPrgPnt photog
raphy for photogrammetri<' pro<'PRsing. Tlwsc arc 
also black-and-white photographs takf'n with the 
80-rnrn lens. This modPI eovprs tlw Pntirc erater 
302 at 11 ° S, 162° W. The scale of this model 
was also obtained from memmrements made on 
Lunar Orbiter II medium-resolution frame 33. 
The Sun anglPs wne 41° and 42°, resppctivcly. 

A contour map of this model, as shown in figure 
2-72, was vompilcd using tlw same procedurP for 
leveling a;; in thP first modt>l. The original map 

TABLE 2-X.-Parameters of Orientations of the Model of Vertical Photography 

Parameters 

Focal length, mm ..... 
Bx,mm ... 
By, mm. 
Bz, mm .. 
K, deg .. 
w, deg ... . 
</>, deg .... . 

H!'lativp orinitation Ab~olute oriPntation 
----------

1 

Frnme I Frnnw 
2082 2081 

-- ------- - ----- ---------~------- - --- - ---- - - - - ----- --- -

Frnme Frame 
2082 2081 

80.000 80.000 80.000 80.000 
.000 25.725 -10.277 15.567 
.000 .348 -3.197 -2.876 

80.000 77.416 79.273 80.030 
.0000 1.6750 .0181 1.6448 
.0000 - .1714 2.3071 1.9232 
.0000 2.8327 -7 .367,i -4.6008 

FIGURE 2-il.~Apollo 8 photographs used in model of convergent photography. (a) Apollo 8 frame 2i0:l, (b) Apollo 8 
frame 2704. 
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Topographic map 
February 1969 
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Explanation 

u 
Crater rim 

Swp 
0 

Leveling point 

• 
Scaling point 
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161.l' IT-VP 163. 2' 

FrnuRt; 2-7:2.~Contour map of the model of convergent photography. 
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TABLE 2-XI.-Parameters of Orientations of the Model of Convergent Photography 
--

I Helative orientation Absolute orientation 
--~~--

l'amnwtPr~ 
Franw Franw Fran1ci Franw 
270.t 2,m 270--1 2,m 

-- ---------- -------- ~---- ----

Focal length, mm ... .... . . . . . . . . 

Bx,mm .. ..... . ..... . ... 

Br, mm .. .... . .. . .... 

Bz, mm .. .. 

K, deg .. . . . ............. . ... 

w, deg .... ..... . .... 
<I>, deg ... . . . .. 

scale is 1:200000, and the contour interval is 
250 meters, larger than the first model. This may 
show the difference between vertical and conver
gent photography. The scale of the full-sized map 
is a 8.4480 magnification of the 1: 1689600 model 
scale. 

Parameters from the output of the AP/C com
puter after relative orientation and the absolute 
orientation transformation of this model are listed 
in table 2-XI. 

Profiles II-HP and II-VP of figure 2-73 were 
plotted directly from the AP /C plotter in the 
east-west and south-north directions, respectively, 
as indicated in figure 2-71(b). No attempt was 
made to measure profiles analytically for surface 

Elevation, 
meters 

80.000 80.000 80.000 80.000 
.000 18.079 3.831 21.978 
.000 .ii6\) -ii.ii06 -6.051 

80.000 79.793 79. 719 78.608 
.0000 1.8938 - .4543 1.4538 

6.0000 ii.7600 9.9119 !).761:3 
10.0000 13.5742 12.7690 16.2156 

roughness studies or to test the repeatability of 
thi,; model. 

Comparison Between Photogrammetric and 
Photoclinometric Profiles 

Profiles I-PG 1, I-PG 2, and I-PG 3, as shown 
in figure 2-74, were measured point by point from 
the model of vertical photography for comparison 
with profiles IDT-1, IDT-8, and IDT-15 meas
ured with the microdensitometer. Since the profiles 
obtained from the microdensitometer measure
ments arc not entirely covered in the stereoscopic 
model, a short distance on each profile could not 
be measured on the AP /C plotter, but the scales 
of both methods were checked very closely. Be-

13,000 3 
!~::: jit::::::l_~ __ _.;::::~~~~--~=~~~f=~~:::::'.::'.::::'.'.~=-,_------~-:-=~~:-: _ ___..~-----,1 

0 5 10 20 30 40 50 
(al Ground distance, kilometers 

Elevation, 
meters 

14,000 ~ 
12,000 ~i-· ----------
!~:~~~ ~l,-,--r-~.-,l----,1-----,-~-~----=~=~:::::::::::;l::::::::::::::;C:.__ __ ::=:::l~~-::::-::-:-::-::-:_,I 

0 5 10 20 30 40 50 60 70 
(bl Ground distance. kilometers 

FIGURE 2-73.-Profiles in east-west and south-north directions in model of ronvergent photography. (a) Profile II-HP, 
(b) Profile II-VP. 
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F1umu; 2-7.t.-Comparison between photogrnmnwtri1• :md photo<'linometric nwthods. (a) Profile I-PG I, (b) Profile 
I-PG 2, (c) Profile I-PG :3, (d) Profile I-PG I with rPdured vprtical s<•tdl', (e) l'rofilP I-PG 2 with redured vertical 
Heale, (f) Profile I-PG :~ with reduced vertical scalP. 

cause oft he lack of ground-control points, leveling 
procedures are arbitrary in both methods; there
fore, slope comparison between each pair of profiles 
can only be made by rotating one to make the 
best fit with the other. Photogrammctric profile 
I-PG 3 compares well with IDT-15. Profiles 
I-PG 2 and IDT-8 are still somewhat similar. 
The most difference occurs between profiles I-PG 1 
and IDT-1, especially at the east side (left). 

Discussion 

Camera Calibration 

The sums of the squares of the residuals for the 
relative orientation of the two models from maga
zines D and C, taken ,vith the 80-mm lens, are 
0µ2 and 21µ2, respectively, as determined by the 
AP/C computer. In both cases, parallax measure
ments were made on 12 evenly distributed points 
over each model. However, for the oblique model 
of magazine A taken with the 250-mm lens, con
vergences for the relative orientation could not 
be obtained, even though parallax measurements 
were made only on six points. Camera calibration 
data for only the 80-mm lens were received after 
all the measurements were made. The calibrated 
focal length (CFL) is 79.95 mm, which is close 
to 80 mm. X o indication is shown in the cali
bration data for the location of the principal point. 

This may mean that the CFL of the 250-mm lens 
may differ very greatly from its designed value. 
The loeation of the principal point of the 250-mm 
lens may be farther away from the center of the 
photograph than for the 80-mm lens. Lens dis
tortions of the 250-mm lens may be much more 
significant than the lens distortions of the 80-mm 
lens. These answers can only be obtained from a 
careful camera calibration using the standard 
photogrammetric calibration. 

Two sa,v teeth appear at the lower edge of each 
photograph from the Apollo 8 mission. These 
two saw teeth may be used as references for the 
location of the photograph principal point and 
also for film shrinkage correction in both the X 
and the Y directions. 

Establishment of Control Points 

Because most overlapping pain, of photographs 
of magazine D and part of magazine C have good 
exposures for mapping purposes or for geological 
interpretation, a system of control points by 
photogrammetric methods can be established. 
This Rystem of control points, which would be 
of great value in future mapping for geological 
purposes, can be accomplished by strip aerial 
triangulation using pure analytical methods or by 
instrumental triangulation, especially ,vith the 
AP /C plotter. 
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Absolute Orientation of a llodel of Vertical 
Photography Jf'ith the Tracl.-in~ Vata 
(Speed and Time lnterml) 

If an assumption may Jip mad<' that Hight alt i
t udPs bPt ween Pal'h pair of adjac·Pnt l'amcra sta
tions in tlw orbit ar<' approximatPly the :--amc, 
tlwn a modPl in the . .\P/(' plotl<'I' ean lw leveled 
by iterations of absolute ori(']]tation until the 
same bz is arrived at from both photographs and 
the x tilts WI and W2 approac·h zero. During thP 
iterations, sealing ean lw pstnblislwd simultane
ously by comparing the base in 1 hl' model and tlw 
basP in space, which can hP <·omputed from tlw 
spePd and t inw int <>rval or from II and B/H. 

SIMULATION OF LUNAR MODULE 
PHOTOGRAPHY A ND LUNAR 
MODULE LANDING CONDITIONS 

D. D. LLOYD 

EXPERIMENT OPERATION 

On revolution 3, a ,;ct of 3!) photographs (frames 
2271 to 2309) were taken out the right-hand 
rendezvous window using a bracket-mounted 
Hasselblad camera and the 250-mm lens. (These 
were the only 250-mm !em, black-and-white photo
graphs taken with a bracket-mounted camera.) 
The lunar module pilot (LMP) activated many of 
these photographs individually (fig. 2-75 and 
table 2-XII). 

The f-stop waH left unchanged at the maximum 
aperture off/5.6. The initial 2H photographs (2271 
to 2299) were taken at a shutter speed of 1/250 
8econd. The final 10 photographs (2300 to 2309) 
were taken at a :,;hutter speed of 1/60 second. 
The film used was black-and-white Panatomic X, 
SO-3400, magazine E. (ThPsP IO photographs 
were the only SO-3400 film photographs taken at 
1/60 second. All othen; wen· taken at 1/250 
second.) 

This sequence of photograph,; wm, taken at tlw 
same time that a landmark truining :-,equence 
(maneuver and operation) was JlPrformecl. The 
commander (CDR) wa:-, viewing the lunar surface 
north of landing site I through the left-hand 
rendezvous window. HP viewed a11 area near 
~askelyne F, and, in particular, a lunar feature 
at approximatPly ,5° \', 34° l1:, 1·on~isting of a 

2302 
2303 : 2301 

2304 : : : 2300 
2305 : 

2306: 
2307: : 

2308: : : 
II I I 

2309::: : , , 

?299 
2298 
' 2297 

2296 
, : 2295 

~( 

FrnFRE 2-75.-- -l'i11:11:yback IMC experiment in maria with 
low Sun angle. 

TABLE 2-XII.-Approximate Time Interva/,S 
of Photographs 

[llased on measurements of the photographs] 

Fnune Time intervals, 
see 

----------- __________ , ________ _ 

22!ll .. 
2292. 
229:l .. 
22ll4 ... 
229i'i .. 
2296. 
2297 .. 
22!J8. 
22!J!l • . 
2:mo .. 
2:301 .. 
2:{(>2 .. 

2:1m .. _ 
2:l04 .. 
2:~m. 
2:l06. 
2:J07. 
2:l08. 
2:wn. 

• Hmallest s,·,de factor. 

20 
20 
20 
10 
JO 
10 
IO 
IO 

l, 27 

IO 
10 
IO 
IO 
IO 
2,i 
20 
20 
20 

h AJditio11al 1ime required to c-h11nl!;e shut1er exposure 
( I /2.·,o 1 o I /tiO se('I. 

peak or crater edge which is part of a crater pair. 
He viewed the lunar feature through the crew 
optieal alim,rnent sight (COAS), which is rigidly 
mounted to the ,.;pacecraft with its optical axis 
:dined along the X-axis. To enable the CDR to 
view thP lunar fonturc through the COAS, the 
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Hpacccraft wus oriented with thP opti<~al axi:-; of 
the COAS pointPd roughly at thP lunar feat\ll'P. 
During the trnining sequPncP, tlw spal'Pl·raft 
traveled a con.-;idPrablc· di.~tance, 1·reating a ehangP 
in viewing direction of greater than 45°. RPorien
tution of thP COAS required a rotation (roll) of 
the spacecrnft. The CDR uehieved this rcorim
tation and roll by firing the spa1·et-raft. attitud<' 
control system, using thP feedback loop of moni
toring the lunar frature vi,mally and adjusting 
the spaceeraft orient at ion roll to suit his viewing 
convemence. 

If, at the time eaeh photograph was takL·n, till' 
spacecraft were rolling at exactly the rate rP
quired to compensate for spacecraft trnvd rclativ<' 
to a viewed lunar fcaturP, then the lunar fmtur<' 
would stay at a fixed position in the COAS and 
the picture taken by the camera would have zpro 
image-motion ;;nwar. If, for exumple, thP roll ratP 
were 60 percent of the rate required to kepp tlw 
same viewing of the lunar feature, then the :-mwar 
would be reduced by 60 per<'Pnt, leaving 0.4 un
compensated. (If a roll rate of I 20 percent were 
achieved, then 0.2 of thP smear would be 
uncompensated.) 

If some of the IO photograph8 taken at 1/60 
second showed that a degree of compensation had 
been achieved, the possibility of high-resolution 
photography would be demonHtrated. 

Frames 2271, 2272, and 2273, taken at 1/250 
second, were of separate interest. These photo
graphs show maria near landing site I at Hun 
elevation angles similar to <'OJH!itions that may 
occur at Ll\I descent. 

Photographs 2339 to 2343 of magazine E arc 
of related interest. In particular, photograph 2341 
shows an area of Mare Fecunditatis taken with a 
Sun elevation angle of approximately 17° and a 
look angle of approximately 26°. The camera 
was oriented so that zero phase occurred near thC' 
center of the photograph. The 80-mm lens wa:-; 
hand held with a shutter speed at 1 /250 second 
and an f-stop of 5.6. 

These photographs show lighting conditions 
similar to that which could be experienced during 
LM descent under one set of critical condition:-. 
Albedo variations show up quite clearly near zero 
phase, and these variations explain much of thc 
detail and definition observed by the astronauts 
in viewing the lunar surfaee <'Omparcd to thPir 

obH(•rvat ion,; in <·mist ant allwdo simulators. A 
:-;rcond c·a.usP of <lPfinition would br shadow lining 
of fpature:,;. 

During a sPparat<' pitdrnp ,;pqupncc on revo
lutim1 8, a srri<'R of photographs (2818 to 2821, 
magazine• C) was takPn undPr :-;imilar conditions, 
but with t lw 80-mm lPn:-;. Tlw four photograph:-; 
includ(• an area <'lm,e to Z('ro pha:,;p and at Sun 
p]evntion ang]p:-; similar to conditions that will 
occur at LlVI descpnt. (The portion of the photo
graphs rwar z!'ro pha:,;c is in l\farp Tranquillitati.-;.) 

BP1·au,.;e the l(•ns ll.~Pd was tlw 80-mm rather 
than t lw 250-mm ]pns UH!'d on the Parlin ;;pt, t lw 
cxiPnt of tlw lunar :-;urfoc<' r·ovPred per degree of 
Jen,; fiPld of view was larger and th<' resolution 
and detail <'orrespondingly less. 

HARDWARE AND I IVlAGE MOTION 
COMPENSATION CONSIDERATIONS 

Hardware Limitations of Light-Collecting 
Capability 

Because of limitations on weight and volume, 
there is a restriction on lrns clianwtPr and, thus, 
on lrn:,; light-collecting <·apability. ThE· 250-mm 
lens <'arried on Apollo 8 had an aperture off /5.6. 
The largc;;t standard Zeis.-; lens available com
mercially (500 mm) has a 1cm, diameter corre
sponding to f/8. To achieve f/5.6 with a 500-mm 
1cm, of reasonable optical quality would rcquirP 
a lens weighing approximately 10 pounds (the 
weight of the Lunar Orbiter lem,). An aperture 
of f / 5.6 is, therefore, a reasonable limit for long
focal-length, high-resolution lenses for curly Apollo 
missions. Because light-power collection per unit 
area of film i:-; proportional to the square of the 
f-stop, there is a limit on kns light-power col
lecting capability pPr unit area of film. This limi
tation gp1wrates a 1iepd for long exposure time in 
order to eollcd sufficient light energy per unit 
area of film crystalt--, which, in turn, genPrates a 
need for image motion <~om1wnsation (IMC) for 
photography of regions of thr l\Ioon that are 
within 20° of the trrminator. 

Derivation of I MC: Requirements 
On regions of the l\Ioon where the Sun i:., below 

20° elevation, there is a :-;hortage of light for all 
high-resolution films at f /5.6 unless the shutter 
is held open for approximately 1/125 t-lecond. 
\Yhilc 1 he slrnttl'r is opPn for 1 /125 second, the 
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spacecraft moves about 13 metPr8, producing a 
smear of approximately 13 metPrs if uncompen
sated. Without this smear (that it-, with eompen
sation) a resolution of approximately 2.7 meters 
with a 500-mm lens, or approximately 5.4 meters 
with a 250-mm lens, could be obtained. 

A 100-mm lens would providP a basie resolution 
of approximately 13.2 meters. A combination of 
13-meter smear ( corresponding to I/ 125 second) 
with 13.2-meter resolution provides significant 
image degradation of resolution and is near the 
upper limit of acceptable smC'ar. (A smear equal 
to 40 percent of the basic n•~olution is more 
acceptable as a goal.) For 100- or 80-mm lenses, 
a shutter speed of 1/250 second or leRs should 
be used for all exposures until the combination of 
1/250 second and maximum apPrture requires 
more light. (A shutter speed of 1/250 Recond was 
selected for all regular photography during the 
Apollo 8 mission.) 

When the 250-mm lens is uRed uncompensated 
for IMC, a shutter speed of 1/250 second produces 
an undesirable smear of 6.6 nwt<·rs imposed upon 
the basic resolution of 5.4 meters for vertical 
photography; however, for non vertical photo
graphs at a range of 200 km, the· basic resolution 
is approximately 10.8 meters, and the smear of 
6.6 meters can be considered acceptable for moRt 
lighting conditions. (However, 1/250 second pro
vides insufficient light when the angle of Sun ele
vation is less than 20°.) 

Image motion compensation to reduce the 13 
meters (produced with 1/125-second exposure) 
to 1.3 meters, IO-percent residual, is within the 
state of the art of IMC cameras. Better than 1-
percent residual was achieved with the Lunar 
Orbiters. Image motion compensation based on 
spacecraft velocity and relative altitude derived 
from tracking data can do better than the re
quired 10 percent residual, if the camera has a 
mechanism for moving the film to achieve compen
sation. Such a camera is desirable. Without com
pensation in the camera, the camera must be 
bracket mounted to the spacecraft and the space
craft must be rolled to provide U\IC. (This tech
nique has limitations when an attempt is made to 
achieve a strip of photography.) The spacecraft 
is oriented toward the target of interest during 
the roll. 

Two factors might generate uncertainties in 
spacecraft roll, which, in turn, might cause the 

compensation to be less accurate than the 10 
percent required. One of these could arise from 
uncertainties in the capability of the spacecraft to 
respond to the specified commands. (The control 
of the attitude engine thrust levels as it acts 
against the inertia of the spacecraft.) Fortunately, 
the uncertainty here is much less than 10 percent. 
(It is, in fact, less than 1 percent.) The second 
factor is in the uncertainties introduced by inaccu
rate geometric instructions to the spacecraft atti
tude control system. 

The L:\I photography simulation/IMC experi
ment, performed as a piggyback operation added 
to the training sequence performed on revolution 
3 of Apollo 8, was intended to provide an initial 
evaluation of any problems involved in achieving 
the desired spaeecraft roll rate. 

TECHNIQUES FOR PROVIDING THE 
REQUIRED GEOMETRIC INSTRUCTIONS 

There are several possible techniques for pro
viding the rPquired geometric instructions to the 
Rpacecraft control system. The preferred method 
would be to obtain the instructions directly from 
a prestored computer software program. The 
necessary computer program is, however, not yet 
available. 

Two alternative methods involve astronaut par
ticipation. In the first method, the astronaut 
substitutes for the desired computer software pro
gram. He inputR to the control geometric instruc
tions based on printed instructions provided him 
preflight. In the second method, the astronaut 
watches the point of photographic interest with 
his eyes and fires the reaction control system to 
minimize relative rate. This sighting can be 
through a reflex camera or through a separate 
optical sighting instrument which looks down the 
same axis as the camera; for example, the COAS 
can be used to aim a rendezvous-window-mounted 
camera. 

The Ll\f photography simulation/IMC experi
ment performed 011 lunar revolution 3 of Apollo 8 
used a downgraded modification of the second 
method. The method was downgraded in that the 
maneuver was not performed for the specific pur
pose of obtaining photographs and, naturally, it 
could not be optimized for the photographic 
purposl'. The photographic experiment rode piggy-
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back on a maneuver performed to optimize the 
viewing convenience of the astronaut. Th<' sig
nificant part of the li\1C experiment (that carried 
out with the shutter speed of 1/60 second) was, 
in fact, not started until the spacecraft was 
vertically over the target (table 2-XII). One effect 
of this delay was to caus0 glare on the film. A 
second effect was to eause low exposure, since the 
phase angle was never below 86°. A third effect 
is that the phase of correction of the roll may 
have been partially or fully missed. 

MEASUREMENT OF RESIDUAL SMEAR 

Method 

Certain of the photographs taken to evaluate 
the piggyback IMC technique were measured by 
the Cornell Aeronautical Laboratory to determine 
the estimates of residual smear. The apparatus 
has a lµ slit providing a measurement accuracy 
of 1000 lines/mm. A model 1140 :Mann micro
densitometer was used to measure the change in 
transmittance of the film between shadows and 
the adjacent illuminated surface. 

In this technique, the shadow edge is scanned 
in the direction of spacecraft travel, and the rate 
of change of transmittance with distance is used 
as a measure of modulation transfer factor (MTF) 
and, thus, resolution. The change of intensity is 
adjusted for the effect of Sun penumbra lighting. 

Measurement Data Obtained 

The previously mentioned method of estimating 
residual smear, using fourth-generation positive> 
transparencies, obtained the following measure
ment data. 

The resolution of the preexposure bar chart was 
46 lines/mm. This chart, recorded preflight on the 
film by an 80-mm lens, was for comparison pur
poses to show basic unsmeared resolution. 

Five measurements were taken on frame 2304 
(26, 20, 19, 30, and 34 lines/mm). The average 
resolution was 26 lines/mm. 

Uncompensated photography would have pro
duced a film smear of 15 lines/mm at a vertical 
range of 102 km computed as follows: 

~ X 1.6 km (
2

~
0 

;m) = 66 mµ or 15 lines/mm 
60 1 2 m 

The value would be less at greater ranges. 

Results 

The piggyback 11\lC technique produced partial 
compensation and improved the resolution ob
tained in photograph 2304. 

The data obtained from this experiment confirm 
that any reasonable operation of a technique for 
providing IMC will enable high-resolution pho
tography to be obtained of the landed L:Vl, the 
shape of its shadow, and the surrounding lunar 
surface. 

SUMMARY 

The Apollo 8 mission provided much new infor
mation which both supplements and complements 
the Lunar Orbiter material. In particular, the 
high-illumination photography is of great value. 

The following arc some of the valuable aspects 
of the high-illumination photography: 

1. Inner walls of craters are seen better than 
before. (In the majority of Lunar Orbiter photo
graphs, these walls are either overexposed or are 
in shadow.) Patterns resulting from downslope 
movement are obvious. Lunar rock layers shmv 
up clearly. 

2. For the first time, it is possible to correlate 
brightness (reflectivity) and topography at com
paratively high resolution. 

3. Before the Apollo 8 mission, it was thought 
that photogrammctric analysis of lunar photo
graphs would be restricted to photography ob
tained at Sun evaluations lower than 45°. It has 
now been demonstrated that photogrammetric 
analysis can be made of photographs obtained 
even at the zero-phase point. 

4. For the first time, ejecta (ray) patterns from 
small, bright craters are visible in detail. Ballistics 
of ejection may be determined for ot hcrwise ap
parently similar craters which show distinctly 
different ray systems. Many more of these craters 
were visible than had been anticipated. 

5. For the first time, surface brightness at zero
phase angle has been measured. 

In addition, the following results were obtained 
from the photographs: 

1. The photography has improved our knowl
edge of the topographic character of far-side 
features. 

2. Several t.urgets of opportunity yielded sig
nificant geologic information. 

3. Stcrposcopie coverage, permitting photo-
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grummetry and excellent visual presentation, is 
clearly of great value and a unique contribution 
of the mission. Th<' photogrammetry is by far 
the best ever obtained of th<' :Moon. 

4. Photogrammetry and photoclinometry can 
be compared in detail, and the prospect of evalu
ating the two against each otherappears promiRing. 

5. Whole-disk photography will be of value to 
extend Relenodetic control over large areas of the 
east limb and back Ride of the Moon. Control 
based on supposed positioni-; and pointing angle8 
of the Lunar Orbiters has been shown to be V<'ry 
difficult to establish. 

At the orbital height of Apollo 8, photographs 
taken with the 80-mm lens are most useful for 
geologic purposes from approximately 0° to 5° 
from the groundtrack and have some value out 
to approximately 10°. Photographs taken with 
the 250-mm lens are most useful out to approxi
mately 10° and have some value out to approxi
mately 14°. Photographs with the 250-mm lens 
are also wieful when taken vertically if image 
motion i~ ('ompensated for. Resolution with the 
250-mm lens i8 about three times better than that 
with th<' 80-mm lens, but the field of view is only 
a ninth as great. 
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Astronomical and Earth Observations 

ASTRONOMICAL OBSERVATIONS 

L. DuNKEUIAN AND ROBERT 0. HILL 

A demonstration of thP visihility of lunar fea
tures in shadow rPgions is di:-;eussed in chapter 1. 
The ability to observe under high-contrast and 
also under very low light-levd condition:-; during 
the lunar orbit port ion oft he flight require:-; further 
study. Tlw photographic astronomi('al findings 
have already been discu;.;secl in <'hapter 2. In 
addition, the following vi,nwl observation i:-i 
worthy of note. 

During the Apollo 8 mission, the command 
module pilot (C1'11P) observed what is generally 
thought to be the zodiacal light and solar corona 
through the command module telescope just prior 
to sunrise on one of the early revolutions. The 
lunar module pilot (L:\IP) observed v.rhat he 
described as a cloud or bright area in the sky 
during lunar darkness on two succes:-iivc revo
lutions. He sketched this area in his log and vPr
bally described it during the photographic de
briefing after the mission. Based on correlationR 
of the spacecraft attitude and the LMP's position 
in the spacecraft, it appears that the LMP was 
looking at an area near the south celestial pole. 
His star sketch was roughly correlated with a star 
field. The identification of the observed area, if 
correct, indicates that the LlVIP observed one of 
the Magellanic clouds. 

ASTRONOMICAL MOONW ATCH 
DURING APOLLO 8 

WILLIAM B. CHAPMAN 

:More than 30 professional observatories and 
70 private observatories have been organizPd into 

an intPrnational network of lunar observers by 
Barbara 1\1. .. \'IiddlPhurst of tlw Lunar and Plane
tary Laboratory, University of Arizona. A system 
for reporting lunar tra11sient Pvent:-; to observer:-; 
and to tlw Scienec Support Room of the SeiPncP 
and Application;; DirPetoratP, KASA Manned 
Spacecraft CPnter, wa;; organizPd through Robert 
Citron, Smith:-;onian (.:PniPr for Short-Lived Phe
nomena, CambridgP, l\fass. This <'.Omrnunieation 
sy:-itPm was employed wlwn the l\foon was under 
intensP imrvcillance during the Apollo 8 mission. 
At this time, thP early lunar phase mainly limited 
observation of events to t hosP which occurred at 
favorable locatiorn, and which were in ;;unlight. 
Thus, astronomical observations of events were 
to some extent limited to those that might occur 
at Mare Crisium (selenographic coordinate:-, lati
tude 18° N, longitude 55° E) and at i\Iessicr 
(2° S, 46° E). 

However, on the unilluminated side of thP 
Moon, observations of anomalous brightening near 
Aristarchus (23° X, 47° E) were reported during 
the Apollo 8 mission. Such phenomena were re
ported for December 21 and 22, 1968, by t hP 
Ob:-Prvatorio Nacional, Rio de .Janeiro, Brazil. 
Similar phenomena near Aristarchu:,; and also at 
Grimaldi (66° S, 67° W) were' reported for De
cember 22 to 25 by California memlwr;; of Argus 
Astronct. 

Because the Apollo 8 erew was watching both 
Aristarchu:-; and Grimaldi, among other feature;;, 
for transient events, the reported phenomena werP 
not relayed to Apollo 8. However, Jlcnelau:-i 
(17° N, 16° E) and Manilius (14° N, 9° E), which 
the crew was not particularly watching for tran
sient events, were reported to have similar phe
nomena by Argus Astronet membPrs. An obscrvn 
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TABLE 3-!.-Communications Report Summary 
----~-----

Date, (:.111.t., ()h~Prvr·r Lor•ation Jfrport 
DPr·. I\Hi8 hr:min 

21 21 :00 
22 2:l:00 
23 23:'28 
'23. 01 :;l() to 0'2:00 
23 0'2:00 to 02::io 
23 02 :00 to 02: :m 
23 02:40 
2:3 01 :;,G 
'23 12:00 to J(i:00 
'23 14:00 to JG:00 
'23 
'23 
2:i 03 :00 to 0;3 :OG 
24. 03:00 to 06:00 
24 03:2:l 
2,i Oii:00 to 07 :00 
2,> '22:00 

..\lomao 

..\lourilhe 
Jean 
Wick 
Kohle11bergpr 
Harris 
Harris 
Lehrnam, 
Si11vhal 
Kodaikanal 
llvidovre 
Kozyrev 
Kohle11herger 
Bunton 
Harris 
University of ..\Jichigan 
Jean 

Brazil 
Brazil 
.\lontrcal 
South Dakota 
California 
California 
California 
South I lakot a 

Iudia 
India 
Denmark 
U.S.H.H. 
California 
Hawaii 
California 
Hawaii 
.\lont real 

Brightening in Aristarchus. 
Light in Aristarchus . 
White light in (;uerickP. 
..\ri.,tarchus pulsati11g. 
Brightening and dimming i11 Aristarchus. 
Brighteuing and dimming i11 Ari8tarchus. 
SE quadrant of C:rimaldi brighte11ed. 
I IH·rease in Ari.st arch us bright 11ess. 
;\,"egative. 
Negative. 
Negative. 
Negative. 
Aristarchus went starlike. 
Negntive. 
Aristarchus brightening. 
Negative. 
White co11e light 011 both sides of Pickeri11g. 

-----------~--- --- ----

at Montreal, Canada, reported another similar 
phenomenon at 18° S, 12° W (near Guericke). 
However, sinee t!w reports of p!H'nomena at these 
three sites werP less substantial than those for 
Aristarchm,, none of thesP reportl'i was relayed to 
Apollo 8. A summary of obscrvatiom,, eompiled 
by Citron, is given in table 3-I. 

Prior to the flight of Apollo 8, the crew had been 
alerted to observe thm,e sites within range of the 
spacecraft where lunar transiPnt evPnts had been 
reported. Sites where events werp more common 
were plotted on the Apollo Target of Opportunity 
Flight Chart. Although thcs<> urPas were observed 
on each revolution where spa<'ceraft attitude and 
<Tew activities permitted, no transient <'vents werP 
reported by the Apollo 8 <TPW. 

PRELIMINARY RESULTS OF 
APOLLO 8 OPTICAL TRACKING 

EXPERIMENT 

HAROLD H. LIEllOHN 

INTRODVCTfON 

Several ob1:,ervatories suc<'ecdcd in sighting and 
photographing the Apollo 8 spacN-raft during its 
lunar mission. This preliminary rPport contains 
a brief account of the sighting, tentative interpre
tations, and some eonelusion1, about thP program. 

PARTICIPANTS 

The parti<·ipating ob:-ervatorics arc shov,rn in 
tablP :3 -JI. Astronct members provided amateur 
radio comnnmi(•ations between U.S. observatories. 
About '.2;j amateur groups also participated in the 
obi,ervation efforts. 

SIGHTINGS 

During the translunar trajectory, the command 
and servi<·<' module (CSM), the four quadrant 
paneh, for t lw spacecraft lunar-module adapter 
(SL\.), and t!JP Saturn IVB (S-IVB) booster 
rocket erPated a spectacular array of flashing ob
jeets. ~o one sighted the CSM in lunar orbit, 
but th<' wcat hPr was generally bacl. On the return 
transearth trajcetory, the brightness of the CSM 
again variPd signifieantly. A reeord of the tracking 
sucees:-; iH 1-,hown in table 3-III. 

On the fir;.:t night, December 21, most obscrva
t ories not<'d at least two I 2th-magnitude objects 
which flashed to 8th to 10th magnitude occa
:-;ionally. Both trailed and tracked photograph:-; 
were madP :-;o that brightness and position data 
would lw availabh! as a function of time. Observa
t oir<' du Pi<·-du-::\1idi ;,ight<'d the spacecraft briefly 
through a thin doud layer at 17:10 G.m.t., and 
a :-;trang<' whit!' <'loud appeared on thP trajectory 
at 17:30 c;.m.t. Catalina OhsPrvatory traekPd at 
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TABLI•: 3 II.-Professional Observatories Participating in Apollo 8 Optical Tracking Experiment 

Observat01y Lo!'atio11 Telescope 

~~----- ----- --· - ------------~--- -----------

Cat ali11a Ohsp1·v:tto1·~· 

Corrnlitos Ohst'l'vator:,· 

I )orninion Ast rophysiC'al 
Observatory 

Haleakala Observa1or:,· 

lligh Al1 ii 11de Observatory 

Kit.t Peak Observa\01-:,
Lick Observatory 
Lowell Observator:,· 

:\lc])onald Observatory 

Observatoire d11 PiC'-d11-\lidi 

Table :\Immtain Ob~ervatory 

L'.S. Naval Observatory 

T'uc:--011, Ariz. 

Las CnrePs, N. \[Px. 

:\l01111( Kobau, Bri1ish 
Columbi11 

:\l011ut Haleakala, \la11i, 
Hawaii 

Bu11lder, Colo. 

T11eso11, Ariz. 
?\loun\. Hamihou, Calif. 
Flagstaff, Ariz. 

:\!011n1. LoekP, Tex. 

Ha11tes Pyre11Pes, Frnn<·P 

Table ?\lmm1ain, Calif. 

Flagstaff, Ariz. 

Iii-in. ~ASA refleC'lor. 

12- and 14-iu. image 
orthicon. 

72-in. Cassegrain refleC'1or. 

60-iu. inrnge or1 hi('on. 

12-i11. camern, 20-in. 
refrnctor. 

:l6-in. reflector. 
:l6-in. Crossley refleC'lor. 
72-in. reflector. 

82-in. retledor, 

4:3-iu. reflec1or, 24-in. 
refrnc1or. 

16- and 24-in. reflectors. 

61-in. as1rnme1ri<' refle!'(or. 

TABLE 3-III.-Apollo 8 Optical Tracking Record 

PersonnPl 

Uerard P. Kuiper (Director), 
Elizabeth Hoerner. 

Allen Hynek (Director), 
Jt1sti,; Dt111lap. 

K. 0. Wright (Director), 
(:ordon Walker. 

Hobert L. Boggess 
(])irector), John 
Erickson, Wayne Parson~. 

Gary Emersou. 

Ari Hoag (Director). 
E. J. Wampler. 
John Hall (Director), Peter 

Boy<'e, Otto Franz. 
Harlan B. Smith (Director), 

Dan Weedman. 
?\I. i\loutsoulas (Director), 

D. F. Gregory, C. Lowe, 
Zdenek Kopal. 

Cleorge Kocher, Charles 
Capen. 

(;erald E. Kron (Director), 
Richard Walker, II. D. 
Ables, J. C. Christy, 
James Wray. 

[S indicates visual/photographic sighting; \\' indicates observation obscured by weather] 

Catalina. 
Corralitos ... . 
Kitt Peak .... . 
Lick ... . 
Lowell .. . 
'.\le Donald. 
Pie-du-Midi ..... . 
Table Mountain .. 
U.S. Naval. ..... 
Mount Wilson. 
Ft1llerton .... 

OhsPrvator~· ---- --------

21 22 
--~---

8 s 
~ s 

w ,v 
s 8 

s 
8 w 
s s 
8 8 
8 s 

Date, Dec. l\l68 

2:{ 24 25 2(i 

w 
8 ,v \\' w 

w 
w w w s 
8 w 

w w w w 
s w 
s w 
s w s w 

s 
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the sidereal rate and obtained trailed images of 
three objects on 25 plates of -1X rmulsion. Flash 
durations of less than 1 second were noted visually, 
but photographs show bright periods lasting sev
eral seconds. Corralitos Observatory obtained 
photographs of the image-orthicon presentation, 
but did not detect flashing as a result of long 
integration time. The FS. "'.\aval Observatory 
detected four flashing objeeb, :,;urrounding a cen
tral dim object, but was unable to photograph 
more than three objects at one time. Table Moun
tain, Lowell, and Mount Wilson Observatories 
also reported sightings and madP photographs. 

On Sunday and Monday, December 22 and 23, 
only two sources were reported. Their brightness 
diminished proportionally to tlw square of the 
distance so that, near the :\loon, the magnitude 
was approximately 1-1 to 15. Such sources would 
be very difficult to detect elo,;e to the lunar cres
cent. The two objects were separated by several 
minutes of arc on DecembPr 21 and by 20 to 30 
minutes of arc on December 22. This is in ap
parent agreement with the motion of the CSM 
toward the dark limb and the motion of the 
S-IVB toward the bright limb. 

