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INTRODUCTION

Presented herein are the results of real-time tests involving visual
sacecraft acquisition, tracking, and photography performed during the
Apcllo 10 mission using the facilities of the Bldg. 16 observatory. A
descripticn of the equiument used and preparations made prior to the mission
is included. During the missiocn, the spacecraft was visuelly acquired
. during the first two days of translunar coest, during two consecutive
terminator crossings (Revolutions 15 and 16),and on each of the two days
of transearth coast. Based on data obtained at these times, recommenda-
tions are made with regard to using a visuasl telescope to point a laser
beam at the spacecraft for crew use as a landmark. These recommendations
do not favor on-site implementation and test of such a laser system.

FACILITIES AND EQUIPMENT PREPARATION

Appendix "A" to this dociment summarizes the results of attempts to
track the Apollo 8 CSM during the translunar coast, lunar arbit, and
transearth coast mission phasee. These attempts were largely unsuccees-
ful due to poor weather conditions and inadequate shieldi: 1 of the observ-
ing equipment against scattered light. This equipment consisted of the
following:

a. 16" Scrmidt-Cassegrain telescope

b. T quatorial platfcim to point telescope
¢c. 4 x 5 camera mounted on 16" telescope
d. 6" Schmidt-Cassegrain guide telescope

A program was initiated following the Apcllc 8 mission to improve the
equipment to maximize the chances of performing optical tracking during
the Apollo 10 mission. The following changes were made:

a. Scattered light baffles were installed on the 16" telescope.
These baffles (Fig. 1) effectively prevent light from sources outside the
actual field of view from reaching the image plune of the telescope. The
baffles were designed in accordance with procedures given in Reference 1
and were tested by taking long exposure photographs of the night sky near
. the vicinity of the moon. An attenuation of scattered light by one order
of magnitude was obtained.

b. Modifications to the equatcrisl platform control electronics
were made to allow more accurate pointing of the telescope during long
exposure photograyphy. These modifications consisted of increasing the
output of the right ascension drive power supply to eliminate a power drop-
out condition noted earlier, and installing time-~deley relays tc minimize
the chances of operator error while guiding the telescope during photographs.
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¢. A new k" x 5"camers was designed, fabricated, and calibrated
to replace the old camera. The camera previously in use was made up from
varicus hardware already available in the interest of expediency, and did
not supply sufficiently rigid film plane locaticn during long exposures.

d. An 8" Cassegra’n telescope was obtained to replace the 6"
as a guide telescope because of the 5" scope's poor resolution and light
grasp. An adjustable fixture was fabricated t~ allow the 8" scope's line
of sight to be varied #3° from the 16" line of sight.

In addition to the sbove hardware Improvements, photographs were
made on several types of film to determine the exposure times required to
photograph objects of +15 magnitude (camparable to the predicted space-
craft apparent magnitude at lunar distance). Exposure times of 20 minutes
vere required to uttain this magnitude on Royzi-X film, for example.

The above programs and tests were completed about one week prior tc the

Apollio 10 launch date, and an operational test procedure for the sightings
vas developed and practiced. This procedure was designed to make maximum
use of the reiatively short duration of the tricking opportunities during
the mission. The precedure was to first acquirce the spacecraft visually,
ob.ain confirmation of the sighiting from several observers, measure the
visual magnitude of the spacecraft with a phoiometer, and obtain photographs
of the spacecraft (in that order of priority).

RESULTS OF APOLLIO 10 VISUAL TRACKING TESTS

The following data summsrizes the tests performed and data obtaired

on & day-to-day basis as the mission progressed. Most of the visual sighting

dats was recorded on tape, and Appendix "B" contains a debriefing of these
voice tapes, in the form of Greenwich Mean Time (GMT) at each event. All
times in this note are GMT unless otherwise stated. Tracking data for the
lunar coast, lunar orbit, and transearth coast mission phe-es was supplied
by ACR {Charles Alldsy) and was extrapoleted from the latest and best state
vectors as described:

8. Translunar coast to lunar orbit insertion: Data included
translunar insertion burn and CSM-SIVB separation burn, but did not include
mid-course corrections.

. Lunar orbit data consisted of terminator crcssing times and
current selenographic latitude and ongitude of the spacecraft. This data
was obtained from the real time Mission Control Center (MCC) displays.

