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1.0 SUMMARY

Apollo 8 was the second manned flight in the program and the first
manned lunar orbit mission. The crew were Frank Borman, Commander;
James A. Lovell, Command Module Pilot; and William A. Anders, Lunar
Module Pilot. ‘ ) ' ‘ -

The Apollo 8 space vehicle was launched on time from Kennedy Space
Center, Florida, at T:51:00 a.m. e.s.t. on December 21, 1968. Following
a nominal boost phase, the spacecraft and S-IVB ccombination was inserted
into a parking orbit of 98 by 103 nautical miles. After a post-insertion
checkout of spacecraft systems, the 319-second translunar injection ma-
neuver was initiated at 2:50:37 by reignition of the S5-IVB engine.

The spacecraft separated from the S-IVB at 3:20:59, followed by two
separation maneuvers using the service module reaction control system.
The first midcourse correction, made with a velocity change of 24.8 feet
per second, was conducted at 11:00:00. The translunar coast phase was
devoted to navigation sightings, two television transmissions, and various
systems checks. The second midcourse correction, conducted at 60:59:55,
was a velocity change of 1.4 feet per second.

The 246.9-second lunar orbit insertion maneuver was performed at
69:08:20, and the initial lunar orbit was 168.5 by 60.0 nauticel miles.
A maneuver to circularize the crbit was conducted at T3:35:07 and re-
sulted in a lunar orbit of 59.7 by 60.7 nautical miles. The coast phase
between maneuvers was devoted to orbit navigation and ground track deter-
mination. Ten revoluticns were completed during the 20 hours 11 minutes
spent in lunar orbit.

The lunar orbit coast phase involved numerous landing-site/landmark
sightings, lunar photography, and preparation for transearth injection.
The transearth injection maneuver, 204 seconds in duration, was conducted
at 89:19:17 using the service propulsion system.

When possible during both the translunar and transearth coast phases,
vassive thermal control maneuvers of about one revolution per hour were
effected to maintain temperatures within nominal limits. The transearth
coast period involved a number of star/horizon navigation sightings using
both the earth and moon horizons. The conly transearth midcourse correc-
tion was a maneuver of 4.8 feet per second made at 103:59:5L.

Command module/service module separation was at 146:28:48, and the
command module reached the entry interface (L0OO 000 feet altitude) at
146:46:14, TFollowing normal deployment of all parachutes, the spacecraft
landed in the Pacific Ocean at 8 degrees 8 minutes north latitude and
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165 degrees 1 minute west longitude, as determined by the primary re-
covery ship USS Yorktown. The total flight duration was 147 hours L2 sec-
onds.

Almost without exception, spacecraft systems operated as intended.
All temperatures varied in a predictable manner within acceptable limits,
end consumables usage was always maintained at safe levels. Communica-
tions quality was exceptionally good, and live television was transmitted
on six occasions. The crew superbly performed the planned nmission,
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2.0 INTRODUCTION

The Apollc 8 mission was the eighth in a series of flights using
specification Apollo hardware, the second manned flight of a block II
spacecraft, and the first manned flight using a Saturn V launch vehicle.
The mission was the first to the vicinity of the moon and was the con-
tinuation of a program to develop manned lunar landing capability.

The overall objectives of the mission were to demonstrate command
and service module performance in a cislunar and lunar-orbit environment,
to evaluate crew performance in a luwar-orbit mission, to demonstrate
communications and tracking at lunar distances, and to return high-
resolution photography of proposed Apolle landing areas and other loca-
tions of scientific interest.

Because of the excellent performance of spacecraft systems in both
the Apcllo T and Apollc 8 missions, this report will present only the
Apollo 8 mission results that are either unique to the lunar environ-
ment or significantly different from Apollo 7. Consequently, some of
the report sections presented in previous Mission Reports have been de-
leted to permit greater emphasis on lunar observations of scientific or
operational interest.

A1l times in this report are based on range zero, the integral sec-
ond before lift-off. Range zero for this mission was 12:51:00 G.m.t,



3.0 MISSION DESCRIPTION

The Apollo 8 mission followed the prescribed flight plan in every
major respect. The space vehicle was launched at T7:51:00 a.m. e.s.t.
on December 21, 1968, and the spacecraft was inserted into a 103- by
98-n. mi. parking orbit. The launch vehicle was a 3-stage Saturn V
(no. 503), and the spacecraft was a standard block IT command and service
module configuration (no. 103). A lunar module test article (LTA-B) was
mounted in the spacecraft/lsunch vehicle adapter for mass loading purposes.
The adapter used on this mission was the first to incorporate a panel-
Jettison mechanism.

After a parking-orbit coast period devoted to inflight systems
checks, the third stage (S-IVB) of the launch vehicle was reignited at
2:50:37 for the translunar injection maneuver {see fig. 3-1). This
maneuver lasted for 319 secconds. At approximately 3:21:00, the space-
craft was separated from the S-IVB by a small maneuver with the service
mcedule reaction control system.

After separation and transposition, the crew observed and photo-
graphed the S-IVB, then performed reaction control system maneuvers at
3:40:01 and at 4:45:01 to increase the separation distance. At 4:55:56,
a liquid-oxygen dump procedure was initiated in the S-IVB to provide
impulse for changing its path to a trailing-edge lunar flyby and for
insertion intc solar orbit. The first midcourse correction was performed
with the service propulsion system at 11:00:00 and produced a velocity
change of 24.8 ft/sec. This maneuver reduced the injection pericynthion
altitude from 459 to 66.3 n. mi.

The conditions at cutoff of the translunar injection maneuver were
so nearly perfect that only one midcourse correction, approximately
8 ft/sec, would have been sufficient to achieve the desired altitude of
about 65 n. mi. at lunar corbit insertion. However, the unplanned maneu-
ver of 7.7 ft/sec at L:45:01 altered the trajectory so that the predicted
altitude was 458.1 n. mi., which required a 24.8-ft/sec correction to
schieve the desired conditions. An additional midcourse correction of
1.4 ft/sec was performed to further refine the initial conditions.

During translunar coast, the crew completed systems checks, naviga-
tion sightings, two television transmissions, and a second midcourse
correction (1.4 ft/sec at 60:59:54), The spacecraft high-gain antenna,
installed for the first time on this mission, was tested successfully
during the translunar cosest phase.

Lunar orbit insertion was initiated at 69:08:20 with a 2997-ft/sec
service propulsion maneuver, resulting in a 60- by 168.5-n. mi. orbit,
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After approximately U4 hours of navigation checks and ground orbit deter-
mination, a lunar orbit circularization maneuver of 135 ft/sec resulted
in an orbit of 60.7 by 59.7 n. mi.

The next 12 hours of crew activity in lunar orbit involved near-
and far-side photography, landing-ares gightings, and television trans-
missions. The final 4 hours in lunar orbit included a second television
broadcast, but most of the remaining non-critical flight-plan activities
were deleted because of cerew fatigue, and this period was devoted to
rest periods and preparation for the transearth injection maneuver. This
maneuver was initiated at 89:19:17, lasted for 303 seconds, and resulted
in a velocity change of 3517 ft/sec.