The transearth trajectory was marked by a 
wide range of brightness on December 26. At 
Lick Observatory, 150 minute:-: of television tape 
were filmed with a video camera on the 120-inch 
telescope. Lick reported magnitudes varying from 
10 to less than 17, the threshold of the Lick 
instrument. Fullerton, Calif., reported a highly 
variable source averaging about 11th magnitude 
and fading occasionally below the Fullerton instru
ment threshold of 13th magnitude. Fullerton saw 

some flashes at about 05:30 G.m.t., which may 
have been as bright as fifth magnitude, but no 
photographs were obtained. Although most ob
servatories were ready to operate that night, thr 
weather in thr South\'vest was generally bad. 

UNCONFIRMED INTERPRETATION 

On December 21, the observatories undoubtedly 
detected some SLA panels, as well as the CSM 
and S-IVB. The 8-IVB was kept in inertial hold, 
so that its brightness should have been fairly dim 
and steady. The CSM attitude changed slowly, so 
that its diffuse component changed slowly and 
any bright flashes would be widely spaced. The 
four SLA panels were blown off in opposite di
rect ions and tumbled wildly, which may account 
for most of the bright flashing sources. The bright 
cloud which was observed at 17:30 G.m.t. was 
produced by venting of the S-IVB. 

On December 26, several tests were made of the 
orientation thrusters, which may account for 
some bright flashes. Also, if a water dump had 
taken place, the ensuing cloud of ice crystals 
would account for the bright flash which was 
reported. The solar position and spacecraft orien
tation werP more favorable during this phase of 
the mission, so that the reflection was generally 
brighter than on December 21. 

DISCUSSION OF PHOTOGRAPHS 

The dates, times, and distances of the Apollo 
spacecraft from the Earth in the photographs 
presented as figures 3-1 to 3-9 are shown in 
table 3-IV. 

TABLE 3-IV.-Data f<Yr Selected Photographs 

G.m.t., Date, Approximate 
Figun• no. hr:min Dec. 1968 distance from 

Earth, km 
----

3-1 ...... 02:01 22 118 000 
3-2 ...... 03:01 22 128 000 
3-3 ...... 03:16 22 129 000 
3-4 .... 01 :55 23 255 000 
:H'i ...... 02:05 23 255 000 
3-6 ...... 02:34 23 260000 
3-7 ...... 02:36 23 260 000 
3-8 ..... 02:24 24 350 000 
:3-9 ...... 05:24 27 122 000 



ASTRONOMICAL AND EARTH OBSERVATIONS 89 

Fwmrn 3-1.-CSM, S-IVB, and one SLA panel at 02:01 G.m.t. on Decemher 22, 1968. 

The photographs in figures 3-1, 3-4, and 3-5 
were taken at Catalina Observatory, Tucson, 
Ariz., with the 61-inch NASA reflector. Corralitos 
Observatory, Las Cruces, K. Mex., supplied the 
photographs in figures 3-2 and 3-6. These photo
graphs were taken with thr Corralitos 24-inch 
reflector coupled to an image-orthicon light in
tensifier. The photographs in figures 3-3, 3-7, 
and 3-8 were taken at the U.S. Kava! Observa
tory at Flagstaff, Ariz., with a 61-inch reflector. 
The photograph in figure 3-9 was taken at Lick 
Observatory, Mount Hamilton, Calif., with a 36-
inch Crossley reflector. 

In figure 3-1, the CSi\1 (center), the S-IVB 
(right, very faint), and one SLA panel (left, 

Froum: 3-2.-CSM (!), SLA panels (2) (3) (5), and 
S-IVB (4) at 03:01 G.m.t. on December 22, 1968. 

flashing) arc trailed against the stellar background 
in this 2-minute exposure. They are separated 
by 3 minutes of arc, or a minimum of 100 km. 
Korth is at the top right of this photograph, and 
the apparent motion with respect to the star field 
is to the southeast (left). 

In figure 3-2, two photographs taken 150 sec
onds apart are superimposed with the star field 
displaced vertically to show the apparent motion 
of five objects. Objects 1 and 2, which are not 
resolved here, are thought to be the CSM and 
one SLA panel; objects 3 and 5 are additional 
panels; and object 4 is the S-IVB booster. The 
apparent stellar magnitude of the objects ranges 
approximately between 11 and 14. 

FrouRE 3-3.-CSM, S-IVB, and one SLA panel at 03 :16 
G.m.t. on December 22, 1968. 
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In figure 3-3, the CSM (center), the S-IVB 
booster (upper right), and one SLA panel (lower 
left) have an apparent stellar magnitude of 12 
to 14. The dotted appearance of the images in 
this 5-minute exposure is caused by stepping the 
telescope drive at the apparent rate of motion of 
the spacecraft. 

The CSM, which has an apparent stellar magni
tude of 13 to 14, is trailed against the star field 

FmuRE 3-4.-CSM at 01 :55 G.m.t. on December 23, 1968. 

FrnuRE 3-5.-CSM and S-IVB at 02:05 G.m.t. on 
December 23, I 968. 

in the 2-minute exposure in figure 3-4. At this 
distance, the spacecraft is moving slightly faster 
than the sidereal rate, so that its apparent motion 
is toward the southwest with north at the top. 
The S-IVB booster is tumbling nearby and is not 
visible. 

In figure 3-5, the telescope has been driven to 
compensate for the apparent motion of the CSM 
(below) and the S-IVB (above). The apparent 
separation is only 2.5 minutes of arc, but the 
linear separation is about 2000 km, since the 
S-IVB will pass in front of the Moon and the 
CSM will pass behind. 

Apollo 8 is seen in figure 3-6 at 02:34 G.m.t. 
on December 23, about 260 000 km from the 
Earth. Four frames of the image-orthicon presen
tation spaced at IO-minute intervals have been 
superimposed to show the apparent motion of 

FrnuRE 3-6.--F'our frames superimposed to show apparent 
motion of CS:\f at 02 :34 G.m.t. on December 23, 
1968. 
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the CSM. The apparent curvature of the orbit 
is caused by the angular motion of the observatory. 

In figure 3-7, the CSM (below) and the S-IVB 
(above) are moving to the southwest, with north 
at the top right. The vehicle reflections have an 
apparent stellar magnitude of 13 to 14, but be
cause of the trailing, their image brightness is 
dimmed. Note that the brightness of the S-IVB 
varies considerably as it tumbles, whereaR the 
brightness of the CSM changeR Rlowly. 

FIGURE 3-7.-CSM and S-IVB at 02:36 G.m.t. on 
December 23, 1968. 

In the 5-minute exposure of figure 3-8, the 
CSM, which has an apparent stellar magnitude 
of 14 to 15, is being tracked, and the stars are 
trailed. The spacecraft is only 3° northeast of 
the Moon at this time, so that the gradation of 
the background brightness is caused by scattered 
moonlight. 

Sixteen photographs of a television monitor 
taken at 10- to 20-second intervals were super
imposed to obtain the dotted trail of the CSM, 
which has an apparent stellar magnitude of 10 
to 12 (fig. 3-9). The motion is toward the north
east (upward). 

FrnuRE 3-8.-CSM at 02:24 G.m.t. on December 24, 1968. 

FIGURE 3-9.-Dotted trail of CSM at 05:24 G.m.t. on 
December 27, 1968. 

CONCLUSIONS 

The feasibility of optical tracking for Apollo 
missions to the Moon was confirmed by the ob
servatory sightings. Unfortunately, the vagaries 
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of weather remain a deterrent to routine utility 
of optical tracking. The brightness estimates 
which were reported are in reasonable agreement 
with some crude theoretical estimates which pre
ceded the flight. It is unlikely that the Apollo 
spacecraft can be monitored optically in lunar 
orbit, since the lunar crescent is too bright for 
discrimination. However, if the bright flashes can 
be attributed to special attitudes, thrusts, or 
water dumps, it may be possible to track optically 
for brief periods near the lunar disk. 

The actual trajectory for thi:;; mission was very 
close to the nominal trajectory predicted in ad
vance. Discrepancies of only a few minutes of arc 
were noted on December 21 and 26, but the shift 
remained well within the field of most telescopes. 
The accurate position data plus the rapidly vary
ing source made identification and tracking rela
tively easy with moderate-sized instruments. The 
spacecraft position can be verified immediately 
with an accuracy of ± 10 arc seconds in a good 
star field, and an accuracy of ±0.1 arc second is 
achievable with photographic plate measurements. 

Future interest in optical tracking will depend 
on how effectively the data from Apollo 8 tracking 
can be used by NASA, whose interest was gener
ated by the desire to determine the feasibility of 
visual boresighting on the spacecraft. Evidently, 
this is possible during translunar and transearth 
trajectories. During lunar orbit, it is unlikely 
unless special arrangements can be made to en
hance the source brightness. Hopefully, this or 
some other technical application of optical track
ing will prove useful. 

SMITHSONIAN OBSERVATIONS 
OF APOLLO 8 NEAR EARTH 

STAFF, SMITHSONIAN ASTROPHYSICAL 

OBSERVATORY, AND 

OTHA H. VAUGHAN, JR. 

INTRODUCTION 

On December 21, 1968, the Smithsonian Astro
physical Observatory (SAO) photographed events 
associated with the Apollo 8 translunar mission. 
The Baker-Nunn camera in Hawaii photographed 
the firing of the S-IVB that accelerated the space
craft out of Earth orbit and into a translunar 
trajectory. Approximately 2 hours later, the 

Baker-Nunn camera in San Fernando, Spain, 
made a srrics of photographs that show the CSM, 
the S-IVB rocket body, several SLA panels, and 
thP large clouds formed by the ejecti<in of the 
rocket':-; cryogenics. At that time, the distance of 
the object:-; from the Earth was of the order of 
50 Mm. In addition, approximately 75 obser
vations wer<> made visually by Moonwatch ob
server:-; in thP UnitPd States, Great Britain, and 
Western Europe. Thi:-; paper describes thP Baker
Nunn camera ~ystem, the obHervations that werp 
mad<•, and th<· data derived. 

THE BAKER-NUNN CAMERA 

The Baker-Nunn camera (fig. 3-10) is an f /1 
Schmidt-type syst<>m with a three-clement cor
recting lens, a spherical mirror, and an a.spherical 
focal surface. With a focal length of approximately 
50 cm, the camera ha.s a plate lifale of approxi
mately 2.4µ per :-;econd of arc. The Apollo 8 
observations were made with Kodak 2475 record
ing film, more commonly known as Royal-X Pan 
extended red. The time of each exposure is re
corded directly 011 the film and is related to 

FwuR~: :1-10.~Baker-;,iunn satellite tracking camera and 
a typil'al installation. 
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TABLE 3-V.---Coordinates of Baker-Nunn Cameras 

~an Fer11a11<lo, :--pain 
:\Iaui, Hawaii 

~tatio11 

Greemvieh meau timP at ( 'ambriclge with au 
aeeuraey of better than 1 msPe. 

Two of thP observatory's Bakl•r-::'hmn cameras 
were used to make tlw observatiorn; de:-;cribed in 
this paper. Tlwir eoorclinates (ref. :3-1) are given 
in table :3-V. 

THE OBSERVATIONS 

Mission Events Related to Mount Haleakala 
Photography 

The Smithsonia11 astrophysieal observing sta
tion on l\fou11t Haleakala Oil the i1'land of :\foui, 
Hawaii_, acquired the Apollo S spaeceraft at 
15:44::31 G.m.t., ;,hortly after it appeared over 
the horizon. At that time\ thP translunar injection 
(TLI) burn of the S-IVB was already in progress. 
However, the spacecraft was still in the penumbra 
of the shadow of the Earth. 

While the spaeecraft was visible, the Baker
Nunn camera made 0.4-sceond exposures every 
2 seconds. For accurate timing, eaeh image ,vas 
"chopped" at five points by the rotating shutter 
of the camera. The images are slightly trailed 
because of the rapid apparent motion of tlw 
spacecraft. 

The photographic record colltillued for sPn•ral 
minutes as the spacecraft rPached its maximum 
elevation approximately 17° above the horizon 
and then finally disappeared below the station 
horizon. The sunlit exhaust from the booster ,vas 
reported to be visually as bright as the full l\foon. 

Figure 3-11 is a schematie of selected events 
during the Hawaii and Spain photography. Figures 
3-12 to 3-17 show six reprnse11tative frames taken 
by the camera in Hawaii. In figure 3-12, the 
spacecraft appears as a chopped trail emerging 
from the shadow of the Earth. The second and 
third frames ;;how" profiles" of tlw rocket exhaust. 
The effects of the chopping shutter are visible in 
figure 3-13, breaking the exhaust eone illto dis-

~umber X, ~Im l', ~Im Z, ~Im 

----- -- - ------- -----~-~-1------

!l004 
9012 

:, • JO;'j:19:3 
-.'i.46605:i 

-0.:1:i5232 
-2.404275 

3.769674 
2.242170 

, ,-Pathol 
I Path ol CSM / Tl I booster 
I 

1
, / alter 'sling-shot' 

I / maneuver 

I / {- Path of 
Cloud / CSM, / ,--1 Tl I booster 

-.J • ( I ,1 no 'sling-
~ r I shot' maneuver 
,i / ~-----TL I boost stage 

Path o' cloud-· / I / / 9 
I I I I 
~ IL._ 

---.J.-1_ 8 
/' -
/ ;-,,...----Break ,n 

I ~\667 relalive scale 
I ~" 1' I 'c , \ 

I ~ 114° 
-~ , ·; 

I 7 
I 

\) 
I. 

\) 6 

I 

\) \ 
I'~ tJ" ~' 

Beq1n S-IJZB Hawa11 ,,d J 

second burn --- """•-•-•~ I "'2un 
12 "'-,,, 

1. Start of photography by Hawaii station, showing the 
TLI burn in progress. 

2 . .En<l of photography hy Hawaii station just prior to 
Pnd of TLI burn. 

:i. Inertial attitude for separation of the CSM and TLI 
booster stage. 

4. Separation of CS:\1 and jettison of SLA panels; dis
tance from surface of Earth approximately 7017 km. 

5. Rotation of CSM to be able to observe the TLI 
booster and perform the mission. 

6. Position of CSM and TLI booster stage after second 
evasive maneuver and prior to programed liquid oxygen 
dump; CSM above and behind the TLI booster. 

7. Attitude of TLI booster at time of programed liquid 
oxygen dump event. 

8. Start of San Fernando, Spain, photography. 
9. Relative geometry of CSl\1, cloud, and TLI boost 

stage at approximately 18:28 G.m.t. 

FIGURE :3-1 !.-Schematic of selected events of Hawaii 
an<l Spain photography during the Apollo 8 mission. 
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FIGURE 3-12.-CSM and S-IVB during bum of S-IVB 
J-2 enginP. 

FrauR•: 3-13.-CSM and S-IVB immediately after 
entering sunlight. 

FIGURE 3--14.-CSl\f and S-IVB during translunar 
injection. 

c-retc segments as the spacecraft moved across the 
sky. Figure 3-14 shows the CSM and S-IVB 
during TLI. Figure:;; 3-15 and 3-Hl show a some
what changed geometry, the observations having 
been made nearly parallel to the velocity vector 
of the spacecraft. The slight trailing of the image 
blurred the ray :;;tructure in the vertical direction, 
but rays arc clearly visible in thf' horizontal di
rection, parallel to the trailing. 

FIGURE :{-I 5. --Looking up exhaust plume during burn of 
S-IVB J-2 engine. 
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FI<,uR•: :l-lG.-S-IVB J-2 engine burn. 

Finally, figure 3-17 shows the spacecraft jm;t 
as it was disappearing behind a mountain on the 
horizon. The next frame (not reproduced here) 
still showed the ray structure even though the 
apex of the exhaust cone was obscured by the 
horizon. 

The exposure times for the frames in figures 
3-12 to 3-17 were as follows: figure 3-12, 15:44:31 
G.m.t.; figure 3-13, 15:44:45; figure 3-14, 
15 :44 :59; figure 3-15, 15 :45 :4 7; figure 3-16, 
15:46:03; and figure 3-17, 15:46:09. 

Mission Events Related to the San Fernando, 
Spain, Photographs 

The Smithsonian astrophysical observing sta
tion at San Fernando, Spain, observed Apollo 8 
for almost 2 hours beginning shortly after 18 :00 
G.m.t. on December 21. 

Moonwatch Headquarters received a report 
that a cloud was first visible in England at about 
17:48 G.m.t. and, at its brightest, reached ap
proximately zero magnitude. A smalfer cloud esti
mated at fourth magnitude was also reported. 

At the time of first ground acquisition at 
18:07:36 G.m.t., photography indicated that the 
"slingshot" maneuver of the S-IVB stage had 
been performed and that the liquid oxygen dump 
and portion of events for "sating" the S-IVB 
stage had been performed. In the following para-

Fwt:RE :l-17.-Spaeccraft immediately before disappraring 
behind mountain on horizon. 

graphs, the events which occurred prior to the 
photography and those events which arc related 
to the photography will be discussed. 

At the time of the TLI (15:47:06 G.m.t.), which 
occurs at the S-IVB J-2 Pngine cutoff+ 10 seconds 
(15:46:56), the CSM and the boost stagP were 
traveling at a space-fixed velocity of 10 822.05 
m/sec while at an altitude of 346.73 km (based 
on a spherical Earth radius of 6378.165 km (ref. 
3-2). After a coast time of 10 seconds (approxi
mately 15:47:16 G.m.t.), the vehicle began to 
orient itself for the local horizontal attitude ma
neuver and began orbital navigation. After coast
ing until 16:01 :58, the CSM and boost vehicle 
began the required maneuver for separation atti
tude. While at this inertial attitude, the CSM 
and boost stage were separated and the SLA 
panels were jettisoned. Just prior to the actual 
separation event, the CSM and boost stage were 
traveling at a space-fixed velocity of 7616.85 m/sec 
while at an altitude of 7018.6 km from thP surface 
of the Earth. 

The CSM separated from the boost stage at 
16:11:59 G.m.t., and the astronauts then used the 
four jet engines of the reaction control system 
(RCS) for separation propulsion. After performing 
a null burn and the programed evasive maneuver, 
at approximately 16:31:00, the CSM was about 
300 meters from the TLI boost stage. At 16:46:56, 
the boost stage began its programed liquid hy
drogen vent prior to performing the "slingshot" 
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maneuver. This event i:-; a nonpropulsivP vent and, 
at the time of the start of this 0wnt, there were 
approximately 1440 kg liquid hydrogen and ullage 
gaseous hydrogen on board the boost stage. The 
liquid hydrogen vent oppration lasted until 
17 :01 :56, at which time it was terminated. A total 
of 1437 kg of liquid and gaseous hydrogen was 
vented. The astronauts obsPrved this event and 
noted it as "spectacular .... :-;pewing out from 
all sides like a huge water sprinkler." At 17:36:00, 
a second evasive maneuver, whieh had been r<'
quested by the astronauts, was pnformed. Thi:-; 
maneuver placed the CSl\1 at approximately 1000 
meters slant range abov(• and behind the TLI 
boost stage (fig. 3-11). 

At 17:46:60 G.m.t., thP liquid hydrogen eon
tinuous vent valves were opened prior to the start 
of the programed liquid oxyg<>n dump. At 
17 :58 :56, the "slingshot" .:l V modP of the boost 
stage was started by opening the main liquid 
oxygen valve and using ullagP gas pressurization 
to force the liquid oxygen through the engine 
injector plate and out through thP nozzle throat 
and the expansion skirt of tlw .J-2 enginP. At 
17 :59 :25, the J-2 engine start splwre was vented, 
and a total of 1.8 kg of gaseou:,; hydrogen was 
dumped. This event took approximately 150 sec
onds. During the main liquid oxygen dump 
through the engine, a steady-state liquid flow rate 
of 1.4 m 3/see was reached in 40 seconds. After 126 
seconds of dump, gas ingestion wa,; indicated by 
a sudden flow-rate increase. After 150 ;.;econds of 
dump, approximately 3329 kg of liquid oxygen 
had been dumped. Ullage gases continued to be 
dumped until the time of programed liquid oxygen 
dump ending (by closing the main liquid oxygen 
value) at 18:03:56. At thi:-; time, approximately 
200 kg of gaseous oxygen ullage gasp:-; remain<-d 
in the liquid oxygen tank. 

At 18:03:59 G.m.t., the liquid oxygen nonpro
pulsive vent valve was openPd and remained open 
for the duration of the mission. At 18:04:04, cold 
helium gas was dumped overboard through the 
liquid hydrogen tank and its vent system. Ap
proximately 64 kg were dumped, and the time 
required for this dump was approximately 3000 
seconds. 

At 18:16:56 G.m.t., the 8-IVB auxiliary pro
pulsion system (APS) ullage engines 1 and 2 were 
commanded to start a burn. ModulP engirn• I 

hur11Pd until 18 :2!) :34, awl module engine 2 burned 
until 18:29:08. Approximately 220 kg of pro
pellants were consumed during this burn sequence. 
The •'slingshot'' manruver resulting from thP 
liquid hydrogen vent, the liquid oxygen dump, 
and t lH' AP:-; ullage burn caused the TLI boost 
stage to acquirP a rPtrovelocity of 41.9 m/sec. 

At 18:19:16 G.n1.t., the C8M could be seen on 
the tracking film, and by 18:20:54, the 8-IVB 
was visible PmPrging from the cloud formed by 
the liquid oxygen dump. 

At 18:54:03 G.m.t., the ambient helium in thP 
liquid oxygPn and liquid hydrogen tank repressuri
zation splwres ,,·:ts dumped via the liquid hy
drogrn tank. This dump lasted for 200 seconds, 
and approximately 28 kg of helium was dumped 
during this tirrn·. 

At 18:57:24 U.m.t., the .J~2 engine control 
sphen• was wnted. This event requires about 300 
seconds v<•11t duration. Approximately 0.9 kg of 
helium was vent Pd. After all of the programed 
dumps of propellants and other gases from the 
TLI boo:,;t stag<· had been completed, the inert. 
stage weighPd 23 670 kg. The last frame that 
:,;hows the S-IVB was taken at 1!J :07 :52. The 
CSJ\1 is last sePn 011 a frame taken at 19 :08 :24, 
and the eloud disa ppeare<l at about rn :54 :26. 
Observation;.; endC'd approximately 4 minutes 
later. Two ot hf'r objects are visible intermittently, 
one of thf•m hdwrcn 18:21 :18 and 18:33:04, and 
the other bet ween 18 :35 :32 and 18 :49 :03. 

Figure ;3 18, a frame exposed for 1.6 seconds, 
is typieal of tlw frames taken between about 
18 :20 and 19 :07. The large cloud maintained its 
charaetni:-;tie "mushroom" shape during most of 
the observing p<·riod. Slightly above it un<l to the 
right i,- the smaller butterfly-shaped cloud with 
the hrightf'r S-IVB at its center. Between the 
S-IVB and the largp cloud, almost directly on 
line with th0 "stpm" of the large cloud, is the 
starlike CSM. 

DATA 

Thirty-four positions of the CSlVI and 32 po
sitions of thP S-IVB were precisely measured in 
CambridgP: the observatory's standard proce
dures for photoreducing satellitP images were used 
(ref. 3-3). 

Tables 3 VI, 3-VII, and 3-VIII list observed 
positions of tfH• CSM, the S-IVB, and two SLA 
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FruuR~: :l-18.-S-IVB, showing cloud formed by blowdown 
maneuver. 

panels. The accuracy of the observations from 
~faui, Hawaii (station 9012), is assumed to be 
±150 arcsec because of the absence of a point 
source. The reductions from San Fernando, Spain 
(station 9004), are considered to be of precisely 
reduced quality with an assigned standard devi
ation of ±4 arcsec. 

The time accuracy of the observations (G.m.t.) 
depends primarily on the stability of the station 
clock and on the reception of the time signals. 
Uncertainties estimated according to these criteria 
vary from ±0.5 to ±20 msec, with an average 
value of ±2 msec (ref. 3-4). 

The positions in columns 4 and 5 of tables 3-VI 
3-VII, and 3-VIII refer to the mean equator and 
equinox of 1950.0 in the fundamental system of 
FK-4 (ref. 3-5). All satellite positions after August 
31, 1962, have been reduced with the SAO Star 
Catalog (ref. 3-6), which is in the FK-4 system. 

TABLE 3-VI.-CSM Positions 

Date, G.m.t., 
I 

rms, Right Declination, rms, 
yr:mo:day hr:min:Hec msec • ascension, hr:min :sec 1, sec of Station 

hr :min :sec 1, arc• 
·--

1968 12 21 Li 44 :ll.4460 10 II 42 42.000 -,50 43 0.00 150 9012 
12 21 l.'i 44 33.4480 10 11 .'il 24.000 -i>O 18 o.oo 150 9012 
12 21 Li 44 3:i.4;;10 10 12 I 24.000 -49 37 0.00 150 9012 
12 21 Iii 44 ;37 .4,i30 10 12 10 ;i4.000 -49 0 0.00 150 9012 
12 21 Li 44 4:L4620 IO 12 38 18.000 -46 42 o.oo 150 9012 

12 21 Li 44 4.i.46,>D 1() 12 47 24.000 -4;'i i>2 0.00 150 9012 
12 21 Li 44 49.4700 1() 13 4 24.000 -43 .56 0.00 150 9012 
12 21 lfi 44 !\9.4850 JO l:l 4.'i 0,000 -38 26 0.00 150 9012 
12 21 Li 4,i 9.i\020 10 14 19 36.000 -32 16 0.00 150 9012 
12 21 Li 4.i 23.!i200 10 14 .'i8 30.000 -23 29 0.00 150 9012 

12 21 lil 4.i a:3.:i:i:rn JO lil 20 30.000 -17 44 0.00 150 9012 
12 21 l:i 4.i 4,i.i\480 10 Li 42 6.000 -11 43 0.00 150 9012 
12 21 l.'i 4;; ,;7. ,i620 10 Li ,i9 i!4.000 -6 39 o.oo 150 9012 
12 21 l.'i 46 !l.:i790 10 

I 

16 14 12.000 -2 33 o.oo 150 9012 
12 21 18 l!) 16.0247 1 20 22 14.963 1 .iO .-,1. 07 4 9004 

12 21 18 21 10.7077 I 20 2:3 6.04,i I 4,i 14.33 4 9004 
12 21 18 22 41.1831 I 20 23 44.607 1 42 47.21 4 9004 
12 21 18 2.'i 27.6893 I 20 24 57.796 1 36 37.94 4 9004 

12 21 18 26 29.8132 I 20 25 23.845 1 34 18.78 4 9004 

12 21 18 27 28.6320 1 20 2,i 4.'i.787 I :32 ,i4.85 4 9004 

12 21 18 28 .6320 1 20 2,i 59.24:3 1 :n .i0.29 4 9004 
12 21 18 29 4.6319 1 20 26 25.610 I 29 27.34 4 9004 
12 21 18 29 36.6317 1 20 26 38.522 1 28 Hi.01 4 9004 
12 21 18 :i2 48.631:3 1 20 28 .114 1 20 .');i.64 4 9004 
12 21 18 :t3 ,i6.3477 1 20 28 22.423 1 19 9.76 4 9004 
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TABLE 3-VI.-CSM Positions--Continued 

Date, G.m.t., I rms, Right Declination, rrns, 
yr:mo:day hr: min : RPr· msec a ascension, hr:min:sech sec of Station 

hr:min :sec h arc• 
- -- ------~~---~--- - ------

12 21 18 34 44.:{482 1 20 28 41.027 1 17 29.80 4 9004 
12 21 18 3,j n.3480 1 20 28 59.799 l 15 54.40 4 9004 
12 21 18 36 20.::l479 1 20 29 18.293 l 14 15.10 4 9004 
12 21 18 37 24.3484 l 20 29 43.296 1 12 37. 71 4 9004 
12 21 18 38 44. :{477 1 20 30 J.'l.788 1 8 40 .. 58 4 9004 

12 21 18 39 :L::l23::l l 20 30 22.873 l 8 6.28 4 9004 
12 21 18 ;39 ;j;j .0126 l 20 30 42.298 1 6 22.29 4 9004 
12 21 18 40 .i9.0137 1 20 31 5.,il2 l 4 13.15 4 9004 
12 21 18 41 47.0147 I 20 31 21.552 l 4 .88 4 9004 
12 21 18 44 HJ •. i074 I 20 32 18.422 (J ,i7 47.00 4 9004 

12 21 18 47 .i!l.1986 1 20 33 36.888 0 :")0 5,j.07 4 9004 
12 21 18 48 47. 1998 l 20 33 ,i0.418 (J :;o 46.04 4 9004 
12 21 18 ,il :{7.8318 : 1 20 ;34 ii0.,i7.i 0 44 13.70 4 9004 
12 21 18 52 41 .8321 I l 20 3,i 11. 90,i 0 42 16.72 4 9004 
12 21 18 ;i3 13.8324, 1 20 3,) 19 ,3;31 fl 42 .28 4 9004 

12 21 18 ;j4 L,.0331 1 20 3i:i 39.447 0 40 20.34 4 9004 
12 21 18 5G 3.0::l::l() 1 20 35 ,'>4.996 0 38 47.97 4 9004 
12 21 18 55 iii .0358 I 20 36 6.567 (J 42 35.59 4 9004 
12 21 18 ,i7 I I .03,il 1 20 36 38.483 (I 37 38.58 4 9004 
12 21 18 ,i8 11.6707 1 20 36 ,i6.309 0 3;3 16.88 4 9004 

12 21 19 2 43.4079 1 20 38 21.3,il 0 26 16.73 4 9004 
12 21 19 ,') 19.57.'>4 I 1 20 39 9.068 0 21 20.4,5 4 9004 
12 21 19 17 2.4777 1 20 42 32.60,i () 2 45.48 4 9004 
12 21 19 18 4.8330 1 20 42 51.020 () l 6.74 4 9004 
12 21 19 19 48.4194 1 20 43 47.0.'i2 -0 r, 20.71 4 9004 

12 21 19 20 27 .6810 l 20 43 29.032 -0 2 19.24 4 9004 
I 

--

• Standard error of time. 
h Topocentric coordinateH with reference to mean equator and equinox of 19.'i0.0. 
e Standard error of po~ition. 

The positions have not been corrected for paral
lactic refraction; the correction seldom exceeds 
2 seconds of arc. 

From these data, preliminary orbital elements 
were derived by using the December 10, 1968, 
version of the SAO differential orbit improvement 
(DOI) program (refs. 3-7 and 3-8). The following 
are the preliminary orbital elenwnts for the CSM: 

1. T 0 =December 21, 
18:46:05.061 G.m.t. 

2. Argument of perigee=(2!J.15°±11) 
+0.011455° (T-To) 

3. Right ascension of ascending node= 
(141.590°±0.016°)-0.0073° (T-To) 

4. Inclination= 30.739436° 
5. Eccentricity=0.975975 
6. J\foan anomaly (in revolutions)= 

(0.007819±0.000051) +(0.06245± 
0.00055) (T-T 0 ) 

The standard error of unit weight is 6.56 with 
34 observat.iorn, used. The following are the pre
liminary orbital elements for the S-IVB: 

I. T 0 = December 21, 18:46:05.061 G.m.t. 
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TABLE 3-VII.-S-IVB Positions 

Date, C:.rn.t., nns, Right Declination, 
~-r:mo:day hr:min:HP<" ]l1SP(' 11 a.scension, hr:min:seeh 

hr :min :sec 1, 

- --------- -------~----- ---~~--

l\Hl8 12 21 18 19 16.02,H 1 20 22 4.8:H 1 
12 21 18 21 10.7088 I 20 22 ;j;"i.616 I 
12 21 18 21 18.7087 l 20 22 ,i8.\l42 1 
12 21 18 22 41.1847 I 20 2:3 34.!i36 1 
12 21 18 2;; I I .t\!I04 1 20 24 :38. 28,i 1 

12 21 18 •) · __ , 
27 .6\)07 I 20 24 4.i. 102 1 

12 21 18 26 2!l.81:H l 20 2:, 10 .. iiiO 1 
12 21 18 27 28.63:34 I 20 2:i 34 .86:3 1 
12 21 18 28 . H:l3:l I 20 r " 47 .!i,i2 1 
12 21 18 2!1 4 .6:J:l4 1 20 26 13.638 1 

12 21 18 29 :l6.6:l32 1 20 2H 26. 7.iO I 
12 21 18 :l2 48.63:H 1 20 27 42.82\J 1 
12 21 18 :n 4.6:331 I 20 27 4!l.Olii 1 
12 21 18 :i:i ,i6.:H\J:i 1 20 28 7.468 1 
12 21 18 :l4 44 .:l,,00 1 20 28 26.002 1 

12 21 18 :ti :32.:l,iOO I 20 28 4:L!lii3 1 
12 21 18 :l6 20.:l4!l!l I 20 2\) 2.222 1 
12 21 18 ;37 8.:l:j()() 1 20 2!) 20.076 1 
12 21 18 :l7 24. :3:iOl 1 20 29 26.000 1 
12 21 18 :l7 ;,(i.:l4!l!I 1 20 2!) :l7.6:l7 1 

12 21 18 :is 44.:3,i04 I 20 29 :;,,.33:l 1 
12 21 18 :rn 3.:!246 1 20 :rn 2.141 1 
12 21 18 :in ,;;,.01;,4 I 20 :io 21.0:32 1 
12 21 18 40 ,,!l .016:i 1 20 30 44.240 I 
12 21 18 44 l!l.;i08!) I 20 31 :i:i. 13.'i I 

12 21 18 47 ;,!l.2018 1 20 :i:i 10. ,,66 0 
12 21 18 48 47.2021 I 20 ;33 26.73!) 0 
12 21 18 4!) :L20l!I 1 20 3;3 :H.983 {) 

12 21 l!I 2 4:L4107 1 20 :37 ,i2.541 0 
12 21 HI " l!l .,i787 1 20 38 38.88:i 0 

12 21 J!) 17 2.481:l I 20 41 ,;7. 844 {) 

12 21 rn 18 4.8:367 l 20 42 15.ii66 () 

12 21 1H !!I 48.4260 I 20 42 42.679 0 

12 21 19 20 27.6848 1 20 42 :;2.020 () 

• Standard error of time. 
b Topocentric coordinates with reference to mean equator and eq11i11ox of l!l.'i0.0. 
c Standard e1-ror of position. 

--

:;2 24.2,i 
48 10.:H 
47 ,i2.46 
44 4!l.46 
:m 2,i.32 

38 4!l.80 
:36 :m.3o 
;34 33.66 
33 20.26 
:H 14.6,i 

:m 1. !ii 
:rn 26.,iO 
22 ;i4.26 
21 1 !l. ,,:l 
I\) 46.43 

18 12.40 
16 33.71 
l!i 3.56 
14 :H.94 
I ;3 29. 7!1 

11 :i!l.20 
11 20.95 

!) 4;3.33 
7 42.82 
1 28.08 

,i4 .'il.42 
5;3 2,_i. 72 
/i2 55.67 
29 46.10 
2:i 37. 19 

7 46.69 
6 8.19 
:i 44.71 
2 47 .:i4 

rms, 
sec of 

arc c 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 

2. Argument of perigee= (28.098° ±0.087°) + 
0.011455° (T-To) 

3. Right ascension of ascending node= 
(141.5563°±0.0033°)-0.00731 ° (T-T0 ) 

6. Mean anomaly (in revolutions) = 
(0.008313 ±0.000048) + (0.06655 ± 
0.00053) (T-To) 

99 

Station 

!)004 
!)004 
!l004 
!!004 
!l004 

!l004 
!l004 
!l004 
!l004 
!l004 

!l004 
\J004 
!l004 
\J004 
\J004 

9004 
9004 
9004 
9004 
9004 

9004 
!)004 
9004 
9004 
9004 

9004 
9004 
9004 
9004 
9004 

9004 
9004 
9004 
9004 

4. Inclination=30.816°±0.044° 
5. Eccentricity= 0.975975 

The standard error of unit weight 1s 0.97 with 
32 observations used. 
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TABLE 3-VIII.-Adapter-Panel Positions 
-~---~------··-----------------~--

Date, 
yr:mo:day 

G.m.t., 
hr: min:,.,<. 

rnu~, 
lfl~PC' a 

Hight 
ascension, 

hr: min: se,· 1• 

De('lination, 
hr:min:s,•<·" 

rrns, 
sec of 
tlfl'c 

Station 

-----------------~-----------

Panel A 

·--------- ~--··--- --------- --------------·-------- ·---

1968 12 21 
I 

18 21 18. i08:~ 20 23 8.24i • 4i 9.39 4 9004 
12 21 18 2.j 11.689!1 20 24 4!J.[}43 I 38 22.26 4 9004 
12 21 18 28 .6322 20 26 .:ms 32 16.21 4 9004 
12 21 18 2!) 4.6322 20 26 2,i.!166 29 ,i4.69 4 9004 
12 21 18 33 4.6318 20 28 2.!1!)4 21 29,68 4 !)004 

12 21 18 36 20.3482 20 29 18. 9.i2 14 46.80 4 9004 
12 21 18 ,i3 13.8328 20 :ti ]9.6i2 0 42 41.13 4 9004 

Panel B 

1968 12 21 18 35 32.34iii 1 20 29 2.9!Jl 15 8,56 4 9004 
12 21 18 36 20.34i4 1 20 29 21. 2:;1 13 28.90 4 9004 
12 21 18 36 !i2.34iii 1 20 2<J 33.4i6 12 2i.i5 4 9004 
12 21 18 3i 8.34i4 1 20 29 39.498 11 55.65 4 9004 
12 21 18 3i 24.34iii 1 20 29 4.'i.i96 11 23.64 4 9004 

12 21 18 3i 56.34i3 1 20 29 ;"ii. i83 l 10 18.15 4 9004 
12 21 18 48 4i .1989 1 20 33 .'i2.8i!i 0 49 24.85 4 9004 
12 21 18 49 3. 198i l 20 33 ii6.8i!l 0 48 M.11 4 9004 
12 21 18 55 3.0325 l 20 3c ,) 58.943 0 38 4.38 4 9004 
12 21 18 55 :il .0320 I 20 36 14.i55 0 36 41.,56 4 9004 

• Standard error of time. 
b Topocentric coordinates with reference to mean equator and equinox of 19.'i0.0. 
• Standard error of position. 