¢. Transearth phase data included the transear-h insertion burn,
but no midcourse corrections.
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Day 1 - Translunar Cosst, May 19. 1969 - Olh through Oih GMT

Seeing conditionswere clear, increasing haze to horizon. The
range to the spacecraft was between 48,000 and 60,000 nautical miles, in
this time interval. The platform was alined to the star € Geminorunm,
then about 3° from the spacecraft predicted position. Observations
commenced at 02h GMT and three flashing objects were seen by Indulis
Saulietis, about 0.25° from the predicted spacecraft position. This obser-
vation was confirmad by Dennis Peterson (IEC), Clark Neiiy (FCSD), and
oohn Ericson (FCSD). At one time, four separate objects were ueen by
C. Neily. No steady state brightness was observed in any of the objects.
The brightest flashes were +8 to +10 magnitude and were of extremely
short duration, thus precluding the use of the photometer to obtain
quantitative data, since the photometer cannot measure dimmer than +6.5
magnitnde. The objects were observed for approximately 20 minutes, and
then & photograph of 20 minute duration was taken. None of the obJects
were recorded on this photograph due to their faintness, motion, and
short flash duration.

The objects were again observed visually following the photograph,
until the increasing haze limited visibility as the S/C neared the horizon
at Obh. It was not possible to determine which object was the CSM-IM
since no aata was available for the relastive positions of the SIVB booster
and the four SLA panels, all of which were near the spacecraft at this
time. The spececraft was in the passive thermal control attitude for
the duration of the sightings. Appendix "B" details the sightings and
times.

Dey 2 - Translunar Coast, May 20, 1969 - Olh through O3h GMT

Seeing conditions were clear, very much haze.  Sun not visible
5° above horizon because of haze. The platform was alined on the star ¥*
Geminorum, checked on £ Geminorum. Observations on spacecraft predicted
position began at O2h. Dennis Peterson acquired a flashing source near
the field of view center at 02h 18m 058 and observed it until 02h 26m 35s.
Indulis Saulietis then observed and saw & flashing scurce of light at
02h 31m 05s. Continued cbservations until 02h 33m O5s, during which inter-
vel one flash of one sec duration was observed, followed by two or three
very short flashes. This ocrurred at 02% 3im SS5s8, Dennis Peterson then
observed and recorded several marks on flashes until 02h 4Tm 58s. There
appeared to be more than one source of flazhing light. Indulis Saulietis
observed until OCh S1m th, at which time a series of flashes were visible.
Dennis Peterson observed until O2h 5Tm OOs, reporting several more flashes.,
J. Riley then observed and reported some flashes. None of the observers
reported any steady-state component to the light from the object. The
msagnitude of brightest flashes was estimated at +12. No photograrhs were
taken due to che poor weather conditions and the extreme faintness of the
sources. The nominal spececraft range was 130,000 nautical miles and the
spacecraft was in the PIC attitude.
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Da - Translunar Coast, May 21, 1 Olh thro O3h GMT

Seeing conditions were somewhat improved over Day 2, but not as
good as Day 1. The plstform was alined on M Geminorum and the spacecraft
position acquired at O2h 49m. I. Saulietis observed vntil O3h. No definite
sightingg were obtained, although a very faint flash or two were seen near
the field center. One photograph was taken on 103a0 spectroscopic plate,

20 minute exposure duration. Results of the photograph were negative.
Seeing conditions had degraded by O3h 20m so no further observations were
attempted.

Day 4 - Lunar Orbit, May 22, 1969

Seeing conditions were clear, increasing haze to horizon. ACR
supplied spacecraft earthside terminator crossing times for Revolutions 2
and 3. At the 69m orbital altitude, the spacecraft would be visible
against a dark moon background for approximately 6 minutes 30 seconds
after the terminatcr .oossing time. The nominal ground track of the
spacecraft was plotted on a large scale lunar map and the observers
(D. Peterscn and I. Saulietis) familiarized themselves with the space-
craftlocation and direction of motion with respect to identifiable lunar
features through the 16" and 8" telescopes. No suc~ess in sighting the
spacecraft was obtained. - '

Day 5 - Iunar Orbit, May 23, 1969

Seeing conditions were clear, much improved over Day 4. Space-
craft terminator crossing times for Ravolutions 16 and 15 were obtained.
The otserving procedure was the seme as for Day 4. During Revolution 15,
I. Sauljetis {using the 8") revorted three flashes of 1light along the
predicted venicle ground track, D. Peterson (on the 16") also reported
three flashes, the second one at the same time.as the second flash seen
by I. Saulietis. During Revolution 16, D. Peterson sew two or three
flashes along the ground track with the 8" scope, J. Riley reported some
flashes with the 16". The telescope was then set up for lunar photography
and the lunar surface in the viecinity of the sightings was photographed.