The transearth coast activities included a number of star/horizon
navigation sightings, using both the moon and earth limbs. Passive ther-
mal control, requiring roll rates of approximately one revclution per
hour, was used during most of the translunar and transearth coast phases
to maintain nearly stable onboard temperatures. This method of thermal
control was interrupted only when specific vehicle attitudes were required.
The only transearth midcourse correction required provided a velocity
change of 4.8 ft/sec, made with the service module reaction control sys-
tem at 103:59:5h4.

Command module/service module separation was performed at 146:28:48,
and subsequent command module entry (400 000 feet) occurred at 146:46:1k,
The spacecraft followed a guided entry profile and landed at 147:00:h2
in the Pacific Ocean at 8 degrees 8 minutes ncrth latitude and 165 degrees
1 minute west longitude. The crew were retrieved and were aboard the
USS Yorktown at 17:20 G.m.t., and the spacecraft was taken aboard approx-
imately 1 hour later.

With only minor discrepancies, all spacecraft systems operated as
intended, and all mission cbjectives were successfully accomplished on
this first manned lunar mission. The flight plan was fcllowed closely,
and crew performance was excellent throughout the 6.l1-day mission. A
sequence of events for the mission is shown in table 3-I.



TABLE 3-I.- SEQUENCE OF EVENTS

Event

Time,
hr:min:sec

Range zero (12:51:00 G.m.t.)
Lift-off

Maximum dynamic pressure
S5-IC center engine cutoff
S-IC outboard engine cutoff
S-IC/S-II separation

S5-IT engine ignition
Interstage jettison

Launch escape tower Jettison
S-1I engine cutoff
S-II/S-1IVB separation

5-IVB engine ignition

S5-IVB engine cutoff

Earth orbit insertion

Translunar injection ignition
Translunar injection cutoff

Spacecraft /S-IVB separation
First separation maneuver
Becond separation maneuver

First midcourse correction ignition
First midcourse correction cutoff

Second midcourse correction

Lunar orbit insertion ignition
Lunar orbit insertion cutoff

Lunar orbit circularization ignition
Lunar orbit circularization cutoff

Transearth injection ignition
Transearth injection cutoff

Third mideourse correction

00:00:00.7
00:01:18.9
00:02:05.9
00:02:33.8
00:02:34.5
00:02:35.2
00:03:04.5
00:03:08.6
00:08:44.0
00:08:4k.9
00:08:45.,0
00:11:25.0

00:11:35.0

02:50:37.1
02:55:55.5

03:20:59.3
03:40:01
OL:45:01

10:59:59.5
11:0Q0:01.9

60:59:56

69:08:20. 4
69:12:27.3

T3:35:07
73:35:16

89:19:16.6
89:22:40.3

103:59:54
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TABLE 3~I.- SEQUENCE OF EVENTS - Concluded

Event

Time,
hr:min:sec

Command module/service module separation
Entry interface {400 000 feet)

Begin blackout
End blackout

Drogue deployment
Main parachute deployment
Landing

146:28:48
1k6:46:12.8

146:46:37
146:51:h2

146:54:47.8
146:55:38.9
147:00:k2
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4,0 THE MOON

The preliminary analysis of the scientific activities planned and
accomplished during the Apollo 8 mission is discussed in this section.
A formal evaluation of the lunar photography and observations entitled
"Apollo 8 Lunar and Space Science Report" will be published in April 1969
as a NASA special publication. Although no formal scientific experiments
were planned, recommendations were solicited from scientists regarding
tasks and observations that could be accomplished within the eguipment
and schedule constraints. The principal recommendations were for modifi-
cations to initial photographic plans and equipment.

During the mission, seven 70-mm film magazines were exposed and
yielded more than 150 photographs of the earth and more than T00 photo-
graphs of the moon. Five 16-mm color magazines were also exposed. A
summary of these photographs is provided in table 4-I.

Approximately 90 percent of the photographic objectives of the mis-
sion were accomplished. Approximately 60 percent of the additional lunar
photographs requested as targets of opportunity were also taken despite
early curtailment of crew photographic activities. Many smaller lunar
features, heretofore undiscovered, were photographed. These features are
located principally on the far side of the moon in areas which had been
photographed only at much greater distances by automated spacecraft.

4.1 PHOTOGRAPHIC OBJECTIVES

The prineipal photographic objectives were to obtain vertical and
oblique overlapping photographs during at least two revolutions, photo-
graphs of specified targets of opportunity, and photographs through the
spacecraft sextant of a potential landing site.

The purpose of the overlapping, or stereo-strip, photography was
to determine elevation and geographical position of lunar far side fea-
tures. The positions will be determined with respect to the control
points sighted with the onboard telescope and sextant and by the Lunar
Orbiter and earth-based telescopice photography. The area to be covered
was dependent on the launch day and consisted of one pass with the opti-
cal axis in a near-vertical plane and another pass with the axis inclined
20 degrees, The photographs were to be taken at 20-second intervals and
at a shutter speed of 1/250 second.

The targets of opportunity were those areas reccmmended for photog-
raphy if time and circumstances permitted. All lunar surface areas where
photographic coverage was desired were plotted on target-of-opportunity
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planning charts as a function of launch day. Lunar-lighting limits,
orbital inelination, and spacecraft attitude were used to determine which
targets could be photographed for a given launch date. Exposure data
were developed to assist the ecrew and included all supplemental informa-
tion for accomplishing the recommended photography.

Sextant photography was included to provide image comparisons for
landmark evaluation and navigation training purposes. The 16-mm camera
used for this study was attached to the sextant by a special adapter
mount. A secondary objective was to photograph one of the certified
Apollo landing sites (fig. 4-1).

4.2 FILM DESCRIPTION AND PROCESSING

4.,2.1 Onboard Film

Special care was taken in the selection, preparation, calibration,
and processing of flight film to maximize the information content and re-
trieval from returned exposures. The types of film used during Apollo 8
are listed in table 4-IT and are discussed briefly in the following para-
graphs.

Film type S0-368, which has been used extensively during previous
manned missions, was stored onboard in two TO-mm and nine 16-mm magazines
for photography of the lunar surface, S~IVB, and earth. Film type 3400,
a thin-base panchromatic black-and-white negative film, was selected for
its high contrast and extended red sensitivity for lunar photometrie
studies. Film type S0-121, a slow-speed, high definition color reversal
film on & thin base, has about twice the resolution of S0-368 and was
primarily included for use in earth orbit had the lunar mission been
aborted. Film type 2485, a very high-speed panchromatic thin-base film,
was selected for photography of variocus dim-light phenomena, such as
gegenschein, zodiacal light, dim stars, solar corocna, and the lunar sur-
face in earthshine. Film type S0-168, a high-speed color reversal 16-mm
film, was included in two magazines for photographing the spacecraft in-
terior.

4,2.2 Film Sensitometric Calibration

The Apollo 8 photography afforded the first opportunity to analyze
the intensity and spectral distribution of lunar surface illumination
free from the atmospheric modulation that is present in earth telescopic
photography and without the electronic processing losses that are present
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in Ranger, Surveyor, and Lunar Orbiter photography. A series of sensito-
metric strips were exposed on the flight film to allow extraction of den-
sitometric information. The primary purpose of these strips is to recon-
struct the density/exposure relationship as a function of processing
chemistry, temperature, and time.