Elements accompanied by errors of two signifi
cant figures have been determined by the DOI 
program. The values of the motions of the argu
ment of perigee and the right ascension of the 
node are theoretical, being thm;e given in the 
revision to the Apollo 8 Spacecraft Operational 
Trajectory (Vol. 1, "Mission Profile for Dec. 21 
Launch"). 

In the SAO computer program, the inclination 
and the argument of perigee are referred to the 
true equator of date; the right ascension of the 
ascending node, however, is reckoned from the 
mean equinox of 1950.0 along the corresponding 
mean equator to the intersection with the moving 
true equator of date, and then along the true 
equator of elate. To transform from right ascension 

of the node as determined by the DOI to right 
ascension of the node referred to the mean equinox 
of <lat~ 

n = n(DOI)3.508° X 10- 0(1\'IJD-33 281) 

where n is the right ascension of the node m 
degrees and :\1JD is the modified Julian day. 

Densitometer scans were made in two directions 
across the image of the cloud on approximately 
12 frames of the Spanish films. The density profiles 
identified thr approximate position of the point 
of greatest density in each image. They also per
mitted a reasonably accurate determination of 
the extent of the cloud in two arbitrary directions, 
approximately parullel and perpendicular to the 
direction of apparent motion. Table 3-IX gives 
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TABLE 3-IX.-Angular Extent of Cloud and 
Angular Separation of Density Maximum From 
S-IVB 

G.m.t., Length, I Width, Heparation, 
hr:min:~ec arcsec 

I 
arcsec arcsec 

18:14::i7 .... :!34.4 
18:20:02 ... .-)4!1.8 
18:25:11 ... ii74.8 
18:30:08 ... 2508 12;;4 647 .!) 
18:36:04 ... 2508 12,H 773.:i 
18:40:11 .... 2508 12f>4 856.!) 
19:02:59 ... 2194 1097 
19:09:28 .... 2l!l4 10!}7 

the angular extent of the cloud and the angular 
separation of the density maximum from the 
S-IVB in seconds of arc. 

During the period covered in table 3-IX, the 
slant range from the observing station to the 
objects increased from 42 to 54 Mm, approxi
mately. At the same time, the height of the objects 
above the surface of the Earth increased approxi
mately from 39 to 54 Mm. 

DISCUSSION 

The Hawaiian photographs of the TLI firing 
of the S-IVB show that most of the illumination 
originates from a relatively thin conical surface. 

During the observations, Apollo 8 was approxi
mately 165 km above the surface of the Earth, 
where the ambient density is 5X 10-7 g/m3• The 
S-IVB was exhausting approximately 1100 kg/sec 
at a velocity, relative to the rocket, of the order 
of 5 km/sec. If the exhaust gases were contained 
in a cylinder of I-mile radius immediately after 
ejection, the initial density of the gas cloud would 
be 15 g/m3• The exhaust gases would, therefore, 
expand, because their density exceeded that of the 
ambient atmosphere by a factor of 3X107• The 
density of the gas cloud would become equal to 
that of the ambient atmosphere after the gas had 
expanded to a radius of approximately 5 km. This 
is very close to the distance at which the photo
graphs indicate that the gas cloud had become 
too diffuse to scatter an appreciable amount of 
light. 

The dynamics of the gas-cloud expansion can 

be Pstimuted m, follows. At an altitudP of 165 km, 
onr ambirnt neutral partic-lP collidPs with another 
rvery 0.15 second. The ga:,; cloud will possess a 
kinetic temperature perhaps a little greater than 
that of the ambient atmosplwre. During the ex
pansion, an ambiPnt particle will collide with a 
plume particle about every 0.001 second; therefore, 
the ambient particles will be "scooped up" by the 
expanding cloud, and a shock front will form at 
a radius of the order of 1 km. :Many collisions 
between plume particles occur during the expan
sion, and it is not, therefore, an expansion of the 
free-molecule type. The expansion front must take 
the form of a conical surface because of the 
downstream (or possibly upstream) translational 
velocity of the gas eloud. The velocity of this 
front must be of the order of 2/(-y-l) times the 
acoustic velocity in the gas cloud (where 'Y is the 
ratio of specific heats), which implies a speed of 
the order of 5 km/sec. This figure fits well with 
the large cone angle that is observed in the exhaust 
plume. 

The brightness of the object was described as 
"much greater than that of the full Moon." An 
apparent magnitude of -15 (as compared to - 27 
for the Sun and - 13 for the full Moon) implies 
that the scattering process must be capable of 
producing about 1 percent of the light incident 
from the Sun (assuming an isotropic scattering 
process). It would be difficult to accomplish this 
by an inelastic type of scattering process because 
of the narrowness of absorption lines. It is more 
likely that Rayleigh scattering from crystals of 
ice is the required mechanism. 

The rocket exhaust consists largely of water 
vapor, and at the front of the expanding gas 
cloud, cooling must occur that may be sufficient 
to produce ice crystals. Such condensation fronts 
are often observed in wind tunnels. Hotter gas 
farther behind the front will melt these crystals 
so that the crystals will be confined to the expan
sion front. The photographs indicate that the ice 
crystals are confined to a depth of 500 to 1000 
meters behind the front. If these ice crystals are 
about 0.1µ size, then a rough calculation indicates 
that there could be a sufficient number of them 
to produce such a bright object. An upper limit 
on the size of about 0.1µ arises from the obser
vation that the scattering process appears to be 
isotropic. 
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Finally, the rayed structure that appears in th<' 
Pxhaust plum<' when it is viPwPd <'ml-on probably 
ari,-es from t hP nwehani;.:ms for inj«:'eting fuPl into 
the cumbm,tion chamber. If a pla:--ma-type ini-ta
bility were present, it ,vould probably oerur in a 
helical fashion and would not, tlwrPforP, hP ,-ppn 
in this type of observation. 

The Spain photography ,,l10ws thP pffeet of thP 
release of unburnPd cryogPnic matr>rials in varuum 
at an altitude of approximat<>ly .. rn 000 km ahovP 
the Earth. At the time of thP photograph st>en in 
figure 3-18, the ga,; cloud wa,-; approximately 214 
by 99 km in ,-ize and tlw ~- IVB auxiliary pro
pulsion units wPr<• burning. The Pxhaust plurnPs 

of tlwse unit:-; mu be seen in thP photograph as thP 
buttnfty-shapPd object:-; ll(•ar the S-I\'B. 

A c!Ptailed :-;tudy of this type of photography 
h_v gas dy11amir·ists will allow a hettPr uudPr
;-;tanding of 11H' n•llti11g of materials ill hard 
vat·11t1111 and t hPir t'ff P!'t.~ ou .~pa<·<·eraft whic·h may 
happc-n to IH· llcar during thP VPllting schPdules. 

B<·eause of t hP mally qut•stious raist>d by this 
typl' of photography from tlw Apollo 8 mission, 
mon· PX1 Pllsi ve <·ovPrage is indi!'ated for futurP 
manll<'d missio11;-;. The re,mlts will depend !wavily 
both Oil tlw timi11g of the> spaet•-vPhiclP maueuvPrs 
with rt'SJH'et to sunrise and suw,l't at tlw ob.~erva
tor:, .~t.atio11s a11d on the illumination aloft. 
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Background 

INTRODUCTION titiC' int(•rp,-t for whieh photograph!· wa,; dPsirahlP. 
An ad hol' ..\,;tronomy \Vorking Group was 1·011-

VPn<'d hy Hiehard ,J. Allenh!· at K:\:-;A Ifrad
quarkr,; 011 SPptemhPr 25 to l'l'l'Olllllll'lld a,;t ro
norni<'al ta,;k,;. Th('S(' ad hoc working group,;, with 
PXpan<kd lllC'llll)('r,;hips, latPr \\'PrP i1H·orporatPd 

into tlw thrPP formal working groups (tig. 4--1). 
l'm!Pr a s<'ie1H'e rnanagPmPut plan approYPd by 

RICHARD J. ALLENBY 

Under the guidaJH'l' of tht· futurl• Prnjeet :-,l'il'll
tist, James H. :--\a,-,;er, an ad ho<' Lunar :-,<'iPnep 
\Vorking Group wa,; e011Vl'ned :-;C'ptPmbl'r ti, 19ti8, 
at tlw l\Iam1Pd :-,paet•craft ( 'entPr (M:-,(') to eon
sider and recu11m1e1Hl lunar-,mrfaep areas of sei<·n-
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the Associate Administrator for Science, John E. 
Naugle, on December 17, 1968, the working 
groups were organized to refled the key areas of 
interest in : 

l. Operational photography related to present 
and future Apollo landing sites 

2. Scientific photography 
3. Astronomy 
The obvious overlapping interests of these 

groups were coordinated by the advisory team 
chaired by James H. Sasser. This advisory team 
was also responsible for briefing the a.~tronauts 
on the proposed task8 and for cornmlting with and 
advising the crew and the flight operations team 
on scientific problems during the mission. 

The mission flight plan for Apollo 8 provided 
alternatives as a series of success "steps." The 
success of each step determined the actions to 
follow. Thus, if problems that precluded a lunar
orbital mission arose before translunar injection, 
an Earth-orbital mission would be conducted. 
The Earth Orbital Working Group was established 
to prepare plans for this alternative. 

By launch time, a series of scientific tasks had 
been formulated and included in the flight plan. 
The instruments available for these scientific tasks 
were the following cameras and ancillary equip
ment carried in the command module: 

l. One 16-mm Maurer data acquisition camera 
(primarily for operational sequence photography) 

a. One 200-mm lens 
b. One 75-mm lens 
c. One 18-mm lens 
d. One 5-mm lens 
e. Nine magazines SO-368 eolor film (out

door) 
f. Two magazines SO-168 color film (high

speed interior) 
2. Two 70-mm Hasselblad electric cameras 

a. One 250-mm lens 
b. Two 80-mm lenses 
c. One magazine S0-121 color film (outdoor) 
d. Two magazines SO-368 color film (out

door) 
e. Three magazines type 3400 black-and

white film (Pan-X) 
f. One magazine type 2485 black-and-white 

film (high-speed) 
g. One red-blue filter holder 
h. One polarizing filter 

1. One 2A filter 
J. Oue 47B blue filter 
k. Une 25A red filter 
/. One intervalometer (20-second interval) 

3. One t·amPra mounting bracket 
4. Oue spotmeter (narrow-angle exposure meter) 
5. One telPvision camera 
Briefing papers had been prepared covering 

phenomena that the crew should search for visu
ally. Oral briefings on some of these subjects were 
inserted iuto the astronauts' crowded preflight 
schedule. It was clearly understood by everyone 
connected with the mission that the science tasks 
would be pc>rformed only on a "target of oppor
tunity" basi,.;. It was also apparent that the astro
naut,.; might be "overprogramed" and would have 
difficulty performing all of the tasks requested, 
even if no unexpected problems arose during the 
mission. The crpw's performance was outstanding, 
although they wPre tired when they arrived in 
orbit. The lunar module pilot (LMP) did an 
excellent job of acquiring most of the lunar surface 
photography. Although the nighttime pass for 
astronomical photography was canceled because 
of crew fatiguc>, the command module pilot's 
(CMP) visual studies of an orbital sunrise were 
of scimtifie value. A summary of the proposed 
versus accomplished scientific tasks i:-; shown in 
table 4-J. 

PHOTOGRAPHIC OBJECTIVES 

ROBERT 0. HILL AND LEWIS C. WADE 

Obtaining vertical and oblique overlapping 
photographs on at least two orbits was a primary 
photographic objective of the Apollo 8 mission. 
The purpose of the overlapping, or stereoscopic 
strip, photography wa.c; to provide a means for 
determining the positions of lunar far-side features 
in latitude, longitude, and elevation. The positions 
were to be determined with respect to the control 
points sighted with the sextant as a part of the 
lunar navigation task and with respect to seleno
graphic control points on the front side established 
from Lunar Orbiter and telescopic photography. 
The results of these studies are covered in chapter 
2. In addition, terminator-to-terminator photo
graphs were to provide a means for relating points 
on the eastern limb of the Moon to features in 
the Apollo landing zone. Additional information 
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TABLE 4-I.-Scientific Tasks Proposed for the Apollo 8 Mission 

Proposed Aceomplished 

Take pictures or photographic sequenl'es of approximately ~,O 
targets of opportunity (of 18.i targets identified, ,iO were 
opportune for a I >ec. 21 launch). 

Using intervalometer and brncket, photogrnph lunar terminator 
to terminator vertical stereosC"opiC" strip. 

Using intervalometer and bracket, photograph lunar oblique 
,;tereoscopi(' strip with eolor film. 

Track and photoii;raph a lunar lamlmark, usinii; rotation of 
spacecraft for image motion comp(•nsat ion. 

Photograph lunar ,rnrfa<"e in earthshine. 

Observe and photograph transient lunar surface phenomena. 
Photograph zodiacal light. 
Photograph solar corona. 
Photograph gegenschein ... 
Use the spotmeter to verify pi-eplanned lunar :surface lens 

exposure schedule. 
Obtain zero-pha.~e-angle surface pictures 
Red-blue surface study (use of dual filter holder to obtain 

evidence of ,~olor). 
Take star-field photographs to aid in window contamination 

studies. 
Obtain translunar and t ranseart h picture~ of Earl h ... 
Use high-speed film to determine total film radiation dosage 

during the mission. 
Visually search for the following geologic phenomena: 

Anomalous crater shapes .. 

Volcanic evidence ... 
Structure .. 

Transitory phenomena (light fla.~hes, voleanic eruptions, 
phosphorescence, etc.). 

Visually search for the following dim-sky phenomena: 
Solar corona-zodiacal light, ... 

Gegenschein-:\loulton point. 
Atmosphere evidence by star occultation. 

Visually search for evidence of the sunset horizon glow sueh as 
first seen by Surveyor. 

Visually search for evidence of contamination .... 

that was to be obtained from this photography 
included albedo data and an evaluation of near
terminator topographic analysis capability. 

The areas to be covered by the stereoscopic 
strip photography were dependent on the day of 
launch. The photography was to consist of one 
pass with the camera optical axis near vertical 
and one pass with the camera optical axis inclined 

Approximately :m of pl111111Pd targets photo!!;rnplwd. 

Aecornpli,hed with exl'ellent n_•s11lts. 

Taken as vertical strip with black-and-white film and 
Ill> stop changPs; re,ults e11h1rnred by extPnded-rangP 
developing te!'hnique,. 

A!'complished. 

Not at ternptPd: bowPver, surface detail vi,arally di.s-
t inguishable in both Part hshine and K1111 .shadow.,. 

None observed. 
Not attempted. 
Not attempted. 
Not attempted. 
As prPdicted, spot meter out p11t of limited value for 

lunar st1rface exposures be('all,e of narrow view irnglt'. 
Accomplished. 
Not attempted unt ii t ranseal'lh inject ion; data 11n-

sa t isfact ory. 
Not attempted. 

Accomplished. 
Accomplished. 

Crew exceptional on visual observations: 
Differences in crater shapes and apparent ages 

noted. 
Area resembling volcanic flow noted. 
Possible faulting and collapsed volcanic pipes 

noted. 
Looked for; none observed. 

Sunrise phenomena observed through t rackin!l; 
telescope. 

Nothing observed. 
Occultations noted: no evidenre of at mospherP. 

Looked for; not seen. 

l•:ffeds of rocket-motor operations and clumps IlOted. 

20° from the vertical. The photographs were to be 
taken at 20-second intervals with tt shutter· speed 
of 1/250 second. The vertical pass was scheduled 
on the fourth revolution. In the flight plan, the 
landmark evaluation exercise preempted the last 
20 minutes of photography that would have per
mitted camera operation all the way to tht> 
near-side terminator. 
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TIH• ('OllVl'rgent strip, using ~o-:rn8 color film, 
wa:-, sdiedulPd for tlw ninth revolution. The 
ca11wra was to be startPd ti miHut.Ps after th(• far
:-idP 1Prmiuator aud was to hP opcratPd to approxi
mafrly lo11gitudP 60° E. 1H tlw flight plan, con
tinuiHg thP l'OIIV<'rgPnt ,;tprpo,;eopic strip to the 
uPar-sidP tPrmiuator was pr<'eludl'd by tPl<>visiou 
aetivities sehPduk'd for the ninth rl'volution. 

011 both passPs, au Pxtra exposun' was to be 
manually triggerPd approximately every 5 minuteH 
and thP timP of th<> exposurl' rpcorded. Both 
passes were to n•quir<• a full magazine of film. 

Photographic targPts of opportunity are those 
rPcmnrncnded if tiuw and circmrn,tanccs permit. 
their accomplishnwnt. All lunar ,-;urfacc areas 
wlwrc Apollo 8 photographic eoveragc was desired 
were plotted 011 a Targl't of Opportunity Planning 
Chart. The,.;e rt•comnH'IHIPd targets were launch
day dcpe1HIPnt. To dl'tNmine whieh targets ean 
be photographPd 011 a given launch date, it is 
necessary to determin<' the lunar lighting limits, 
the orbital inclination, and the spaC'ecraft attitude 
during orbit. With these thn•e basic parameter,; 
and by considering the position of the photog
raphc•r in tlw spacecraft, targets were sequenced 
by revolution during lunar orbit. At the same 
time, camera lens and film combinations were 
determined. Changes in eonfiguration of lens and 
film were kept to a minimum by 1hiH method. 

To assist the crew, the data developed were 
printed on the Apollo Target of Opportunity 
Chart, which was carried on board the spacecraft. 
This chart also contained data for recommc'1Hled 
film PXposurcs (f-stop ehanges); r<•gions to make 
spotmeter measurements; special symbols for 11011-
,-;pquenced targets, such as potl'ntial lunar tran
sient evP11ts; and all supplPmPntal data required 
to aecomplish the reconunended photography. 

NOTES ON FILM SELECTION 
AND USE 

JAMES L. DRAGG AND ROBERT 0. HILL 

Film type SO-368 has been w,ed Pxtensively 
during past manned missions for both 70--mm still 
and 16-mm sequence photography. Several factors 
entered into its selection for the lunar surface 
photography when a color emulsion was desired: 
pa.Ht cxperienee in exposing and processing, which 
gave' a high confidPnee Jew!: widf' Pxposurf' lati-

tudP: a vailahility with Estar thin base; scheduled 
u;;p in tlw Ju-mm eanwra, which made possible 
tlw usP of the same exposure settings with both 
Hi-mm aud 70-mm camera~; and high recommen
dation by pcrso11nPI of the MSC Photographic 
'l'Pclmoloh'Y Laboratory. Film t.ypc 80-368 was 
sc·lwduled for use duriug the ninth-revolution 
sterPoscopic ,-;trip photography and for a limited 
nurnbPr of targets of opportunity. In addition, 
use of this emulsion was planned for operational 
photography of the 8-IVB and for Earth photo
graphs. Two magazine;.; of 70--mrn aud nine of 
1 n-mm S< )-368 were on board. 

Kodak Panatomic X aerial film, type 3400 
(Estar thin har-P ), is a panchromatic negative film 
that has high eontrast and extended red sensi
tivity. The high aeutance and very high resolution 
of this film favor a small-negative format. It is 
rated at 65 line;;/mm on 1.6: 1 contrast targets, 
60 pNcP11t hettPr than the resolution quoted by 
Kodak for Plus X aerial film, type 3401 (Estar 
thin basl'), whieh was also recommended. 

The Pauatomic X film wa.-; selected for the 
following reasons: (1) it possessed maximum reso
lution consistent with lunar-surface exposure re
quirenwnts, which indicated a shutter speed of 
1/250 HeemHI to eliminate image motion; (2) it 
was available on Estar thin base; (3) it yielded 
exposur<' vaJups roughly consistent with other 
selected emul,.;ions; and ( 4) black-and-white film 
was preferred over color film for lunar photometric 
studies. 

The RO 121, slower speed, high-definition, color
reversal film (Estar thin base) was used quite 
succf'ssfully for the Apollo 6 strip photography. 
ltR adv:u1tagP over SO-368 is that it has about 
twi('(• t.h<' r<•solution. The exposure latitude is not 
as great. as that of SO-368; thus, it was not deemed 
as dcsirablP for lunar surface photography. The 
SO-121 film was carried on Apollo 8 because 
(1) it repres<'nts maximum resolution for color
reversal emulsions; (2) it was primarily intended 
for use in Earth orbit in the event that Apollo 8 
remairwd thPre; (:~) it was available on Estar 
thin base: and (4) the exposures were corn,istent 
with other onboard films. 

Kodak 2485 high-speed recording film (Estar
AH ba,-;P) i,.. an extremely high-speed panchro
matic film with Pxtended red sensitivity. It was 
sc!Pefrd for th<' Apollo 8 mission for possible 
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photography of various astronomical phenomena 
(gegenschein, zodiacal light, stars, and solar 
corona), the lunar surface in earthshine, and other 
low-light-level subjects. An emulsion with as high 
a speed as possible compatible with the predicted 
radiation dosagP, 0.5 rad, was required. The 
Kodak 2485 film was selected primarily because 
of its high speed. Also, it was available on 4-mil 
base (which proved to be compatible with the 
Hasselblacl thin-base film magazine), and it ap
peared to be compatib!P with the radiation PX

pected on Apollo 8. 

USE OF TYPE 2485 FILM 

L. DuNKEUlAN AND RoBERT 0. H1LL 

The fastest lens on board the spacecraft was 
the f /2.8 standard 80-mm lens used with the 
Hasselblad camera. \Vhilc a lens of approximatdy 
f /1 would have been much more suitable, it was 
determined from ground-based photography that 
exposure times of 90 seconds would be acceptable. 
This determination was made from (1) the results 
of experiments in which daytime photographs of 
the faint dayglow and of stars were obtained with 
type 2485 film from an Aerobee rocket, and (2) 
determinations from ground-based photography 
taken during clear, moonless nights at Greenbelt, 
Md., and at Flagstaff, Ariz., of the region of the 
sky (Gemini and neighboring Milky Way) where 
the antisolar point would be during the Apollo 8 
mission. 

The flight film was prccalibrated 3 day:-; before 
the launch of Apollo 8 by photographing, with the 
flight camera, a calibrated nine-step gray target, 
the luminance of which ranged from 1 X 10-13 to 
1 X 10-u of the brightne8s of the solar :-;urface. 
The faintest portions of the gray scale included 
luminances well below that of the gegenschein 
in order to provide for quantitative analysis of 
the most critical of the possible astronomical 
observational tasks. 

During the planning stage for Apollo 8, a calcu
lation based on the predicted radiation environ
ment for the December 21, 1968, launch gave 
0.5 rad as an upper limit. The energy spectrum 
indicated that more than 99 percent of the radi
ation would consist of energetic protons. Film 
data produced by the manufacturer of type 2485 
film indicated 0.4 as the upper limit of density 

lllC'rease that would be caur-;ed by this lcvPl of 
radiation. The head and tail portions of tlw re
turned flight film wPre developed at tlw NASA 
Manned Spacecraft CentPr by using the• procP
dures established prior to flight; namely, D-19 
developPr at 75° F for 12 minutes in a small tank. 
The Hurter-Driffield curve:c; of thr flight and con
trol film have been compared. The measun·d radi
ation of approximately 0.2 rad simply rai:-md the 
flight film calibration curve by 0.18 drnsity. TllPre 
was no appreciable effect on the detectable thresh
old of the faintPst calibration expo,.;ures. 

CALIBRATION INFORMATION 

]A:\fES DAVIS AND ALAN WELLS 

INTRODUCTION 

ThiR section presents manufacturing specifi
cations and tolerances, along with performance 
parameters measured at the factory prior to de
livery, for the electric Ha.sselblad camera as
SPmblies. Some of the measured parameters were 
obtained from a typical lens; others were obtained 
from the flight hardware. Some parameters were 
merely checked to insure conformity with toler
ances, and the mcaimred values were not recorded. 

SPECIFICATIONS AND TOLERANCES 

Specifications and tolerances for the Planar 
f/2.8, 80-mm lens included the following: 

1. Flange focal distance (FFD), 74.90±0.02 
mm. 

2. Calibrated focal length (CFL), 79.9±0.8 
Illnl. 

3. Relative aperture, f /2.8 ( ± 3 percent). 
4. Average spectral transmittance over the 

range 400 to 700 millimicrons, 80 percent mini
mum. 

5. Field of view, 37.9° side and 51.8° diagonal. 
6. Relative illumination at 22° field angle at 

full aperture, 35 percent minimum; at f /11, 75 
percent minimum. 

7. Sine-wave modulation transfer factors 
(MTF) at 20 cycles/mm, full aperture (mean 
between tangential and radial image elements), 
minimum on axis, 0.50; minimum at 22°, 0.35. 

Aperture tolerances arc shown in table 4-II, 
and nominal versus effective exposure times for 



108 ANALYSIS OF APOLLO 8 PHOTOGRAPHY A:\'D VISUAL OBSERVATIONS 

TABLE 4-II.-Planar f/2.8, 80-mm Lens 
Aperture Tolerances 

f-stop 

2.8. 
4 .... 
.i.6. 
8 .. 
II. 
JG. 
22 .. 

Equivalent <'il'<'lllar diameter, mm 

21.20 ( ±ii percent) 
14.\Hl ( +12.2,, per('enl, -){).36 percent) 
10.60 ( + 12.2.i perC't>1Jt, - IO . .';G percent) 
i.,i0 ( + 12.2.-, per<·E•n1, - I 0.ii6 perC'ent) 
.;.:rn ( + 12.2ii per!'ent, -10.,i6 percent) 
:l.i,, ( + 12.2.i (}t'l'('Plll, - 10.,i6 per!'ellt) 
2.6.-, (+14.!HI pt>r<·e111, -12.8:l 1wrcent) 

TABLE 4-111.-Planar f/2.8, 80-mm Lens Shutter 

;'\ ominal exposure time, 
sec 

1 /ti0O 
1 /2.'iO 
I /12,i 
I /60 
I /30 
I /1;; 
]' s 
!i 
)1 

• ± 10 percent. 

Effective expo8Ure tinw, 
msec • 

2. J.i 
4.1 I 
8.01 

Li.8:J 
:Jl.:iO 
62.70 

12.-,.2 
2r>o.2 
.-,00.2 

1000.2 

the between-the-lens shuttPr are giv<'n m table 
4-111. 

No specific tolerance information is availabl<' 
for the Sonnar f /5.6, 250-mm lens, but it pro
vides three times more magnification than the 
80-mm lens; has r<'lative apertures of f /5.6, 
f /8, f /11, f /16, f/22, f/32, and f/45; has the 
same type shutter as the 80-mm lens; and has 
a field of view of 12.5° sid<' and 17.6° diagonal. 

MEASUREMENTS FROM A TYPICAL LENS 

The following information is based on measure
ments using a Planar f /2.8, 80-rnm lens, serial 
number (S/N) 4289861_, and must be considered 
the best available to date- since measurements of 
these parameters were not made on the flight 
lenses. Figure 4-2 showR the :-;pectral transmit
tnnce curve for this lens. No information is 
available concerning rnea:-;urem<'nt method or 
accuracy. 

Figmc• 4-:{ shows the relative illumination 
eurve for this lens. The rnrve for f / 11 resembles 
the cosine4 degeneration curve, but it is generally 
slightly higher. The curve shown for f /2.8 should 
be the rnmposite curve of cosine4 degeneration 
and vignetting effects. Information for the curves 
at the other relative apertures was not supplied 
by tlw manufacturer. If there is no vignetting, 
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Fwmrn ·1··2.---Speetral transmittance curve for Planar lens, 
SiN 4289861. 
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tlw curve for f / 11 appli<-:-- also to tlw otlwr un
vignetted apertures. 

It should be pointe<l out that, in figure> 4-4, 
the f /11 curve is abow 100 prrce11t for most 
of its length. As an experinwnt, tlw cosine4 curv<' 
was divided into each of the curve,; of figure 
4-3 in succrn,sion. ThP rrsults agree with tlw 
curvrs of figurP 4-·4. Thi:- indicates that figure 
4-4 may have been generated in this manner. 
If so, tlw values ahovP 100 percPnt arP rausP<l 

C 

A 

TABLE 4-IV.-Exposure Times for Compur 
Shutter, S/N 177 

----------------------

~ominal exposure time, 
sec 

I (,00 

I /2.'iO 
I ./12.-, 

I /60 
I /:~o 
I /1.'i 

!/~ 
l/4' 
,~'2 

• Average nf 10 rrlease~. 

-192 

E 
E 

97 

-196 

180 
I 

40 

30 

20 

I 
ov 

Effective exposure 1 ime, 
msec a 

95 

2.:31 
4.18 
!-l.02 

l.'i.Gti 
28.9(i 
.;7 .81 

1:rn. 4 
2.i0.9 
496.11 
!l2a.O 

-195 

3 

3 

B 

D 

FIGURE 4-5.-Distortion µ relative to PPA for f/2.8, view 
from rear, pnsitivP direction away from renter, for 
Planar lens, S/~ 4489000. 

hy nwasun•m(•nt inac·c·ura('i(•,; m oht:1i11i11ii; tlH• 
f/ 11 curvP of figure 4-:t 

HpPeifieations and toh•1wH'P" for t hl• Planar 
f/2Y,. ,'10-mm \rn,:, H/N 4-189000. i11dt1d(• a < 'FL 
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I 

O" 

B 

D 

FwuHE 4-ti.-SinP waVP :\ITF at 20 cyclP,s mm for radial 
image compmwnts, j)Prcent, for Planar IPns, Sil\ 
4489000. 
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Fwi;ut; 4-7.-~Sine wave '.\ITF at 20 c~'cles, mm for tan
gential image elenwntR, percent. for Planar lens, S :--.; 
4489000, 
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of 79.87 ± 0.08 mm. For di;;tortion relative to 
the principal point of autocollirnation (PPA), 
see figure 4-5. Sine-wavc l\ITF at the spatial 
frequency of 20 eycle:,;/mrn for various image 

C 

-192 

-1 

-200 

A 

180° 
I 

40 

I 
ov 

B 

" -200 

D 

FIGURE 4-8.-Distortion µ relative to PPA for //2.8, view 
from rear, positive direction 11wav from center for 
Planar lens, S/N 4488999. · ' 
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29 

38 
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44 

?.4_ . 
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FIGURE 4-9.-Sine wave MTF at 20 cycles;mm for radial 
image components, percent, for Planar lens, S/K 
4488999. 

field positions is giv.en in figures 4-6 and 4-7. 
X orninal vc•rsm; effective exposure times for 

the Compur CS-1210-722 shutter, 8/N 177, 
are given in table 4-IV. 

The CFL of the Planar f /2.8, 80-mm lens is 
i9.95 ± 0.08 mm. For distortion relative to the 
PPA for full itperture, see figure 4-8. Sine-wave 
MTF at 20 cycles/mm for various image field 
positions i,- giwn in figures 4-9 and 4-10. 

TABLE 4-V.-Exposure Times for Cmnpur 
Shutter, S/N 175 

---·--------------------

:'\omi11al exposure time, 
sec 

-----·----

C 

A 

I /,i00 
I /2,i0 
I /12.-, 
l /60 
l ;;m 
l /Li 

1 

y~ 
!i 
!1 

• Avernge of JO release~. 

26 -- E 46 E 

63 

61 

57 

57 

52 

30 

Effective exposure time, 
msec • , ___________ _ 

180' 
I 

40 

30 

20 

10 

57 

I 

O' 

62 

i 
63 

2.::1:i 
4.05 
7 .9,i 

J;j.4] 

21L04 
;);i.48 

122.4 
2,50.S 
,10.i.4 
!128.0 

27 
·- -46 

63 

63 

B 

D 

FIGURE 4-10.-Sine wave MTF at 20 cycles/mm for 
tangential image components, percent, for Planar lens, 
S/N" 44889\l\J. 
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For nominal versus eff Pctivc Pxprnmre tinws 
for the Compur CS-1210-722 shutter, ;-;;N 17.5, 
see table 4-V. 

,, Vertical 

',, 

'i--12 

Horizontal 

la) 

\ , _,,Window normal 
',1 ' 

',: \' 

',\, 18\ 
t_ ___ Camera optical axis 

-, •----55 mm------

A C B --+-
55 mm 

L...-+----+---+-----'J 
(b) 26 mm- 17 mm 

FIGURE 4-11.-Relationship of bracket-installed Hussel
blad camera to spacecraft window. (a) Configuration, 
(b) resulting imagp formation. 

SPECTRAL TRANSMITTANCE OF THE 
LENS/WINDOW COMBINATION 

Figure 4-11 i-hows tlw relationship of the 
Plcetric Hasselblad canwra to the spaeeeraft 
window when thP eamera is installed in the 
bracket. The spectral transmission of the window 
varies with the ineidenrc angle of the impinging 
light. Speetral transmittance curves for the 
window are available for incidPnce angles 0° 
and 45°. The spectral tram:mittance curve for 
the camera lens, on-axis, is available. Spectral 
trnrnm1ittance of the lens, off-axis, can be obtained 
by multiplying thP on-axis curve by thP relative 
illumination faetor for the desired off-axis angle 
(fic•ld anglP ). The spectral transmittancP of the 
lens/window system is shown in figure 4-12 for 
window incidenee angles 0° and 45°. Data arP 
being obtained for window transmiRsion at each 
5°. The condition of 0° incidence on thr space
craft window results in the formation of the 
image at point A in the film format (fig. 4-ll(b)). 
The corresponding lens field angle is 18°. In the 
same way, a 30° angle of incidence at the windmv 

C 
g 

. 8 

• 7 . 

. 6 

. 5 -

.~ 4 
E· 
"' C 

~ 
>-

. 3 

• 2 

. 1 -

I 
I 
I 
I 
I 
I 
I 
i 
I 
I 

,~.,.v,._' r, ,., ,._ "' "-' -, 
" I . '-"' ,~ \ 
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J ~ 27 field angle 
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Fwmrn -1-12.-Transmission versus wavelength for 
lrn~ window C'ombination (80-mm fo!'al length,fell). 
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produl'Ps an imagP at point B, at 12° fiPld angle. 
ThP on-axis imagP point C is formed by light at 
an 18° angle of ineidenec on tlw window. 

For all tlw points just diseussed, tlw window 
ineiderH'P anglt> and the lt•n,.; field :m!,!;le arP both 
in ti!(> :--anH· plane. The planP al,.;o eoutains the 
camera optical axis and is mutually pPrJw11<licular 
to thP window and to the film planP. 

For poinb to PithPr :--idP of linP A-Bin figure 
4- l l(b), eac-11 of tlw two anglPs is in a different 
plane; and thP solution for· th!· loeus of points in 
tlw film pla1H' which satisfie1-, the same conditions 
as, for PxamplP, point B, i,, a complex problPm 
in gPomctry. For poinb in thP eorners of the 
format 1war point B, t]l(> window ineidenc•p angle 
approachPs -15°. 

( 'ommou points which sati,d'y givcn conditions 
occur in pairs, symmf'trical about line A-B. A 
eorreetion matrix could ht> fornwd for one-half 
of tlw image format, whieh is ,,alid for thP other 
half if mirrored. However, Pach point in the 
matrix is u11i4m•, requiring the solution of a 
diff Prent complex geometrical problem, involving 
compound anglPs, for Parh point. To obtain a 
suitablP dern,ity of points in the correction matrix 
would rPquirP a largP nmnher of ('omputationi.;. 

FILM SENSITOMETRIC 
CALIBRATION 

]AMES L, DRAGG 

The Apollo 8 photography affords the first 
opportunity fur analyses of the intensity and 
spectral distribution of lunar scPnP light free from 
modulation caused hy atmospheric effects (Earth 
telescopie photography) and by electronic trans
mission and reronstruetion (Ranger, Surveyor, 
arnl Lunar Orbitt>r). To provide for these analyses, 
a series of sPm,itometric strips was exposed onto 
the flight film and rebtt>d film, allowing the 
extraction of quantitative information relating 
film densitometric measurPs to exposure values. 

Assist anct' in establishing the sensitometric 
requirements was provided hy the :\1SC Photo
graphic Technology Laboratory, which also pro
vided for the placemPnt of the sensitometry 
and subsequent original negative film measurc
mPnts and has been of valuable assistaneP to 
sensitometrie analysPs. 

The primary function of a mlibration sPnsito-

metri(' 1-,trip is to reconstruct the density (JJ) 
versus Pxposure (E) relationship (D log E or 
Hurtcr-Driffield-H and D-curve) which per
tains to the specific processing chemistry, temper
ature, and processing time for the flight film and 
subsequrnt duplication printing. Contingencies 
allowing for lunar photography, Earth photogra
phy, and lunar photography with the red (29) and 
blue ( 47B) filters were eoni-;idered in establishing 
sensitometric requirements for Apollo 8 film 
types 3-100, 248.'l, SO-121, and SO-368. 