Day 6 - Lunar Orbit, May 2k, 1969

No observations were made this day.

Day 7 - Transearth Coast, May 25, 1969, 02h through O3h 30m

Seeing conditions were clear, cirrus forming to west. The plat-
form was alined on P Leonis and the spacecraft position acquired at O2h.
I. Saulietis observed and reported a twelfth megnitude flashing object
in the field. Although no steady-state component of light was observed,
the periods of visibility were much longer than previcusly, being one to
two seconds in duration. D. Peterson confirmed the observation. Five
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persons from ACR were invited to confirm this sighting, and all five saw
the spececraft. Thece persons had no previocus experience with optical
observations. The spacecraft was easily seen as descrived until O3h 30m
when high cirrus clouds formed, ending cbservations. The zpacecraft range
at this time was sbout 165,000 nautical miles.

Day 8 - Transearth Coast, May 26, 1969, 02 through Ohh

~Seeing conditions were clear, increasing haze to horizon. The
platform was alined on leonis. The spacecraft position was acquired
at O2h and observations of the spacecraft were attempted until O3h 50 m
with negative results by I. Saulietis and D. Peterson. At this time I.
Saulietis acquired a very faint (13th - 14th megnitude) flashing object
and observed it for about five minutes. D. Peterson ccnfirmed this observe-
tion. The location of the observed flashes was plotted using field sters
as a reference. The plotted points lie on an approximately north-south
line, agreeing with the predicted motion of the spacecraft at Okh. No
satisfactory explanation of the extreme faintn2ss of the spacecraft could
be determined since the spacecraft was then 8,000 n.mi away as compared
with the 165,000 n.mi on Day 7, and was much easier to see on Day 7.

CONCLUSIONS AND RECOMMENDATIONS

The following conclusions may be drawn from the data reported in
Section II.

a. Because of basic differences in the inertial coordinate
systems used to define the spacecraft position on the one hand and aline
the platform on the other hand it was not possible to define the spacecrart
in the field to better than 0.25°,

b. During the translunar coast phase, more than one object may
be visible and unless the coordinate problem is solved, there is no way to
visually distinguish the spacecraft from ‘he SIVB or the SLA panels.

¢. The flashing nature of the light returned from the sipacecraft
would make it extremely difficult to visually boresight a aser beacon
on the spacecraft since the time intervel betwren successive flashings is
long enough for significant motion of the spacecraft in the field of view.

d. During the transearth coast phase, there is no identification
problem, but since the vehicle now consists only of the Command and Service
Modules, the visibility of the spececraft is apparently highly sensitive to
the attitude of the spacecraft with respect to the sun and to the telesccpe
line of sight. This is because of the semispecular surface finish on the
Service Module, which is the only portion of the wvehicle which can reflect
light back to the telescope (in the PTC attitude). If the spacecraft were
oriented to allow the sextant to observe the earth, an unfavorable visivility
attitude will most likely result.
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e. Direct photography of the spacecraft appears to be impossible
with our 16" telescope, due to the low total energy received from the spece-
craft. The photographic threshold magnitude for the 16" is +15 for 20
minute exposures of stationary sources.