L.2.3 Exposure Settings

Prior to the mission, camera aperture settings were determined for
all targets to be photographed with the TO-mm film. These settings were
applicable to the 80-mm lens and, with some limitations, to the 250-mm
lens. A system restriction existed with the 250-mm lens that prohibited
use of aperture settings larger than f/5.6. It was recommended that the
shutter rate remain fixed at 1/250 second becaguse, at slower speeds, imege
smear would cause loss of resolution. With the wide latitude inherent in
the film types, adequate exposure control could be maintained by aperture
regulation only.

Computing the f-stop for each photographic target involved twe oper-
ations: prediction of the average value and range of the film plane il-
lumination (exposure) as a function of the scene geometry and the albedo
of the surface area to be photographed; and evaluation of the sensitivity
of the film to the predicted illumination, with subsequent selection of
the appropriate camera setting (f-stop) required to achieve the optimum
exposure at the film plane.

Three sets of aperture changes were recommended to correspond to
each of the general camera-pointing orientations — vertical, obliques to
the east and west of the ground track, and obliques to the north and
south. These data were printed on the photographic target of opportunity
chart with the changes indicated as a function of selenographic longitude.

In addition, procedures had been established and simulated for real-
time revisicns of the entire set of exposure recommendations should an
off-nominal situation have occurred.

h.2.4 Processing

Standards for processing onboard films were developed before flight
from the standard process specified by the manufacturer and modified for
specific requirements and sensitometric results. The films were refrig-
ersted from the time of emulsion coating until processing, except for the
time they were actually in the spacecraft.



After return of the films to the Manned Spacecraft Center, postflight
sensitometric data were derived, where appropriate, before actual process-
ing. The S80-368 and S0-168 films were processed in the General Photog-
raphy Laboratory, and the $0-121, 3400, and 2485 films were processed in
the Precision Laboratory.

The S0-368 film was processed under pre-established controls using
ME-2A chemistry. The 70-mm film was processed at 3.5 ft/min. and the
16-mm film at 3% ft/min, both at 75° F. No problems were encountered,
and the results are excellent,

The S0-168 film was adjusted in speed from its manufactured level of
160 to 1000; therefore, a substantial modification to the processing tech-
nique was required. A high-speed processor (42 ft/min) was used with a
modified ME-4 chemistry. The color developer was at 110° F, the first
developer at 98° F, the pre-hardener at 95° F, and other chemicals at
normal room temperature. The operation was satisfactory, and no problems
were encountered.

The 1411 M color Versamat was required for the S0-121 film. The
manufacturer's chemistry was modified, however, based on trial emulsion
batch. Film speed during processing was 3.2 ft/min. The original flight
film was spliced with other films as follows:

a. Scratch test, 10 feet

b. Head leader threads machine, 80 feet
c. Leading edge sensitometry, 3 feet

d. Flight film, 38 feet

e. Trailing edge sensitometry, 3 feet

f. Colormetric, resolution, photogrammetric, sensitometrie frisket,
20 feet

g. Trailer, 80 feet

The black-and-white Versamat was used to process the type 3L00 film.
A special developer and fixer comprised the chemistry. However, since
roll C was not normally exposed, a low gamma developer was recommended.
During the entire eighth revolution, the lunar surface had been photo-
graphed from terminator to terminstor at f/5.6 and 1/250 second. A low-
gamma developer was formulated and tested in the Precision Laboratory.
The resultant gamma was lowered from 1.70 to 0.70. The processed nega-
tives show far more detail and information than the two films processed
by conventional means,



45

Processing techniques for the high-speed type-2485 film were estab-
lished before flight. A Versamat Model M-11C cycle (standard D-19 de-
veloper at 3 ft/min or 150 seconds, two tanks, 95° F) would have produced
a gamma of 1.95. A 0.5-base fog rise due to radiation fogging was antici-
pated.

However, the film was not used for the dim light astronomical exper-
iments, as planned, but for general lunar surface photography, and a film
speed of 80 was erronecusly assumed, rather than the actual 2000. This
difference is about a six-stop overexposure and far beyond the latitude
of the film. A special chemistry and processing technique was formu-
lated to preserve the recorded data, but it was discovered that the chem-
istry could not be changed fast enough to prevent the image from chemi-
cally destroying itself. A procedure was developed to use special film
reels in a large tank. The process was accomplished at 68° F, including
a bleach step to remove the effect of the vastly overexposed silver and
produce a more normal negative, The technique proved highly successful
and satisfactory images were obtained. The wide-latitude processing
could significantly reduce workload on future flight crews by permitting
more nearly constant exposure settings.

4.3 PHOTOGRAPHIC RESULTS

Approximately 90 percent of the photographic objectives were achieved,
despite the curtailment of photographic activity in the later portion of
lunar orbit coast. In general, the stereo and target-of-opportunity photo-
graphic results will complement and in many cases improve upcn the coverage
obtained from Lunar Orbiter. At the end of this section are charts which
show all areas of the lunar surface photographed during this mission. The
sextant photography of a potential landing site was wvaluable, particularly
from a training standpoint for future crews.

4L.3.1 Stereo Strip Photography

The cbjective of the stereo strip photography was to obtain vertical
and oblique stereo photographs with the bracket-mounted still camera and
80-mm lens. These photographs would include the lunar surface from the
far-side terminator to about 60 degrees from the near-side terminator.

By using the intervalometer, an exposure could be taken every 20 seconds.
Each photograph would overlap the previous photograph by approximately

60 percent and allow viewing from photographic positions separated by
about 16 n. mi. At an orbital altitude of 60 n. mi., this overlap pro-
duces a base-to-height ratio of about 0.27, which is acceptable for stereo
viewing. By combining the vertical strip with a second convergent strip,
the geometry of the sterec view could be made stronger; hence, the ability
to measure height differences would be better by a factor of 2,
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The vertical strip photography was accomplished on the fourth end
eighth revolutions and extends from the far-side terminator (longitude
150 degrees west) to about 60 degrees from the near-side terminator.

The photography is of good quality and appears to have good forward over-
lap in all areas., An extra exposure was triggered every 5 minutes, but
the time was not recorded. By using the fixed interval and fitting to
the navigaticnal control peints, the scale of the photography can be
established and related to the known orbit.

‘ With the two stereo strip exposures, far-side features can be located
with respect to control points. Because of the early launch date and
termination of both passes at about 90 degrees east, information concern-
ing relative positions between the eastern limb and the Apcllc zone will
depend on the photography of this region obtained after transearth injec—
ticn. Both passes included many frames taken with a zero phase angle in
the field of view. It is significant that the photometric washout was
less than generally expected, and surface detail remains readily apparent.
Photographs taken near zero phase indicate that albedo changes of the sur-
face are quite clear at this high sun angle. In most cases, albedo changes
correlate with particular structure, and there are indications that the
younger features have brighter albedos. Sufficient surface detail is
available to permit photogrammetric reconstruction of the surface.

Four magazines of 16-mm color film were taken through the rendezvous
window. The coverage generally extends 25 n. mi. to either side of the
ground track from terminator to terminator. A review of this film indi-
cates that good surface detall was obtained and that exposures were good.

4.3.2 Photographic Targets of Opportunity

Photographic targets of opportunity were all outside the area of
planned lunar stereo-strip photography.