The :-;pectral distribution of light reflceted 
from tJH· 1\10011 was approximated by addition 
of filters nos. 80A and 82 to the 28,50° K sensi
tometcr illuminant to convert to an approximately 
4750° K source. Daylight sensitotnetry was 
provided by application of a Corning 5900 
filter to the sensitometer illuminant to convert 
to a color temperature of approximately 5600° K. 
8ensitometrie strips with red and blue filters 
utilized the 4750° K source. No provision was 
made for the spectral transmission of the camera 
lens and spacPcrnft window. However, all sensito
metric exposmes used a Wratten 2B filter to 
,.:irnulate the cutoff of the spacecraft ,vindow. 
SPnsitornetry was performed through a carbon 
step wedgP of 21 steps. Values for the steps 

TABLE 4-VI.-Density of Carbon Step Wedge 
--- ,, ___ ·--··-·------------,----

~tep Density 

0. 0 
l . 1;, 
2 .33 
3 .48 
4 .62 
., . 77 
ti. .93 
7. 1.08 
,'l. J.24 
H. J.38 
JO. J .,i4 
11. I. 70 

12 .. J.86 
1:L. 2.00 
14 .. 2. 16 
J.i .. 2.34 
Hl .. 2.49 
17. 2.6.'i 
18. 2.81 
l!J. 2.!18 
20. 3.14 
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are listed in table 4-VI. Actual sensitometry 
applied to the films was as indicatC'd in table' 4-
VII. 

Provision was made for hPad-versus-tail, pre
mission-versus-postmission, and stored-venms
flight-film comparisons of sensitornetry at 4 7 50° 
K. Sem;itometric data on original negatives for 

rnagazi1ws C, D, and E han• been supplied by 
the Photographic Technology Laboratory. Some 
comparative' results (D log E curves) an' shown 
in figures 4-13, 4-14, and 4-15. 

The differences observed ht-tween :-;ensitometric 
strip:-; and control strip:-; in figurP 4-14 are 
larger than would lw expected. HowPwr, all 

TABLE 4-VII.-Magazine Sensitometric Strips 

l\fagazines Strip Where \Yhpn FiltPl"S Absolute log E, 
no. PXJ)08Pd PXJ)ORed RIPP 11 

A and F .. 

B .. 

C ttnd E. 

D. 

2.6 

2.4 

2. 2 

z. 0 

1. 8 

£ 1.6 

~ 1. 4 
"' "C 

E 1. 2 
u.. 

1.0 

.8 

. 6 

.4 

. z 

0 .6 

------ -- -----·-

.. I Bead 
2 Head 
:3 Tail 
I Head 
2 !lead 
;3 !lead 
I Head 
2 Head 
:3 Head 
4 Head 
;) Head 
I Head 
2 Head 
:3 Head 
4 Head 
.j Head 
6 Tail 

Postmission exposed lstrip~I ',, 

Premiss ion exposed, held 
at MSC, processed with flight film',, 

'. Premission 
exposed !strip 41 

,,-z. 82 absolute Log E 

1. 4 l. 8 2. 2 2. 6 3.0 
Relative Log E 

FrnuRE 4-13.-D log E curves for Apollo 8 magazine F, 

original negative. 

-------- -- ----- - ------ -· -~-

Premission 
Premiss ion 
Post mission 
Post mission 
Premission 
Pre mission 
Post mission 
Premiss ion 
Premiss ion 
Premiss ion 
Premission 
Post mission 
Premission 
Premission 
Premiss ion 
Premissio11 
Pre mission 

-·-------

80A, 82, 2B 2.82 
C,i900, 2B 2.87 
80A, 82, 2B 2.82 
80A, 82, 2B 2.82 
80A, 82, 2B 2.82 
C.'i900, 2B 2.87 
80A, 82, 2B 2.82 
80A, 82, 2B, 47B 2.4,i 
80A, 82, :m, 2!l 2. 7.i 
80A, 82, 2B 2.82 
C.'i!l00, 2B 2.87 
80A, 82, 2B 2.82 
80A, 82, 2B, 47B 2.4,, 
80A, 82, 2B, 29 2. 7,i 
80A, 82, 2B 2.82 
C.'i900, 2B 2.87 
80A, 82, 28 2.82 

Sensitometric strip 4 I head I----/ h 
Sensitometric strip 6 ltai II--.(-~/ -.., 

2. 6 

2. 4 

2.2 

2. 0 

1. 8 

I. 6 

Process control strip lleaderl -----

£1.4 
V> 

~ 1.2 
Cl 

1.0 

.8 

.6 

.4 

.2 

0 

Process control 
strip ltai II - - -

I. 6 2.0 
Relative log E 

2.4 2.8 3.2 

Frnmrn 4-14.-D log E curves for Apollo 8 magazine D 
original negative, comparing Rensitometric stripH and 
process control strips. 
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2.6 

2. 4 

2. 2 

2. 0 

1.8 

£ I. 6 

~ 1.4 
"' ;1.2 
w:: 1.0 

. 8 

.6 

. 4 

. 2 

0 

Sensitometric strip no. 4 
Moonli8ht simulation 
Filters ·soA, 82, 2B-,, 

'-Sens1tometric strip no. 5 
Daylight simulation 
C 5'XJ0 filter + 2B 

,, 2. 82 absolute log E 

2. 0 
Relative log E 

2. 4 2.8 3. 2 

FrnuRt; .J-15.~D log E curves for Apollo 8 magazine D 
original negativP. 

results have not yet been received, and analyses 
are continuing. The use of the premission ex
posures with 80A, 82, and 2B filters are cur
rently recommended for photometric reductions. 

CAMERA EXPOSURE 
CALCULATIONS 

GEORGE R. BLACKMAN 

The relative aperture settings were determined 
preflight for use with the 70-mm film types 
and were applicable for the 80-mm lens, and 
for the 250-mm lens up to and including the 
f /5.6 aperture, which is the largest that can be 
used. These data were printed on the photo
graphic Target of Opportunity Chart with the 
f-stop changes indicated as a function of seleno
graphic longitude. Although underexposures were 
expected near the terminators, it was decided 
that the shutter rate shoukl remain fixed at 
1/250 :-;econd. At slower shutter speeds, loss of 
image resolution could he expected because of 
image smear. With the wide latitudr• inherent 
in the film types selected, adequate exposure 
control could be maintained with aperture regu
lation only. 

Three sets of /-;;top chauges were recom
mended to eorrespond to Pach of the general 

camera-pointing orientations: vertical, east and 
west oblique on groundtrack, and north and 
south oblique off track. 

Computing the exposures (f-stops) involved 
two operations: 

1. Prediction of the average value and range 
of the film-plane illumination (exposure) for 
each condition of solar illumination/viewing 
geometry and surface albedo to be encountered. 

2. Evaluation of the sensitivity of each film 
type to the predicted illumination and subse
quent selection of the appropriate camera set
ting required to achieve the optimum exposure 
at the film plane . 

A matrix of exposure values was generated 
that accounted for all possible combinations of 
camera/scene conditions. These conditions were 
treated as E = STtfXl,/4!2, where E is the ex
posure in meter-candle-seconds (m-cd-s), S is 
the average solar illumination at the surface 
in meter-candles (m-cd), T is the percent 
transmittance of the lens and spacecraft window, 
t is the shutter speed in seconds, p is the surface 
albedo, q, is the lunar photometric function, and 
f is the relative aperture. Values used for Apollo 
8 were 14X 104 m-cd for S, 0.747 for T, and 
0.004 second for t. The relative aperture was 
variable, with full stops from f /2.8 to f /16. The 
percent of albedo p varied from 0.05 to 0.25, 
and q, varied from O to 1.0. 

For each scheduled photographic target, the 
solar illumination/viewing geometry was com
puted for entry into the lunar photometric func
tion (fig. 4-16), and the albedo noted from 
existing data. Since albedo data were not 
available for the lunar back side, those 
values were derived through the correla
tion of brightness measurements from front
and far-side Lunar Orbiter photography and 
controlled to the existing albedo data applicable 
to the front side. By referring to the locations 
of thesP two values in the matrix (photometric 
function and albedo), the predicted film plane 
exposurf' eould be determined for each of the 
camera stops (f/2.8 to f /16). The next Htep was 
to decide which of these f-Htops Hhould be used 
for each particular scene as dictated by the 
,-Pnsitivity of the specified film type. 

The film responsP (sern,itivity) to the incident 
<'Xposun• was df'rived through analysis of plots 
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of density D versus the logarithm of the expo
sure (D log E curves) rPsulting from the con
trolled exposure and processing of calibrated 
sensitometric strips 011 the same film type;; to 
be used during the misHion (figs. 4-17 to 4-19). 

The analysiH for euch film type was conducted 
as follows. First, it wa.s;; determined that the 
range of exposure that could be Pxpected from 
a given lunar seene would not exceed 2½ 
stop;;. The latitudPs of the film type;; were• found 

to provide the adequate tolerance neecssary to 
reeorcl all surface detail in any one scene, de
pendent only on thP provi;;ion that a suitable 
minimum level of intensity entered the system. 
Four stops for the 3400 (black and white) film and 
R0-121 color film and fiVP stops for the R0-
368 color film were found to be the latitude 
ranges of the filmR. Consequently, the f-stop 
selected for a given scene could he off by as much 
as one full stop on either the 3400 or R0-121 
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FrntTRE -1-li. --D log E ,·urvp for ;3400 film. 

films or by l.H stops on thP SO-368 film and still 
suitably record all thC' information within the 
scene. 

The next step was to decide, within the range 
of exposures to which the film is sensitive, the 
exposure value which nwst dosely defined the 
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FIGURE 4-18.--D log E C'Urve for S0-121 film. 

inflection point between overexposure and under
Pxposure. Again, if the appropriate f-stop is 
chm,en, this value could be correlated to the 
averagp brightness of the lunar scene (midscene 
exposure). The log E mi<l,;ceue values determined 
for each of the filrm; are 2.89 for SO-368, f.00 
for S0-121, and 1.19 for 3400. 

The f-stops were selected by relating back 
to the computed exposure matrix and treating 
t.he seheduled photographic targets individually. 
The selected f-stops were those that represented 
<'xposure values nearest to those of the midscene 
values derived for the specified film type . 
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~ 1.6 - __-Midscene 
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FrnuRE 4-l!l.-D log E eurve for S0-368 film. 

For the vertical and ontrack oblique stereo-
8copic strips, the midscene exposure8 progressed 
as a symmetrical curve of near-zero value at 
the terminators and increased to maximum 
value at that point on the groundtrack nearest 
the subsolar point. Only differences in the sur
face albedo caused local fluctuations in the 
smooth progression of the curve. For those cases, 
determining the f-stop change points was 
straightforward and considerably more accurate 
than was the case with the targets of opportunity 
(north and south obliques). 
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Fwum; 4-20.-Exposurc matrix. 

The stops for the targets of opportunity were 
calculated in essentially the same manner. Un
fortunately, it is not possible to compile one set 
of exposure-change points that would apply 
to all targets north and south of the ground
track. Extreme differences in scene brightness 
occur when the camera pointing angles are in 
any plane other than one that is approximately 
parallel to the plane containing the solar illu
mination vector and the subsolar point. This is 
especially critical within the region bounded by 
± 35° of longitude from the subsolar point. Some 
compromise had to he made. Many instances 

existed where, on one revolution, a target close 
to the ground track required an f /8 exposure; 
and, on a later revolution, a target some distance 
off track, but at approximately the same longi
tude, would require an f /2.8 exposure. For cases 
of this nature, an intermediate stop was chosen 
biased toward the more important of the two 
targets. Dependence was made on the wide 
latitude of the film to salvage the greater part 
of each of the two images. 

The capability was established for providing 
f-stop values in real time by translating the 
exposure matrix into a graph (fig. 4-20) and 
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instituting techniques for dl'termini11g thP se<'ne 
g<'ometry from 1 :5 000 000-~cak• maps. TIH' !
stop change loeatio11s WC'r<' supPrimposPd 011 th<• 
graph; and, <·onsequPnt ly, th(' appropriatP :-;elee
tio11 could be dPt1•r111inPd dir<'etly a:-1 a function 
of the photometric function and albC'do that 
appliPd to :my givl'n targd. ProePdun•:-1 Wl're 
pstablishPd and simulat<"d for revising thP PntirP 
;.;et of Pxposure n•eonUtH'JHlations that WPl'P on 
tlw flight chart if an off-11mninal situation should 
occur. 

EXPOSURE EVALUATIONS 

JA~IES L. DRAGG AND HAROLD L. PRIOR 

Questions ha v<• arisP11 frorn Apollo 8 a:-1 to 
whether multiplP aperturP settings ar<• required 
and whether high- or low-gamma processing is 
desired. To invPstigatP tlws<' alternativPs and 
also to evaluatl> th<' <'Xpostu·<•.-.: obtained, a task 
was initiated to PxaminP thP Pxposures of maga
zines C, D, and K All thr<'<' magazinPs ar<' 
type 3400 black-and-whit<' film. Second-genera
tion 11mster positive,; WPr<· obtained for the 
evaluation. Each mugazi1w was evaluated by 
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2, 00 

----- ,\\axi11um density 

1.50 

1.00 

'50 

s<"am1ing (':t('h frame' with a McBeth TD 102 
dPnsitom<'t<'r for minimum, maximum (<'xclusive 
of ;,haclow), and average vii,;ual diffuse dc!nsities. 
Tlw a n•ragP wa:-- tak<'n of six points distri butcd 
ovPr t lw framP. The maximum was g<'nerally 
ll<'ar 01H' of t hP frame <·orrwrs wlwr<' l<"nH trans
mi.ssion was !Pa,;t. All densities are corrc•latcd for 
rPlat iv<' <'XpoHir<• against the prPexposPd sern,ito
metri,· strip, approximating a 4750° K source 
with a \Vra1t<'n 2B filt.Pr. Correlatio11 against the 
original n<"gativ<' was performed hy rPferencP 
1 o sP11sitomdri<' curves supplied by the Photo
graphic TPclmology Laboratory. 

Magazine C 

:'.\lagazi1w C includes the second, or forward
looking, pai-is of the stereoscopic strip photogra
phy in whi<"h a real-time decision was made by 
tlw Apollo H erew to bracket-mount the canwra 
and Pxpose at a eom,tant aperture of f /5.6. To 

1 Earth, full-:\l0011, a11d low-horiwu photographs were 
not evaluated. Also, Heveral frames of magazine E WPre 
too de11sP 011 thP po~itive for <•valuation. 
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F1m:iu: -1-21. - DenHit,· versus frame nurnlwr for Apollo 8 mal-(azim· C mastPr positiv1•. 
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allow for t hP dt•viat io11 froll1 plauu<'d multi pl<' 
iqwrturl' ,.;ettings :md pro\·id<' maximum prolm
hility for imag<' n·<·m·pry, th<' Photographi<' 
'i'Pl'h1wlog_\· 1.ahoratol'_',' dPviat<'d fro1t1 th<' plallllPd 
high-gamma pru<·t•,-sing a!ld prtH'l'.""<'d t hi,; mag
azine at low 11:amma. Tlw dPnsit:v plots of 111aga
zi1tl' (' arP shuwll in figmt• • 2 I . .-\ ,;hi ft ill /)-max 
O<'l'Ul'l'ed at the tl'rrninatioll of thl' stPrl'osl·opi<· 
strip at franH• 27 40. Disl·ountillg ;;hadow, all 
but thl• first few HPar-tPrmillator frame.s an• wdl 
l'Xposed. Correlatioll to tlw origi1tal negative 
(fig. 4-22) show.s all framL>.s from 2667 to 2807 
are recovered 011 Pssentially t lw "straight li1w" 
portion of th«' eurvP. Tlw maximum t•xpo,.;urPs 
of all frames are Wl'll rPeordPd, a!ld two full stop,.; 
and possibly more~ werP wmilable Oil the linear-
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iO stop,. 
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magazine C. 
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response portion of tlw eurve at the maximum 
exposure end. It is notc>d that all of the imagl•ry 
fell into a relative log E range of 1.65, or about 
5.5 stops, a1Hl also that i5 1wn•pnt of tlw imager~· 
fell within a rPlativ<' log E rang<· of 0.8, or about 
2.7 stops. Tlwrdon•, it i,; concluded that thi:-; 
magazine could hav<' h<'<'ll l'XposPd at Pithl'r 
f /4 or f /2.8 and havP maintai11<·d linear rPspon:-;e 
at the maximum <'Xposur<' <'nd. Thi:-;, tlwn, might 
have produced a beneficial pffrct on tlw near
terminator photography. 

\fagazine I) 

l\faga.zine D includes thP wrtical sten•oseopic 
strip pass and was proeessPd at high gamma ac
cording to premission planning. Tlw high-gamma 
processing was principally planned to aeeom
modate the planned rPd-hlu(• liltPr photographs 
where VPry small <'Xpo:-;un• diff<'r<'ncps w<•rc to 
be measured and correlatPd. TIH' plot (fig. 4-
23) of the densities of magazin<' D revPal.-; sl'veral 
interesting factors. Correlation of VPrified aper
ture changes to tlw mission map giw•s r•lpar l'Vi
dence that aperture ehangl'.-.: \\'er<' mad<' at 
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1.50 
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2. 8 

2025 2050 

4 
Planned apertures 

5. 6 8 11 

____ Maximum density 

·- ~11nll'1um density 
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lo<"atio11,; specified for thl' reeommemled forward
looking <'olor film (SO- aG8) pass a:-; opposed to 
tlw n•comme1Hi<'d wrtic·al :HOO pa:-;s, which was 
exPrei,<'d. Tlw (•xception was in the change from 
f/ 11 to f.1 k, whieh oeeurrl'd as recomml•nde<l. The 
rPc01nn1P11dPd ('hangc· from f/8 to f /5.G occurred 
at tlw ,-anu• loeation for both and was apparently 
<'XPrei;.;Pd as rc·c·omme1H!Pd. It i.-.; al:-;o apparent 
that half-.-.:top aperturc•s were used. The apcr
tur<•:-; shown in figure 4-2:3 are the apparent ones 
usPd, alt hough absolute <'Xl>rnmre uncertainty 
might :-;hift all appan•nt stops potentially as 
a unit h:v up to onr• stop. Assuming the apparent 
tqwrtun•s an· r·orrPet, an adjustment has been 
appli<·d :i for Pach frame to place it at the 
pla1111Pd PxposurP level.-.:, as shown in figure 4-24. 
Not<· that tlH' PXpo,-;ures arl' now more uniform, 
with 1 lw primary <'Xl'cptio11 !wing tlw f /11 se
que11('<'. .\ dr·liherate bia,-; wa:-; planned for this 
sPquenr·P. whidi i11eludPs Z<'ro-phasc photography, 
to in"urr• prnp<'r <'Xpo.~ur<' of zpro phasP (in view 

3 Ko ,·orT•·•·I io11 ha, h<•e11 applied r1•s11]1 ing from <"hanges 
i11 IP11., 1 ra11,111i,,io11, al diffpn•r1t apert Jll'Ps. 
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2150 2175 2200 
frame number 

FrGUHE 4-24. -Apollo 8 ma~azine D ma8ter positivP 1•xpo~un·, ,·111TPC'lt-d to reflect plaml('d apPrtures. 
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uf uncertainties in thP photumetri<· function at 
zero phase) and to allow for potmtially high 
albeclos on the lunar far side. No degradation 
in the imagery occurrPd as a result of the apN
tures used, however, and all frames (except near
terminator frames) are adequately recorded in 
the linC'ar-response portion of thP film, as in<li
cate<l in figurP 4-2,i. To c-ompare the pffert of 
magazine D viewing geonwtry agairn;t magazine 
C, all frame:-; from magazinP D havP been ad
justed in Pxposure (fig. 4-26) to reflect the con
dition of those images taken at a constant f /5.6 
aperture, as was mag:tzinP C. The results are 
compared (fig. 4-27) agaim,t the high-gamma 
process of magazine D and the low-gamma process 
of magazine C. ~Iaximum exposures would 
have been recorded in thP linear-response por
tion of either film process. The low-gamma process 
would havP yielded significantly lwtter exposures 
near the terminator. It would also appear that 
sufficient film latitude was availablP to expose 
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at f /4 with high-gamma processing and to f/2.8 
with the low-gamma process. 

Magazine E 

Magazine E was used for target-of-opportunity 
coverage and processed at high gamma. On the 
positive used, several frame;; were too dense 
for the type of analysis that was performed. Other 
frames are plotted in figure 4-28. Exposures are 
not correlated back to the original negative, 
but this can be approximately accomplished by 
reference to the magazine D original curve of 
figure 4-27. The planned targets of opportunity 
are well recorded in the linear portion of the 
response curve. Other sequences near the ter
minator have adequate response in the bright 
areas, but may be underexposed in the darker 
areas. The training sequence was apparently 
underexposed in the earlier portions but was 
properly exposed when the exposure time was 
adjusted to 1/60 second at frame 2300. 
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Fwua•; 4-27. -Predicted exposures of Apollo 8 magazine D 
exposed at constant f/5.6 aperture and extrapolation 
to magazine C processing. 
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APOLLO CAMERA RESOLUTION TESTS 

A. F. H. GOETZ 

Film from three different magazine;; exposed 
during the Apollo 8 red-blue color experiment 
showed all red frames to be severely out of focus. 
This phenomenon had not been anticipated. 
However, all frames were taken after transearth 
injection (TEI) with the 250-mm lens instead 
of the 80-mm lens as planned. Len;; resolution 
measurements to clarify the focus problem were 
performed on the Apollo 8 flight hardware at 
the Manned Spacecraft Center by this author. 

Measurements were made in the Flight Crew 
Support Division camera facility at MSC. A 
Gaertner L360n optical bench and collimator 
and an Air Force resolution target were used. 
Using a collimator allows resolution tests to be 
made at the infinity ( oo) camera focus setting, 
which was the setting used during flight. 

Tests were conducted using camera back and 
80-mm lens no. 1020, 250-mm lens no. 11, maga
zine G no. 123, and type 3400 film. The twin
filter slide holder no. 1001, carrying the standard 
47B (blue) and 29+0.6ND (red) filters, was used. 

Focal-length tests were al8o made by placing 
a microscope near the image plane of the camera. 
Assuming a nominal focal length without a 
filter, the 80-mm lens focusc;; at 80.02 mm in 
the blue and at 79.82 mm in the red. The 250-mm 
lens focuses at 250.22 mm in the blue and 249.62 
mm in the red. The red focus was difficult to 
locate and was nowhere sharp. This fact was 
borne out in the resolution tests. 

Table 4-VIII lists the results of the resolu
tion tests. Because a number of frames were 
overexposed, some values will appear low. Over
expmmre is denoted by a plus sign after the value. 
Where both red and blue values were overexposed, 
the same exposures were used in each case. 

The source of the red, out-of-focus images is 
now quite apparent. The 250-mm lens used on 
board Apollo 8 is obviously :i poor achromat, 
showing a resolution of only 5 to possibly 
15 lines/mm at 6600 A. However, the 80-mm 
lens appears to be well suited for lunar color 
measurements, exhibiting, at f /4, 57 lines/mm 
resolution in both red and blue wavelength 
regions. 

TABLE 4-VIII.-Results of Resolution Tests 

QO . 

QO • 

QO • 

Focus 

¼ distance from ao between 50 ft and oo . 
½ distance between i>0 ft and ao .. 
50 ft .. 

00 

½ distance between 50 ft and oo 

200 ft .. 
150 ft. . 

f-stop 

80-mm lens 

2.8 
4.0 
ii.6 
2.8 
2.8 
2.8 

2i>0-mm lens 

[i.6 I 
:,.6 
!i.6 
:i.6 

Resolution for filter, lines/mm 

None Red Blue 

36 36+ 
80 i>7 57 

50+ 
32+ 40 
2i>+ 40 
Completely out Completely out 

of focus. of focus. 

13+ ,"i+ 40+ 
8+ 23+ 
9+ 8+ 
Completely out Completely out 

of focus. of focus. 
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PROCESSING OF APOLLO 8 
ONBOARD FILM 

RICHARD w. UNDERWOOD 

INTRODUCTION 

The Apollo 8 spacecraft earriPd a total of 
five different types of film: 

1. SO-368 Ektachrome l\f~, iO-mm and 16-
mm 

2. SO-168 Ektachrome EF, Hl-mm 
3. SO-121 Ektachrome, High-resolution Aer-

ial, 70-mm 
4. Type 3400 Panatornic X, Aerial, 70-mm 
5. Type 2485, High-speed Hecording, 70-mm 

All films required different processing tech-
niques and equipment. Standards for processing 
these films are determined before the flights. 
Standard processes are usually specified by the 
manufacturer, but modified because of the 
specific user (MSC) requirements and sensito
metric tests of the actual flight film emulsions. 
Films are kept under low-temperature refrigera
tion from the time of emulsion coating until 
processing, except for th<' tim<' they are actually 
in the Apollo spacecraft. 

Prior to loading the film magazines, preflight 
sensitometry is applied at MSC. During the 
mission strict surveillance of the spacecraft en
vironment is maintained in order to determine 
if it will in any way change th<' film sensitivity, 
thus necessitating a change m proceRRmg 
techniques. 

After the return of the films to MSC by cour
ier, the film magazines are downloaded. Post
flight sensitometry is applied where and whPn 
appropriate, and the films are then carefully 
processed to predetermined standards. 

The SO-368 and SO-168 films were processed 
in the MSC General Photography Laboratory, 
and the S0-121, 3400, and 2485 films were 
proceRsed in the MSC Precision Laboratory. 

S0-368 PROCl<:SSING 

The SO-368 film was processed by using Ko
dak ME-2A chemistry at 75° F. The 70-mrn 
film was processed at 3½ ft/min and tlw 16-mm 
at 34 ft/min. No problem:-; WPI'<' Pncountered, 

and the re:mlts are excellPnt for the film/ chemis
try combination. 

S0-168 PROCESSING 

The ::\0 168 film is the Kodak Ektachrome 
EF emulsion on a thin base. The ASA (film 
speed) is adjusted up to 1000 from the manu
facturer's specified level of 160. This adjust
ment requires a substantial modification of the 
processing technique. The film is intended for 
use within the Apollo spacecraft using available 
light. A high-temperature processor is used with 
modified Kodak ME-4 chemistry. The machin<' 
tram,ports film at 42 ft/min with the eolor de
veloper at 110° F, fin;t developer at 98° F, pre
hardenPr at 95° F, and the other chemicals at 
normal temperaturPs. The operation was smooth, 
and no problems were encountered. 

S0-121 PROCESSING 

The Kodak 1411-M color Versamat is required 
for SO-121 film. The EA-4 (MX-672) chemistry 
is modified based on the particular emulsion 
coating, or "hatch." In the case of the Apollo 
8 film, the processing times and temperatureR 
given in table 4- IX were used. 

TABLE 4-IX.-Processing Times and Temperatures 
Used for Apollo 8 Film 

-------------~----~--

Process Temperature, Time, 
oy min:sec 

Prehardener .. !l.i 2:30 
Neutralizer. !J,i I :J;i 

1st developer. JOO 2:30 
1st stop. JOO I :J.i 

Wash ... !J;i I :Li 
Color developer .. I JO 2:30 
2d stop. I IO 1: J;i 
Wash. 9:i I: i;; 
Bleach 110 I: Li 
Fixer .. 110 I ;J;i 

Wash. !l,i 2:30 
l>r~·-. 12,i 2::rn 

The film was processed at a rate of 3.2 ft/min. 
The original flight film was spliced with other 
films and leader:-; to insure proprr transit of the 
machinP, as follows: 
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l. Scratch test, 10 feet 
2. Head leader threads PntirP machine, 80 

feet 
3. Head precision sensitometr,v, :3 feet 
4. Flight film, 38 feet 
5. Tail precision sensitometry, :3 feet 
6. Colorimetric, resolution, photogrammetric, 

sensitometrie frisket, 20 feet 
7. Trailer, 80 feet 

No problems were encountered. 

TYPE 3400 PROCESSING 

The Kodak 1\1-llC black-and-white Versa
mat was used to process the 3400 film. Kodak 
MS MX-641-1 developer and Hunt Htarfix 
comprised the chemistry. 

Preflight sensitometric te;-;ts on the particular 
flight emulsion, the requirements of experimenters, 
and the photometric requirements brought 
about the establishment of an aerial exposure 
index of 13.1, a maximum density of 3.32, and 
a gamma of 1. 70. This resulted in a processing 
at 85° F and at 13.75 ft/min, or 18.5 seconds 
of development time. Magazines D and E were 
processed according to the established procedure 
outlined previously. Magazine C was not normal
ly exposed. The LMP set the aperture at f /5.6 
and the speed at 1/250 second, and the maga
zine was exposed at these settings during the 
entire eighth revolution of the Moon. The Pho
tographic Technology Laboratory recommended 
that a low-gamma developer be used in proce>ss
ing this magazine to bring out the photographic 
detail. 

A low-gamma developer was formulated and 
tested in the Precision Laboratory. Photographic 
simulation secured from a high-altitude air
craft flying over West Texas arid areas was used 
to verify the process and technique. The final 
process for the lVI-llC Versamat indicated that 
the special low-gamma developer should run at 
5 ft/min in two development tanks at 75° F or 
100 seconds of development plus 150 seconds of 
fix (Hunt Starfix). This resulted in the gamma 
being lowered from 1.70 to 0.70; maximum den
sity dropped from 3.32 to 2.25, and the aerial 
exposure index was recomputed from 13.1 to 
28.8. The resulting negatives show far more 

vif-iual detail than the two films processed by 
conventional metm,;. 

TYPE 2485 PROCESSING 

Proce:-;:-;ing techniques for the very high
f-PPPd type 2485 film had been established in 
r·oope>ration with 1wrsonnel of thP Goddard 
SparP Flight Center. The film has previously 
bC'C'll used for, and its intended use on the Apollo 
8 flight was for, the recording of astronomical 
phenomPna. A Versamat Model M-llC cycle 
using :-tandard D-19 developer at 3 ft/min 
(150 seeonds) in two tanks at 95° F would pro
dueP a gamma of 1.95. A 0.5-base fog rise, at
tributed to radiation fogging, was anticipated. 

The LMP did not u,;e the film for the pro
gramed astronomical experiments, but he did 
use thP film for general lunar surface photogra
phy; he expm,ed the film for an ASA (speed) 
of 80, not 2000 to 6000 as the film is rated by the 
manufacturer. This is approximately six stops 
overexposure, or far beyond the normal latitude 
of the film. 

The Precision Laboratory formulated a special 
chPmistry and photographic technique in order 
to "save" the data recorded. After 6 days of 
experimental testing, a chemistry and processing 
technique evolved; but when this technique was 
attempted in the Versamat Model M-llC proc
essor, the chemistry could not be changed fast 
enough to prevent the image from destroying 
itself. It wa;,; then decided to use Nikor spiral 
film reels in a large chemical tank. The processing 
was at 68° F. Steps included wetting agent, 
bleach, neutralizer, wash, developer, fix, second 
wash, and second drying (in the Versamat). The 
bleach technique removed the effect of the vastly 
overexposed emulsion by destroying the external 
latent image and then overdeveloping the in
ternal molecular latent image in order to produce 
a more nearly normal negative. The technique 
proved highly successful, and normal images 
resulted. The standard graininess of type 2485 
film is slightly reduced by silver halide solvents 
in the developer removing the large bleached 
grains. 

The head and tail sensitometry had been re
moved and was processed normally. The "bleach 
process" would have destroyed these data, which 
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W<'l'l' of Yalw· i11 dt't<'l'llli11i11g radiation l'ft'l•<•t,; 
011 tlil· t·11111l,.,io1J .\ 11PgligihlP radiation Pft'P<·t 
wa,; ,-J1ow1J, whi<'li f:t\·or., 11,,p of thi,.; l'lllltl,io11 1111 
f11tw•p l"11g-d11r:1tiu11 ~pa1•p flight,.__ 

STEHEOSCOPJC :-;THI P 
PHOTOG H .\I'll) 

P\I L E. i\ioH\I\'\. 1{0111-:11-r 0. ll11,L. \'\D 

LEnJ:-; <:. \Vun. 

,\.-; di,c•u-;:,;pd JJ!'P\'ioti.,I~-. Oil<' .\pollo 8 photo
graphi1· ohjt'l'ti\'C· wa, to ohtai11 two :-;trip,.; of 
. ,tf'n•o,.;(•opi(' photograph_,· fr11111 !Prrninator to 
1 l'l'llli11at or. F1 ,r op<'rat i1 ,11:d n·a.,1 >11,-,, t hi:< l'l'quirt•
lllt'llf wa, rt•du('(·d to 011<· partial .-;trip using 
lil:t<'k -and-whit<' film i fmrn t<·rminator 1o 
about 1)()

0 frolll t!H· oppo,.;it•• t1·r111inatorJ and Oil{' 

,;trip u,i11g t'olor t'111ul-;ion. whit'h wa:, l'llrtail<'d 
to allow for t<'i<'\'i,.;i,m tra11.,mi.,,-i,lll 011 thl· ninth 
l'l'\ 0 0lutio11. By taking an l'XJHNtrt' <'V<'r:, 20 
,.;<•(·ond,-, u,-;iug t lw intPrvalornf'!t•r, l':t<'h photograph 
on•rlap,; t ht' prPviou, phol ograph h:v approxi
mat<'ly tiO pPr<'t'llt. Thi,-; allow,-; vi<'wing of l'a\'h 
point on tlH' :--urfa<'l' from at h•a,-;t t \\'lJ phot ographil' 
po:,;itio11s ,.;qmr:Ltt•d by approximat,·1:v :m km along 
tll(' orbit. At an orbital altit11d(• of 11() km, thi:,; 
mPtl1od prodl!<'('., a has<•-to-lH'igh tratio (B/H) of 
about 0.27, :t('<'<•pt ahl1· for -tPl'l'fl.-;rnpif' vi<•wi11g; 

'xµosure I 

S II rface -,.,/ 

F1<:nu-. -1-2!1. (:,.om,.tn· 11f \'Nti,·al ,trip. 

dig. I 2\1.! lh 1·0111l1i11iug tlH' \'(•rti,·al .--trip with 
th1• ~1•1·011,I, "r ('IJIJ\'l'l'gP11t. :-trip, th<' g<•onH'tr_v 
of th«• ,;f1•n·rn-wopi1· Yi<•w 1•1Jt1ld bl• 11iadl' ,tro11gp1•. 
IJl'lll'I', th«· ability t" 111<•a,-;urc• h<•igltt diffc·r<•11r·<•s 
,rnuld lw l,Pttl'r h~· a factor of two (fig. -1 :30). 

Thi• \·<•rt i<'al ,;f rip was a<'<'o111pli,.}u•d a~ phurnl'd 
011 t Ii«· fomt h l'l'\'ol11tio11. It \'Xt<'rHI.-- frnm 11w 
far-,-;iclr- f(•n11i11ator (1011g;it11d<' ]:,0° W) t11 about 
-lti 0 from thl' 111•:tr-:--idr• t<•rmi11ator (approximatel:,.· 
lo11gitwlP 7:, 0 I<:!. Th(' photography i-; of good 
quality :ll1d :tpJwar:,; to hav<' good forward lap 
in all :m•a.,. Th(• 1·xtra ('Xpo,-;ur<' wa., trigg1•rPd a,: 
pla111wd l'\'1•ry !i llli1111te,-; . 

Tlw pla1111Pd 1·1111vP1-gi•11t .,trip 011 thl· 11i11th 
r<•volut i1111 wa., dr•ll'tt'd from th<' flight plan be
l':tt1s<• of t hl' rwl'd for <'!'PW n•,-,t. Tht' <·ommarH!Pr 
(( 'DH l did hr:wkl't-motwf tlH' ,0-111111 <'lllll<'r:t 
and took photograph, in a 11<':tl'-\'Nt il·al oric•11-
t at io11 1,11 thl• Pight.h n•volution, 11...;i11g a fixed 
,·anwra l'Xpo,.;111·<• of f 1:,.ti and I i2:,0 s1•(·ond. This 
pr·or·Pdlll'l' n·Hilt<·d in µ;ood-qu:dit _\' photography 
aftr·r >-JH'«·i:tl pro<·<•s.--i11µ; h_\· I }w Photographic 
'l'Pd111olog~- Laboratory, a11d I his photography 
providP,-; additio11:d ~fl·1·< 0<N'<1pi<' <'O\'Pr:tgP along th!' 
groundtr:H·k. 

\Vith th«· tw1> ,;fpn•osc·opil' :-;trip:,;, it i,- JH),-;,-;ib]p 
to po.-;i1irn1 f:tr--;idP fpaturp:,; with rp,.;ppl't to thP 

B 

C1J1•11•1,m or overldp area 

F1i:nt1, I :m. ( :(•01111'lry of comhim·il V('rtical and 
('OilV(•rgt>nt ~trip~. 
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rnntrol point,-. Bc•c·au,,<· of 111<• c·arl_v launc·h 
dak and tnlllination of hot h pa,-;.~c-s at apprnxi
matdy longitude• 7;-, 0 E, information that c·tu1 
h<> gainPd c·onc't'!"lli11g rdat iv<· po,-,it ion,-; of <•a,-;tt'l'll
limh all(l .\pollo-zon<· f<·at un•,- dPp<•nd,-, on t lw 
photography olit ai1wd aft Pr t r:rn,-'!'art h i11jP1·
tio1t. Both pa,-;sp,,-; indudPd lll:lll)" fralllP" t ake•11 
with a zero pha,-;p angle· i11 th<· fidd 111' vi<•w. The· 
phot 0111<'1 ri<' .. washout" wa,-; It•.,-;,; t ha11 g<•nc·rall)· 
expP!'tt'd, and ,-;urfa<·<· dt'lail n·mai11s rl'adily 
apparPnt. :\Ian,v ,-;111:dl <·rat pr,-; <·xhihit <·on,-,idPralil1· 
allwdo dill'<•n•nl'<'" with r<',-,Jl<'<'t to t lw ,-;urrnu1Hling 
terrain, so suffieiPnt ,-;urfa<·t' dPtail is availahlP 
to pPrlllil photogra11uH<•tri!' n•<·o11,-trudio11 of 
tlw surfa<·<·. 