Recommendations for further activity in this area are as follows:

a. Development of spacecraft tracking techniques using an image
orthicon camera - This technique would essentially supply the observer with
real-time spacecraft location in the starfield, even for a flashing object
appearance. The telescope to spacecraft boresight could then be updated
knowing the direction and rate of spacecraft motion with respect to the
starfield. Successive flashes wculd refine this boresight updating, perhaps
allowing 10 arc second tracking accuracies to be realized. This branch is
currently developing the necessary hardware for tests of this technique.

b. Rectificatiorn of coordinate system differences - On future
missions it is hoped that the coordinates of the reference stars used to
update the platform position prior to sightings can be supplied in the
same reference frame as the spacecraft position, so tuat the spacecraft
may be identified among other objects in the field of view. Smaller
fields of view could also be used, allowing grea*er tracking accuracies.

c. The develomment and operational test of a prototype laser
landmark shoulc not be attempted until a satisfactory tracking technique
is developed arnd tested.

d. Weather conditions for Apollc 10 spacecraft tracking were
generally favorable throughout the mission, although by no means could
these conditions be described as ideal. It is not expected that the
weather will be any better for a July or August Apollo 11 test because of
the high ambient humidity at this time of year. Better conditions could
e obtained at a remcte site or on-site during the winter months.
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APPENDIX "A"

RESULTS OF VISUAL TRACKING PERFORMED DURING APOLIO 8
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UNITED STATES GOVERNMENT

Memorandum

Z3fTexr =y Thier, Guidence and Control Division DATE: Fetruary 10, 1969
Ir. reriy refer tTo:
223/Chiaf, Guidence Develommesnt Branch 226-69-17

Visual tracking of th2 Arollo 8 CSM

ccal weather coanditions permitted only two attempts to visually acgyuire

end track the Apollo 8 CSM during the translunar ccast and luner orsit
vhases of thne mission. The first opportunity occurred at 60h 23m GET
~hea tne OSM wes 186,433 n.mi from the observing site. The 16" telescope

iccated in the Bldg. 16 observatory was used for the sighting attemp.
Teiescope pointing information was suprlied by the RICAF group, based on

o extraporation of the CM stete vector about 10 hours after TLI. Several
~pzervers sitempred to acquire the spacecraft, witr no conciusive resuits.
Jilare Trcm the nearvy meon was & major factor affecting the cbservatiorns.
iy pnoiographs of the starfield around the CSM's predicted positicn vers
ccizined, at 15 minute time intervals. Two of the photographs reveal &
very faint image which changes position over a 15 ainute time intervul

Messurements ~T the image®s direction and extent of apparent motion Witk
respect tc th2 stars indicate close agreement with the precicted rate and
directicn of the S/C‘s motion during the time interval vetween the iwo
pnciss. The images ure so faint, however, that it cannot te said with any
certainty thet the tracking attempt was successful.

Trz zacond sighting oppo: tunity occurred on the following night, when the
3 In lunar orvit. 1 single terminator crossing of The S/C was

¢ veginning at 86t 12m GET when the S/C crossed tne moon's termsina-

tor going nightward. S/C sunset cccurred at 86k 10m, yielding & 6 minute
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zime intervel auring vwhich the S/C was sunlit against e dark moon background.

Beceuse oF the short duration of the event, only one observer could attempt
& sigating. The observer reported visuel acquisition of the 3/c es it
crossed the terminator immedistely south-southwest of the crater Arago.

Yo cernfirmation of thic was possible because this terminatcr crossing was
the only one observable that night. However, later comparison with lunar
Jrouna track data indicates that the S/C was indeed at ine location where

it wes observed. The atteched LEC memorandum documents the two sightings
aiseussea.

I adaition, several major observatories participated in visusl and
photcgrephic signtings of the S/C. Mr. Rarold Liemchn of the b.oeing

Jeientific Laboratory coordinated this uncificial exercise, and zis
report oI tihe success ol the exercise is enclosed.
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INTERDEPARTMENTAL COMMUNICATION

r I. Saulietis ROEGR6  Yau’ 16 ™ MSC ™M™ 30 Jan 1969
mos D, A, Peterson s/ 671-32 823/ 16A ANV MSC S 2916
susiect. VISUAL TRACKING OF AFOLLO 8 SPACECRAFT
: 12/23/68 - Translunar Tralectory

The equitorial platform was aligned on a star near the spacecraft with
- pointing Gata supplied from the Building 30 real time computer group.
The platform was adjusted to the trajectory coordinates and wisual
: acquisition was attempted. No conclusive asightings were obtained.
Pictures of the subject sky area were taken.