Lists of proposed targets of opportunity were submitted by the fol-
lowing organizations:

a. U.S. Geological Survey; Flagstaff and Menlo Park, Arizona

b. Lunar and Planetary Laboratory, University of Arizona

¢. BScience and Applications Directorate, Manned Spacecraft Center

The targets were selected to provide either detailed coverage of
specific features or broad coverage of areas not adequately covered by
Lunar Orbiter IV photographs. Most of the recommended sites were proposed

to improve knowledge of areas on the earth-facing hemisphere. Table -1
briefly describes and locates the targets of opportunities that were taken
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during the mission. The majority of these 51 targets were programmed

to be taken during the fourth and ninth lunar orbits, in order to have as
rmuch of this photography as possible taken during the two planned photo-
graphic orbits. The fourth orbit was the planned vertical sterec photog-
raphy, and the ninth orbit was the planned convergent stereo photography.
The loss of photography on the ninth orbit because of flight-plan con-
straints resulted in some loss of target-of-opportunity photography.

About 60 percent of the targets of opportunity applicable for the
Apollo 8 launch date were photographed, as well as many crew-selected’
targets. Most of the targets photographed are to the south of the ground
track because of attitude constraints and camers location.

The crew reported that the preplanned exposure dats were satisfactory
and that targets, when time was available, could be photographed at a
higher rate than had been planned. Most of the targets of opportunity
were photographed in the first few revolutions of the moon. Among the
more outstanding photographs are the near-full-moon views of the eastern
hemisphere. These are centered near Mare Symthii and show that this mare
is a circular rather than an irregular feasture and includes several re-
golvable mare units. Other maris in these photographs also displasy a
number of units of varying albedo. The photographs confirm that the
Soviet Mountains are non-existent and are most probably rays from the
bright-rayed crater Giordano Bruno. The bright-rayed crater that has
long been believed to exist near the north pole on the lunar far side
was confirmed (fig. 4-2).

4.3.3 Sextant Photography

For this flight, a special adapter allowed the 16-mm sequence camera
to be attached to the command module sextant. In this configuration, the
camera could record on color film the target centered in the scanning
telescope.

Sextant photography was performed over the prcposed landing site dur-
ing the fourth revolution and over the three contrcl points during the
fifth revolution navigation exercise. Several sequences of control-point
sightings with the sextant were recorded at a frame rate of 6 frames/sec.
The effects of brighter surface features seen through the fixed landmark
line of sight are clearly displayed. Sequence photography near the pro-
posed landing site compare favorably in resolution and image quality with
the still photographs taken through the window.

In summary, sextant photography indicates that landmark identificatiorn
and tracking will be readily performed on lunar landing missions. Although
the sextant photographs near landing site 1 in Mare Tranquillitatis are
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underexposed, they provide a qualitative example of how brightness de-
creases with the change of the phase angle.

During transearth coast, sextant photographs were tsken of the moon
at about 123 hours and of the earth at 124 hours. Although the range is
toc great for an accurate horizon analysis, the appearance of the earth
through the red tinting of the landmark line of sight should be an effec-
tive familiarization aid for future crews.

4.3.4% Comparison With Lunar Orbiter

The Apollo 8 photography complements the extensive coverage of Lunar
Orbiter. Lunar Orbiter provided excellent high-resolution photography of
the near side of the moon, and Apollo 8 provided excellent coverage of
selected areas on the far side. The Apollo 8 photography was taken through
the entire range of sun angles, ylelding excellent high-sun-angle photo-
graphs. The photographs have revealed albedo variations not previously
detected and have also revealed many bright-rayed craters ringed with high
albedo material. These craters are interspersed among both old and younger
craters which have no high albedo rings.

The broad coverage obtained in Apollo 8 photography after transearth
injection is free from mosiac effects and local rectification errors in-
herent in an array of phcotography such as Lunar Orbiter mosiacs. This is
the same effect obtained by using a space photograph of the earth and com-
paring it with & mosiac of photographs obtained at lower altitudes. These
large-area photographs aid significantly in the identification and deline-
ation of regional features.

4.4 CREW OBSERVATIONS

During the lunar orbit phase, the crew described the color of the
lunar surface as "black-and-white, absolutely no color" or "whitish gray,
like dirty beach sand." The color photographs show a gray surface modi-
fied by weak-to-strong overtones of green, brown, or blue. The human eye
readily detects intense hues but commonly does not recognize faint hues
present in a dark gray surface unless color standards are available for
direct comparison. Based on the crew observations, intense color over-
tones within the area observed are precluded, but there remains a possi-
bility that faint hues modify the dark gray that is typical of the lunar
surface. The crew report of the absence of sharp color boundaries is
significant, whether the surface color is gray or near gray. The lack of
visible contrast from an altitude of 60 n. mi. reduces the probability
that a flight crew will be able to use color to distinguish geologic units
while operating near or on the lunar surface.
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The observation of surface features was somewhat difficult because
of window degradation, unfavorable spacecraft attitudes, and conflicting
activities when spacecraft attitude was favorable. Near the terminator,
teopographic details were enhanced by the conspicuous shadows. Within the
shadow areas, scattered light permitted the observation of fesgtures that
cannot be seen on the photographs. The human eye could also detect fea-
tures on bright slopes that appear washed cut in the photographs. It is
guite possible that the additional detail can be enhanced by special
processing of the photographs.

The crew reported that the terminator was sharp and distinct and that
more light than expected was reflected from the smooth surfaces near the
terminator (fig. L-3).

High sun angles enhanced albedo differences, yet reduced the visual
ability to detect topographic relief near the subsolar point, as expected.
Conspicuous, bright-haloed craters occur in sizes that range downward to
the resolution limit. Similar craters probably are distributed somewhat
uniformly across the mcon, but they are detectable only at the high sun
angles. Although topegraphic relief is difficult to detect at high sun
incildence, numercus craters were conspicucus because of their bright walls.

Fault scarps, rilles, and other linear features were described by
the crew. TFew sinuous rilles were visible, and none were near the. ground
track. Boulders were observed only at the central peak in crater
Tsiolkovsky, where light-cclored boulders contrasted sharply with the
dark-colored crater fill.

Probable flows were observed on the west wall of a crater located
at 163.5 degrees west, 6 degrees south. Photographs confirm the descrip-
tion of fesgtures that suggest material flowed from high on the crater rim
to a pond on the crater wall (fig. L-L}.

Ray patterns were observed in the highlands only near the subsolar
point. On the dark mare surface, rays were detected gt much lower sun
angles. The crew examined the ragys from Messier A in the Sea of Fertility
and stated that no depth to the ray material could be observed.

The Command Module Pilot observed what is believed to be zodiacal
light and solar corona through the telescope just prior to sunrise on one
of the early lunar orbit revolutions. The Lunar Module Pilot visually
observed what he described as & cloud or bright area in the sky during
lunar darkness on twe successive revolutions and sketched the area in
his log. By correlating spacecraft attitude and the Lunar Module Pilot's
position in the spacecraft, it appears that he was loocking near the south
celestial pole. A rough correlation of his star sketch was achieved with
a star chart. The identification, if correct, indicates that the Lunar
Module Pilet visually observed one of the Magellanic clouds.
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Although earthshine observations were limited, the crew reported that
the peeks and terraced walls of crater Copernicus were clearly visible.