:--omP lti-nun !'olor ,-;<"qUt'IIC'<' photography wa,-; 
takt•11 through t lw n·1Hl<'zvou.s window during 
t lw mi,-;,-;ion. .\ plot of t ht' <'OVPragP of thP,-;l• 
magazim•,.;, 11.~ \Wll a.s that of thP 70-llllll stt'r<•o
stopic ,;trip photography, may lw found in ap
pendix A of thi,-, report. 

PHOTOGRAPHIC TARGETS 
OF OPPORTUNITY 

LEWIS C. WADE 

Lunar photogmphi<· targl't,; of opportunity 
(T/0) an• all photographil' t argrts out;.;idP t lw 
:,;trips of :,;f{'n•oscopil' photograph,; along t hl· 
groundtrack of Apollo 8. Within tlw hrid tinw 
allottPd for planning, thP variou,; organizations 
involvl'd in lunar-,;urfaC'P analysis for .\polio 8 
compiled li:-;ts of :-;itr:-; whcrt' additional photogra
phy, at t!H' :-;eak· awl re,;olution availahlP from 
the spacel'rnft, would he helpful. 

J,i,;ts of proposed photographi<' ,;it<•s Wl'I'(' 
suhmittPd hy t hl' following organization:,;: 

1. FS. Geological Surwy, Flagstaff, Ariz. 
2. Brandi of AstrogPology, ll.:--. C:cologieal 

Survey 
:{. SciP!H'<' a1Hl Applications Dirpdomk, N AHA 

~IS(' 
4. Belleomm, In<•. 
5. KASA Headquartpr,-; 
Tlw targets WPl'l' ,seleetPd to providP PithPr 

drtailPd <·overagl' of ,;pt•cific fraturp,; or broad 
coveragl' of area:-; to improvP on Lunar Orbiter IV 
photograph,-;. All requpsfed ,-;itP,; WPr<' plotted, 
and serial dPsignation:,; WP!'<' as:-;ign<><l. 

:\lost of llH' pnlJHN'd pliot<Jgraphi,· :-ill•.~ W<'r{' 
1111 t h1· Eart h-fa!'ing l1Pn1i~plwn·. Thi~ an·a ha.,-; 
IH•('ll ,-;tudi1·d for 111:llly )'<':tr,-; thrnugh t1•]p,.;1•op<'", 
and nio,-;1 11f t Ii<· lH'n 1i,-,phPr1• j,.; <'11\"t'!'l'd hv L11n:11· 
( )rhit<•r I\' photogrnph.,-; \\·it h rP~ol111 i"ll" fr11n1 
70 to l;"iO llll'tl'l's. 

For Pa<'h dail)' l:iun,·h window, t lw ad v:ml'ing 
1<-rminatm and ('hanging orl,il tra('{' ddi1w :i 

diffpn•nt ,-;<'t of targ<'l.~ .. \poll() Targ1•t of ( )p
p()rtunit,v (ATO) Flight ( 'hart . ..; Wt'l'l' pn•par1·d 
for Pal'h la1111<·h dah· in tll(' l)p1•p111hPr l!ltiS win
dow. Tlw D<•c·PmlH·r 21, l\HiS, ATU i,-, di,;1•u,,,-,cd 
in thl' sPdion of this chaptPr Pntitk•d "Photo
graphie ( )hjl'l'liw.s." 

ThP t arg<'t,-; ,-;!town 011 th1· ])p1•1·mlH'r 21. l\Jti8, 
,\TO :ti'!' 1rnmbPrPd idPntically t () t ho,-;1• shown 
011 th<· TargPt ()f Opportunit)' Planning ( 'hart. 
T:tl,lt' :\ I /in app. :\) hril'fiy dP.scrihPs and lo
L':tt<•,.; thPsP targ<'f,-;. A targl't ,-;hm,·11 on tlw ATO 
a:-; r<·quiring mon· than om• photograph u,.;ually 
indi<'afr,-; that a numbPr of t arg;pt:,; from t hP plan
ning ehart hav<' been included in the sanw 1,e
quPll<'P of photographs. This pro<·Pdure was 
follmvPd to minimiz<' <'!"PW workload in taking 
T/0 photography. 

In all, ther<• WPrP 51 targPts, Pitlwr a :-;inglP 
photograph or a ,-.;eriPs of photogr:qihs, that 
might \Jp takPn for a DP<'<•ml)('r 21, 1908, lau1ll'h. 
Tlw majority of t ht>sP 51 targets w1•re programed 
to he takPn during th<· fourth and ninth lunar 
orbit,-,. VPrtical st<•rpo,.;copie photograph;, was 
planned for the fourth orbit, and eom·prg;cnt 
,-;tPl'POf;C'opic photograph)· was plann<'d for thP 
ninth orbit. Tlw loss of photograph)' on till' ninth 
orbit mmlted in .'iOllll' loss of T/0 photography, 
as di:-;cusscd :-;ubscqu1·11tl:,. 

ApproximatPly (iO p<·r<·<•nt of t ht· t arg<'t:-; s<·
lPctPd for a DPePmbPr 21, 19fi8, laun!'h dat.1· 
wen• photographed. In addition, many <'l'<iw
,-;p]e<"ted targets Wl'n' photogmp}l!'d. .\II 70-mrn 
black-aml-whit<' and <"olor ph()tography target:-; 
of opportunity arP shown 011 tlH' <'liarts in ap
JH'!Hlix A. The \i,;t in tahlP A-II rplatp:-; t}l{' fr:tmPs 
to target. numlwr. l\fo,-;t. of tlw targ<•t,.; photo
gmphPd arP to t lw south of tlw groundtr:u·k, 
ancl most of tht• targ<•t,-, not photographPd art' to 
the north. ThP lo,.;,-; of targpt,-; to tlw north i,; the 
rp;.;ult of two evP11t,.;. It was known prior to lau1wh 
that targets to thP north of the trn!'k would hP 
thP most diffi<"ult to obtain, :-;ine<' tlw L:\IP would 
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look mostly southward. This, combined with 
the loss of photographic opportunities during 
the ninth orbit, resulted in tlw small number of 
targets photographed to the north of the track. 
The two most unfortunate losses to the north 
of the track are the loss of T/0 .59 using the red
blue filters and thP los,; of T/0 67, a prime 
photographic area to supplemPnt Lunar Orbiter 
photography. ThiR latter arPa was photographed 
by the LMP as Apollo 8 left lunar orbit. Most 
targets were photographed with the requested 

Jpns configuration and desired type of film. With 
few exceptions, the exprn,ures used were good. 
and the data content of the photography is 
completely satisfactory. 

Discus.~ions during the crew photographic 
debriPfi11g indicated that the preplanned exposure 
data workPd well, and that targets, when time 
was available, could be photographed at a higher 
ratP than was planned. Most of the targets of 
opportunity were photographed in the first few 
revolution,; of the Moon. 



APPENDIX A 

Data Availability 

This appendix contairn; a nearly complete index 
of Apollo 8 photographic coverage compiled 
for the benefit of those groups and individuals 
who wish to obtain photographic prints for 
further study. Inquiries from scientists in the 
United States shoul<\ be directed to the following 
address: 

National Space Science Data Center 
Goddard Space Flight Ccntrr 
Code 601.4 
Greenbelt, Md. 20771 

The 70-mm photographs can be obtained 
either as positive or negative film copie;c; on 70-
mm black-and-white film or as 8- by 10-inch 
black-and-white paper printR. The 16-mm se
quence films arc available as 16-mm positive or 
negative copies. Although the Apollo 8 mission 
included color photography, only black-and
white copies of these films are generally available 
from the Data Center. As previously noted in 
this report, the astronauts commented that the 
lunar surface is devoid of color, and that black
and-white film more closely depicts the appearance 
of the lunar scene. The results of the mission 
have clearly shown that it is very difficult to 
recover the true color of the lunar surface with 
existing color films. Even with optimal film proc
essing, the color emulsion layers introduce false 
color because they are sensitive to varying surface 
brightness as well as to color. 

Limited quantities of black-and-white repro
ductions can often be furnished without charge 
to researchers preforming studies that require 
the photographs. Color reproductions or repro
ductions in nonstandard formats will be made 
available at cost to qualified users. Scientists 
requiring photographic data for research should 

inform the Data Center of their needs and 
identify the naturP of their study; their af
filiation with any scientific organization, uni
versity, or company; and any contracts they 
may have with the Government for the per
formance of the investigation. 

Heque1,ts for photographs should include the 
following information, which can be found in 
the charts and tables that comprise this index: 

1. Mode (stereoscopic strips, sequence pho
tography, or targets of opportunity) 

2. Frame number of 70-mm photography, 
including mission number and letter desig
nation of magazine 

3. Magazine designation of 16-mm sequence 
photography 

4. Format of photography (positive or nega
tive, films or prints), and size of product 

Hequests for Apollo 8 photography from out
side the United States should be directed to the 
following address: 

World Data Center A for Rockets 
and Satellites 

Goddard Space Flight Center 
Code 601 
Greenbelt, Md. 20771 

Many general-interest requests may be satis
fied with materials available in printed form. 
Requests of this type should be directed to the 
following address: 

Office of Public Affairs 
National Aeronautics and Space 

Administration 
Code F 
Washington, D.C. 2054G 

lW 
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Inquiries or requests regarding the pictures 
of the Earth taken from Apollo 8 should be di
rected to the following address: 

Technology Application Center 
University of New :Mexico 
Albuquerque, N. Mex. 87106 

Prints of the Apollo 8 photography may be 
viewed at the National Space Science Data Center 
at Goddard Space Flight Center in Greenbelt, 
Md. The Data Center will also supply requesters 
with copies of the ch:1rts included in the cover 
pocket. Charts were prepared under the direction 
of the Department of Defense by the Aeronautical 
Chart and Information Center (ACIC), U.S. Air 
Force, for NASA. The scale of these Mercator 
Projections is 1 :7 500 000 at the equator and the 
grid interval is 5°. 

Table A-I lists all Apollo targets of opportunity 
(T /0) by number and gives the description and 
location of each. A T/O flight chart, a copy of 
which was used as a reference on board the Apollo 
8 spacecraft, shows the targets of opportunity 
that were available for photography on the Apollo 
8 launch date, December 21, 1968. 

Four charts published by ACIC as the" Apollo 
8 Mission Lunar Photography Index," copies of 
which are included in the cover pocket, illustrate 
the coverage of the 70-mm stereoscopic strip pho
tography, the 16-mrn sequence photography, and 
the 70-mm photography of targets of opportunity. 
The T /0 photography is outlined on two of 
the charts, one covering magazines A, B, and 
G, and the other covering magazines C, D, and E. 

Table A-II shows the extent of Apollo 8 T/O 
coverage by giving the magazines and frame 
numbers of photographs taken of specific targets. 
Tables A-III to A-IX are detailed indices of 
the 70-mm T /0 photography. Each table repre
sents one film magazine with consecutively 

numbered frames. Where possible in these tables, 
the approximate selenographic coordinates of 
the principal point of each photograph have been 
given. Also, the revolution during which the 
magazine A and B photographs (tables A-III 
and A-IV) were taken is unknown; therefore, 
a Sun angle for the third revolution was used 
in these tables. Where a shutter speed and !
stop are not indicated, it is probable that the 
shutter speed and f-stop for the corresponding 
area on the Apollo Target of Opportunity Flight 
Chart wrre used. 

The frame numbers given in tables A-II to 
A-IX are those plotted on the 70-mm index 
charts. The coverage shown on the 16-mm se
quence photography chart has not been listed 
by frame. 

The following abbreviations are used in the 70-
mm index tables: 
alt altitude 
CS couvergent stereoscopic photograph 
exp expoHure 
H.O. high oblique 
hor hori;\011 
LO Lunar Orbiter 
L.O. low oblique 
lat latitude 
long longitude 
NV near vertical 
PP principal point 
rev revolution 
8SP subsolar point 
TEC transearth coast 
TEI transearth injection 
term. terminator 
TLC t.ranslunar coast 
T /0 target. of opportunity 
vert. vertical 
V8 vertical stereoscopic photograph 
(?) indir,ates uncertainty 

This appendix is concluded with black-and
white contact-print reproductions of all Apollo 
8 70-mm photography. 
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TABLE A-I.-Apollo Targets of Opportunity 

T/O l(){'ation 
T/O no. DesC"ription 

Latitude Longitude 
---------- -------

1 .... Steep terni dome ... 001.6° N i;J0.3° \\' 

2 ..... Swirly l\lare Orient ale material. 017.3° N 134.7° \\' 
:i . .... Fresh crater interior ... 001 .!i 0 s 133.9° \V 
4 .... Him of crater from T /0 :l. 000.6° N 136.7° \\' 
:;, ... .\[are Orient ale secondaries. 021.0° N 140.8° \\' 
6 ..... J\lare Orient ale secondaries ... 010. I 0 N 140.9° w 
7 ..... i\lare Orient ale secondaries ... 013.3° N 14:i .1 ° \\' 
8 ..... Two fresh craters and landslide ..... 014.9° s 1:32.0° \\' 
!) .... Steep dome. 01!).3° R 1:i4.6° w 
10 ..... Various targets .... 020.9° R 161.0° w 
11. ... Basin with pitted plains, fill or1 floor .. 002.!) 0 s 162.9° w 
12 ..... Fresh crater with trails of bird's-foot secondaries. 009.1 ° R 164.0° w 
13 ..... !i,i-km young crater ... 010.3° R 165 • .5° w 
14 ..... 12-km central peak in 40-km crater. 021.0° R 172 .4° w 
l.'i ..... 2,i-km central peak in 8!i-km crater. 004. 7° s 173. 7° w 
16 ..... 18-km central peak in 60-km crater. 020.6° R 177 .!i 0 w 
17 ..... Cluster of equi-age craters .. 019.0° N 17!i.5° E 
18 ..... Fractured tumescent floors (2 craters) .. 014.0° N 173. 9° E 
19 ..... Patches of 2-km bulbous hills with mare .. 017.4° s 174.3° E 
20 ..... Iii-km young craters on rim of J\lendeleev. 014. 1 ° s 173.5° E 
21 ..... Patches of bulbous hills in small crater in mare. 027.1° s 173.3° E 
22 .... .\!are fill in Li0-km crater ... 018.4° s 172.9° E 
23 ..... Fractured tumescent floor .. 017.1° s 167 .8° E 
24 ..... Rteep dome. 010.0° s 165.8° E 
25 ..... 30- by 50-km central peak ... 010.1° s 161.7° E 
26 ..... Bulbous hills and ridges in bottom .. 026. 1 ° s 158.2° E 
27 .... Old crater ... 012.7° N 153.6° E 
28 .... Mare 011 floor of 100-km crater, and bright crater. 019.2° s 147.5° E 
29 ..... Fractured tumescent crater floors (2 craters). 004.2° s 146.1° E 
30 ..... Large crater floored by old pitted plains; other detail. 003.7° N 139.8° E 

31 .... Tsiolkovsky secondaries. 017.3° s 139.2° E 
32 ..... 1\Iedium-age crater .... 004. 1 ° s 138.4° E 
33 .... :Medium-age crater ..... 002.0° s 138.1 ° E 
34 ..... Various crater materials. 006.0° N 136.8° E 
3.'i ..... .\Iedium-age crater ..... 010.2° s 135.9° E 
36 ..... Fractured tumescent crater floor .... 015.0° s 129. 3° E 
37 ..... Crater chains ... 000.3° s 129.5° E 

38 ..... Dark, probable flows of old crater near Tsiolkovsky. 026.9° s 128.5° E 
39 ..... Push-through crater materials. 012.2° s 128.4° E 

40 ..... Fractured mare dome and other features, Tsiolkovsky. 020. 1 ° s 128.0° E 

41 .. ... Crater chains .... 005.7° s 128.0° E 
42 ..... Landslide N of Tsiolkovsky ... 019.0° s 124.4° E 

43 ..... Soviet Mountains ..... 003.5° s 123. 1 ° E 
44 ..... Young crater, priority below 40 and 4:J strips .... 017.4° s 122.7° E 
4.5 ..... Soviet '.\fountain8 ...... 005.7° s 121. 9° E 
46 ..... Crater much like Copernicus ..... 003.9° N 121.2° E 
47 ..... Fractured tumescent floor .... 012.9° N 117 .9° E 
48 ..... Young crater on large medium-age crater wall 010.8° s 117.1° E 

49 ..... Fairly young 20-km crater .. 020.0° s 116.4° E 
!i0 .... Lobachevsky interior, may be dark .. 009.3° N 112.4° E 

."il . ... Bright spot in Luna III photos .. 000.2° s 107.5° E 

52 .... :\fare patches and light-dark crater ... 027.2° s 104.0° E 
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TABLE A - !.-Apollo Targets of Opportunity-Continued 

T /0 location 
T/0 no. Desniption 

Latitude Longitude 

-------1---~-~ ----·---·---·-----

53 ... . 
54 ... . 
55 ... . 
56 .. .. 
57 .. . 
58 .. . 
59 ... . 
60 ... . 
61 ... . 
62 .. . 
63 ... . 
64 ... . 
65 ... . 
66 ... . 
67. 
68. 
69. 
70. 
71. 
72 ... . 
73 ... . 
74 .. .. 

75 ... . 
76 ... . 
77 .. . 
78 ... . 
78a .. . 
79 ..... . 
80 ... . 
81 .... . 
82 ... . 
83 .... . 
84 ... . 
8,5 ..... . 

86 ... . 
87 ... . 
88 .. .. 

89 .. .. 
90 .. .. 
91 .... . 
92 .. . 
92a .. . 
92b ....... _ 
93 .... . 
94 .... . 
95 .... . 
96 .... . 
97 .... . 
98 .. 
99 .... 

C or E crnt er with laudslide .. 
Probable you11g l'rater. 
Very bright small crater. 
Very bright small crater. 
Very bright small crater 
Fresh large crater with secondaries. 
:\lare Smythii, ri11g craters. 
:\lare :\Iarginis, N edge_ . 
Ce11ter of :\!are :\Iarginis _ 
Humboldt 
Behaim, especially ce11tral peak. 
Very bright crater NW of La Perouse. 
Kapteyn ... 
E :\lare Crisium rim, fill-i11 for poor LO IV photos 
S :.\lare Crisium rim, fill-in for poor LO IV photos_ . 
La11gre11us, to compare with Copernicus 
Langrenus C, large dark-halo crater .. 
l\Iare Crisium .. 
Petavius B, missi11g rim material. _ 
McClure crater cluster .. 
N of Colombo, fill-i11 for poor LO IV photos .. 
:\Iare Crisi11m rim E a11d NE of Tanmtius, fill-i11 for poor LO IV 

photos. 
Messier double crater, elongate S rays. 
Proclus, excluded-ray zone 
Pal us Somni domes. 
Da Vinci, peninsula, various terrai11, LO IV photos 11ot good 
Secchi, peninsula, LO IV photos 1101 good ..... 
Palus Som11i, irregular crater_ 
W of Lubbock, sharp irregular depression and hills. 
N of Gutenberg U; small, sharp hills. 
NW of Gutenberg .. 
Crater Boh11enberger, irregular terrain. 
NW of Gutenberg, volcanics(?) ..... 
Gaudibert A and B, "Sabine a11d Hitter" type with dark deposits and 

fresh rocks. 
Gaudibert complex crater with troughs 
Cauchy dome. 
Small, bright crater N of Censorinus F .. 
Censorinus S, irregular crater with bulbous hills 
Capella .... 
Censorinus C, irregular crater with irregular depressions and domes. 
:\Iaskelyne A, irregular crater with irregular depressiou and domes 
Landing site 1, redesignate. 
Landing site I, prime .. 
Isidorus, for compariso11 with Capella 
Daguerre, double ring ghost with young deposits ... 
Isidorus B, irregular crater with irregular depressions a11d hills ... 
Censorinw; H, sharp depressions .. 
Crater Censorinus, landi11g site .... 
Isidorns C, irregular volcanic crater. 
Censorinus T, sharp irregular depression,; .. 

00!J.6° N 
022.3° 8 
004.8° N 
009. 7° 8 
008.0° N 
0J7.!J 0 8 
002.9° 8 
017.6° N 
013.1° N 
027 .9° s 
017 .0° 8 
010. 1° S 
0JO.,i0 8 
0J.i.0° N 
004.6° N 
008.8° 8 
005,2° 8 
010.!i 0 N 
019.1° 8 
013.4° s 
012.8° s 
009.4° N 

001 ,8° S 
016.4° N 
016.0° N 
009.8° N 
001.2° N 
012.8° N 
002.2° s 
004.3° s 
006.0° s 
016.2° 8 
006.3° s 
012.3° s 

010.9° 8 
007 .4° N 
002.6° 8 
004.2° 8 
007.6° s 
003.2° s 
000.0° 
004. 7° N 
003.9° N 
007.9° s 
010.3° 8 
004. 7° s 
001.6° s 
000.2° H 
005.1° s 
002.5° 8 

102.0° E 
100.3° E 
0!!9.8° E 
098.0° E 
0!!6.1° E 
093. 7° E 
083.8° E 
086.0° E 
085.5° E 
080. 7° E 
078.4° E 
074.2° E 
070.6° E 
068.9° E 
057. 7° E 
060. 7° E 
060.4° E 
057. 7° E 
O!i7 .4° E 
051.4° E 
046.3° E 
049.2° E 

047 .4° E 
047 .0° E 
043. l O E 
043.3° E 
042.9° E 
042. 7° E 
040.0° E 
040.0° E 
040.1° E 
040.1° E 
038.8° E 
038.4° E 

037. 7° E 
038.3° E 
037 .3° E 
036.1° E 
03.'i.0° E 
034.1° E 
034.1° E 
03.5.4° E 
034.9° E 
033.fi 0 E 
033.6° E 
032.9° E 
032.8° E 
032.5° E 
031.6° E 
031.5° E 



JOO. 

101. 
102. 
10:i. 
104. 

T/0 no. 

10,i .... . 
lOG .... . 
107 .... . 
108 ..... . 
108a ... . 
!08h .. 
109 .. 
I IO. 
111 .. . 
I 12 .. . 
112a ... . 
112b ... . 
113 ... . 
114 .... . 
1 Li .... . 
116 ... . 
117 ... . 
118 .... . 
119 .... . 
120 .... . 
121 .... . 
122 .... . 
123 ... . 
124 ..... . 
12:; .... . 
12(i .... . 
127 .... . 
128 .... . 
129 .... . 
130 .... . 
1:H ..... . 

132 ..... . 
13;3 .... . 
1:H ... . 
13.'i .... . 
1:!6 .... . 
n7 ..... . 
138 .... . 
1:m .... . 
140 .... . 
141 .... . 
142 .... . 
14:L ... . 
144. 
14.'i .. 

Al'l'E~DIX A 133 

TABLE A-1.-Apollo Targets of Opportunity~Continued 

lkscriptioll 

('p11sori11us J, paired ,·ratPl"s with Brnn· fill. 
:•11askd:,•11p B, dark halo 
:\laskel:,·1H• K, dark halo 
Torric·elli B, dark natPr. 
Crater :\I iidlPr. 
Crater Torric-elli 
Crater Ja1LsP11. 
Ja11se11, mis(•Plla11eo11, volea11il' ol,jpc•t, 
Litt row, ln11di11g .,ite ..... . 
Posido11i11.s, rai.,Pd floor 
l >awl',, si11glP fra11u• 011 LO I\' pho111graph:,· .. 
Tlw11philt1,, rim. 
Theophil11,, plai11., 011 rim 
Theophilt1.s, f1011r .. 
:\loltke, dark C'l'll1er. 
La11di11g site 2, redesig11atl'. 
La11di11g site 2, prime .. 
S of :\Iolt ke, irreg11lar depressio11s. 
Surveyor V. 
IIypatia, irregular C'ratPr ... 
Tra11sie11t S\V of Pli11i11s. 
Alfraga1111s A, S C'omplex of depressio11s atld domPs .. 
Alfraganus A, N complex of depressio11s and domrs 
E of Alfraganus. 
Dio11y~ius \V. 
I lescartes, hilly alld f11rrowed mat Prial. 
Julius Caesar, interior deposits 
Ariadaeus, rille-cut ting hill, 
Taylor 13, hills a11d fmrows. 
Abulfeda, single frame 011 LO V phot ogrnphv .. 
Boscovich, fresh volca11ics. . · 
Ariadaeus, internPctio11 of faults. 
Uodill a11d 11earb:,· hills .. 
~r of (;()(li11, domes 
Big platea11 SE of I lemhowski. 
Bright. hills \V of Agrippa s ..... 

NOTE.· Sis lettpr de,ig11atio11 of natpr SP('OJH!ary to Agrippa, 1101 
wuth. 

,\lounds and grooves N of Pickeri11g .. 
IIyginus N, irregular crater 
:\lanili11, l l, dark cratpr 
Airy, dark interior. 
Trie,11ecker .. 
NE of :\£liller, tprrn dome:; .. 
'.\liiller. 
Ukert. 
Hadley Hille. 
i\Iurchison, interior volc:utic:i. 
Landing site :l, prime .. 
SurvE'yor VI . . 
Iler:;c-hel ..... . 
Alphon,-11., t rn11,-ie111, cut.ting faults .. 

) ____ 
T /0 location 

- - ~-~-----~~-

I 

1- _ Latitud" __ Lollgitude 

()()J .,,c s m2.4° E 
om.:i 0 N 02!1.7° E 
002. J 0 N 029.0° E 
002.:r s 029.1 ° E 
010.!) 0 s 02!l.!l 0 E 
004.6° s 028.4° E 
0J:l.7° N 028.i 0 E 
0J;i,2° N 028.7° E 
02J .fJ 0 N 028.!) 0 E 
(J:l]. 70 N o:m.1° E 
017 .2° N 026.4° E 
00!l.0° s 027.7° E 
008. !J 0 s 026.4° E 
01 J .:Jo s 026. :l 0 E 
000. ;j 0 s 024.2° E 
000.6° ~ 024.!J 0 E 
000. 7° N 023./) 0 E 
0()1 .8° s 023.fJO E 
002.6° N 023.0° E 
om.!l 0 8 022./) 0 E 
011. !1° N 021.6° E 
om.7° s 020.4° E 
002.2° s 020.2° E 
00,i. :l0 s 020.2° E 
002.!l 0 N 011.2° E 
00!l.:r s 016 .1 ° E 
008. 2° N 01.'i.6° E 
006.1 ° N 014.4° E 
0(J;i.1 ° s 014.0° E 
014.2° s 014.1° E 
OO!l.:J 0 N 011.1 ° E 
007 . .'i 0 N 0JO • .'i 0 E 
001.8° N orn.oo E 
00) .0° N 009.2° E 
002.1° N 008.2° E 
00,i. 2° N 007.6° E 

00J .:Jo s 007,(i0 E 
0JO.,i 0 ~ 007.4° E 
01:i.2° N 00G.8° E 
018.0° s 00,i. 7° E 
004.2° N OG:3 . .'i 0 E 
()()(j. 90 s 002.9° E 
007.!) 0 s 001.3° E 
007.7° ~ 001..'i 0 E 
02.'i.2° N 002.8° E 
004.4° N 000.3° w 
000.4° N 001 . .'i 0 w 
0O0 . .'i 0 N 001. 9° w 
00.i.8° s 002.0° w 
01:i.1° s 002 . .'i 0 \V 



T tl 110. 

14ti 
147 
14-'1. 
1-rn. 
,.-,0 
1.-,1 . 

Iii:! .. 
1.-):t. , _-,., . 

1.-•. -•. 
, .-,t;. 
I .-,7 .. 
1.-,s. 
, .-,!). 

!till. 

Itil. 
]ti:!. 
rn:1 
lti4. 
Lo,i. 

!!iii 
](ii 
ms 
IGH. 
170. 
171. 
17:!. 
172a. 
172h. 
17:l .. 
174. 
17,i. 
!iii. 
177 .. 
178. 
17!1. 
ISO .. 
ISi .. 
1'-2 .. 
1s:1. 

1'-4. 
IS.i. 

\'.\.\L)SI:-- IJI• .\l'llLLll S l'IIOTO<:H.-1.l'IIY .\.,IJ \"lsl·.\L llBSJ<:H\".\Tl<l.'\,-\ 

T\ HLJ·: .\ I. Apollo Targets of Opportunity ( 'on1·ludPd 

T t) lll('atio11 
J ll',('l'ipt io11 

J:ima Bod!' [ d .. 1111•, ,i111t<>llS rilll' d(•po,il.
Tl'XI 11n·, W ol I: 1111a l\odt• I. 
l>ark d(•po,il., :-:\\" ,.f I:1111a ll11d" 11 
l >avy ( ;, fn·,h ('liai11 
\[,isl i11g 
L:tla11dl' 
1-:rnl ost lwm•s 
\!are 11idgP :-,I-: of ( '<>p!'l'11i1·11, 
('opn11i<-11, ('I 1, dark d,•po-il- :- ,,f I.()\' ,i11gle fra1111· 
( ;,unharl a1,d I" \\" 
Fra \l1t111"<1 :\" l11ll, pn,l,al,l_,- v11ll'a11i,· 
\" l'I'_\' hrigh I ,·1·a 1 ,., :-: 11f l':ll"l_\" 

llo11pla11d ii, hill. p1ohalil_1 v11ll'a11i" 
I ianu•_1· o l1111, p1,,l,al,l1· v111":t11i(' 
( '11pel'llil'11,, so11I h rirn :u,d wall 
:--11rvP_1·or I II 
HPi11hold 
:--\\' C'opPl'lli1•1is, 111ist·l'llam•,111., 
Hiphae11s \l01111lai11.-. v11l,·a11i1·., a11d hPdl'of'k. 
Lan,twrg 
K1111owsk_v I>, irrPg11lar nal!'I' 
:-,illllllllS ril]l' 111':tr f-:111•kP 
]lonw W of \lilid1i11-
:--piral l'lrnin :\" I-: 11f KPpll'r 
Landi11g sill' 4, 1edP.,ig11alP 
La11di11g ,itP 4, primP. 
En,,k .. 
Vitrllo. 
( ias:-;endi i11tt:rior 

Kepler. 
Landing sill'.-,, prim!'. 
III I' I:!, rPdPsig11alt•. 
Snrveyor I 
Crater, E of \lari11., 
Crater, 1-: of \larius. 
Crater, E of \lari11s. 
Arist arr·h11s, bright and I rn11sie11t . 
lla11stPe11, h1·ighl hill, 
\larins Hilb, \I 
\lari11s Ifill.,,:-, 
IIPvPlius. 
( }rimaldi, interior fill. 

llllli.i \'. 
llllti.', :\" 
1110., :\" 
1110.11· :-, 
I II IIJ. !I' :-, 

11114 .:! :-, 
1)]4.1 \'. 
011.-,.w :... 
1111.-,. 7· \'. 

11110.:: \'. 
002.:: :--
IIOX •. -, :-,. 

01 I .ti :-, 
o I;;.:, i-\ 

IHIX .. i• \'. 
oo:i.o· :,; 
002.2·· :\" i 

0114. 7 :\ 
OO(i.O• i-\ 
0111. I' i-\ 

0111.4° :\" 
1111s.:i 0 

:-.; 

1111. 1 ° :-.; 
110\1.:1° :-.; 

110:i.4° s 
110:i.w i-\ 
1104.2° \'. 
O:l0.4° S 
027.!1° :-,. 
oos. 0° \I 
O(JJ ,{j 0 

'.\." 

002.s 0 i-\ 
002.(i0 i-\ 
011.2° N 
012.:r0 N 
014.:! 0 !\" 
02a.r K 
012.2' S 
111:l.4° ;\ 
OJ I. 2° ;\" 
00:! ,0° \'. 
OO(i. 0° :-, 

Lor1git 11d,· 

00::.1 W 
1)04.2" W 
IJO.",.:! W 
110., •. -,·· \\' 

oo:,.s w 
OWLli W 
O!J .:l 0 W 
01:!..C!' W 
01.-,,4• W 
01.i.fi' W 
111.i.,, W 
O!.i.\1° W 
020.1· W 
IJ:!l.1° \\' 
11:!(J,l)0 W 
02:i. :r v.· 
02:1.2° w 
024. 1° w 
02(i.0° W 
0:!{i.(i'' W 
112n.tr w 
o:J:!.8° W 
o:i:1.1° w 
0:14, 7° w 
m,,.8° w 
o:rn,:; 0 w 
O:!fi.li 0 w 
o:i,.4° w 
o:m.H0 w 
0:li.8° \V 
041. 7° w 
04:!.4° w 
04:i.2° w 
1144.!1° W 
04.'i.!) 0 W 

047.li° W 
047.4° w 
o.;0.1° w 
O,il.!1° W 
ll.'i4.{i 0 W 
O(ii .4° w 
OllS.tl° W 



APJ>E;s;DIX A 13:i 

TABLE.\ II.-Apollo 8 Target-of-Opportunity Co11erage by Frame 1Vumber 

HJ. 

11 
12. 
14 
Li 
]Ii. 

l!I 
:!fl 
21. 
•)'• _., 

T,'<J no. 

:!(i 
2,", 

:!!I 
::o 
:n 
:;:! .. 

,, -
.),) 

:~ti 
:l7 
:!k 
40 
41 
44 
4.'i 

4!! .. 
,,1. 
.i2. 
.,4 

.,7 

.'i8 ... 

.-,!). 

6:l. 
64. 
6.i 

66 
fl7. 
(ik 

71. 
72 
kO. 
87. 
!JO 

' .\lagazi11l' .\ .\lagazi11t· B 

24 I:! Ir, 241.-, 

2447 to :!4.-,i 

244fl 

24.i,i Io 24(i2 

261;{ 111 26Hi 

.\lagazi11P (' 

280,i 1 o 2826 

21 !17 
21!!7 

21!Ji 

.\lagazi11P I> 

21U7, 2l!lk 
2 IH7, 21\l,'i 

21!17, 2l!J,-; 
2 tn7, 21!18 
2197, 21 !l,'i 
2214 

21!!7, 21!lk 
21!17 to 2!H!I 
2198 to 2200 
2214 

2212 to 2214 
21\l.'i, 221:1 

2189, 2201, 21!!0, 21\J:l 
2202 1 o 220,i, 2207 
2189, 2rn:i 

2181, 2182, 220:1 
220(i 
2204 1 o 2201\ 
2liH, 220:l 

------------------------------- ------

.\lagazi11t• I·: 

224·1 lo 2247, 2:\I,", 
2:120 

2:122, 2:i2:i, 2:12-t 
2:121 

:2:-t?7 

224!1 t" 22.-,1 

224'1, 22.-,2 Io 22.-,.-, 

22.-,1; 

2262 to 226., 
2:l:l 1, 2:l:l2 
226k, 226!1 

2270 

221.-, to 2227 
2:!40 1 o 2:14:J, 22t, i Io 22(i I 
2244 
2228 to 2242 



TABLE A-III.-Apollo 8 Magazine A, S0-368 Film c:,.;) 
c::,:, 

Frame Shutter Sun Other 
Rev (AS8-16-) Lat Long :.\lode Direction /-stop speed, angle, coverage Area RPmarks 

SPC dPg 
~-- ----

TLC 2.581 High alt NV ........ 

i 
E coast, Florida, (;ood PXp 

Earth Cuba, > z 
Bahamas > 

TLC 2582 &-IVB Good exp t" 
--: 

TLC 2583 S-IVB 80-mm, good PXp 
7, 

7, 
TLC 2fi84 S-IVB (:ood PXp 
TLC 2585 I S-IVB ( ;ood Pxp ~ 

TLC 2.586 I S-1\'B (iood exp > 
TLC 2587 High alt Africa, c;ood exp ':E 

i=-Earth South America ;:: 
TLC 2588 High alt Africa, Cood exp 

Earth South Ameri<'a 
00 

TLC 2,589 High alt Africa, Good exp 
'ti 
::i:: 

Earth South Anwrica ~ 
TLC 2590 High alt Africa, <.ood exp C 

Cl 
Earth South Ameri<'a ::i:, 

> 
TLC 2591 &-IVB c;ood exp 'ti 

:i:: 
TLC 2.592 &-IVB Cood exp --: 
TLC 2593 High alt Earth ( :ood exp > 

Earth :,,: 
0 

TLC 2594 High alt Earth C;ood exp < 
Earth I 

I :r. 
TLC 2.'\95 High alt 

i Earth Good exp ~ 
> 

Earth t" 

TLC 2,'>96 Earth Earth (;ood exp 0: 
TLC 2,597 Earth Earth Good exp [/J 

~ 
TLC 2598 Earth Earth Good exp ::i:, 

< TLC 2,599 Earth Earth Good exp > 
TLC 2600 Earth Earth Good exp ~ 
TLC 2601 Earth Earth (;ood exp z 

rr. 
TLC 2602 Earth Earth Good exp 
TLC 2603 Earth Earth Good exp 
TLC 2604 Earth 

. i Earth (;ood exp 
TLC 2605 Earth Earth Good exp 
TLC 2606 Earth Earth Good exp 
TLC 2607 Earth I Earth (;ood exp 
TLC 2608 Earth I Earth 2ii0-mm, good Pxp 

I 
I 

TLC 2609 Earth I Earth Good exp 



2610 . . . . . . . . . . ....... Earth Blauk dark 
... 2611 6° s 61° E Oblique SW 25 LO IV HH-46 Langre11t1H l)ark 

.. 2612 6° s 61° E Oblique SW 2;, LO IV IIH-46 La11gre11t1H (iood exp 
2613 9° s 61° E Oblique s ;32 LO IV HH-46 LangrenuH T /0 68, good exp 

. . ... 2614 !l 0 S 61 ° E Oblique s '- ;33 LO IV HH-46 Langren11H T /0 68, good exp 
2615 9° s 61° E Oblique s . . . ..... :{4 LO IV HR-46 Langren11H (iood exp 

... . . . . . 2616 9° s 61° E Oblique s . . :n LO IV IIH-46 Langren11H (iood exp 
. . . . 2617 . . . . . . . . . . . . ... . . . ....... Dark 

. . . . . 2618 . . . . . . ... .......... Dark 
TLC 2619 . . . . . . . . ......... . . . . . . ... Earth 

to 
26.58 

;,,, 



Frame 
Rev (AS8-14-) Lat Long 

------

2383 ..... 