12/24/68 - Circumlynar Trajectory

The selenographic ground track of the spacecraft was obtained from the
real time computer group. The telescope wes pointed at the acquisition
and terminator crossing points at the proper times. "Seeing" conditions
wvere exceptionally good during this test. During the first opportunity,
pictures were taken with polaroid film, Between this time and the next
acquisition two pictures were taken of the area of the sky, where the
spacecraft was to be durivg translunar flight. These are for comparison
with the photographs of the previous ewvening. During the second oppor-
tunity visual tracking was attempted using 250x magnification. The
spacecrafi was visually seen just past the terminator southeast of the
crater Arego (see the attached picture). An attempt was made on the third
opportunity to confirm this sighting by using a different observer, but
the moon had descended too low into the atmosphere and seeinz conditions
had deteriorated. Bad weather prevented any further attempts on sub-

sequent nights. - )
Dt/ ol

’ D. A, Peterson
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. PRELIMINARY RESULTS OF APOLLO 8 OPTICAL .TRACKING EXPERIMENT

Several observatories succeeded in sighting and photographing the
Apollo 8 spacecraft during its lunar mission on 21-27 December 1968.
This preliminary report contains a& brief account of the sightings,
tentative interpretations, and some conclusions about the program.
A more complete review including some photographs will be published
in the March issue of Sky and Telescope.

Y N T I ey

Sightings., During the trans-lunar trajectory the command-service
module iCSM), the four quadrant panels for the service lunar moduie
adapter (SLA) and the S-4B booster rocket created a spectacular array
of flashing objects. No one sighted the CSM during its lunar orbits
but the weather was generally bad. On the return trans-Earth traject=
ory the brightness of the CSM again varied significantly. Tabulations
of participwting observatories and thelr results are enclosed.

T R R o)

On the first night, 21 December, most observatories noted at least
two 12th magnitude objects which flashed to 8 - 1Oth magnitude
occasionally. Both trailed and tracked photos were made so that
brightness and position data will be available as a function of time.
Pic~du-Midi sighted the Apollo briefly through a thin cloud layer

at 1710 UT and a strange white cloud appeared on the trajectory at
1730 UT. Catalina tracked at the sidereal rate and obtained trailed
images of 3 objects on 25 plates of 4X emulsion. Flash durations of
less then one second were noted visually, but photographs show bright
periods lasting several seconds., <Corralitos obtained photographs of
t-eir image orthicon presentation but did nnt detect flashing due to
= long integration time, U. S. Naval Observatory detected four fiash=-
3 ing objects surrounding a central dim object but were unavle to

- . photograph more than 3 at one time. Table Mountaln, Lowell and Mount
- Wilson also reported sightings and made photographs.
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On Sundey and Monday, 22 end 23 December, only two sources were
reported, Their brightness diminished proporticnal to the square of
the distance so that near the Moon their maguitude vas approximately
14 to 15. Suca sources would be very difficult to detect close to

the lunar crescent. The two objects were separated by several minutes
of arc on +he 21st end 20-30 minutes on the 22nd., This is in apparent
agreezant with the C3M approaching the dark limb and the S-42 assrocca-
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To: Several 2 1-8230-9-41

The traus-Earth trajectory was marked by a wide range of brightness

on 26 December. At Lick Observatory 150 minutes of te.ievision tape

were filmed with a video camera on the 120-inch telescope. They

report magnitudes varying from 10 to less than 17, the threshold of

their instrument. Fullerton, California reported a highly variable

source averaging sbout 1llth magnitude and fading occasionally below

their threshold of 13th magnitude. They saw some flashes about 530 ;
UT which may have been as bright as Sth magnitude but no photographs §
were obtained, Although most observatories were ready to operate :
that night, the weather was generally bad throughout the Southwest.

Unconfirmed Interpretation. Om 21 December the observatories undoubte
edly detected some SLA panels as well as the CSM and S-4B. The S-UB
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 direct- §
ions and tumbled wildly which may account for most of the bright §
flashing sources. The bright cloud at 1730 UT may be due tc a short 5
burn as the CSM evaded the S-4B.

On 26 December several tests were made of the orientation thrusters
which may account for some bright flashes. Also, if a water dump
took place, the ensuing cloud of ice crystals would account for the
very bright flash vwhich was reported. The solar position and spece-
craft orientation was more favorable during this phase of the mission
so that the reflection was generally brighter than on the 2lst.