Figures U~5 through L4-16 are typical exemples of the excellent lunar
photography obtained during Apollo 8. These figures are not specifically
discussed within this section; however, the subtitle on each figure spec-
ifies the area photographed and discusses pertinent detalls.

L.5 LUNAR LIGHTING OBSERVATIONS

In gddition to the lighting comments presented in the Crew Observa-
tions section, certain conclusions regarding lunar surface lighting as
it affects the lunar landing maneuver are pertinent. These conclusions
concern two types of lighting constraint: the washout limits, and the
operational limits.

The crew observed the magnitude of the washout effect (i.e., surface
viewing near the sun line or zero phase angle) to be much less than ex-
pected. Although the cone of washout was considered small, required
viewing along the sun line should still be avoided.

The operational limits for lunar lighting are influenced on the
lower end by the extensive area of shadow coverage and on the higher end
by the lack of feature definition because the flight path is below the
sun line. Prior to Apollo 8, the lower limit was believed to be prac-
tically bound at approximately 6 degrees. The Apollo 8 crew observed
surface detgil at sun angles in the vicinity of 2 or 3 degrees and stated
that these low angles should present no problem for a lunar landing.
Landing sites in long shadow areas, however, are to be avoided. At the
higher 1limit, an upper bound of 16 degrees would still provide very good
definition of surface features for most of the critical landing phase
near touchdown. Between 16 degrees and 20 degrees, lighting was Jjudged
acceptable for viewing during final descent. As expected, a sun angle
above 20 degrees wag considered unsatisfactory for a manuval landing man-
euver,

4.6 INFORMAL OBSERVATIONS FROM EARTH

4.6.1 Lunar Surveillance

More than 30 professiconal and 70 private observatories were organized
into an internaticnal network of lunar observers by the Lunar and Plan-
etary Laborstory at the University of Arizona. A system was instituted
for communication of events to network observers and to the Science Support
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Room at the Manned Spacecraft Center to support the period of intense
lunar surveillance during the Apollo 8 mission. This organization wit-
nessed some significant transient events but because of other conflicts
and the secondary nature cf the observations, they were not reported to
the crew.

L.6.2 Translunar Injection Photography

The Maui, Hawaii, station of the Smithsonlan Astrophysical Observa-
tory obtalned Baker-Nunn photographs of the J-2 rocket plume at translunar
injection. The plume became visible only when the spacecraft came into
sunlight during the engine firing. The illumination photographed seems
to come from a thin conical surface with its apex at the vehicle. Many
linestions are apparent in the plume. The plume covered about 10 degrees
in the sky. The photographs spanned about a 2-minute period.

The Baker-Nunn camera at the Spain station of the Smithsonian Astro-
rhysical Observatory obtained about a 2-hour sequence of photographs of
the spacecraft, the S-IVB, and the ice cloud resulting from an S-IVB vent-
ing. The photographic coverage began about 14 minutes after this venting.
The cloud appears to have an expansion velocity in the range of 0.1 to
0.2 km/sec. It grows to an apparent diameter of several hundred kilo-
meters.



TABLE L-T.- TARGETS-OF~OPPORTUNITY FRAME NUMBERS

Frame nos.
Ta;';gft Name Location, deg Magazine A| Magazine B| Magazine €| Magazine D| Magazine E
10 Various targets 020.9 5 | 161.0 W 2319
1 Basin with pitted plains fill ofloor 002.9 8 | 162.9 W 2827
12 Fresh crater with trails of birdsfoot secondaries | 009.1 8 | 164.0 W 2412 - 2415 221+l+2; geh"{
L
14 12-km central peak in LO-lm crater 021.0 53 | 172.h W 2320
15 25-km central peak in 85-km crater 00k, 78 | 173.7 %W
16 18-¥m central peak in 60-km crater 020.6 8 | 177.5 W
19 Patches of 2-km bulbous hills with mare 017.h 8 | 174.3 E 2322 - 232k
20 15-km young craters on rim of Mendellev 0lk.1 8 | 173.5 E 2321
21 Patches of bulbous hills in small crater in mare 627.1 8 | 173.3 E
23 Fractured tumescent floor 017.1 5 | 167.8 £ 2325
26 Bulbous hills and ridges in bottom 026.1 5 | 158.2 E
28 Mare on floor of 1l00-km crater and bright crater 01%.2 & 147.5 E 2197 2327
29 Fractured tumescent crater floors (2 craters) o0k.28 | 146.1 E 2197
30 Large crater floored by old pitted plains 003.7TN | 139.8 E
31 Tsiclkeovsky secondaries 017.3 8 | 139.2 E 2197 2328
32 Medium age crater ock.1 s | 138.4 E 2197, 2198
33 Medium age crater 002.0 S 138.1 E 2197, 2198
3k Various crater materials 006.0 N | 136.8 E
35 Medium age crater Qlo.2 s 135.9 E 2730 2197, 2198
36 Fractured tumescent crater floor 015.0 8 | 126.3 & 2197, 2198 2249 - 2251
37 Crater chains 000.3 8 | 129.5 E 2197, 2198
38 Dark, probable flows of cld crater near 026.9 8 | 128.5 £ 221k
Tsiolkovsky
Lo Fractured mare dome and other Tsiolkovsky 020.1 5 | 128.0 E 24LT - 2h51 2218
2252 -~ 2255
Ly Crater chains 003.7 S | 128.0 E 2197, 2198
Ly Young crater 0L7.4 8 | 122.7T E 2197 - 2199
45 Soviet Mountains 005.7 8 | 121.9 E 2198 - 2200
Lo 20-km, fairly young crater 020.0 S | 116.4 E 2446 221k 2256
51 Bright spot in Luna photographs 000.2 8 107.5 E

A e



TABLE 4-I.- TARGETS-OF-OFPORTUNITY FRAME NUMBERS - Concluded

Target

Frame nos.

no. Neme Location, deg Magazine A | Magazine B | Magazine € | Magazine D | Magazine E
52 Mare patches and light-dark center 027.2 8 | 10k.0 E 255 - 2u62 22312 - 2214
54 Probable young crater; probable Sklowdowske Curie | 022.3 8 | 100.3 E 2195, 2213
55 | Very bright small crater 004.8 ¥ | 099.8 E '
5T Very bright small crater 008.0 N | 096.1 E i
58 Fresh large crater with secondaries 017.9 8 083.7T E 2201,. 2189,
2190, 2193 | 2262 - 2265
59 Mare Smythii ring-craters 002.9 5 | 083.8 E 2202 - 2205] 2331, 2332
2207
63 Crater Behaim, especially central pesk 017.0 8 [ OT8.4 E 2183, 2193 | 2268, 2269
6l Very bright crater northwest of La Percuse 010.1 8 |o7k.2 B
65 Crater Kapteyn 010.5 8 070.6 E 2181, 2182 2270
2203
66 E Crisiwm rim fill-in for pcor Lumar Orbiter IV 015.0 ¥ | 068.9 E 2206
67 | S Crisium rim f£ill-in for poor Lwmer Orbiter IV 004.6 W } 057.7 E 2204 - 2206 | 2334 - 2338
‘ 234k - 2350
68 Langrenus; to compare with Copernicus 008.8 8 [ 060.7 E | 2613 - 2616 218k, 2203
T1 Petarius B missing rim material 019.1 S | O57T.4 E
T2 MeClure crater cluster 013.4 8 | 051.4 B 2215 - 2227
80 West of Lubbock Sharp irregular depression and 002.2 8 | 00,0 E 2805 - 2826 2340 - 2343
hills 2257 - 2261
87 Cauchy dome 007.4 N | 038,3 E 2244
90 Crater Capella 007.6 8 | 035.0 E 2228 - 2242