.... 2384 

. . . . . . 238,5 ......... 
2386 .... 
2387 
2388 
2389 13° s 10!)0 E 

2390 13° s 10,50 E 

... 2391 13° s 105° E 

2392 13° s 105° E 

...... 2393 13° s 10,'io E 

2394 13° s 10!)0 E 

2395 1:30 s l{);"io E, 
! 

2396 13° s 10r,o E 

2397 30 s lii4° w 

2398 30 s 154° w 

2399 30 s 1.'iii0 w 

2400 30 s l;"j;j.;°)o W 

........ 2401 30 s 156° w 

2402 lil7° s 30 w 

2403 r1° s 1/\70 w 

TABLE A-IV.-Apollo 8 Magazine B, S0-368 Filma 

Shutter Sun Other 
~lode Direction f-stop speed, anglr, !'overage 

sec deg 
--•R•-

H.O. w ,i.6 1 /2.'i0 Near 
SSP 

H.O. w !i.6 1 /250 Near 
SSP 

H.O. w ,i.6 1 /2.50 
H.O. w ."i.6 I /250 
H.O. w ."i.6 1 /2.'i0 
H.O. w .i.6 1 /2.'i0 
H.O. WSW ;;.6 1 /2.'i0 70 LO II S-14 

LO I S-1, S-9 
H.O. WSW ,i.6 1 /250 70 LO II S-14 

LO I 8-1, S-9 
H.O. WSW ,'i.6 1 /2.50 70 LO II S-14 

LO I S-1, S-9 
H.O. WSW ,i.6 1 /2il0 70 LO II S-14 

LO I S-1, S-9 
H.O. WSW ;"i.6 1 /2.50 70 LO II S-14 

LO I S-1, S-9 
H.O. 

I 
WSW ,i.6 I /2il0 70 LO II S-14 

LO I S-1, S-9 
H.O. I WSW .i.6 I /2.'i0 70 LO II S 14 I 

LO I S-1, S-9 
H.O. WSW .i.6 1 /2!)() 70 LO II S-14 

LO I S-1, :'HI 
Vert Vert .i.6 1 /2;"i() 6 LO I S-3 

LO V A8, 10, 12 
Vert Vert ;i.6 I /2;30 6 LO I S-3 

LO V A8, 10, 12 
Vert Vert ;"i.6 1 /2,'i0 6 LO I, S-3 

LO V A8, 10, 12 
Vert Vert ii.6 1/2.'i0 7 LO I S-3 

LO V A8, 10, 12 
Vert Vert ;3.6 1 /250 7 LO I S-3 

LO V A8, 10, 12 
Vert Vert .3.6 1 /2,'i0 7 LO I S-3 

LO V A8, 10, 12 
NV NV ,i.6 1 /2.'iO () LO I S-3 

LOVAS, 10, 12 

I 
Area 

--------

I 

' ' 

NE of ll11mbuldt 

NE of H11mboldt 

NE of H11mboldt 

NE of Humboldt 

NE of H11mboldt 

NE of H11mboldt 

NE of ll11mboldt 

NE of H11mboldt I 
! 

Far side 

Far side 

Far side 

Far side 

Far side 

Far side 

Far side 

Remarks 

~~-

Earth above hor, 
good 2.",0-mm 

Earth above hor, 
good 2;"i0-mm 

80-mm 
80-mm 
80-mm 
80-mm 
80-mm 

80-mm 

80-mm 

80-mm 

80-mm 

80-mm 

80-mm 

80-mm 

Near term., 
250-mm 

Near term., 
2!)0-mm 

Near term., 
2.50-mm 

Near t.erm., 
250-mm 

Near term., 
2.50-mm 

Near term., 
250-mm 

Dark 

w 
00 

> z 
0 



2404 50 s 157 .5° W NV NV fl.6 1 /2.",0 0 LO I S-3 Far side Dark 
LO V A8, 10, 12 

2405 •O 
,) s 159.5° w NV NV 10 LO I S-3 Far side Dark 

LO V A8, 10, 12 
2406 60 s 160° w NV NV lO LO I S-3 Far side Dark 

LO V A8, 10, 12 
2407 60 s 160° w NV NV 10 LO I S-3 Far side Dark 

LO V A8, 10, 12 
2408 •O !) s 161.5° w NV NV 11 LO I S-3 Far side Dark 

LO V A8, 10, 12 
2409 40 s 162° w NV NV 12 LO I S-3 Far side Dark 

LO V A8, 10, 12 
2410 6.5° s 163° w NV NV 12 LO I S-3 Far side Dark 

LO V A8, 10, 12 
2411 6.5° s 163° w NV NV 12 LO I S-3 Far side Dark 

LO V A8, 10, 12 
2412 7.5° s 165° w Oblique Oblique 15 WI S-3 Far side Dark, T /0 12 

LO V A8, 10, 12 
2413 6 . .'io s 16.'i0 w NV NV 1,'l LO I S-3 Far side Dark, T /0 12 

LO V A8, 10, 12 
2414 7.5° s 166° w NV NV l!i LO I S-3 Far side Dark, T /0 12 ;,. 

"" LO V A8, 10, 12 "" t,j 

2415 70 s 167° w NV NV 17 LO I S-3 Far side Dark, T /0 12 z 
I:, 

LO V A8, 10, 12 ~ 
2416 7.5° s 171° w NV NV 21 LO I S-3 Far side Dark ;,. 

LO II S-3 
2417 8.5° s 171.5°W Oblique SW 21 LO I S-3 Far side Dark 

LO II S-3 
2418 go s 170.5°W NV NV 21 LO I S-3 Far side Dark 

LO II S-3 
2419 go s 17,5° w NV NV r ,'.) LO I S-3 Far side Dark 

LO II S-3 
2420 100 s 175° w NV NV r ,') LO I S-3 Far side Somewhat dark 

LO II S-3 
2421 100 s 175° w NV NV 2.'i LO I S-3 Far side Somewhat dark 

LO II S-3 
2422 90 s 177 .. 5°W NV NV 27 LO I S-3 Far side Somewhat dark 

LO II S-3 
2423 8 •O .a s 180° w NV NV :n LO II S-3, s-;; Far side Somewhat dark 
2424 90 s 178° E NV NV 33 LO II S-3, S-.5 Far side Somewhat dark 
2425 90 s ,_ 177° E NV NV ;34 LO II S-3, S-5 Far side Somewhat dark 
2426 100 8 174° E NV NV 36 LO II S-3, S-;; Far side Somewhat dark 
2427 100 s 174° E NV NV 37 LO II S-3, S-5 Far side Somewhat dark 
2428 10° s 172 .. 5° E NV NV 38 LO II S-3, S-.5 Far side Somewhat dark -242!) 10 •. 5° s 169° E NV NV 42 LO JI S-3, S-5 Far side Good exp I;,-:) 

C 



TABLE A-IV.-Apollo 8 Magazine B, S0-368 Film a_Continued ..... ..... 
C 

Frame Shutter Sun Other 
Rev (ASS-14-) Lat Long 1Iode Direction f-stop speed, angle, coverage Area HPmarks 

sec deg 
---- -----•---

2430 100 s 166° E NV NV 44 LO I S-9 Far side (:ood exp 
LO II :--- 3, S--.i > 

24:H 100 s 164° E NV NV 47 LO I S-B Far ,ide C:ood exp 
z ,_ I > 

I LO II S-:3, S- .i t" 
~ 

2432 110 si 165° E NV NV 4.i LO I S-9 Far ,idP ( :ood rxp !:. 
lf. 

LO II S-- :3, :---5 
2433 100 :-; 161. ,j 0 E NV N\' 4X LO I S-!l Far ,ide (:ood exp ;; 

: LO I I S-:3, :---.i ;,, 

2434 100 s 161c E NV NV .·,o LO I S-!l Far ,ide c:ood exp ~ ,_ 
i=< 

LO II S-:3, S-.i t" 

2435 110 s 157° E NV NV 48 LO I S-9 Far side C.ood pxp 
0 

LO II 8-3, 8-.i 
CX) 

2436 12° s 152.!"i0 E NV NV 49 LO I S-9 Far side Good exp 
"O 

'- ~ 
LO II 8-3, S-.i ::; 

2437 12° s l.'i2° E NV NV ."i3 LO I 8-9 Far side Good exp 0 
'- C 

LO II S-:3, 8-,i ::;: 
;,, 

2438 12° s 150° E Oblique WNW 53 LO I 8-9 Far side Good exp ~ 
LO II S-:3, 8-.i ~ 

2439 12° s l!i0° E Oblique WNW .i4 LO I S-9 Far side (:ood exp ;,, 

LO II s-:3, s-:; z 
t:; 

2440 13° s 143° E Oblique WNW ii LO I S--9 I Far side (:ood exp < 
LO II S-., X 

2441 12.5° s 140° E Oblique \VNW I 68 LO IS 9 Far side (:ood exp r: 
I. ;,, 

LO II S--."i t" 

2442 12..'">o s 137.5° E Oblique w 69 LO I S-9 Far side (;ood exp iii 
LO II s.:; m 

~ 
2443 13° s 132° E Oblique w 70 LO I S-9 Far ,ide Good exp ::;: 

< 
LO II S--:; ;,, 

'"3 
2444 13° s 127° E Oblique NE ii LO I 8-9 Far ,ide Good exp 0 ,_ 

LO II S-:; z 
[/J 

2445 13° s 127° E Oblique SW 76 LO I S-9 Far side c:ood exp 
2446 13° s '- 127° E Oblique SW 75 LO I S-9 Far side Good exp, T /0 4!l 
2447 21° s 128° E H.O. s 6:3 LO I S-9 Tsiolkovsky C:ood exp, T /0 4 i 
2448 21° s 128° E H.O. s 63 LO I S-!l Tsiolkovsky (iood exp, T /0 47 
2449 21 ° s 128° E H.O. s 69 LO I S-9 Tsiolkovsky C:ood exp, T /0 40 
2450 21 ° s ,_ 128° E 11.0. s '- 6B LO I 8-9 Tsiolkowky Good exp, T /0 40 
2451 21 ° s 128° E H.O. s 69 LO I S-!l Far side Good exp, T /0 40 
2452 110 s 113° E H.O. w 77 LO I S--9 Far side Ciood exp 



2453 12.5° s 113° E H.O. w 77 LO I S---9 Far side Good exp 
2454 16° s 112° E H.O. WSW 70 LO I S-9 Far side Good exp 
2455 ......... Very SSW Good exp, T /0 !i2 

H.O. 
2456 Very SSW Good exp, T /0 52 

H.0. 
2457 Very SSW Good exp, T /0 .52 

H.O. 
2458 Very SSW Good exp, T /0 !i2 

H.O. 
2459 Very SSW Good exp, T /0 52 

H.0. 
2460 Very SSW Good exp, T /0 -~2 

H.0. 
2461 Very SSW Good exp, T /0 .'i2 

H.O. 
2462 Very SSW Good exp, T /0 52 

H.0. 
TEC 2463 High alt 40 Humboldt .\loon Blue filter 

Moon 
TEC 2464 High alt .\loon Red filter > .......... 'ti 

.\loon 'ti 
t,:i 

TEC 2465 High alt l\loor, Blue filter z 
t:l 

Moon ~ 
TEC 2466 High alt .\loon Hed filter > 

Moon 
TEC 2467 High alt Moon Blue filter 

Moon 
TEC 2468 High alt .l\loon Red filter 

.\loon 
TEC 2469 High alt .\loon Hed filter 

.\loon 
TEC 2470 High alt .'\loon Blue filter 

.\loon 
TEC 2471 High alt .\loon Blue filter 

.\loon 
TEC 2472 High alt .\loon Hed filler 

'.\loon 
TEC 2473 High alt 15 ;I.fare Fecun- .\loon Good exp 

.'\loon ditatis, Mare 
Nectaris 

TEC 2474 High alt .\!are Crisinm .\loon Good exp 
Moon 

TEC 247.~ High alt .\loon Hed filter .... 
.\loon ~ .... 



Frame 

I Rev (ASS-14-) Lat Long 

---~-- -~-~~-- ~-~1 
TEC 2476 

I 
TEC 2477 

I 
TEC 2478 

TEC 2479 

TEC 2480 

TEC 2481 

TEC 2382 

TEC 2483 

TEC 2484 

TEC' 248,j 

TH' 2486 

TEC 2487 

TIT 248S 

TEC 2489 

TEC 2490 

TEC 24!H 

TEC 2492 

I 
TH' 2493 I 

TABLE A-IV.-Apollo 8 Magazine B, S0-368 Film "-Continued 

:\lode 

High alt 
.\loon 

High alt 
.\loon 

High alt 
:\loou 

High alt 
.\loon 

High alt 
.\loon 

High alt 
:\loon 

High alt 
.\[oon 

High alt 
:\loon 

High alt 
.\loon 

I 
High alt 

I .\loon 
High alt 

:\loon 
High alt 

.\loon 
High alt 

.\loon 

High alt 
.\loon 

High alt 
:\loon i 

Iligh alt 
.\[oon 

High alt 
.\loon 

High alt 
:\loon 

I Shutter Sun Other 
Direction /-stop I speed, anglP, <'overage ~--~-+--Ser~ _ _::__ 

I, i I 

I I 

I 

i 
.I. 
I 

;l() .\!are ism_vthii, 
.\Iare Crisium 

.\Iare Fec11ndi
tatis 

;l{) .\J/ll'P C'risilllll, 
.\!are Fec1111-
ditatis 

.\!are ism_vt hii 

:\!are ~m_vthii 

.\!,up ismythii 

Area Hemark~ 

'.\10011 i Bhw tiller 
;,. 

Bl11p tilter 
z 

.\loon ;,. 
r 
~ 

.\10011 Heel fi]1er ~ 
J-

.\loon HPd tiltPr ~ 

;,. 

.\l0011 Blue filter ~ 
;=. 
~ 

:'\100!1 Bl11P tilt!'r 
00 

Hed tilter 
"C 
::r: 
:::§ 

Ov!'!'exposed C 
C 
::t: ;,. 

(;oml PXJJ ~ _. 

( :ood f'XJJ ;,. 
z 
::-

Bed filtn .... 
[f...' 

Bhw ti)tpr r: 
;,. 
r 

( :nod f'XJl . 
t::: 
if-.' 
r,: 
::t: 
< 

', 
( :ood PXp ;,. 

j 
C 

< ;om! exp z 
J-

(iood PXP 

Hl11P tilter 

BhlP tilter 



TEC 24!J4 High alt Bhwfilt!'l' 
:\loon 

TH' 24!J,j High alt Bl1w fi\tpr 
.\loon 

TIT 24!!6 High alt BIii(• filt('r 
.\loon 

TH' 24!J7 lligh ait Bl11P fi}tpr 
~foon 

TIT 24\lS High alt llPd filtn 
.\!0011 

TE<' 24\l!l High alt HPd filtn 
.\loon 

TH' 2:ioo High alt J:pJ filt!'l' 
.\loon 

TIT 2:;01 lligh alt Hed filtpr 
.\loon 

TEC' 2:i02 High alt Hed filtN 
.\loon 

TEC 2:io:{ High alt Hed filter 
.\loon 

TEC 2:;04 High alt Blue filter > 
.\loon -~ TEC 2;'i0.j High alt Uood PXJl z 

t, 
.\loon ~ 

TEC 2.j06 High alt I (;ood f'XJJ > .\loon 
Tl-:C 2.i07 TEC Earth 
TEC 2.i08 TEC i Earth 
TEC 2.",09 TEC Earth 
TEC 2.il0 TEC I Earth 
TEC 2.il 1 TEC Earth 
TEC 2.;12 TEC Earth 
TEC 2;'il:l TEC Earth 
TEC 2;'il4 TEC Earth 
TEC 2:il,i TEC Earth 
TEC 2,il6 TEC Earth 
TEC 2.il7 TEC Earth 
TE<' 2;'i18 TEC Earth 
TEC' 2.il!l TEC Earth 
TIT 2:i20 TEC Earth 
TEC 2:i21 TEC Earth 
TEC 2:i22 TEC Earth 
TEC 2:in TH' I Earth 
TEC' 2:i24 TEC I Earth -TEC :L-;2;> TEC I Earth ...... 

w 



T 
T 
T 
T 
T 

Rev 

EC 
EC 
EC 
EC 
EC 

fEC 
fEC 
T 
T 

EC 
EC 

Frame 
(ASS-14-) 

2526 
2527 
2528 
2529 
2,530 
2.531 
2532 
2.'i33 
2.'i34 

Lat 

. . . . .. 

. . . . . . . . 

... . . . . . 

. . . 

. . . 
...... 

... 

..... 

TABLE A-lV.-Apollo 8 Magazine B, S0-368 Film "-Concluded 

Shutter Sun Other 
Long !\lode Direction f-stop speed, angle, coverage 

sec deg 
~---~----

TEC . . . . . . . . ...... . ..... 
....... TEC . . . . . . . . . . . .. . . 

TEC . . . . . . . . . ... 

TEC . .. . . . . ... 
... TEC . . . .. 

TEC 
TEC . . 
TEC . . . . . ..... 

TEC . . . . 

• Entire roll shot with 2.',0-rnrn lens, except 238;"\ to 2396, which were shot with 80-rnm lens. 

Area Remarks 

---

. .. Earth 
. .. Earth 

Earth 
... Earth 

Earth 
Earth 
Earth 
Earth 

. .. Earth 



TABLE A-V.-Apollo 8 Magazine C, 3400 Film 

Frame Shutter Sun Other 

I 

Rev (AS8-17-) Lat Long l\lodc Direction /-stop speed, angle, ('OVPrage Art>a Remarks 
sec deg 

---- - -- --------·- ---~ ------ ---·-- 1-------- ------ -------

8. 26;';9 :r s 1.52° w cs .,.6 1 /250 0 LO I S-:3 f Far side Entin• roll shot 
LOY A-12 I with 80-mm le11s 

8 .. 2660 cs :;.6 1 /2-~0 Far sidt> 
8. 2661 CH .i.6 1 /2t,O 2 Far side 
8. 2662 cs :;.6 I /2;)() 2 Far side 
8. 2663 cs :;.6 1 /2.50 ;3 Far side 
8. 2664 40 s 1.'i7° w cs :;.6 1 ;2:;o :3 LO I S-:3 Far :<ide 

LO V A-12 
8 .. 2665 cs ii.6 1/250 4 Far side 
8 .. 2666 cs :;,6 1 /250 ., Far side 
8 .. 2667 cs :;.6 1 /2.50 6 Far side 
8 .. 2668 cs 5.6 1 ;2:;o 7 Far side 
8. 2669 60 s 162° w cs :;.6 1 /2ii0 8 LO I S--:l Far side 
8. 2670 cs :;.6 1 /2.50 9 Far side >-
8 .. 2671 cs ,i.6 1 ;2:;o 10 Far side :g 

~ 
8 .. 2672 cs :;.6 l /2.50 11 Far side :.-. 
8. - 2673 cs :;.6 l /250 12 Far side 

i:, 

~ 8. 2674 cs ii.6 l /2ii0 1:3 Far side 
>-8 ... 2675 70 s 169° w cs :;.6 1 /2.~0 14 LO I S-3 Far side 

LO II S--:3 
8. 2676 cs .-,.6 1 /250 Li Far side 
8 2677 cs .,.6 1 /250 16 Far side 
8. 2678 cs :-,.6 1 /2ii0 17 Far side 
8. 2679 cs :;.6 1 /2.iO 18 Far side 
8. 2680 go s 174° w cs ;j.6 1 /2.'iO 19 LO 1 S-:l Far side 

LO II S-:l 
8_ 2681 cs :;.6 1 /2.50 20 Far side 
8 .. 2682 cs .'i.6 1 /2,,0 21 Far side 
8. 2683 cs :;.6 1 /2n0 22 Far side 
8. 2684 cs ;j,6 1 /2.'iO 23 Far side 
8. 2685 go s 179° w cs :-,.6 112:;o 24 LO II S--:l Far side 
8. 2686 cs :;.6 I /2,iO 25 Far side 
8. 2687 cs .'i.6 1 /2.'iO 26 Far side 
8. 2688 cs :;,6 1 /250 27 Far side 
8. 2689 cs .,.6 1 /2.'iO 28 Far sidt> 
8 2690 !}° s 176° E cs ;j.6 1 /2n0 2\l LO II ~;{, ~ .) 1 Far side 
8. 2691 cs .,.6 1 /2."iO ao I Far side ..... 
8 2692 cs ,,.6 1 /2.iO :11 i Far side .... 

c.,, 



Frame 
Rev (AS8-17-) Lat Long 

8. 2693 . . . . . 

8 . . . . . . 2694 10° s 172° E 
8 .. 2695 . . . . ..... 
8 .. 2696 .... 

8. 2697 ... 
8 .. 2698 
8 .. . . 2699 . . 

8 .. 2700 110 s 167° E 

8 .. ..... 2701 ' . . . . . . . .. 

8 .. ..... 2702 . . . . . . . . . . . . . 

8 .. .. 2703 . . 

8 .... 2704 
8. .... 2705 110 s 162° E 

8 .. 2706 . . . . . . . . . . .... 

8 .. . . 2707 . . . . . ... 

8 2708 ..... 

8 2709 
8 ... 2710 12° H 157° E 

8. 2711 . .. 

8 .. 2712 . ... 

8. 2713 . . . 

8 .... 2714 12° s 152° E 

8 . . . . 271.5 
8. . ... 2716 . . 

8 .. 2717 
8. 2718 . . . . . . . . . . ...... 

8 .. 2719 ..... . ..... 

8 .. 2720 12° s 147° E 

8. .... 2721 . . . ... 

8 . . . . . . . 2722 . . 

8 .. . . . . 2723 . ..... 

8. 2724 ... 

TABLE A-V.-A'J)Ollo 8 Magazine C, 3400 Film-Continued 

Shutter Sun Other 
Mode Direction /-stop speed, angle, coverage 

sec deg 

cs . ..... . .. 5.6 1/250 32 
cs . . .'>.6 1 /250 :{3 
cs .'i.6 1 /250 34 
cs 5.6 1 /2,50 35 
cs :i.6 1 /250 36 
cs 5.6 1 /250 :n 
cs ;;.6 1 /250 38 
cs ,5.6 l /250 38 LO I S-9 

LO II S-3, S-.5 
cs . . . 5.6 1 /250 39 . .. 
cs . . . . . . .. 5.6 l /250 40 
cs . ... 5.6 1 /250 41 . . 

cs .5.6 l /250 42 
cs 5.6 l /2.50 43 LO I S-9 

LO II 8--3, S--~5 
cs ;j.6 1 /250 44 -·· .. 
cs ,3.6 l /250 45 
cs . .. 5.6 l /250 46 
cs 5.6 l /2fi0 47 
cs :i.6 1 /2.'iO 48 LO I S-9 

LO II S-5 
cs .i.6 1 /250 49 
cs .i.6 l /2,50 ,iO 
cs . .. ..... 5.6 1 /250 51 
cs .5.6 1 /250 ,)2 LO I S-9 

LO II S-.3 
cs . . . . . ... ;j.6 l /2.50 .53 . .. . .. 
CH .5.6 1 /250 f>4 
cs 5.6 1 /250 .'ir> . .. 
cs . .. 5.6 1 /2.50 56 
cs . . . . ... .5.6 l /2.50 57 
cs ..... 5.6 1 /250 m .. :-; LO I S-9 

LO II S-:i 
cs . . . . :i.6 1 /250 ;)8 . ... 

cs 5.6 1 /250 59 . . 
cs . .... ,i.6 1 /2.50 60 
cs . . . .'i.6 1 /250 61 . .... 

Area 

Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 

Far side 
Far side 
Far side 
Far side 
Far side 

Far side 
Far side 
Far side 
Far side 
Far side 

Far side 
Far side 
Far side 
Far side 

Far side 
Far side 
Far side 
Far side 
Far side 
Far side 

Far side 
Far side 
Far side 
Far side 

Remarks 

I 
I 

! 

> .,, 
0 
t< 
t< 
0 



8 .. 2725 ii.6 1 /2.'iO 62 LO I s-9 Far side 
LO II S-5 
LO III s-2i.:; 

8. 2726 12° s ,_ 140° E cs ii.6 1 /250 63 Far side 
8 .. 2727 cs ,i.6 1 /250 64 Far side 
8 .. 2728 cs .'i.6 1 ;2r-,o 6.5 Far side 
8. 2729 cs ii.6 1 /250 66 Far side 
8 .. 2730 12° s 1:36° E cs ,'i.6 1 /2.'iO 68 LO I S-9 Far side T/0 :10 

LO III S-2Li 
8. 2731 cs ii.6 1 /2.50 69 Far side 
8 .. 2732 cs .'i.6 1 /2iiO 70 Far side 
8 .. 2733 cs ii.6 1 /2.'iO 71 Far side 
8. 2734 cs ,'i.6 1 /2iiO 72 Far side 
8. 273.'i 12° H 129° E cs ;j.6 1 /2iiO 73 LO I :'Hl Far side 

LO III S-21.ii 
8 .. 2736 cs ii.6 1 /250 74 Far side 
8 .. 2737 cs ii.6 1 /2iiO 7;, Far side 
8. 2738 cs ,i.6 1 /2.50 76 Far side 
8. 2739 cs ,i.6 1 ;2,;o 77 Far side End of CS 
8 .... 2740 12° s 122° E L.O. Forward ii.6 1/2;,O 78 LO I S-9 Far side 

(-W) LO III S-2L"i > 
'tl 

8 .. 2741 L.O. ,'i.6 1 /2,'iO 79 Far side 'tl 
t<J 

8 .. 2742 110 s 120° E L.O. Forwa1d .'i.6 1 /250 80 LO I S-9 Far side z L 
i::, 

(-W) LO II S-14 ~ LO III S-21.,i 
> 8 .. 2743 L.O. .'i.6 1 /2.50 80 Far side 

8 ... 2744 100 s I 16° E L.O. Forward ;;.6 I /2:iO 81 LO I S-fJ Far side 
(-W) LO II S-14 

8 .. 274ii L.O. .'i.6 I /2,iO 82 Far side SSP 
8. 2746 100 s 11;;0 E L.O. Forward .j.6 1 /2."',O 81 LO I S-9 Far side 

(-W) LO II S--14 
8 .. 2747 L.O. ii.6 l /2.50 81 Far side 
8 ... 2748 L.O. ,i.6 1 /2.50 81 Far side 
8. 2749 10° s 112° E H.0. Forward .).6 1 /2.iO 80.5 LO I S-9 Far side 

LO II S-14 

-~- 27.'iO H.O. 5.6 1 /2.50 80 Far side 
8 ...... 2751 II.O. .'i.6 1 /2.'iO 79 Far side 
8 .. 2752 go s 109° E H.O. Forward .'i.6 1 /2.'iO 79 LO I S-9 Far side 

LO II S-14 
8. 27.53 H.O. .'i.6 1 /2iiO 78 Far side 
S .. 27,54 H.O. .i.6 I /2iiO 78 Far side 
8 .. 27ii,'i !lo s 106° E H.O. Forward ii.6 1 ;2rio 77 LO I S-9 Fttr side 

LO II S-14 

...... .... 
-1 



TABLE A-V.-kpoll-0 8 Magazine C, 34{)0 Film-Continued ...... ... 
00 

Frame I Direction 
Shutter Sun Other I 

Rev (ASS-17-) Lat Long Mode f-stop speed, angle, eovcrage 
I, 

Area HemarkH 
sec deg 

I I ~-- -----

I 

---- ----1--~---1- -~----
8 .. 2756 H.O. 5.6 I /250 77 . . . . . · 1 Far side 
8. 27.">7 J-1.0. ;J.6 I /2,50 ;: I . • . . • Far side . . 

> 
8 .. 2758 H.O. Forward I ;3.6 I /2.50 % 

I > 
8. 2759 H.O. I 5.6 I /250 7fl 

I t"' 
I I .. -< 

I 
r:n 8. 2760 H.O. 

! 
!\.(} I /250 7."J .. . . 

::r: 
8. 2761 go s 102° E Ct-i Forward 5.6 I /2,'">0 74 LO II S--14 I SE of :\lure Start C:--

I 
Smythii 

0 
~ 

8 .. 2762 cs ;",.6 I /2,'">0 74 > 
8. 2763 cs 5.6 I /2.50 73 ::::: 

~ 8 .. 2764 cs 5.6 l /2;"-,0 73 s 8. 2765 go s 100° E Ct-i Looking 5.6 1 ;2r.,o 72 LO II S-14 SE of :\!are 
N Smythii 00 

8 .. 2766 cs 5.6 I /250 72 
-:; 
:i: 

8 .. 2767 cs .'"i.6 I /250 71 C 
>-3 

8. 2768 cs 5.6 I /250 71 0 
0 

8. 2769 cs :,.6 l /2!,0 70 !:,;) 

> 8. 2770 cs .5.6 I /2.'">0 70 ~ 8. 2771 cs 5.6 1 /2,50 6!) -< 
8. 2772 70 s 96° E cs l{ear (E), ;;.5 I /250 6!) LO II S-14 :--E of :\tare > 

looking :--mythii z 
t, I N 

I 
<: 

8 .. 2773 cs ;).6 I l /250 69 s: 
8. 2774 cs ;).6 1 /2,'">0 68 C 

> 
8. 2775 cs 5.6 1 /250 68 t"' 

8. 2776 cs 5.6 I /250 67 ~ 

~ 
8. 2777 100 s 95° E cs Hear (E) ;),6 I /250 66 LO II S-14 SE of :\fare r:n 

~ 
Smythii !:,;) 

<: 
8 .. 2778 cs .'>.6 l /2,jO 6.) > 
8. 2779 cs .'"i.6 I /250 64 j 

0 
8 .. 2780 110 s 91° F, cs Hear (E) ;i.6 1 /2,'">0 63.,i LO II S-14 SE of l\larc z 

Smythii 
r:n 

8. 2781 cs ;),6 I /2;"j0 60 
S. 2782 cs .'"i.6 li2.'i0 58 
8 2783 cs ,"i.6 l /250 .57 
8 .... 2784 cs 5.6 I /2;°>0 .'i.5 
8 .. 278,'"i 90 s goo E cs Hear (E) ,i.6 I /2,'>0 .i:l LO II S-14 Kii~tner H 

LO IV 27, :34 



8 .. 2786 cs :;.6 1 ;2:;o :;2 -. . . I 
8. 2787 cs :;.6 1 /2,'iO ;j[ 

8. 2788 cs .,.6 1 /2i)0 00 
8. 2789 go s 76° E cs Hear (E) ,,.6 l /2ti0 49 LO V ;H Kastner 
8. 2790 cs !i.6 I /2.'iO 48 
8. 2791 cs Hear (E) 0.6 1 ;2r,o 47 
8 .... 2792 0.6 1 /2,30 46 
8 .. 2793 0.6 1/250 47i End of CS 
8 .. 2794 L.O. Forward n.6 1 /2.'iO 
8 .... 2795 t)o s 67° E L.O. Forward 5.6 1 /2:;() LO IV 39, 46, :\ladanrin :\I 

178, 184, 18:i 
8 ...... 2796 L.O. 5.6 1 ;2;;0 
8. 2797 20 s ;-;so E II.O. Forward 5.6 1 /2i"i0 ;32 LO I 04 Langrenns K 

LO IV 39, 40, 
46, 47, 177, 
184, 13:; 

8. 2798 H.O. ,'"i.6 1 /250 
8 2799 If.0. .'i.6 1 ;2r,o 
8 .. 2800 H.O. 5.6 1 /2.'iO 
8. 2801 10 ~ 51 ° E H.O. Forward ,'i.6 1 /250 2;) LO I S-4, S-i, Webb High hor 

LO IV 46, 47, > 
"C 

53, 54, 177, "C 
l-:1 

184, 185 z 
8 .... 2802 II.O. 5.6 1/250 0 

8 .... 2803 11.0. n.6 1 /2.50 
[;< 

8 .. 2804 H.O. .'i.6 1 /250 > 
8 .... 280.'i H.O. Forward ,,.6 1 /2.'"iO 29 LO I S-!> Tan111ti11s K Sun angle picked at 

LO V V-3-1 bottom of the 
LO IV ,'i3, .'i4, frame; T /0 80 

60, 61, 184, 
18:'i 

S .. 2806 H.O. ii.6 1 /2nO T /0 80 
8. 2807 H.O. :"i.6 1 /2,'iO T/0 80 
8 .. 2808 II.0. n.6 I /250 T /0 80 
8. 2809 H.O. .'i.6 1 /2,"JO T /0 so 
8. 2810 H.O. Forward 5.6 I /2."JO 23 LO I A-1, 8-~.'i Tarnntius T /0 80 

LO II S-1 
LO III P-2 
LO IV 65, 66, 

72, 7:3 
LO V V-3-1, 

V-S-1, V-SA, 
V-SB 

-t 



TABLE A-V.-Apollo 8 Magazine C, 3400 Alm-Continued 

-- Frame i I -. ! . I ; Shutter Sun 
Art>a Hev (A!--8-17-) I Lat I Long .. .\lode I Direction f-stop ' speed, angle, 

_ ~-_ '-----1-----/--~--: __________ ~_e_c __ . _____ dc~ ___ --~---- -------•-

S 281 I , 11.0. :,.6 '2,iO 

Other 
eoverage 

s 
8 
s 
S. 

s 

·" s 

2812 
28]:{ 

2814 
2)'1 .-. 

2816 
2817 
2818 
28J!l 

2821 

11.0. 

· I II.O. 
! H.O. 

11.0. 

II.O. 
H.O. 
JI.O. 
H.O. 

lf.0. 

JI.O. 

Forward 

Forward 

.-,.6 

.-,.ti 

.,.fi 

.,.(; 

:-,.6 
.-,.6 
.i.6 
.i.6 

.-, . fi 

.i.6 

/2:",I) 
:2!>0 
'2,iO 
2.-,0 

1.2.iO 
1.'2,iO 
I ,'27,0 
I ,12.ilJ 

I 2.iO 

I 2.-,0 

I 
I 

21 

17 

J.i 

LO \' A I, S 6 :-'-e('(·hi 
LO II S-1, S 2, 

P-1 
LO III P-2 
LO IV 6.i, {i6, 

72,7:l 
LO V :l.J, .i.l, 

8A,,m 

LO I .-\. I, A 2, 
S 6 

LO II P I, 
P-:.!, ~ 2 

LO I\' 6.i, 61\, 
,2. n 11, ,s 

! LO ,- 8, !l, 11 , 
12 

Tan11JI iu, F 

JO I,(> I S ll, A :; .\1:1,kt·l_rne F 

Ltl II P 2, 
P :,, P--6 

LO III P-1, 
P-:,, P fi 

LO ff 72, 7:), 
77, 7S 

Lt) \' \'!I, 11 A, 
118, 12, 1:1, 
Hi.\, 16B 

T t> so 
To so 
T ·O so 
TIO so 
T '() ,1.;o 

T () so 
T iO 80 
T :o 80 
T'<) ,<;() 

To so 

TO so 

;.. 



8. 2822 . . . H.O. ii.6 1 /250 ..... 

8 .. . . . . 2823 . . . H.O. . .. 5.6 1 /2,50 ..... 

8 .. 2824 .... H.O. Forward .i.6 1 /250 ;').,') 

8. 282,i .'i.6 1 /250 ....... 

8 .. 2826 H.O. Forward r,.6 l/2r,Q 2 

9 .. .... 2827 40 s 161 ° w L.O. . ... ,i.6 1 /2,i0 ;:,.5 

. .... 

. ..... 

LO I 8--7, A-3 
LO II P-5, P-6-
LO III P-6 
LO IV 77, 78, 

85 
LO V V-9.1, 

llA, l IR, 12 
. . . . . . .. 