A time-line of flashes will be preparei to compare with spacecraft
attitude, correction thrusts, and water dumps to ascertain any
correlations which will permit better tracking on future missions.

Conclusions. The feasibility of optical tracking for Apollo missions
to the Moon was confirmed by the observatory sightings. Unfortun:stely
the vagaries of weather remain a deterrent to its routine utility.

The brightness estimates which were reported are in reasonable agree-
ment with some crude theoretical estimates which preceded the flight.
It is unlikely that the Apollo can be monitored optically in lunar
orbit since the lunar crescent is too bright for diserimination. On
the other hand, if the bright flashes can be attributed to spzcial
attitudes, thrusts, cr water dumps, 1t may be possible to track
optically for brief periods near the lunar disk.

The actual trajectory for this mission was very close to the nominal i
trajectory predicted in advance. Discrepancies of only a few minutes :
of arc were noted on 21 and 26 December, but the shift remained well

within the field of most telescopes. The accurate position data plus :
the rapldly varying source make identification and tracking relatively ;
easy with moderate-sized instruments. The spacecraft position can be :
verified immediately with an accuracy of ¥ 10 arc seconds in & Sood
starfield and an accuracy of % 0.1 arc seconds is achievable with
photographic plate measurements.
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Future interest in optiecal tracking will depend on how effectively
the data from Apollo 8 tracking can be utilized by NASA. Their
interest was generated by the desire to determine the feasibillity

of visual boresighting on the spacecraft. Evidently this is possible
during trans-lunar and trans-Earth trajectories. During lupar orbit
it is unlikely unless special arrangements can be made to enhance
the source brightness. Hopefully this or some other technical appli=~
cation of optical tracki.g will bear fruit. ‘

The cext Apollo mission is the Earth orbit of Apollo 9 teginning 28
Februar; to check out the lunar excursion module (LEM) and other
systems. I 2ave no plans to arrange optical tracking of tkis mission.
The pext lunar mission is Apollo 10 which is scheduled to be lsunched
on 17 May. Since the LEM will travel irdependently in lunar orbit and
repdezvous with the CSM, the rocket thrusts, water dumps, and large
plane surfaces on the LEM may provide some fairly bright sources.

Thus I hope optical tracking can be arranged for this mission particue-
larly during the lunar orbits,

If optical tracking is attempted on future Apollo missions, I would
recommend a modification in the data dissemination. I telieve the
nominal trajectory should be made avajilable to observatories well in
advance of the launch. I would further propose that temporal aad
positional changes in the orbital parameters be transmitted at pre-
determined intervals over the amateur radio network. This will
enable a much wider participation in the tracking program which would
take advantege of local breaks in the weather., If the trajectory
digresses considerably from the nominal one, new itrajectory data
could be prepared for selected locations by a backup computer.

There was considerable interest on the part of professional and
amateur groups alike to participate in this first manned lunar mission.
I believe the public interest in manned space flights would be
enhanced by continued opportunities to track Apollo missions.

I would like to take this opportunity tc extend my appreciation to all
who - .rticipated in this program. I was proud to take part in such
an interesting team effort. I hope we can do it again scon.

Yours truly, ,
/%/Ld” /;:ZL’IWML /
Harold B. Liemohn

Staff Member
Geo-Astrophysies Laboratory
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APOLLO 8 OPTICAL TRACKING RidCro

21 22 23

Cataliina S S
Corralitos S S S
Kitt Peak

Lick w W W
Lowell S S S
McDonald S
Pic-du-Midi S W W
Table Mountain S S S
G. S. Xaval S S S
Mount Wilson S S S
Fullerton

S - Sighting, visual/photographic

W - Weather, light cirrus/blizzard
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INTERDEPARTMENTAL COMMUNICATION

™©

FROM

I. Saulietis et/ EG UDE/T6A  DANY MSC %™ 11 June 1969
R. A, Smith Ly 671-32wes/16A wmaays MSC w2916

sumect. REPORT OF S/C SIGHTINGS DURING FLIGHT OF APOLIO 10 USING 16" TELESCOPE

farm LAC 201

AND 8" TELESCOPE

During flight in Cis Lunar space the 16" telescor< was used with a 35mm
eyepiece. This arrangement ylelded a magnification of 160x or a Field
of View (FOV) of 27 arc mimutes. The 8" telescope was used with a 12.5m
ayepiece which gave a magnification of 240x and a FOV of 6 arc mimtes.
During circum-lupar flight the 16" telescope was used with a 25mm eye-
plece which yielded a magnification of 220x and a FOV of 9 arc mimutes.
The 8" telescope was used as sbove,

Listed below is a tabulation of all successful spacecraft sightings and

the times at which they were made. All times 1n this list are Greenwich
Mean Time.