CT-H
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TABLE 4-IT.- FILM USED

Resolution, lines/mm
ASA
Type Camera speed
p High contrast | Low contrast
368 Color 16-mm 6l 80 35
TO-mm
3L00 | Black & white | T70-mm | 2LO 170 65
121 Color TO-1m 50 160 70
2485 | Black & white TO0-mm b2000 55 20
50-168 Color 16-mm | 160 80 36

*Manufacturer gquotes ASA of 80.
bSpecial process can boost speed up to 8000.

cSpecial process can boost speed up to 1000.
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NASA-5-69-608

The feature at the center in Maskelyne F, and the crater in the lower right
corner is Tauruntius F. The distance between these features in about

90 statute miles. The terminator is near the horizon, as evidenced by light
reflected from only high ridges, making them appear to be suspended.

Figure 4-3.- Oblique view looking west across the Sea of Tranquility.
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NASA-5-69-609

The floor of crater with possible flows was described by the Lunar
Module Pilot. The feature is located 163.5 degrees west longitude
and 6 degrees south latitude.

Figure 4-4.- Near-vertical view of large crater.
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NASA-5-69-610

This unnamed crater, Iocated at 11 degrees scuth latitude, 164.5 degrees
west longitude, has a diameter of about 28 statute miles, has an irregular
shape, and appears creased on the crater walls.

Figure 4-5.~ QOblique view of a crater on the far side of the moon.



L-20

NASA-5-69-611

The photographed area is approximately 20 by 20 statute miles. It is
focated on the far side of the moon and within a crater about 100 statute
miles in diameter. The crater is at 10 degrees south [atitude and 160
degrees east longitude.

Figure 4-6.- Near-vertical view taken with a telephoto lens.
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NASA-5-69-612

None of the features are named, but the crater Tsiolkovsky is just
aut of view to the right. The bright crater to the lower left is
approximately 55 statute miles in diameter.

Figure 4~7,- An eastward view of the far side.
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NASA-S-69-613

None of the features in this frame have been named; however,

the key-hole shaped crater was used for crew tracking training.
The large crater is approximately 20 statute miles in diameter.
Note the range in sizes of craters visible at the low (7 degrees)

sun angle.

Figure 4-8.- A near-vertical view of the far side.



L.23

NASA-5-69-614

The crater Tsiolkovsky near the center is 94 statute miles in diameter and
is located at 129 degrees east, 21 degrees south.

Figure 4-9.- Oblique view eastward across the lunar surface from about 115
degrees east to the horizon near 180 degrees longitude.



-2l

NASA-5-69-615

The Mare Symthii is the dark area at the right center. Crater Humboldt is
150 statute miles in diameter and is located at the bottom center. Crater
Langrenus is located at the center near the horizon. Numerous rays and
light material are visible throughout photograph.

Figure 4-10.- Eastward view of moon.
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NASA-5-69-616

Behaim is located at 79 degrees east, 18 degrees south. Partially visible
in the foreground is the rim of the crater La Perouse, and the edge of crater
Angarius is on the left. Behaim has a smooth dome at the center and is
approximately 35 statute miles in diameter. Crater Gibbs is located beyond
Behaim on the horizon to the left.

Figure 4-11.- Oblique view of crater Behaim.
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NASA-5-69-617

The farger crater at the top is Bellot, about 13 statute miles in diameter. The
interesting double crater to the upper left is Bellot B. A small bright ray crater

in the Sea of Fertility near the center is less than 1 statute mile in diameter
and is located near a small crater chain.

Figure 4-12.- Obligue view looking south near the crater Colombo at the Sea of Fertility



h_27

NASA-5-69-618

Figure 4-13.- Obiique view looking southwest toward the crater Gibbs with earthrise
over the lunar horizon.
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NASA-5-69-619

This southward view at 162 degrees west longitude shows rugged terrain
characteristic of the lunar far-side hemisphere. The large crater at the

left side is about 70 statute miles in diameter and is centered about 125
statute miles south of the spacecraft. The sharp circular crater in the
foreground is about 9 statute miles wide. Conspicuous surface lineations

that extend from the lower right corner of the photograph toward the upper

left resemble a radial texture observed near Mare Orientale on Lunar Orbiter I
photographs. The lineations in the area probably are related to another major
crater because the observed trend is not radial to Mare Orientale.

Figure 4-14.~ Southward view across a large far-side crater.
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NASA-S-69-620

The crater Fracastorius is the large crater on the horizon. The shallow crater in the
foreground surrounded by the Sea of Nectar is Daguerre which is about 27 statute
miles in diameter. The peak visible on the horizon is about 270 statute miles

from crater Daguerre.

Figure 4-15.- Oblique view looking south across the Sea of Nectar at the crater Fracastorius.
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NASA-5-69-621

-

The Pyrennes Mountains can be seen in the center background at the top edge.
The large crater Goclenius in the foreground lies on the southern edge of the
Sea of Fertility and measures approximately 45 statute miles in diameter.
The numerous rilles scarring the floor of Goclenius can bhe seen, one of which
extends across the entire width of the crater fioor, over the central peak, and
across the rim into the smooth Mare.

Figute 4-16 .- Obligue view looking south near crater Colombo.
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NASA-5-69-622

Figure 4-17.- View of earth from approximately 200 000 statute miles,
as seen through telephoto lens following the transearth injection maneuver.
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5.0 TRAJECTORY

The Marshall Space Flight Center (MSFC) provided the trajectory dats
for the phase from lift-off to spacecraft/S-IVB separation, and a detailed
analysis of these data i1s presented in reference 1. The actual spacecraft
trajectories are based on Manned Space Flight Network (MSFN) data reduced
and analyzed after the mission. For the analysis, the earth model was a
Fischer ellipsoid and contained gravitational constants for the spherical
harmonies, and the moon model was a sphere and contained gravitational
constants for the triaxial potential. The trajectory and orbitsal param-
eters are defined in table 5-T1.

5.1 LAUNCH PHASE

The S-IC stage trajectory was essentially nominal (fig. 5-1). Mach 1
occurred at 0:01:01 at an altitude of 24 128 feet, within 1 second and
91 feet of the planned conditions. A maximum dynamic pressure of TTT 1b/
sq ft occurred at 0:01:18.9 and was 3.1 seconds later than predicted.
The times for S~IC center and outboard engine cutoff were within 2.5 sec-
onds of the planned times. At ocutboard engine cutoff, velocity was high
by 41 ft/sec, and flight-path angle and altitude were low by 1.12 degrees
and 3246 feet, respectively.