LO I 8--7, A-:3 
LO II P-.\ P-6 
LO III P-6 
LO IV 77, 78, 

8-'> 
LO V-9.1, llA, 

11B, 12 
LO I S--3 
LO V A--12 

:\Iaskelyne :\1 

:\!are Tranquil-
litatis 

Far side America 

T /0 80 
T /0 80 
T /0 80 

T/0 80 
Hor only, T ,'O 80 

Start of T /0 11 
Hev 9 



Frame 
Rev (ASS-12-) Lat Long 

4 ...... 2044 40 s 148° w 

4 .. .... 2045 . .. . . . . . . . 

4. . . . . 2046 40 s 1.50° w 
4 .. 2047 . ..... 
4 .. 2048 . . . .... 

4. 2049 .... . . 

4 .. 2050 
4 .. . . . . . 2051 ...... . . . . 

4 . . . . . . 2052 ,50 s 1.57° w 
4. . . . . 2053 . .... . . . . . .. 

4. 2054 . . . . . . . . . . .. . ... 

4. . . . . 2055 . . . . . . . . . . . . . . 

4. 20.56 . . . . . . . . . . 

4 .... 20.57 . . . . . . . . . . . . . 

4 .... 20.58 . .. . . 

4 .. 20.59 . . . . . . . . . . . 

4. . . . . . 2060 
4. 2061 
4. 2062 60 s 167° w 
4. 2063 . ... 

4. 2064 
4 .. 206,5 
4 .. 2066 . . 

4. 2067 . . . . . 

4. . . . . . 2068 . . . . . . . . . 
4. . ... 2069 go s 173° w 

4. 2070 . . . . . . . . 

4. 2071 . . . . . . . . . . 

4 .... 2072 . . . . . . . . . . . . . 

4 .. . . . 2073 . . . . . . . . 

4 .... . . 2074 ........ ..... 
4 . . . . . . 2075 . . . . . . . 

4 2076 90 s 1800 w 
4. 2077 . . . 

4 .. 2078 . . . . . . . . 

TABLE A-VI.-Apollo 8 Magazine D, 31,00 Fum 

Shutter Sun Other 
Mode Direction /-stop speed, angle, coverage 

sec deg 

vs . . . . .... 2.8 1/250 0 LO I S-3 
LO V A-8, 

A-12 
vs 2.8 1/250 0 . .. . . . . . . . 
vs . ... 2.8 1/250 0 . . . . . . . .... 
vs . ... 2.8 I /2f,0 1 
vs . . 2.8 1 /2.50 2 . .. 
vs . ... 2.8 1 /250 4 . . 
vs 2.8 1/250 ;; . . . . .... 
vs . ... 2.8 1 /250 6 . ... 
VS . ... 2.8 l /250 7 LO I S-3 
vs 2.8 I /2.50 8 . ..... . ...... 
vs 2.8 1 /250 !J . ...... . .... 
vs . ... 2.8 1 /250 10 . .... 
vs . .. . ... 2.8 1 /2.50 11 . .. 
vs . . . . . 2.8 1 /2.50 12 . . . . . . ... 
vs . . . . 2.8 l /250 13 . ... 
vs 4 1 /2.50 14 
vs . ... 4 1 /2.50 14 
vs . .. 4 1 /2.50 15 
vs 4 1 /250 16 LO I S-3 
vs 4 1 /250 17 
vs 4 1 /2.50 18 
vs 4 1 /250 19 
vs 4 1 /250 20 . . 
vs 4 1 /2.50 21 . ... 
vs . . . . 4 1 /250 22 . . . . . .... 
vs . . . . . . . 4 1 /250 23 LO I S-3 

LO II S-3 
vs . . . . 4 I /2t-,0 24 . ... 
vs . ... 4 I /250 2,5 . . . . . . . . .. 
vs . ... . . . . 4 1 /250 26 . . . . . .... 
vs . ... 4 1 /250 27 . .... 
vs . . . . . . . 4 1 /250 28 . . . . . . . . . . . . 

vs 4 I /250 29 . .. 
vs ;j.6 1 /250 29 LO II S-3, 8--.'i 
vs . . fi.6 1 /250 30 . .. 
V8 . . ;i.6 1 /250 :31 

Area 

Far side 

Far side 
Far side 
Far side 
Far side 

I Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Par side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 

Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 

Remarks 

Used 80-mm lens 
on VS pass 

Exp change 

Extrn frame 

Exp change 

0 
"rj 

;,. 
'ti 
0 
t"' 
t"' 
0 



4 .. 2079 vs .5.6 1 /2.50 32 Far side 

4. 2080 vs 5.6 1 /2.50 33 Far side 
4 .. 2081 vs ;'\.6 1 /2.50 ;34 Far side 
4. 2082 vs 5.6 1 /250 3.'> Far side 
4. 2083 vs .'J.6 1 /250 3.5 Far side 
4. 2084 vs 5.6 I /2.50 36 Far side 
4 .. 208,'i vs 5.6 1 /250 37 Far side 
4 2086 vs .'5.6 1 /250 38 Far side 
4 .. 2087 vs 5.6 1 /250 39 Far side 
4. 2088 110 s 168° E vs ,3.6 1/250 40 LO I S-9 Far side 

LO II 8--3, 8--i> 
4. 2089 vs :;.6 l /2.50 41 Far side 
4 .. 2090 vs 8 1 /250 42 Far side Exp change 
4 .. 2091 vs 8 1/2.'>0 43 Far side 
4 .... 2092 vs 8 1/250 44 Far side 
4. 2093 vs 8 1 /250 45 Far side 
4 .... 2094 vs 8 l /2.'>0 46 Far side Extra frame 
4. 2095 vs 8 1 /250 47 Far side 
4 ..... 2096 vs 8 1 /2;",0 48 Far side 
4 .... 2097 vs 8 1 /250 49 Far side 
4 .... 2098 vs 8 1 /250 .'\0 Far side > 

'ti 
4. 2099 vs 8 l /2.'>0 .51 Far side 'ti 

l"1 
4. 2100 12° s v;1° E vs 8 1 /2.50 .31.5 LO I S-9 Far side z 

i::, 
LO II S-3, S-5 

>< 
4 .. 2101 vs 8 1/250 52 Far side 
4 .... 2102 vs 8 1 /250 53 Far side > 

4 .... 2103 vs 8 1 /2.50 .54 Far side 
4 .. 2104 vs 8 1 /250 ;3;3 Far side 
4. 2105 vs 8 1 /2."i0 56 Far side 
4 2106 vs 8 1 /250 ;,7 Far side 
4. 2107 vs 8 1 /250 58 Far side 
4 .... 2108 vs 8 1 /2.50 fi9 Far side 
4 .. 2109 vs 8 1 /2.50 60 Far side 

4 .. 2110 vs 8 1 /2.50 61 Far side 
4. 2111 13° s 147° E vs 8 1 /2,">0 61 LO I S--9 Far side Extra frame 

LO II 8--5 
4. 2112 vs 8 1 /250 62 Far side 
4 ... 2113 vs 8 1 /2,"J0 63 Far side 
4 .. 2114 vs 8 1 /250 64 Far side 

4. 211.5 vs 8 1 /2.50 6.5 Far side 

4 .. 2116 vs 8 l /250 66 Far side 
4 .... 2117 14° s 140° E vs 8 1 /~.'50 66.5 LO I 8--9 Far side 

LO II 8--5 
LO III 8--21.5 

4 .. 2118 vs 8 l /250 67 Far side "" ..... ~ 



Frame 
Rev (AS8-12-) Lat Long 

4 . . . . . . . 2119 . . . . . . . . . . . . . . . . 
4 .. . . . . . 2120 . . . . ... . .... . . . . . 
4 .. . . . . 2121 . .... . . . . . .... . . . . . 

4 . . . . . . . 2122 13° s 134° E 

4 .. . . 2123 . ...... . . . . . 

4. 2124 . . . . . . . . . . . . . 

4 .. 2125 . . . . . . . . . . . . . . . . .. 
4 .. . ' ... 2126 . .. . . . . . 
4 .. . . . . 2127 . .. . . . . . . . . . . . . . . . . . 
4 ....... 2128 . . . . . . . . . . ... . . . . . . 

4 . . . . . . 2129 12° s 127° E 

4 .. 2130 . . . . . . . . . . . . . . . . . 

4. . . 2131 . . . . . . . . . . . . . . . . . . 

4 ... ... 2132 . . . . . . . . . . . . . . . . . . . 

4. . . . . 2133 . . . . . ... . .. . . . . . . 

4. . . 2134 . . . . . ...... 
4. . . . . 2135 . . . . . . . . . . . 

4. . . 2136 12° s 120° E 

4. 2137 . . . . . ....... 

4 .. . .. 2138 . . . . . . . . . . . . . . 

4 ... . . 2139 . . . . . . . . . . 

4. . . 2140 . ... . . . . . 
4. 2141 12° s 113° E 

4 .. . . . . . 2142 . . . . . . . . . . .... 

4. . . . 2143 . . . . . . . . . . . . . . 

4. . . . . 2144 . . . . . . . . . . . . . . . . . . 

4 .. 2145 . . . . . . . . ...... . . . 

4. 2146 110 s 108° E 

4 .. . . . . 2147 . . . . . . . . . . . . . . . . . . 
4. . ... 2148 . . . . . . . . . . . 

TABLE A-VI.-Apollo 8 Magazine D, 31,l)() Film-Continued 

Shutter Sun Other 
Mode Direction /-stop speed, angle, coverage 

sec deg 

vs . .... . ... 8 1 /250 68 . ...... . ... 

vs . .... 8 1 /250 69 . ... 

vs . .... 8 1 /250 70 . ...... 

vs . .... . . 8 1 /250 71.5 LO I S-9 
LO III S-21.5 

vs . .. 8 l /2f>0 72 ..... 

vs 11 l /2/-,0 73 . . . ... 

vs . . . . 11 l /250 74 . . . . ... 

vs 11 1 /250 75 . .... 
vs 11 1 /250 76 . . . . . . . ... ... 

vs . . . . . . ... 11 1 /250 76 . ... 

vs . .... 11 1 /250 77 w I S-9 
w III S-21.,5 

vs . ... . . 11 l /2,50 77 . . . . . ... 
vs .. . . . . . . . 11 1 /250 78 . ... . . . . . . . . 
vs . . . . . . . . . 11 1 /250 78 . .. . .... 
vs . . . . . 11 1 /250 79 .... . . . . . . . 

vs . . . . . . 11 1 /250 79 . ... 

vs . ... 11 l /250 80 . . 

vs . . . ... ll l /250 80 LO I S-9 
LO III S-21.fl 

vs 11 l /250 80 

vs . ... 11 1 /2.",0 79 
vs . ... 11 1 /250 79 . ... 

vs 11 1/250 78 . ... 
vs . ..... ll l /2,50 78 w I S-9 

LO II S-14 
LO III S-21..5 

vs . ... 11 1 /2,50 77 . .... 
vs . . . . . . . . . 11 1/250 77 . . . . . . . . . ... 

vs . . . . . . . .. 11 l /250 76 . .. . ......... 

vs . ....... ll 1/250 76 . ... 
vs . . . . . . 11 l /2,50 7,5 LO III S-21.S 

w II S-14 
w I S-9 

vs . . . . . . ll 1 /250 75 . ......... 

vs . .. 11 1 /2.50 74 . . . . . ...... 

Area 

Far side 
Far side 
Far side 
Far side 

Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 

Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 

Far side 

Far side 
Far side 
Far side 
Far side 

Far side 
Far side 
Far side 
Far side 
Far side 

Far side 
Far side 

Remarks 

Exp change 

8t,art spacecraft 
roll 

0 
',j 

> 
'1:1 
0 
t< 
t< 
0 



4 ... 2149 vs 11 1 /250 74 Far side 
4 ...... 2150 . ......... vs 8 1 /250 73 Far side Exp change 
4 .... 2151 vs 8 1 /250 73 Far side 
4 .... 2152 . . . .......... vs 8 1 /250 72 . .... Far side 
4 ..... 2153 vs 8 1 /250 72 Far side 
4 .. 2154 vs 8 1 /250 71 Far side 
4 .... 2155 10° s 101° E vs 8 1/250 70 LO II S-14 SE Mare 

Smythii 
4 .... 2156 vs 8 1 /2.''iO 69 
4 ... 2157 . . . . .......... vs 8 1 /250 69 Extra frame 
4 .. 21.58 vs 8 1 /250 68 
4 ...... 2159 vs 8 1 /250 67 
4 .. 2160 vs 8 1 /250 66 
4 .... 2161 VS 8 1 /2.50 6ii 
4 .. 2162 vs 8 1 /250 64 
4 .. 2163 !lo s 95° E vs 8 1 /250 63.5 LO II S-14 SSE Mare 

Smythii 
4 .... 2164 . ......... vs 8 1 /250 63 
4 .... 2165 vs 8 1 /250 62 
4 .... 2166 ... VS 8 1 /2.50 61 
4 .. 2167 vs 8 1 /2,50 60 > 

"'d 
4 .. 2168 vs 8 1 /250 59 "'d 

t'j 
4 .. 2169 VS 8 1 /250 ,)8 z 
4. 2170 vs 8 1/250 .'i8 Extra frame 

t::l ... 
>< 4 ...... 2171 . ... vs 8 1 /250 57 

4 .. 2172 90 8 3•0 E VS 8 1 /250 ii6 LO II S-14 S :\lare Smythii > ,:} 

LO IV 27, 178 
4 .. 2173 VS 8 1 /250 ,'i4 
4 ... 2174 vs 8 1 /250 .53 
4 .. 2175 vs 8 1 /2.50 52 
4 .... 2176 vs 8 1 /2.50 ,'i0 
4 .... 2177 vs 8 1 /250 49 Extra frame 
4 .... 2178 go s 79° E vs 11 1 /250 48 LO IV 27, 34, Kastner Exp change 

178 
4. 2179 vs 11 1 /250 46.5 Kii.~tner End of VS pass 
4 .. 2180 go s 76° E L.0. Forward, 11 1 /2.50 4.5 LO IV 34, 39, Kastner 80--mm lens 

looking 176 
w 

4 .. 2181 70 s 730 E L.O. Forward, 11 1 /250 42.,5 LO IV 39, 184, E of Kastner T /0 6,, 
looking 185 
w 

4 .. 2182 70 s ,_ 71° E H.O. hor Forward, 11 1 /2.50 41 LO IV 39, 184, 80.mm lens, 
w 185 T/0 6,'i 

4 .... 2183 70 s 69° E H.O. hor Forward, 11 1 /2,50 38 LO IV 39, 184, W of Langrenus ..... 
w 18.5 i:;, 

i:;, 



Frame 
Hev (ASS---12-) Lat Long 

4. 2184 go s 67° E 

4 .. . . . . 218.5 . . 

4. 2186 . . 

IO (TEI) 2187 40° s 155° E 
IO (TEI) 2188 . . 

10 (TEI) 2189 26° s 72° E 

IO (TEI) 2190 20° s 79° J•; 

IO (TEI) 2191 . . . . . . . . . 

10 (TEI) 2192 40° s 100° E 

IO (TEI) 2193 27° s goo E 

10 (TEI) 2194 :w s 1 ()()0 E 

JO (TEI) 2195 26° s 107° E 

IO (TEI) 2196 21 ° s 130° E 

JO (TEI) 2197 80 s 127° E 

IO (TEI) 2198 80 s 126° E 

IO (TEI) 2199 80 s 127° E 
JO (TEI) 2200 II o s 108° E 

TABLE A-VI.-Apollo 8 Magazine D, 31,{)() Film-Continued 

Shutter Sun Other 
Mode Direction /-stop speed, angle, coverage 

sec deg 

H.O. hor Forward, 11 I /250 ;37 LO IV 39, 184, 
w 18.'i 

. . . . . 11 I /250 . .. 
. . . . . . 11 I /250 

11 1 /250 47 
11 I /2,50 .. 

H.O. hor s 11 1 /2ii0 ;~ij LO IV 27, 33, 
34, 38, 39, 46, 
ii2, ;'\3, [)9, 60, 
64, 184, 18:i 

H.O. hor s 11 I /2,'>0 4.'> 
. . . . . . . . . . . 

H.O. s 11 1/250 43 LO IV 9, IO, 
II, 12, .5, 6, 8 

L.O. s 11 1 /250 ;",0 LO IV 27, 33, 
34, 38, 39, 46, 
.'\2, ,53, ,'J9, 60, 
64, 184, 18.5 

s II I /2.'JO 01 LO IV S-121 .,'\ 
LO V 4, IO, 11, 

I 12, 27, 33 
s II I /250 61 LO I S-9 

LO III S-21..5 
H.O. hor E 11 1 /2.'",0 68 LO I S--9 

LO II S-ij 
LO IV 146, 147 

H.O. hor E 11 I /250 80 LO I S--9 
LO II S--3, S--4 

H.O. hor E 11 I /2.'lO 82 LO II S-;i, 
S-14 

L.O. E 11 I /2.50 82.;i ... 
L.O. E II 1 /250 74 LO I S-1, S--9 

LO II S--14 

Area 

W of Langrenus 

Earth 
Earth 
S of Tsiolkovsky 
Earth and lunar 

hor 
Humboldt 

Humboldt 
... . .. 

:\Iare Australe 

Humboldt 

:\fare Australe 

E of :\fare 
Australe 

Tsiolkovsky 

N of Tsiolkovsky 

N of Tsiolkovsky 

N of Tsiolkovsky 
Far side 

Remarks 

T/0 68 

T /0 .",8, T /0 5;~ 

T /0 58 
Overexposed 
2,'\0-mm lens 

T /0 .i8, T /0 5;; 

T /0 .i4 

Overexposed, 2J0-
mm lens, T/0 
28, 29, 31, 32, 
33, 3.5, :rn, 37, 
41, 44 

T /0 32, 33, 3:-i, 
36, 37,-41, 44 

T /0 44, 4ij 
T /0 4:i 

> 
'ti 
0 
r< 
r< 
0 



10 (TEI) 2201 100 s 100° E NV ....... 11 1 /250 68 LO I S-1 E of Mare T/0 58 
W II S-14 Smythii 

10 (TEI) 2202 50 s 900 E NV ..... 11 1 /250 60 W l S-1 Mare Smythii T /0 i,9 
W II S-14 
LO IV 20, 27 

10 (TEI) 2203 go s 68° E NV ...... 11 1 /2f)O 37 LO I 8-4 Langrenus T /0 6,'>, .:;9, 68 
10 (TEI) 2204 30 s 73° E NV N 11 1 /250 43 LO IV 28, 34 Gilbert T /0 59, 67 
10 (TEI) 2205 3° N 73° E NV N 11 1 /250 43 LO IV 35, 39, Gilbert T /0 59, 67 

40, 46 
10 (TEI) 2206 7° N 74° E NV N 11 l /250 43 LO IV 47, 53, Mare Undarnm T /0 66, !i!l, 67 

54, 165 
10 (TEI) 2207 7° N 82° E NV NW 11 1 /2r,O .'>2 LO IV 177, Neper T/0 ;}9 

178, 184, 18!i 
10 (TEI) 2208 9° N 86° E NV NW 11 1 /250 .',4 LO IV 191, N eper, Goddard 

192 
10 (TEI) 2209 24° N 100° E H.O. hor N 11 1/250 ,j6 LO II S-14 Joliot-Curie, 

LO IV 17, 18, Lomonosov 
20, 24, 16.', 

10 (TEI) 2210 36° s g,50 E L.O. s 11 1 /2i',O 40 LO IV 9, 10, ;\lare Australe, 
11, 12, 27, 33, Abel 
34, 38, 39 

10 (TEI) 2211 300 ,) s go• E L.O. s 11 1 /2,50 42 LO I S-9 ;\lare Australe 
LO IV 9, 10, 

11, 12, 27, 3.5 
10 (TEI) 2212 37° s 101 ° E L.O. s 11 1 /2.",0 47 LO I S-9 :\lare Australe T /0 ,,2 

LO IV 9, 10, 
11, 12, 27, 35 

10 (TEI) 2213 35° s 110° E H.O. hor SE 11 1/250 .'13 LO I S-9 :\lare Australe T /0 ,,2, ,'i4 
LO IV 9, 10, 

11, 12, 27, 35 
10 (TEI) 2214 36° s 116° E H.O. hor SE 11 1 /2,'iO ;j3 LO I S-9 Mare Australe T /0 38, 49, 52 

LO IV 9, 10, 
11, 12, 27, 3.5 



Frame 
Rev (ASS-13-) Lat Long 

...... 221.5 10.25° s 55 .• 5° E 

..... 2216 10.2.5° s ,55.33° E 
..... 2217 100 s 53.75° E 

2218 11.5° s 51.5° E 
2219 11.75° s . 50.75° E 
2220 11.92° s 49.,'i0 E 
2221 12.5° s 48° E 
2222 11..5° s 47.,5° E 
222a 11.92° s 46.5° E 
2224 11.25° s 4.5° E 

. . ...... 2225 10.7.5° s 44.7.5° E 

. . . . . . . . 2226 10.75° s 42.2.5° E 

........ 2227 12.5° 8 42.5° E 
.... 2228 50 s 38.5° E 

2229 5.5° s 37° E 
..... 2230 • 5.,5° s 36.5° E 

2231 50 s 3.5 .• 5° E 
..... 2232 PP in darkness 

...... 2233 PP in darkness 
2234 PP in darkness 
2235 PP in darkness 
2236 PP in darkness 
2237 PP in darkness 
2238 PP in darkness 
2239 PP in darkness 

...... 2240 PP in darkness 
........ 2241 PP in darkness 
. . . . . . . 2242 PP in darkness 
........ 2243 15° s 3,5° E 

2244 12° s 162° w 
224.5 110 s 164.5° w 
2246 15° s 16.5° w 

. . . . . . . . 2247 14° s 167° w 

........ 2248 18° 8 130° E 

..... 2249 17 .. 5° R 127° E 

TABLE A-VII.-Apollo 8 Magazine E, 31,()() Film 

Shutter Sun Other 
Mode Direction f-stop speed, angle, coverage 

sec deg 

L.O. s .5.6 1/250 23 LO IV 60, 6.5 
L.O. s .'>.6 1 /250 22 LO IV 60, 6.5 
L.O. s 5.6 1 /2.50 21 LO IV 60, 6.5 
L.O. s 5.6 1 /2.50 19 LO IV 60, 6;'\ 
L.O . s !\.6 1 /250 19 LO IV 60, 6.'i 
L.O. s L .5.6 I /2.50 18 LO IV 60, 6.5 
L.O. s 5.6 1 /250 17 LO IV 60, 65 
L.O. s 5.6 1 /250 ];, LO IV 60, 65 
L.O. s .5.6 1 /2.50 14 LO IV 60, 65 
L.O. s .5.6 1 /250 13 LO IV 60, 6.5 
L.0. s 5.6 1 /250 12 LO IV 60, 65 
L.O. s ,).6 1 /2.50 11 LO IV 60, 65 
L.O. 8 .5.6 1 /2.50 JO LO IV 60, 65 
L.O. s .5.6 1 /2.'"-,O 7 LO IV 60, 6.5 

L.O. s f>.6 1 /2.'"-,O 6 LO IV 60, 65 
L.O . s .5.6 1 /2.50 6 LO IV 60, 65 
L.O. s .'>.6 1 /250 4 LO IV 60, 65 
L.O. s 5.6 1 /250 a LO IV 65 
L.O. s .'i.6 1 /2.50 3 LO IV 6.5 
L.O. s i\.6 I /250 2 LO IV 65 
L.O. s f>.6 1 /250 2 LO IV 65 
L.O. s 5.6 1 /2.50 2 LO IV 6.5 
L.O. s 5.6 I /2.50 2 LO IV 65 
L.O. s 5.6 I /250 2 LO IV 6.'i 
L.O. s .3.6 1 /2.50 2 LO IV 6.5 
L.O. s .'i.6 1 /250 2 LO IV 6.5 
L.O. s 5.6 1 /250 2 LO IV· 65 
L.O. s .5.6 1 /250 2 LO IV 65 
H.O. s fl.6 1 /2,50 :l LO IV 6.5 
L.O. s fi.6 1 /250 10 LO II 75 
L.O. s 5.6 1 /2.50 15 LO I S-3 
H.O. s 5.6 1 /250 12 LO I S-3 
H.O. s ;'\.6 1 /2.50 II\ LO I S-3 
L.O. s 8 I /2,50 70 LO I S-9 

LO Ill S-21.5 
L.O. s 8 1 /2.50 72 LO I S-9 

LO III S-21..'\ 

Area 

Colombo 
Colombo 
Colombo 
Colombo 
Colombo 
Colombo 
Colombo 
Colombo 
Colombo 
Colombo 
Colombo 
Colombo 
Colombo 
Pyrenees Mt;-;. 

Pyrenees Mts. 
Pyrenees M ts. 
Pyrenees Mts. 
Pyrenees ~Its. 
Pyrenees Mts. 
Pyrenees Mts. 
Pyrenees Mt;-;. 
Pyrenees Mts. 
Pyrenees Mts. 
Pyrenees M ts. 
Pyrenees Mts. 
Pyrenees M ts. 
Pyrenees Mts. 
Pyrenees M ts. 
Fracastorius 
..... . .... 

. . . . . ..... 

. . . ... 
... 

Tsiolkovsky 

Tsiolkovsky 

Remarks 

T/0 72 
T/0 72 
T/0 72 
T/0 72 
T/0 72 
T/0 72 
T /0 72 
T /0 72 
T/0 72 
T/0 72 
T/0 72 
T/0 72 
T/0 72 
Term. shot in-

eluding T /0 90 

T/0 12 
T/0 12 
T/0 12 
T /0 12 
T/0 40 

T /0 :36('?) 

0 
',j 

> 
'ti 
0 
t< 
t< 
0 

00 

'ti 
::i: 
0 .., 
0 
0 

!!: 
'ti 
::i: 
-< 
> z 
0 



2250 17° s 126 . .'i0 E L.O. s 8 1/250 73 LO I S-9 Tsiolkovsky T /0 :36(?) 
LO III S--21.5 

2251 17° s 125° E L.O. s 8 1/250 74 LO I S-9 Tsiolkovsky 
LO III S--21.5 

2252 20° s 129° E H.O. s 8 1 /250 71 LO I S--9 Tsiolkovsky T /0 40 
LO III S-21.5 

2253 20° s 126.5° E H.O. s 8 1 /250 70 LO I S-9 Tsiolkovsky T /0 40 
LO III S-21.fi 

2254 21 ° s 126.r,0 E H.O. s 8 l /250 70 LO I S-9 Tsiolkovsky T/O 40 
LO III S--21.5 

2255 20° s 124.5° E H.O. s 8 1 /2.",0 70 LO I S-9 Tsiolkovsky T /0 40 
LO III S-21.5 

2256 20° s 116.5° E L.O. s 8 1 /250 72 LO I S-9 W of Tsiolkovsky T/O 49 
LO III S-21.5 

2257 o.,'Jo N 35..lj° E NV s 5.6 l /2.",0 5 LO I S-6, S-7, Wes tern edge of Term. shot 
A-2 Mare Fecnndi-

tatis 
2258 0.5° N 35.25° E NV s .:;.6 1 /250 4 LO IV V-6, Wes tern edge of 

V-12 Mare Fecnndi-
tatis > 

'"O 
2259 0.5° N 39.75° E NV s .5.6 1 /250 3 LO IV 72, 7:3 Western edge of '"O 

l'J 
Mare Fecundi- z 
tatis 

t::, 

2260 0.5° N 34° E NV s f).6 l /250 2 Western edge of 
~ 

Mare Fecnndi- > 
tatis 

2261 0.5° N 33.5° E NV s .'j.6 1 /250 Wes tern edge of 
Mare Fecundi-
tatis 

2262 15° s 93° E L.O. s 5.6 l /250 63 LO II S-14 NE of Humboldt T/O 58 
2263 14° s 90.5° E L.O. s .5.6 1/250 62 LO II S--14 NE of Humboldt T /0 58 
2264 18° s 93° E H.0. s 5.6 1 /250 62 LO II S-14 NE of Humboldt T/O .'i8 
2265 18° s 91.5° E H.O. s 5.6 1 /250 60 LO II S-14 NE of Humboldt T /0 i>8 
2266 13.5° s 79.5° E L.O. s 8 1/250 47 LO IV 178 
2267 13.5° s 78.5° E L.O. s 8 1 /2.50 46 LO IV 178 
2268 14.5° s 78° E L.O. s 8 l /250 4.'i LO IV 178 T/O 63 
2269 18° s 79° E H.O. s 8 1 /2.",0 45 LO IV 178 T/O 63 
2270 110 s 710 E L.O. s 8 l /250 39 LO IV 184 T/O 6,'i 
2271 H.O. w /',.6 1 /250 8 LO I S-6, S-7 Mare Tranquil- Training sequence 

Principal line runs (?) (?) litatis 
2272 from 42° E, 30.25° H.O. w 5.6 1 /250 LO II P-2 Mare Tranquil- Training sequence 

N, to 33.5° E, 4 . .5° (?) (?) litatis 
2273 N H.O. w S.6 1 /250 LO IV 73, 76 Mare Tranquil- Training sequence -( ?) (?) litatis 0-, 

<.O 



TABLE A-VII.-Apollo 8 Magazine E, 31,00 Film-Continued -8 
Frame Shutter Sun Other 

Rev (ASS-13-) Lat Long Mode Direction /-stop speed, angle, coverage Area Remarks 
sec deg 

. . . . . . . . 2274 H.O. w 5.6 I /250 5 LO V V-5.1, Mare Tranquil- Training sequence 
(?) (?) V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 

. . . . . . . 2275 H.O. w 5.6 I /250 . . . . . ... LO V V-5.1, Mare Tranquil- Training sequence 
(?) (?) V-6, V-9.I, Ii ta tis 

V-lla, 
V-llb, V-12 

. . . 2276 H.O. w ;;.6 I /250 ..... . . . . LO V V-5.1, Mare Tranquil- Training sequence 
(?) (?) V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 

. . . . . . . 2277 H.O. w 5,6 I /250 ...... LO V V-5.1, Mare Tranquil- Training sequence 
(?) (?) V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 

. . . . . . . . 2278 Principal line runs H.O. w ,5,6 1 /250 . . . . . . .... LO V V-5.1, Mare Tranquil- Training sequence 
from 42° E, 30.25° (?) (?) V-6, V-9.I, litatis 
N, to 33.5° E, 4.5° V-lla, 
N V-llb, V-12 

. . . . . 2279 H.O. w .'J.6 I /250 ...... LO V V-5.1, ~fare Tranquil- Training sequen('e 
(?) (?) V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 

.... 2280 H.O. w 5.6 I /250 2 LO V V-5.1, Mare Tranquil- Training sequence 
(?) (?) V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 

. . ...... 2281 H.O. w 5.6 I /250 2 LO V V-5.1, Mare Tranquil- Training sequence 
(?) (?) V-6, V-9.I, litatis 

V-lla, 
V-llb, V-12 

. . . . - . . . 2282 L.O. w .5.6 I /250 .......... LO V V-5.1, Mare Tranquil- Training sequence 
(?) (?) V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 



2283 L.O. w ;"i.6 I /250 LO V V-;"i.l, ;\fare Tranquil- Trai11ing sequence 
(?) (?) V-6, V-9.1, lit at is 

V-lla, 
V-llb, V-12 

2284 L.O. w 5.6 1/2.50 LO V V-.5.1, ;\!are Tranquil- Trai11ing seqnenee 
(?) (?) V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 

228/j L.O. w 5.6 1/250 LO V V-5.1, ;\lare Tranquil- Training sequence 
(?) (?) V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 

2286 L.O. w 5.6 I /250 LO V V-5.1, ;\fare Tranquil- Training sequence 
(?) ('?) V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 

2287 L.O. w ,-;.6 1/250 LO V V-,'i.l, ;\[are Tranquil- Training sequence 
(?) (?) V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 

2288 Principal line runs L.O. w 5.6 1 /2,50 LO V V-5.1, ;\lare Tranquil- Training sequence ;,,. 
";l 

from 42° E, 30.2.5° (?) (?) V-6, V-9.1, litatis ";l 
t,J 

N, to 33.5° E, 4.5° V-lla, z 
1::1 N V-llb, V-12 
>< 2289 L.O. w 5.6 1 /250 LO V V-;"i.l, :Mare Tranquil- Training sequence ;,,. 

(?) (?) V-6, V-9.1, litatis 
V-lla, 
V-llb, V-12 

2290 L.O. NW 5. 6 1 /250 LO V V-.5.1, ::\lare Tranquil- Training sequence 
(?) (?) V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 

2291 L.0. NW 5.6 1 /2.",0 LO V V-.5.I, .\lare Tranquil- Training sequence 
(?) (?) V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 

2292 L.O. NW .'J.6 I /250 LO V V-.5.1, ;\[are Tranquil- Training sequence 
(?) (?) V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 

2293 L.0. NW ;j.6 1 /250 LO V V-5.1, ::\[are Tranquil- Training sequence 
(?) (?). V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 ..... 

Cf> ..... 



TABLE A-VII.-ApoUo 8 Magazine E, 3400 Film-Continued 

Frame Shutter Sun Other 
Rev (ASS-13-) Lat Long Mode Direction f-stop speed, angle, coverage Area Remarks 

sec deg 

. . . .... 2294 L.O. NW 5.6 1/250 LO V V-.'>.l, Mare Tranquil- Training sequence 
(?) (?) V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 

' ... 2295 L.O. NW 5.6 I /250 ' ..... LO V V-5.1, '.\lare Tranquil- Training sequence 
(?) (?) V-6, V-9.1, JitatiH 

V-lla, 
V-llb, V-12 

2296 L.O. NW 5.6 I /250 LO V V-5.1, '.\fare Tranquil- Training ;;equence 
(?) (?) V-6, V-9.I, lit at is 

V-lla, 
V-llb, V-12 

. . . . . . . . 2297 L.O. NW 5.6 I /2,'"J0 ..... LO V V-5.1, '.\lare Tranquil- Training sequence 
(?) (?) V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 

. . . . .... 2298 Principal line runs NV NW 5.6 I /2.50 . . . . ... LO V V-.5.1, Mare Tranquil- Training sequence 
from 42° E, 30.25° (?) (?) V-6, V-9.1, litatis 
N, to 33.!i 0 E, 4.,5° V-lla, 
N V-llb, V-12 

. . . . . . . 2299 NV NW .j.6 I /250 ..... LO V V-5.1, '.\-fare Tranquil- Training sequence 
(?) (?) V-6, V-9.1, litatis 

V-lla, 
V-1 lb, V-12 

. . . .... 2300 NV NE ;"j.6 1 /250 2 LO V V-5.1, ;\lare Tranquil- Training sequence 
(?) V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 

....... 2301 NV NE .5.6 I /250 . . LO V V-5.I, .Mare Tranquil- Training sequence 
(?) V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 

.... . . 2302 NV NE .5.6 1 /2.50 . .... LO V V-.5.1, '.\-lare Tranquil- Training sequence 
(?) V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 



2303 L.O. NE fl.6 l /250 LO V V-5.l, Mare Tranquil- Training sequence 
(?) V-6, V-9.l, litatis 

V-lla, 
V-llb, V-12 

2304 L.O. NE !1.6 1/250 LO V V-.'i.1, Mare Tranquil- Training sequence 
(?) V-6, V-9.1, litatis 

V-lla, 
V-llb, V-12 

2305 L.O. NE ;).6 1 /250 . .. LO V V-5.1, Mare Tranquil- Training sequence 
(?) V-6, V-9.1, litatiis 

V-lla, 
V-llb, V-12 

2306 Principal line runs L.O. NE .'i.6 1 /2.'',0 LO V V-.'i.l, Mare Tranquil- Training sequence 
from 42° E, 30.25° (?) V-6, V-9.1, litatis 
N, to 33.5° E, 4.5° V-lla, 
N V-llb, V-12 

2307 L.O. NE fl.6 1 /250 LO V V-.'i.l, Mare Tranquil- Training sequence 
(?) V-6, V-9.I, litatis 

V-lla, 
V-llb, V-12 

2308 L.O. NE fl.6 1 /2.'iO LO V V-/U, :\fare Tranquil- Training sequence > 
'"d 

(?) V-6, V-9.1, litati'I '"d 
l'!I 

V-lla, z 
i:::, 

V-llb, V-12 ... 
2309 L.O. NE 5.6 1 /250 LO V V-ii.1, Mare Tranquil- Training sequence 

:,< 

(?) V-6, V-9.1, litatis > 
V-lla, 
V-llb, V-12 

2310 6.5° s 150 . .5° W L.O. s .'i.6 1 /250 1 LO I S--3 .............. Term. shot (far 
side) 

2311 70 s 150.5°W L.O. s 5.6 1 /250 2 LO I S-3 
2312 8.5° s 150.5°W L.O. s .5.6 1 /2.'iO 2 LO I S-3 
2313 10.5° s 149.5° w L.O. s 5.6 1 /2t,0 LO I S-3 Term. (far side) 
2314 12° s 150./j0 W L.O. s S.6 1 /250 1 LO I S-3 
231.'J 13.S0 s 151° w L.O. s .5.6 1 /250 1 LO I S-3 
2316 90 s l/j3.5° W L.O. s .5.6 1 /2SO 4 LO I S-3 
2317 70 s 1/,9 . .5° W L.O. s 5.6 1 /2.50 10 LO I S-3 
2318 4.S0 s 165 . .5° W L.O. s ,5.6 1 /250 17 LO I S--3 T /0 12 
2319 18° s 163.5°W H.O. s 5.6 1 /2,50 12 LO I S-3 T /0 10 
2320 15° s 170° w H.0. SE 5.6 . .. 17 LO I S-3 
2321 14.5° s 174.5° E L.O. SW ,'i.6 3/i LO II S--5 T/0 20 
2322 15° s 172.5° E L.O. SE 5.6 37 LO II S-5 T/0 19 
2323 15° s 172° E L.O. SE .5.6 38 LO II S-.5 T /0 19 
2324 17° s 171° E L.O. SE .5.6 38 LO II S-.'i . . . . T /0 19 .... 
2325 17 . .';0 s 168° E L.O. SE ij.6 41 LO II S-.5 T /0 23 ~ 



Frame 
Rev (ASS-13-) Lat Long 

.... 2326 16° s 158° E 
2327 19° s 144° E 

..... 2328 17° 8 140° E 
... 2329 PP in space 

. . . ... 2330 oo 107°20'E 

.... 2331 1.50 N 90° E 

2332 2.5° N 87.ii0 E 

.... 2333 . . . . . . . 