May 19, 1969
Translunar Flight

C. Neily spotted three flashing objects

02:21:04 Objects 1
02:21:29 Objects 1

02:22:16 Objects 2
02:22:21 Objects 2
02:22:39 Objects 2
02:22:56 Objects 2
02:23:12 ObJects 2

02:24:24, Objects 1

02:24:29 Objects 3

D. Peterson

02:27:24 Confirms 3 flashing objects
02:30:34 Objects flashing less

J. Riley

02:23:54 Negative

I. Saulistis
02:34:49 Flash lrom Objects

D. Peterson
02:41:04 Flash from one object




-2 11 June 1969

The range to the S/C was 48,000 nautical miles. Spacecraft position in the
sky was in the vicinity of 6 hours, 40 mimutes right ascension and +28° 36!
declination. Magnitudes of the flashes from the S/C wers estimated to be
between +8 and +10.

May 20, 1969 01-03h GMT
Spacecraft (S/C) position was acquired at 02:12:35

D. Peterson

: 02:18:05 Flash at center of field
02:19:45 Flash at center of fleld

I. Saulietis

02:31:0% Say flash toward left edge
02:31:55 Saw flash of 2 sec duration plus 2 or 3 short ones

: D. Peterson

02:36:15 Saw source of variable brightness
02:37:13 Saw flash
02:38:33 Saw flash
02:38:40 Saw flash
02:41:27 Saw flash
02:46:03 Saw flash
02:47:34 Saw flash
- 02:47:48 Saw flash
: 02:47:58 Saw flash

©epgm

I. Saulietis
02:51:45 Saw flashes: appeared to be more than one object

D. Peterson

02:53:25 Saw flssh
02:53:56 Saw flash
02:54:05 Saw flash
02:54:24 Saw flash 3 or 4 objects are present
02:£5:20 Saw flash

The position of the tracking platform had to be moved every 10 mirutes

. during the above two nights. All targeis appeared to be about +10 or
+11 magnitude. Spacecraft position was approximately 7 hours (h) 55
minutes (m) right ascension {.) and +25° 46' declination ( ) during
the sightings of May 20, 1969.

May 21, 1969
No sightings were attempted due to overcast sky

May 22, 1969

The S/C was in circum-lunar orbit during this pass. All sightings were
made betwesa the time the S/C had crossed the lunar terminator and the
time it w-~nt behind the edge of the moon from the sun (1.e. sunset for
the S/C). Both the 8" and the 16" telescopes were used.




-3- 11 June 1969

There were no positive sightings on tnls night. The moon was within 30
degrees of the horizon and the local atmosphere was hasy.

The S/C was still in circum-lunar orbit. "Seeing® conditions were good
for the Houston area, about 6 on a scale of 10.

S/C revolution 15-16 01 h GMT

I. Saulietis (I. S.) was observing with the 8" telescope. D. Peterson (D.P.)
was vsing the 16" telescope.

01:39:56 S/C terminator crossing
LAT: 00° 29 25.1"
LONG: 09° 46! 34.4"

NCTE: All LAT and IONG data is taken from a computer printout
of lunar ground track information obtained from ACR.
01:40:25 (I.S.) reported a flash inside a crster on terminator
S/ Pos. LAT: nt0Q° 27*' QO"
LONG: n+07° 44! 53"
01:43:00 (I.S.) reported a flash 1/3 of the FOV from the center tc the edge.
(D.P.) coufirmed this flash, and indicated that it was very short.
S/C Pes. LAT: n+00C 15' 28"
IONG: 010 38' 05"
01:45:56 (1.S.) reported a flash just above the center of the FOV
S/C Pos. LAT: +00° 02' Q4"
LONG: -09° o2t 36¢
01:46:11 (D.P.) reported a flash at center of FOV
S/C Pos. LAT: +00° 05' 057
LONG: -09° 48' 17"
8/C revolution 16-17 03 hrs GMT
03:38:30 S/C Terminator Crossing