The S-II stage trajectory was nominal (fig. 5-1). The launch escape
tower was jettisoned at 0:03:08.6, within 1.5 seconds of the predicted
time. S-II stage engine cutoff was 2.8 seconds later than the predicted
time. At S5-1I1 cutoff, velocity and flight-path angle were high by 35 ft/
sec and 0.2 degree, respectively, and altitude was low by U606 feet.

The small trajectory deviations resulting from the powered flight of
the S-IC and S-II stages converged during the S-IVB stage flight, and the
trajectory followed the predicted profile. 8-IVB engine cutoff was within
1l second of the planned time. At cutoff, velocity was high by 1 ft/sec,
flight-path angle was nominal, and altitude was low by only 97 feet.

5.2 EARTH PARKING ORBIT

The spacecraft/S-IVB was inserted into an earth parking orbit at
0:11:35; the conditions are shown in table 5-IT, and a ground track
in figure 5-2. Before preparations were begun for S-IVB restart, the
parking orbit was perturbed by liquid oxygen venting through the J-2
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engine. This expected perturbation increased apogee by 6.4 n. mi. be-
tween insertion and S-IVB reignition. The increase, however, was only
0.7 n. mi. greater than predicted. The S-IVB restart preparation phase
began at 2:40:59.5, which was 0.7 second later than that predicted, and
table 5-I1I shows the conditions for this event.

5.3 TRANSLUNAR INJECTION

The S-IVB engine was ignited at 2:50:37 and resulted in a nominal
translunar injection maneuver (fig. 5-3). The time of ignition was within
0.5 second of the predicted time. Engine cutoff was at 2:55:56, with
translunar injection arbitrarily assumed to be 10 seconds later to account
for tail-off and other transient effects., Table 5-IT presents the condi-
tions for this phase. The perieynthion solutien resulting from the maneu-
ver 1s presented in table 5-ITI.

The command and service module was separated from the S-IVB at
3:20:59, and the crew practiced station-keeping with the S-IVB. At
3:L40:01, a 1.1-ft/sec separation maneuver was performed prior to injecting
the S-IVB into a solar orbit. The S-IVB/spacecraft separation distance
did not appear to be increasing as rapidly as the crew expected; conse-
quently, an additional separation maneuver (7.7 ft/sec) was performed -
at 4:45:01 to inerease the separation rate before the S-IVB maneuver.

The pericynthion solutions resulting from the two separation maneuvers
are shown in table 5-IIT.

5.4 TRANSLUNAR MIDCOURSE CORRECTIONS

The translunar trajectory is shown in figure 5-4, Because of accept-
able guidance errors, only two of the planned four translunar midcourse
corrections were required. The first was made at 11:00:00 and was cal-
culated to be a 2.4-second, 24.B8-ft/sec service propulsion maneuver to
satisfy the pericynthion target conditions; however, a velocity change
of only 20.4 ft/sec was achieved because the thrust was less than expected.
(Cutoff for service propulsion maneuvers from 1 to 6 seconds is based on
firing time rather than velocity. Further discussion is contained in
section 6.9.) The second midcourse correction was made at 60:59:55 and
was a 1l.4-ft/sec, 11.8-second reaction control maneuver., The ignition
and cutoff conditions for the two midcourse corrections are presented in
table 5-II, and the resulting pericynthion conditions are shown in
table 5-ITI.



5.5 LUNAR ORBIT INSERTION

A 2997-ft/sec, 246.9~second service propulsion maneuver, performed
gt 69:08:20, 75.6 n. mi. above the lunar surface, placed the spacecraft
in & lunar orbit of 168.5 by 60.0 n. mi. to achieve the desired velocity
change. The engine firing time was about L4 seconds longer than expected
because of somewhat low thrust characteristics (see section 6.11). About
two revolutions later, at 73:35:07, the elliptical lunar orbit was cir-
cularized to 60.7 by 59.7 n. mi. The firing time and the resultant velo-
city change for the lunar orbit circularization maneuver were 9.6 seconds
and 13L4.8 ft/sec, respectively. The moon-referenced conditions for these
two service propulsion maneuvers are presented in table 5-II. A lunar
ground track for revolutions 1 and 10 is shown in figure 5-5.

5.6 TRANSEARTH INJECTION

Perturbation in the lunar gravitational field continuously changed
the spacecraft orbit, and the final lunar orbit was 63.6 by 58.6 n. mi.
The transearth injection maneuver was performed with the service propul-
sion system at the planned time of 89:19:17 at the end of 10 orbital rev-
olutions. The required velocity change of 3519 ft/sec was achieved in
203.7 seconds; however, the reaction control plus X translation added
" an additional 3.5 ft/sec. The propagated entry interface conditions re-
sulting from this maneuver are presented in table 5-IV.

5.7 TRANSEARTH MIDCOURSE CORRECTION

The trajectory that resulted from the transearth injection maneuver
was nearly perfect, and only one of three planned midcourse corrections
was required. The slight correction was performed with the reaction con-
trol system at 103:59:54 to decrease the inertial veloeity by k.8 ft/sec.
The entry interface solution for this maneuver is shown in table 5-IV.

The trajectory conditions for transearth injection and the third midcourse
correction are shown in table 5-II.

5.8 ENTRY

The planned and actual entry trajectories are shown in figure 5-6,
The actual was generated by correcting the guidance and navigation accel-
erometer data for known errors in the inertial measurement unit. The
actual conditions at entry interface are presented in table 5-V.
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The entry interface velocity and flight-path angle were only 1 ft/sec
faster and 0.02 degree steeper, respectively, than plammed. The peak load
factor was 6.8hg.

The guidance and navigation system indicaeted a 2.l1-n. mi. overshoot
at drogue deployment; the postflight reconstructed trajectory indicates
a 0.9-n. mi. overshoot at drogue deployment.

Although nc radar tracking data for the service module were avail-
able during entry, photographic coverage information correlates well with
the predicted trajectory in altitude, latitude, longitude, and time.

5.9 TRAJECTORY ANALYSIS

Tracker performance was excellent, with only a few minor problems
that had been anticipated before the mission. Two significant perturba-
tions encountered in real time and after the flight affected orbit deter-
mination. First, water dumps and boiloff from the envircnmental control
system evaporator disrupted the orbit determination during the translumnar
and transearth coasts. After each venting period, about 8 hours of track-
ing data were necessary to provide the Real Time Computer Complex with
sufficient velocity information for accurate corbit determination.

Second, during lunar orbit, the lack of knowledge of the lunar poten-
tial function was evident in the Doppler tracking data. The data obtained
during the 10 lunar revolutions will be used to minimize this problem for
future near-moon orbits.

5.10 LUNAR ORBIT DETERMINATION

The real-time orbit determination technique developed for the lunar
orbit phase was based on an analysis of Lunar Orbiter III low-altitude
data. This technique, using a triaxial moon model, involved processing
of tracking data during each separate orbital pass. The resultant sclu-
tions for each pass during the mission indicated that pericynthion alti-
tude was decreasing and apocynthion altitude was increasing, both at a
rate of approximately 0.3 n, mi. per revolution.

An estimate of propagation errors is determined by comparing position
information obtained during the period of interest with the predicted
position based on processing of previous tracking data. This compariscn
in spacecraft position as a function of time is a good measure of the
propagation errors using an inexact representation of lunar gravity. For
example, an orbit solution for revolution 3 was integrated forward using
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the triaxial moon model and compared with the solution based on the pro-
cessing of revolution 4 data. Figure 5-7 shows the radial and downrange
errors in predicting revolution 3 dats forward to both revolutions L and
>, ©Similar behavior was noted in comparisons of data during later orbit
determination solutions.