... . .. 2334 PP in darkness 

2335 ll.:'i0 N 31 ° E 

.... 2336 12° N 31 ° E 

..... 2337 i-o .-, N 31..5° E 

.... 2338 PP on horizon 

.. 2339 10 s ,_ 54° E 

... ' 2340 0.5° s 50° E 

TABLE A-VII.-Apollo 8 Magazine, E, 3¥J() Film-Continued 

Shutter Sun Other 
Mode Direction f-stop speed, angle, coverage 

sec deg 

L.O. SE ,",.6 ;jJ LO II 8-~) 

L.O. SE 8 I /250 61 LO III :-.rn-
121 

LO I :\IH-11.'l 
L.O. SE 8 1 ;2r,o ,;7 LO I :\IR-I L'i 
H.O. SW I /2.'>0 LO I S-9 

LO II S-14 
LO III s-21.;; 

H.O. N I /2,'">0 76 LO I S-9 
LO II S-14 
LOIIIS-2Li 

L.O. N 8 I /2.'i0 ,;9 LO I S-1 
LO II S-14 

L.O. N 8 I /2,">0 .i7 LO I S-1 
LO II S-14 

H.O. . . . . . . . . . . . . . . . . . . . . . . . . . ...... 

L.O. N ,i.6 1 /2,iO I LO IV 78 

L.O. N ;;,6 I /2.'i0 I LO IV 78 

H.O. N ;j,6 1 /2,",0 I LO IV 78 

H.O. N 5.6 1 /250 I LO IV 78 

H.O. N ;),6 1 /2.'>0 1 LO IV 78 

H.O. w i>.6 1 /2,i0 .,-
-'l LO I S-4, 

S-5, S-6 
LO II S-1 

H.O. w ;;,6 1 /250 20 LO III P-2 
LO IV ;'>3, rJ4, 

60, 61 

Area 

. .... 

E of Tsiolkovsky 

E of Tsiolkovsky 
Looking toward 

(iibbs 

E of '.\lare 
Smythii to hor 

. . . . .... 

. . . . . . .... 

Nort.hern part of 
:\lare Tranquil-
Ii ta tis 

Northern part of 
:\[are Tranquil-
litati:s 

N ort.hern part of 
:\!are Tranquil-
lit.atis 

N ort.hern part of 
:\!are Tranquil-
litatis 

:\fare Tranquil-
litatis 

:\!are Tranquil-
litatis 

.... 

Remarks 

T/O 21-l 

T /0 :H('?) 
:\loon /Earth shot 

T /0 .i9 (in part) 

Overexpo;;ed frame, 
insufficient detail 
to plot 

Tenn. (near side) 

> z 
> 
t"' 
~ 
r/) 

ii 
0 
'-:I 

> 
"' 0 
t"' 
t"' 
0 



2341 PP on horizon H.O. w i\.6 l /250 17 LO V V-3.1, 
V-5.1, V-6, 
V-8a, V-8b 

2342 o .. ~o N 38° E H.O. w li.6 1 /250 10 LO I A-1, S-6, 
S--7 

2343 zo N 35° E H.O. w 5.6 1 /250 5 LO II P-2 
LO III P-2 

2344 PP on horizon H.O. NW !\.6 1 /250 6 LO IV V-5.1, 

I 

V-6, V-lla, 
llb, V-12, 
V-9.1 

2345 PP in space H.O. NW 5.6 1 /2.",0 ;3 LO IV V-.5.1, 

I 
V-6, V-lla, 
V-llb, V-12, 
V-9.1 

........ 2346 PP in space H.O. NW 4 1 /250 LO IV 63, 73, _:\fare Tranquil-

I 78 litatis 
2347 PP in space H.O. w 4 1 /2.'i0 LO V V-9.1 NW of Mare 

Tranquillitatis 
2348 14.5° N 30° E H.O. N 2.8 1 /2;"',0 LO V V-9.l Term. shot near 

side > 
'O 

2349 13° N 30.25° E L.O. N 2.8 LO V V-9.1 NW of :'.\!are 'O 
t'J 

Tranq uillha ti~ z 
t::, 

2350 u;o N 30° E L.O. N 2.8 LO V V-9.1 NW of :\fare 
>< Tranquillitatis > 

2351 PP on horizon L.O. N 2.8 1 LO V V-9.1 NW of Mare 
Tranquillitatis 

2352 TEI Moon 80-mm lens 
2353 TEI Moon 80-mm lens 
2354 TEI :'.\loon 80-mm lens 
2355 TEI :'.\ioon 80-mm lens 
2356 TEI Moon 80-mm lens 
2357 TEI Moon 80-mm lens 

2358 TEI l\loon 80-mm lens 
2359 TEI ;\loon 250-mm lens 

2360 TEI ;\loon 2,50-mm lens 

2361 ... TEI :'.\loon 2.'iO-mm lens 
2362 TEI ......... Moon 2.'iO-mm lens 

2363 . . . . TEI ......... Moon 250-mm lens 
2364 TEI Moon 250-mm lens 
2365 TEI Moon 250-mm lens 

2366 TEI ......... Moon 2!">0-mm lens 
. . . . . . . . 2367 TEI ........ Moon 250-mm lens 

2368 . . . . . . . . . TEI ......... Moon 250-mm lens -2369 TEI Earth 2,50-mm lens ~ 
. . . . . . . . . ' ........ . . . . . . . . . . .......... i:.r, 



Frame 
Rev (ASS-13-) Lat 

. . . . . . . 2370 . . . 
2371 . . . 

. . . . . . 2372 . . . . . 

. . . . . 2373 . . . . .. 
. . . . . 2374 . .. . . . 

. . . . . . . 2375 . . . . . . 

TEI. .. 2376 
TEI. .. 2377 
TEI. .. 2378 
TEI. .. 2379 
TEI. .. 2380 . . . . . . . 
TEI .. 2381 ....... 
TEI. .. 2382 I 

i 
. . . . . 

TABLE A-VIL-Apollo 8 Magazine E, 34()0 Film-Concluded 

I 

Shutter Sun Other 
Long Mode Direction /-stop speed, angle, coverage 

sec deg 

TEI . ..... .......... . . . ... 
TEI ..... . .. 
TEI .. . .... 

TEI . ... . . . . . . ... .... 
TEI . . . ...... 

TEI . . ..... 

i ... 

I 
. . . ...... 

.... i . . . . i 
.. I 

I 
! 

. . . . . . . . . . .... •••• I . i 
I I . ... . .... 

I --I . . I 
... 

I 

Area 

Earth 
Earth 
Earth 
Earth 
Earth 
Earth 
Earth 
Earth 
Earth 
Earth 
Earth 
Earth 

I Earth 

Remarks 

2;""i0-mm lens 
2!")()...mm le11s 
2.'>0-mm lens 
2:Jl-mm lens 
2ti0-mm lens 
2fi0-mm lens 
2.'>0-mm lens 
2:'lO-mm lens 
2!i0-mm le11s 
250-mm le11s 
2.;;0-mm lens 
2.'i0-mm lens 
2.'iO-mm lens 

;.
"O 
0 
t< 
t< 
0 

;.
z 
C 



Frame 
Rev (ASS-15-) Lat 

-~--

TLC .... 2535 
TLC ... 2536 
TLC ... 2537 
TLC ... 2;i38 
TLC ... 2,">39 
TLC ... 2,-540 
TLC ... 2541 
TLC .... 2,542 
TLC ... 2.'i43 
TLC .. 2544 
TEC .... 2545 
TEC .... 2546 
TEC .... 2547 
TEC .... 2.548 
TEC .... 2549 
TEC .... 2,5:,0 
TEC .... 2,'i,-51 
TEC .... 2,552 
TEC .... 25.53 
TEC .... 25.54 
TEC .... 2555 .......... 

TEC .... 2556 
TEC .... 25fi7 
TEC. 25,'i8 
TEC .... 2.5.59 
TEC .... 2560 
TEC .... 2,561 
TEC .... 2.562 
TEC .... 256.'3 

to 
2,573 

TEC .... 2574 
to 
2.580 

Long 

TABLE A-VIII.-Apollo 8 Magazine F, S0-121 Fum 

Shutter 
Mode Direction f-stop speed, 

sec 

Sun 
angle, 

deg 

Other 
coverage Area Remarks 

1-----1-----1-----1----1----1------------- -------~-~ ~-- -----

Earth 80-mm len, 
Earth 80-mm lens 
Earth 80-mm len, 

Earth 80-mm lens 
Earth 80-mm lens 
Earth 80-mm lens 
Earth 80-mm len.s 
Earth 80-mm lens 
Earth 80-mm lens 
~loon 80-mm Jens 
:\loon 80-mm lens 
~loon 80-mm lens 
Moon 80-mm lens 
Earth 80-mm lens 
Earth 80-mm lens 
Earth 2.'iO-mm lens 
Earth 2.'i0-mm lens 
Earth 2.'iO-mm lens 
Earth 2,'iO-mm lens 
Earth 2.'i0-mm lens 
Earth 250-mm lens 
Earth 2,iO-mm lens 
Earth 2.'}0-mm lens 
Earth 2:>0-mm lens 
Earth 250-mm lens 
Earth 2,'i0-mm lens 
Earth 2.'i0-mm lens 
Earth 80-mm lens 

Earth 2.'}0-mm lens 

> 
"<) 
"<) 
t,j 

z 
I:' ..., 
>< 
> 



Frame 
Rev (AS8-18-) JA'lt Long 

2828 go s 149° w 
2829 90 s 149° w 

... 2830 100 s 149° w 

. . . . 2831 110 s 149° w 

...... 2832 15° s 148° w 
2833 . . . . ........ 

.... 2834 16° s 158° w 
2835 16° s - 171° w 
2836 190 s 179° w 

.. 2837 16° s '- 175° E 
2838 14° s 174° E 

. . . . 2839 20° s 174° E 
. . . . . . . 2840 16° s 173° E 

. . . . 2841 15° s 172° E 
. . . . . . 2842 17° s 167° E 
. . . . . . . . 2843 21 ° s 157° E 
. . . . . . . . 2844 15° s 155° E 
. . . . . . . . • 2845 ooo s 850 E 

. . . . . . 2846 08.5° s 81° E 
2847 110 s '- 78° E 
2848 14° s 76° E 
2849 16° s 7,i0 E 

28ii0 ... 

28Sl 14° N 67° E 
. . . . . . 2852 Not plotted, same 

area as 2853 
. . . 2853 10° N 72° E 

28fi4 03° s llO° E 
. . . 285S . . . . . . ...... 

28.56 26° N .58° E 
28i;7 :Ho N 63° E 

..... 2858 
.... 2859 . . 

...... 2860 39° N 63° E 

. . . . . . . . 2861 . . . . . ..... 

. . . 2862 . . . . . . . ...... 
. . . . . . 2863 3° N 660 E 

TABLE A-IX.-Apollo 8 Magazine G, 2458 Fi/,m 

Shutter Sun Other 
.\fode Direction f-stop speed, angle, coverage 

sec deg 

NV s ,_ 1 /2t,O 0 
NV s 1 /250 0 
L.O. s . .... 1 /2.",O 0 
L.O. s 1 /250 () ...... 

L.0. s 1 /250 () 

H.O. s I /250 
H.O. s I /250 8 . I 

L.O. s I /2.'"iO 20 
H.O. s I /21>0 28 ... 

L.O. s 1 /250 34 
L.O. s . . . . . 1 /250 36 .. 

H.O. s . . . . . . . . 1 /250 34 ..... 

L.O. s . ....... 1 /250 36 ..... 

L.O. s . ..... 1 /250 37 . . . ..... 

L.O. s . ..... 1 /250 42 . . . . . 
L.0. s . . 1 /250 48 ...... ... 

L.0. E 1 /250 S4 ...... . .... 

NV . . 1 /2.'jO .57 ........ 

NV s . .. I /2."-iO 48 ........ 

NV s 1 /2.50 47 
NV s 1 /250 44 
NV s 1 /250 42 I 

H.O. E 1 /2."-iO 
L.O. N 1 /2.50 3,i 
L.O. N ..... 

L.O . N . .. I /2.50 47 
H.O. E .... 1 /250 3 

. . . . . . ..... . .... . .. 
H.O. N .... 20 Possible filter 
H.O. N 1 /2;j() 20 Possible filter 
H.O. E 1 /2."-iO Possible fiHer 
H.O. E 1 /250 . . . .... 
H.O. NE 1 /250 . .. 
H.O. NE 1 /250 . ... 

H.O. NE 1 /250 . .... 

L.O. N . .. I /2SO 3,5 

Area 

-~ 

Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 
Far side 

. .. 

... 

Far side 

.\fare N el'! aris 

.\!are Crisium 

.\fare Crisium 

.\fare Crisium 
E of .\tare Smythii 
E of .\tare Smythii 
Mare Crisium 
.\tare Crisium 
l\lare Fecunditati..~ 
.\Iessier, .\tessier A 
Palus Somni 
Newcomb 
Geminus 

. .. .. 

Remarks 

Term. 
Term. 
Term. 
Term. 
Term. 
Term. 

T /0 20 (partial) 

T /0 20 (partial) 
T /0 20 (partial) 
T/0 23 
Uncertain 

T /0 .59 

T/0 6;; 
T /0 62 (partial) 
T/0 .58 

Slightly blurred, 
nut plotted 

Slightly blmred 

Slightly blurred 

T /0 67 (partial) 

> 
'"tl 
0 
t"' 
t"' 
0 



2864 13° N 65° E L.O. N 1/250 33 
2865 24° N 67° E H.O. N 1 /250 30 
2866 36° N 68° E H.O. N 1 /2."i0 2.", 
2867 H.O. N 1/250 PP in space 
2868 24° s 95° E H.O. SW 1/250 ,i5 Far side T/O .'i4 
2869 150 s 92° E L.O. SW 1 /2.50 .'i8 Far side 
2870 40 s 95° E L.O. s 1 /250 65 ".\Iare Smythii T/O :i6 
2871 110 N 97° E H.O. NW 1 /2."iO 6.'i Joliot-Curie T /0 ,i.i 
2872 34° N 113° E H.O. NW 1 ;2r,o .'i0 Joliot-Curie 
2873 L.O. N Ea.~tern portion of Blurred 

::\!are Crisium 
2874 N Eastern port ion of Not plotted 

:'.\ I are Crisi nm 
2875 H.O. Blurred 
2876 H.O. ......... Blurred 
2877 :'.\lare Smythii Blurred, not 

plotted 
2878 13° N 540 E L.O. N 33 Possible filter :'.\lare Crisinm Slightly blnrred 
2879 13° N 540 E L.O. N 33 Possible filter :\Iare Crisium 
2880 05° s 58° E NV s 28 Possible filter Langrenns Slightly blnrred 
2881 03° s 56° E NV s 28 Possible filter Langrenus T/O 68 > 

"' 2882 H.O. N Possible filter Gauss "' t'j 
2883 H.O. N Possible filter Gauss Exp change z 

~ 2884 H.O. NW .i7 Possible filter Joliot-Curie 
>< 2885 22° N 94° E H.O. N Possible filter Joliot-Curie Exp change > 2886 H.O. N Possible filter Very high hor 

TEC .... 2887 H.O. 
photo 

Unable to locate 
TEC .... 2888 Entire Moon 
TEC .... 2889 Entire Moon Exp change 
TEC .... 2890 Possible filter Entire Moon Exp change 
TEC .... 2891 Possible filter Entire Moon Exp change 
TEC .... 2892 Possible filter Entire Moon Exp change 
TEC .... 2893 22° N 94° E Possible filter Entire Moon Exp change 

2894 1 /250 Possible filter Entire Moon Exp change 
2895 Possible filter Entire Moon Exp change 
2896 Possible filter Entire Moon Exp chanii:e 
2897 ......... Possible filter Entire Moon 
2898 Possible filter Entire Moon 

........ 2899 Possible filter Entire Moon 
2900 Possible filter Entire Moon 
2901 Possible filter Entire Moon 
2902 Possible filter Entire Moon I Scale l'hange -See footnote• at end of table. a, 

,:; 



TABLE A-IX.-Apollo 8 Magazine G, 2458 Film-Concluded 

Frame Shutter Sun Other 
Rev (AS8-18-) Lat Long Mode Direction f-stop speed, angle, coverage Area Remarks 

sec deg 

.... 2903 . . . . . . . .... . . . . . . . . Possible filter . .. 

.... 2904 . . . . . . . . . . . . . . .. Po;;,;ible filter . . . . . ... 

2905 . . . . . .... . . . . . Possible filter . .... 

..... 2906 . .... . .. 

I 
. . . . . ... Possible filter Exp change 

2907 ...... . . . . . . . . . . . . . . Possible filter 
2908 

I 
Possible filter .. 

I I 
I 

• Between frames 2844 and 284,'>, there are 20 very dark exposures of the lunar surfaee. These are not numbered and are too dark to be of value. Xo attempt 
was made to plot or index these frames. 

> 
7. 



MAGAZINE 

A 
ASS-16-2581 to 2658 





MAGAZINE A 173 

ASB-16-2581 ASB-16-2582 

ASS-16-2583 ASB-16-2584 

ASB-16-2585 ASS-16-2586 

( Ava dab/, In color.) 



~----~-"-------

174 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

ASB-16-2587 ASS-16-2588 

ASB-16-2589 ASS-16-2590 

ASB-16-2591 ASS-16-2592 

( :1tr1tlr1h!e m rolur.) 



MAGAZINE A 175 

ASS-16-2593 ASS-16-2594 

ASS-16-2595 ASS-16-2596 

ASS-16-2597 A S8---16----2598 

(Arailablf' in color.) 



--- ----------

176 ANALYSIS O~' APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

ASS-16-2599 ASS-16-2600 

ASS-16-2601 ASS-16-2602 

ASS-16-2603 ASS-16-2604 

(.ivailabl, in color.) 



MAGAZINE A 177 

ASS-16--2605 ASS-16--2606 

ASS-16-2607 ASS-16--2608 

ASS-16-2609 ASB-16--2610 

(Available in color.) 



178 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

'.i?! • 

ASS-16-2 611 ASS-16-2612 

ASS-16-2613 ASS-16-2614 

ASS-16-2615 ASS-16-2616 

(Available in color,) 



MAGAZINE A 179 

BLANK BLANK 

ASS-16-2617 ASS-16-2618 

ASS-16-2619 ASS-16-2620 

ASS-16-2621 ASS-16-2622 

(.4vailable in color.) 



-------------

180 ANALY8l8 OF APOLLO 8 PHOTOGRAPHY A.SD Vl8UAL OBSERVATIONS 

ASS-16-2623 ASS-16-2624 

ASS-16-2625 ASS-16-2626 

ASS-16-2627 ASS-16-2628 

(.11,ailaWr in ,·olor.) 



MAGAZINE A 181 

ASB-16-2629 ASB-16-2630 

ASB-16-2631 ASB-16-2632 

ASB-16-2633 ASB-16-2634 

(Allailable in rolor.) 



182 A.!\'ALYSIS OF APOLLO 8 PHOTOGRAPHY A.!\'D VISUAL OBSERVATIONS 

ASB-16---2635 ASB-16---2636 

ASB-16-2637 ASB-16-2638 

ASB-16---2639 ASB-16---2640 



MAGAZINE A 183 

ASS-16-2641 ASS-16-2642 

ASS-16-2643 ASS-16-2644 

ASS-16-2645 ASS-16-2646 

(A11aila/Jle in color.) 



184 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

ASB-16-2647 ASB-16-2648 

ASB-16-2649 ASB-16-2650 

ASB-16-2651 ASB-16-2652 

(Availabl, iT< color.) 



MAGAZINE A 185 

ASS-16-2653 ASB-16-2654 

ASB-16-2655 ASS-16-2656 

ASS-16---2657 ASB-16-2658 

(.h•ailahle in colur,) 





MAGAZINE 

B 
ASS-14-2383 to 2534 





MAGAZINE B 189 

z 

ASS-14-2383 ASS-14-2384 

ASS-14-2385 ASS-14-2386 

ASS-14-2387 ASS-14-2388 

( Amilahle 1·11 rn{nr. ) 



190 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSEHVATION8 

2! 

ASS-14-2389 ASS-14-2390 

ASS-14-2391 ASS-14-2392 

ASS-14-2393 ASS-14-2394 

( .1i rulahlf m rnlor. J 



MAGAZINE B 191 

z • 2 • 

ASS-14-2395 ASS-14-2396 

ASS-14-2397 ASS-14-2398 

ASS-14-2399 ASS-14-2400 

(A 1.Jailablr in rolur.) 



192 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

ASS-14-2401 ASS-14-2402 

ASS-14-2403 AS 8-14-2404 

ASS-14-2405 ASS-14-2406 

(.4,ailabl, i11 color.) 



MAGAZINE B 193 

ASB-14-2407 ASB-14-2408 

ASB-14-2409 ASB-14-2410 

ASS-14-2411 ASS-14-2412 

(Availablt- 1·n color.) 



194 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

ASS-14-2413 ASB-14-2414 

ASS-14-2415 ASS-14-2416 

ASS-14-2417 ASS-14~2418 

(Available in color.) 



MAGAZINE B 195 

ASS-14-2419 ASB-14-2420 

ASB-14-2421 ASS-14-2422 

ASS-14-2423 ASS-14-2424 

(.4vailable in color.) 



196 ANALYSJ8 <H' APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

ASS-14-2425 ASS-14-2426 

ASS-14-2427 ASS-14-2428 

ASS-14-2429 ASS-14-2430 

(.4t•ailablr in rolor.) 



MAGAZINE B 197 

ASS-14--2431 ASS-14--2432 

ASS-14--2433 ASS-14--2434 

ASS-14--2435 ASS-14--2436 

(Availabl, in color.) 



198 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISCAL om,~;RVATIONS 

ASS-14-2437 ASS-14-2438 

ASS-14-2439 ASS-14-2440 

ASS-14-2441 ASS-14-2442 

(.11,1n.ilaf1le in <'olor.) 



MAGAZINE ll 

ASB-14-2443 ASB-14-2444 

ASB-14-2445 ASB-14-2446 

ASB-14-2447 AS8-14- 2448 

(A1milabl,. i11 rolor.) 



200 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OB8ERVATION8 

ASB-14-2449 ASB-14-2450 

ASB-14-2451 ASS-14-2452 

ASS-14-2453 ASS-14-2 454 

(Availablt' ia culor.) 



MAGAZINE B 201 

ASB-14-2455 ASS-14-2456 

ASB-14-2457 ASS-14-2458 

ASS-14-2459 ASS-14-2460 

(.4vailable i" culur.) 



202 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

ASS-14-2461 

r 
~· 

~= 
,.;.,.-; 

ASS-14-2463 

ASS-14-2465 

ASS-14-2462 

ASS-14-2464 

ASS-14-2466 

(.·hailalile i11 rolor.) 



ASS-14-2467 

ASS-14-2469 

ASS-14-2471 

(Available i11 rolor.) 

t 

• • 

MAGAZINE B 

. 

203 

' • 
ASS-14-2468 

ASS-14-2470 

•\ .• !'Ii!' . ~ . 

ASB-14-2472 



204 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

ASS-14-2473 ASS-14-2474 

ASS-14-2475 ASS-14-2476 

ASS-14-2477 
(Available•·,, color.) 



MAGAZINE B 205 

ASS-14-2479 ASS-14-2480 

ASS-14-2481 ASB-14-2482 

ASS-14-2483 ASS-14-2484 
(A,ailable in color.) 



------~ ~~-------------

206 ANALYSIS lH' APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

ASS-14-2485 ASS-14-2486 

ASS-14-2487 ASS-14-2488 

ASS-14-2489 ASS-14-2490 

(:trailablt' 1·n color.) 



MAGAZINE B 207 

ASS-14-2491 ASS-14-2492 

ASS-14-2493 ASS-14-2494 

ASS-14-2495 ASS-14-2496 

(Available in l'olor.) 



208 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

ASS-14-2497 ASS-14-2498 

ASS-14-2499 ASS-14-2500 

ASS-14--2501 ASS-14--2502 

(.4 vailabl~ in color.) 



MAGAZINE B 209 

ASB-14-2503 ASS-14-2504 

ASS-14-2505 ASS-14-2506 

ASS-14-2507 ASS-14-2508 

(.Auailablt> in color.) 



210 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

ASS-14-2509 ASB-14-2510 

ASS-14-2511 ASB-14-2512 

ASS-14-2513 ASS-14-2514 

(A vailabl, in color.) 



MAGAZINE B 211 

ASB-14-2515 ASB-14-2516 

ASS-14--2517 ASB-14--2618 

ASS-14--2519 ASB-14-2520 
(.-trail<lhle iri rulur.) 



~- --- ---------

212 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

ASS-14-2521 ASB-14-2522 

ASS-14-2523 ASS-14-2524 

ASS-14-2525 ASS-14-2526 

(:1u11fofil,- rn r·olor.) 



MAGAZINE B 213 

ASS-14-2527 ASS-14-2528 

ASS-14-2529 ASS-14-2530 

ASS-14-2531 ASS-14-2532 
(.4.11ailable 1·u color.) 



214 A'.1/ALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONH 

ASS-14-2533 ASS-14-2534 
( .lrailafJ/t• in rulor.) 



MAGAZINE 

C 

ASS-17-2659 to 2827 





MAGAZINE C 217 

• 

ASS-17-2659 ASS-17-2660 

ASS-17-2661 ASS-17-2662 

ASB-17-2663 ASS-17 -2664 



218 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

• z 

ASS-17-2665 ASS-17-2666 

ASS-17-2667 ASS-17-2668 

ASS-17-2669 ASS-17-2670 



MAGAZINE C 219 

• z 

ASS-17-2671 ASS-17-2672 

• 

ASS-17-2673 ASS-17-2674 

ASS-17-2675 ASS-17-2676 



220 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

z 

ASB-17--2677 ASB-17--2678 

ASB-17--2679 ASB-17--2680 

ASB-17--2681 ASB-17--2682 



MAGAZINE C 221 

z 

ASS-17--2683 ASB-17-2684 

ASS-17--2685 ASS-17--2686 

ASS-17--2687 ASB-17--2688 



----~--~ ---------------

222 ANALYSl8 OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

• 

ASS-17-2689 ASS-17-2690 

ASS-17-2691 ASS-17-2692 

ASS-17-2693 ASS-17-2694 



MAGAZINE C 223 

z 

ASS-17--2695 ASS-17--2696 

ASS-17--2697 ASS-17--2698 

ASS-17--2699 ASS-17--2700 



224 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

... z 

ASB-17--2701 AS8-17 --2702 

ASS-17--2703 ASS-17--2704 

ASS-17--2705 ASS-17--2706 



MAGAZINE C 225 

- z 

ASS-17-2707 ASS-17-2708 

ASS-17-2709 ASS-17-2710 

ASS-17-2711 ASS-17-2712 



226 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

z 

ASB-17--2713 ASB-17--2714 

ASB-17--2715 ASS-17--2716 

ASS-17--2717 ASS-17--2718 



MAGAZINE C 227 

-- z 

ASS-17-2719 ASS-17-2720 

ASS-17-2721 ASS-17-2722 

ASS-17-2723 ASS-17 -2724 



228 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

ASB-17-2725 ASB-17-2726 

ASB-17-2727 AS8-17-Z728 

ASB-17-2729 AS8-17-Z730 



MAGAZINE C 229 

-

ASS-17-2731 ASB-17-2732 

ASS-17-2733 ASB-17-2734 

ASB-17-2735 ASS-17-2736 

• 



230 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

ASS-17-2737 ASS-17-2738 

ASS-17-2739 ASS-17-2740 

ASS-17-2741 ASS-17-2742 



MAGAZJ:-;E C 231 

ASB-17--2743 ASB-17--2744 

ASB-17--27 45 ASB-17--2746 

ASB-17--2747 ASB-17--2748 



232 ANALYSIS OF APOLLO 8 PHOTOGRAPHY Al.';D \'ISUAL OBSERVATIONS 

ASS-17-2749 ASS-17-2750 

ASS-17-2751 ASS-17-2752 

ASS-17-2753 ASS-17-2754 



MAGAZINE C 233 

ASB-17-2755 ASB-17-2756 

ASB-17-2757 ASB-17-2758 

ASB-17-2759 ASB-17-2760 



234 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

ASB-17--2761 ASB-17--2762 

ASB-17--2763 ASB-17--2764 

ASB-17--2765 ASB-17--2766 



MAGAZINE C 235 

ASB-17-2767 ASB-17-2768 

ASB-17-2769 ASB-17-2770 

ASB-17-2771 ASB-17-2772 



236 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

\ 

ASB-17-2773 ASS-17-2774 

ASB-17-2775 ASS-17-2776 

ASS-17-2777 ASS-17-2778 



MAG4ZINE C 237 

ASS-17--2779 ASS-17--2780 

ASS-17--2781 ASS-17--2782 

ASS-17--2783 ASS-17-2784 



238 AXALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSEHVATIONS 

~ .. 

ASS-17-2785 ASS-17-2786 

ASB-17-2787 ASS-17-2788 

ASS-17-2789 ASS-17-2790 



MAGAZINE C 239 

-

ASS-17--2791 ASS-17--2792 

ASS-17--2793 ASB-17--2794 

ASB-17--2795 ASB-17--2796 



240 ANALYSIS o•' APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

ASS-17-2797 ASS-17-2798 

ASS-17-2799 ASS-17-2800 

ASS-17-2801 ASS-17-2802 



MAGAZINE C 241 

-

ASS-17-2803 ASS-17-2804 

ASS-17-2805 ASS-17-2806 

ASS-17-2807 ASS-17-2808 



242 ANALYSIS OF APOLLO 8 PHOTOGRAPHY AND VISUAL OBSERVATIONS 

--

ASB-17-2809 ASS-17-2810 
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APPENDIX B 

Glossary of Terms 

acutance-Sharpness-a function of the density difference 
between two areas. 

albedo-The ratio of reflected to incident light. 
background-The region immediately around a point 

being viewed, usually 5 ° or less (see surround). 
chit area-An area approximately 200 by 200 meters 

subjected to computer analysis to determine landing 
suitability. 

earthshine-Sunlight reflected from the Eatth. Earth
shine on the Moon is usually much brighter than moon
light on Earth. 

ejecta-Material ejected from craters during their for
mation. 

gamma-The slope or gradient of the relatively straight
line region of the curve which is the plot of density 
(ordinate axis) versus the logarithm of exposure (ab
scissa). 

gegenschein or counterglow-A brightening of the zodi
acal light in the antisolar direction. It is presumably 
due to the backscattering of sunlight by the inter
planetary matter found in the plane of the solar system. 

graben-A linear depressed block bounded on both sides 
by normal faults. 

groundtrack-The vertical projection of the spacecraft 
trajectory on the lunar surface. 

halo-A bright ring around a feature on the Moon 
(nimbus). A bright ring around the spacecraft shadow 
on the Moon (see heiligenschein). 

heiligenschein-A bright area around the zero-phase 
(spacecr!ift shadow) point. 

image motion compensation-Movement of a camera, 
or the film within the camera, to prevent blurred images 
when photographing moving objects or from a moving 
vehicle. 

intervalometer-A device to trip the camera shutter at 
regular intervals. 

landmark-Any distinctive lunar feature used for on-
board navigational sightings. · 

limb-The edge of the Moon as viewed from Earth. 
lunar orbit insertion-The propulsive maneuver that 

reduces the spacecraft velocity to lunar orbital velocity. 
Magellanic clouds-Two large cloudlike phenomena con

taining star clusters visible in the Milky Way in the 
Southern Hemisphere. 

mare, pl maria-Large area on the lunar surface that 
is darker in color and of lower elevation and generally 
smoother than surrounding terra. The maria are gener
ally circular in plan. 

mass wasting-The slow, downslope movement of debris 
under the influence of gravity. 

Moulton point or Lagrangian point-One of the five 
stability points in the solution of the restricted three
body problem. Particles placed at these points with 
zero velocity will remain indefinitely, In the Earth
Moon system several of these points possibly contain a 
smail cloud of particles. 

nimbus, pl nimbi-Patch of lighter material around a 
~rater. 

oblique photography-Photography taken with the 
camera axis directed between the horizontal and the 
vertical. Low-oblique photographs are those that do 
not contain the horizon. Those photographs in which 
the horizon appears are called high obliques. 

orbit-The path of a spacecraft or other satellite around 
a larger body. 

pass-A part of revolution when a particular operation is 
being performed; i.e., a photo pass or landmark tracking 
pass. 

phase angle-The angle at the point of intersection 
formed by the vectors from the source (Sun) and the 
observer, or camera. 

photoclinometry-The technique for extracting slope 
information from ah image brightness distribution. 

photometry-That science dealing with the measure of 
the intensity and direction of light. 

photometric function-The relationship of the intensity 
of reflected light to the angular conditions of viewing 
and illumination. 

ray, ray system, rayed craters-A deposit of high albedo 
material of unknown composition ejected from craters. 
The ejecta may either intensify cratering or smooth a 
previously cratered surface. The albedo is believed to 
decrease with age. The ray system is a group of narrow, 
linear, sometimes interrupted rays radiating from a 
crater. A rayed crater is the source of these linear rays. 

regolith-The layer of fragmental debris that overlies 
consolidated bedrock. 

rev, revolution-360° of travel in an orbit. 
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sensitometry, sensitometric strip-sensilometry: The 
science dealing with the measurement of the sensitivity 
of the photographic emulsion to processing chemistry, 
time, and temperature. 

sensilometric strip: An exposure of a series of cali
brated "gray" levels which allows the determination 
of the correlation of relative exposure from relative 
density of the photographic transparency. 

sequence camera-A 16-mm camera that can be set to 
expose 1, 4, 8, 12, or 24 frames per second. 

smear-Loss of resolution in a photograph caused by 
movement of the camera with respect to the object. 
In the orbital case, smear is most likely to be caused 
by the movement of the spacecraft along the velocity 
vector while the shutter is open. 

solar corona-The outer atmosphere of the Sun. The 
temperature is 1 to 2 million degrees Kelvin. The light
having an intensity about one-half the full Moon-is 
mainly due to sunlight scattered by free electrons. 

spotmeter-An automatic reflectance light meter with a 
1 ° angle of acceptance. 

stereo, stereoscopic strip-Photography taken so that 
sufficient forward overlap exists to permit stereoscopic 
(three-dimensional) viewing and reconstruction of the 
surface area photographed (see strip photography). 

strip photography-Photography taken in a systematic 
manner, with a constant amount of forward overlap, 
which covers a strip of surface below the spacecraft 
trajectory ( see stereo strip) . 

Sun angle-See Sun elevation. 
Sun elevation-The angle formed, in a vertical plane, 

between the incident Sun rays and the local horizontal. 
surround-All of the visual field that is outside the 

background of a point (see background). 

terminator-The boundary between the illuminated and 
unilluminated portion of the lunar surface. The Moon's 
terminator advances approximately 13° per 24 hours. 

terra-An area on the lunar surface which is relatively 
higher in elevation and lighter in color than the maria. 
The terra is characterized by a rough texture formed 
by intersecting or overlapping large craters. 

transearth-The return portion of the mission between 
lunar orbit and reentry into the Earth's atmosphere. 

transearth injection-The spacecraft propulsive ma
neuver that increases the velocity to allow return to 
Earth. 

transient event-A transitory change in the appearance 
of a lunar feature. 

translunar-The outbound portion of the lunar mission 
between Earth orbit and lunar orbit. 

translunar injection-The propulsive maneuver that 
increases tipacecraft velocity to allow it to escape the 
Earth's gravitational field. 

vertical photography-Photography taken with the opti
cal axis alined, as nearly as possible, with the local 
vertical. 

vignetting-The progressive reduction of image illumi-
nance at increasing obliquity. 

washout-See heiligenschein. 
wasting-See mass wasting. 
zero phase-The condition when the vectors from the 

source (Sun) and the observer are colinear. 
zero-phase photography-Photography which includes 

the image of zero phase. 
zodiacal light-Sunlight scattered by interplanetary 

matter located in the plane of the solar system. It ap
pears as a faint glow of light in the night sky near the 
plane of the ecliptic. 
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