D. Peterson (D.P.) was obuerving with the 8" telescope and J. Riley (J.R.)
was using ths 16",

03:42:05 (D.P.) reported a flash approximately 3 times the diamster of
Godiu crater toward the center of the FOV from the terminator.
S/C Pos. LAT: +00° 15' 26"
LONG: =029 41' O3"
03:43:29 (D.P.) reported a flash

S/C Pes. LAT: +00° 10' o2
LONG: -09° 59! 29"

- Tobisktiticmy it
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03:43:32

03:43:57

03:44:30

03:44:37

03:4€:00

(D.P.) reported a flash
S/C Pos. LAT: +00° 09!
IONG: -10° 08!
(D. P.) reported a flash
S/C Pos. LAT: +00° 08'
LONG: -08° 220
(D.P.) reported a flash
S/C Pos. LAT: +00° 06'
10NG: -10° 02!

(D.P.) reported a flash

51"
37"

4"
o2n

o5"
32"

S/C Pos. LAT: 0C° 051 37"

LONG: -19° 23!

Observations end

No sightings were attempted
May 25, 1969 0z2-04 h GMT

The S/C was in Trans-Earth flight at this time.
(about 6 or 7).

A 35mm eyepiece was used with the 16" telescope.

D. Peterson Cbs.,

02:41:43
02:41:46
02:41:50
02:41:53

Reported a flash
Reported a {lash
Reported & flash
Reported a flash

51"

11 June 1949

"Seeing" was very good
Platform aiigmment was orn A Leonis; and, range to the
S/C was approximately 165,000 rautical miles.

The flashes were rcported as equal to about +14 wagnitude (mv).

02:43:45
02:45:47

Reported steady iljluminence cf sbout 1 sec.

Reported a flash next to a +13 or +14 magnitude star

I. Saulietis Obs.

02:46:41
02:47:25
02:48:56
02:49:03
N+49:16

Reported that star mentioned above is changing in brightness

Reported star gune

(D.P.) confirmed sighting
(1.8.) roported a flash
Reported many flashes

D. Peterscn Cha.

02:49:25
02:49:28
02349:42

Reported definite flashes
Rfeported a flash
Reported a flash also target moved

A G

Yosi.d el

RORRTE RIS TR IRERET R RY RV LR T LR N

Wb At il WA P MU I R R e i

WY T )

| TR



65— 11 June 1969
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!
I. Saulietis Obs.
02:50:14 Peported a flash
) 02:50:20 Reported a flash i
H 02:50:45 Reported a flash i
: 02:50:15 Reported & flash
, - 02:52:34 Reported a flash
S 02:53:40  Reported a flash §
D, Peterson Obs. :
* 02:54:20 Repoited & flash
02:54:28 Reported a flash
02:54:57 Reported a flash
02:59:23 2 second steady state flash
: I. Saulietis Obs. }
03:00:06  Reported a flash and that target had moved since
i his last sighting i
Five observers from ACR tried to see the S/C. All five reported they :
could see it Tlashing and two of them stated that it appeared tc move
with respect to the stars.
The S/C moved betwsen the positions : 10h 21.9m, +11° 47' and

o10h 21.4m, +11° 43' during the observations for this night.

ppe

May 26, 1969 O1l-Q4h GMT
"Seeing" conditions were relat.vely poor (about 3 or 4). There was a
lot of haze or smog and stars were twinkling at the zenith.

Sl ey

D. Peterson Obs.

AR NS 2 ) TR e

01.:57:34 Reported a flash
02:45:00 Reported a flash
02:47:25 Reported a flash
02:48:18 Reported a flash

s

> I. Saulietis, Obs.

03:30:45 Reported a flash
04:09:31 Reported a flash

D. Peterson, 0Obs,

04:13:11 Heported a flash
04:14:38 Reported a flash
04:15:50 Reported a flash

Becsuse of peor visibility the pesitions of the target flashes were plotted
on a star packground during this night's observations. These plots are shown
in Figures 1 and 2.
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S/C MOTION

TIME 02:39
FOV 27 ARC MIN,

ol I0Oh 45.5 m

S +08° 00
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TIME 02:49
FOV 27 ARC MIN.
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