The errors observed are approximately twice those indicated from the
analysis of Lumar Orbiter results. While these errors did not significantly
affect Apollo 8 targeting, uncertainties of this magnitude could influence
targeting for a lunar landing. Therefore, an intensive analysis is being
performed using other representations of the lunar gravity field and mod-
ified processing techniques to reduce these errors to an acceptable level
for the lunar landing mission. The results of this analysis will be pub-
lished as a supplemental report.
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TABLE 5-I.- DEFINITION OF TRAJECTORY AND ORBITAL PARAMETERS

Trajectory parameter Definition
Geodetic latitude Spacecraft position measured north or south

from the earth equator to the local vertical
vector, deg

Selenographic latitude Spacecraft position measured north or south
- from the true lunar equatorial plane to the
local vertical vector, deg

Altitude Perpendicular distance from the reference
body to the point of orbit intersect, ft

Space-fixed velocity Magnitude of the inertial velocity vector
referenced to the body-centered, inertial
reference coordinate system, ft/sec

Space-fixed flight- Flight-path angle measured positive upward

path angle from the body-centered, local horizontal
plane to the inertial wvelccity vector, deg

Space-fixed heading Angle of the projection of the inertial

angle velocity vector onto the local bhody-centered,

horizontal plane, measured positive eastward
from north, deg

Apogee Maximum altitude above the oblate earth model,
n., mi.

Perigee Minumum altitude above the oblate earth model,
n, mi.

Pericynthion Minimum altitude above the moon model, n. mi.

Period Time required for spacecraft to complete

360 degrees of orbit rotation, min



TABLE 5-II.- TRASJECTORY PARAMETERS

Space-fixed

Space-fixed

Space-fixed

Ref. Time Latitude Longitude, | Altitude, . . .
Event L2 : . veloeity, flight-path | heading angle,
bedy | hr:min:sec deg deg n. mi. ft/sec angle, deg deg E of N
Launch Phase
S-IC center engine cutoff Earth 0:02:05.9 28. 72N 80.19wW 22.k 6 21k 2h.53 76.57
8-IC outboard engine cutoff Earth 0:02:33.8 28.85N 79 .73W 35.5 8 900 20.70 75.39
8-II engine cutoff Earth 0:08:44.0 31.72N 65.39W 103.4 22 379 0.65 81.78
S~IVB engine cutoff Earth 0:11:25.0 | - 32.63N S54.06W 103.3 25 562 0.00 88.10
Parking Orbit
Parking orbit insertion Earth 0:11:35.0 32.65N 53.20W 103.3 25 567 0.00 88.53
S-IVB restart preparation Earth 2:L40:59.5 11.67S 162, 41E 105.3 25 562 0.04 59.38
Translunar Injection
S-IVB ignition Earth 2:50:37.1 9.25N 166.55W 106.4 25 558 0.02 58.64
§-IVB cutoff Earth 2:55:55.5 21,128 1hly, 79W 179.3 35 532 7.4k 67.16
Translunar injection Earth 2:56:05.5 21. 488 143.02W 187.1 35 505 7.90 67.49
Spacecraft/S-IVB separation Earth 3:20:59 25.86N 66.23W 3 797.8 24 975 45.11 107.12
Translunar Midcourse Correcticns

First midcourse correction

Ignition Earth | 10:59:59.5 1.708 123, ThW 52 768.4 8 187 73.82 120.65

Cutoff Barth | 11:00:01.9 1.718 123.75W 52 TTL.T 8 172 73.75 120.54
Second midcourse correction

Ignition Moon 60:59:55 14 .09N Ly 96w 21 06k4.5 L 101 -8L. k1 -86.90

Cutoff Moon 61:00:07.8 1L .09N Ly.oTw 21 059.2 4 103 -8Lk.k1 -87.01

Lunar Orbit

Lunar orbit insertion

Ignition Moon 69:08:20.L 7.468 | 163.984 76.6 8 391 -6.43 -123.79

Cutoff Moon 69:12:27.3 9.898 179.56E 62.0 5 458 -0.79 -117.13
Lunar orbit circularization

Ignition Moon 73:35:07 11.618 160.29E 59.3 5 L79 -0.03 -110.18

Cutoff Moon 73:35:16 11.665 159.79E 60.7 5 3ks -0.02 -110.18

L-C



TABLE 5-TI.- TRAJECTORY PARAMETERS - Concluded

. . . . Bpace-fixed | Space~-fixed Space-fixed
Event Eig& hr?;?;fsec Lam;Zude, Long:tude, Alzlt;?e’ velocity, flight-path | heading angle,
: ’ € & i ft/sec angle, deg deg E of N
Transearth
Transearth injection
Ignition Moon 89:19:16.6 9.278 174 .78E 60.2 5 3k2 -0.16 -118.59
Cutoff Moon 89:22:40.3 11.178 160 .19E 66.1 8 8k 5.10 -115.00
Third midcourse correcticn
Ignition Earth | 103:59:5L 5.675 57.2TW {165 561.5 4 2oy -80.59 52.65
Cutoff Earth | 104:00:08 5.675 57.33W | 167 552.0 4 298 -80.60 52.65

B¢
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TABLE 5~IIT.- PERICYNTHION ARRIVAL CONDITIONS

[Based on best estimate trajectory vectors]

Time of nearest Pericynthion
Maneuver approach, altitude,
: hr:min:sec n. mi.
Translunar injection 69:13:58 -130.2
First separation maneuver 69:01:03 c.8
Second separation maneuver 68:57:h0 458.1
First midcourse correction 69:10: 40 66.3
Second midcourse correction 69:10:39 65.8

TABLE 5-IV.- ENTRY INTERFACE CONDITIONS

[Based on best estimate trajectory vectors]

Velocity, Flight-path

Meaneuver ft/sec angle, deg
Transearth injection 36 221.1 -6.117
Third midcourse correction 36 221.2 -6.395




TABLE 5-V.- ENTRY TRAJECTCRY

Entry interface {400 000 feet)

Time, hrimminisec . . . . . . .
Geodetic latitude, deg north .
Longitude, deg west . . . . .
Altitude, n. mi. P e e e e s
Space-fixed velocity, ft/sec .
Space-fixed flight-path angle,
Space~fixed heading angle, deg

Maximum conditions

Velocity, ft/sec e e e e e

Acceleration, g .« « . + . . .

Drogue deployment

Time, hr:min:sec . . . . . .

Geodetic latitude, deg north
Recovery ship report . . . .
Best estimate trajectory . .
Onboard guidance . . . . . .
Target « « v v v v o & 4 4 &

Longitude, deg west
Recovery ship report . . . .
Best estimate trajectory . .
Onboard guidance . . . . . .

Target . . . .

PARAMETERS

.

146:46:12.8
20.83
179.89
65.90

36 221
-6.50
121.57

36 303
6.84

146:54:48

8.125
8.100
8.100
8.133

165.020
165.013
165.012
165.033
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Figure 5-1. - Continued.
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