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Final Report, NASA Contract NAS8-30251
Skylab Experiment S073

Preface

After nearly 10 years' investment in time and cost by NASA, and
more ‘bthan 7 years by us, the subject contract was terminated on January
3L, 1976 due to the closeout level of funding provided to this experiment
for TY 1976 - just as we received the last batch of valid experiment
data. This report summarizes. experiment activities under contract
NAS8-30251 to State University of New York at Albany {October 1973 -
January 1976) and under its predecessor contract NAS8-24865, at Dudley
Observatory (January 1969 - October 1973). Data analysis will continue
beyond July 1976 with support by a NASA grant.

P S S S

SR



FINAT, REPORT

Skylab Experiment S073: Gegenschein/Zodiacal Light

National Aeronaubics and Space Administration

Contract NAS8-30251 '
to the State University of New York at Albany

7
;3%2é2222242%;

J, L. Weinberg
Principal Investigator

Space Astronomy Leborabory

Stabe University of Wew York at Albany
Executive Park East

Albany, Wew York 12203

August 1976

"This is a final contract report, not a final experiment report.

{
i
i
i




il

Summary

Skylab experiment S073 was designed to measure the surface brightness
and polarization assoclated with zodiacal light, background starlight, and
spacecraft corona during each of the Skylab missions using a 10-color photo-
electric polarimeter. The polarimeter and a 16 mm camera were mounted in
parallel on a scanning platform at the end of an extension mechanism which
could be deployed up to a distance of 5.5 m beyond the spacecraft through
scientific airlocks (SAL's) in either the solar or antisolar directions.
Unfortunately, the solar SAL could not he used because a permanent heat
shield was deployed out the solar SAL following the loss of the spacecraft
meteoroid shield during launch. Therefore ohservations were restricted to
the antisolar hemisphere. '

Fixed-position and sky-scanning observations were obtained during Skylab
missions SI-2 and SI-3 at 10 wavelengths between 4OOOR and 8200R. Although
valid telemebry data were not received until October 1975, initial results from
the fixed-position data are presented on the spacecraft corons and on the polarized
brightness of the zodiacal light.

To provide information on the spacecraft corona in near real time, the
photometer was fixed In position at approximately 95 degrees from the sun, and
10-color chservations were made on SL-2 mission day 19 starting with the space-
craft in the Barth's shadow and ending in daylight. The reverse sequence wvas
performed later in the same orbit, i.e., day to night. Total instrument
reproducibility and the method of differencing da.y/night or night/day bright-
nesses were found to give a minimum detectable brightness change of from 1 to
3 810(V)¥. We found no evidence on SL-2 mission day 19 for integrated light
from conbaminant particulates dowm to this column brightness threshold for
detection. The same analysis will bhe performed on similar observations obtain-
ed at other times during the missions.

Included among the fixed position regions that were observed are the north
celestial pole, south ecliptic pole, two regions near the north galactic pole,
and 90 degrees from the sun in the ecliptic. The polarized brightness
(Stokes parvameter Q) of the zodiacal light was found to have the color of the
sun at each of these positions. Since previous observers had found the total
brightness (Stokes parameter I) to have the color of the sun from the near
ultra~iolet out to 2.4 um, the degree of polarization of the zodiacal light is
independent of wavelength from LOOO& to 8200A.

With valid telemetry data now available, it will be possible to derive
results for the scanning programs and to complete the analysis of fixed position
data, including simultaneous multicolor cbservations of the north celestial pole
from Skylab and from Mt. Haleakala, Hawaii on 12 June 1973.

*
Equivalent number of 10th magnitude solar (G2V) stars per square degree at
mean solar distance.
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Background Information

Skylab experiment S073, "Gegenschein/Zodiacal Iight", originated with
E. P. Ney and collaborators at the University of Minnesoba, where work
continued until delayed by the I{SC/Apollo fire. The Minnesota group was
unable o continue the experiment when it was included in the AAP experi-
ment list in early 1969, and J. L. Weirnberg was asked to become Principal
Investigator. A new instrument, a 10-color photoelectric photometex;
(polarimeter) similar to that used by Weinberg in ground-based studies
between 1961 and 1968, was developed to take advantage of the revised
schedule and increascd vehicle capeblility and of the subsequent availsbility
of scientific airlocks, to obtain detailed photometric data on the zodiacal
light and backsround starlight, and to provide gquantitative information in
near real time on the spacecraft corona. The photometer was designed to
measure light levels ranging from zodiacal iight in the antisolar hemisphere
to forward scatbering of sunlight from contaminant particulates surrounding
the Saturn workshop. All-sky multicolor observations of brightness and
polarization had not previously been made from sbove the earth's atmosphere.
The design, construction, testing and calibration were performed in collabora-
tion with Martin-Marietta, Denver and NASA/MSFC. In October 1973 the zodiacal
Light group abt Dudley Observatory, including most of the 85073 team, left Dudley
Observatory to form the Space Astronomy Laboratory in affiliation with the
Department of Astronomy and Space Science of the Sbate Univefsity' of New York
at Albany (SUNYA).
The photometer was designed to perform various fixed-position or sky-
scanning progeams which could be scheduled during satellite day or night.
In order to extend the region of sky observable without mcurrmg reflec-
tions from the Apollo Telescope Mount and Saburn workshop, the photometer

was to be extended out either the scolar or antisolar scientific airlock at




the end of a boom of length either 1.0 m or 5.5 m. The boom was designed
for use by experiments SO73, T027 (Contamination Measurement), and 5149
(Micrometeoroid Particle Collection).

The original plani called for repeated cobservations from the solar
and antisolar scientific airlocks during each of the Skylab missions and
coordinated obser{rations with Pioneers 10 and 11 and with colleagues at |
Tield sites in Hawaii, Japan, Indla, France, and thé Canary Islands. Loss
of the solar scienbtific airlock to experimenter useii restricted obsex;vau
tions to the anbisolar hemisphe;:‘e. Some of the scientific potential of
5073 was lost when the solar scientific airlock ciou,ld not be used and
because observations were not scheduled before 8L-2 mission day 18 (i.e.,
near Full moon instead of near new moon). Additional potential was lost
vhen the extension mechanism/mounting facility failed early in SL-3 with
the photometer attached, making it impossible to retract the facility; both
the facility and photometer were jettisoned. In spite of these difficulties,
multicolor observations of brightness and polax_'ization were obtained of

porticns of the antisolar hemisphere.

lsee:,., for example: -

J. L. Weinberg, AAP Flight Bxperiment SO73 (Gegenschein/Zodiacal Light)
and Aubtomaetic Programming, Feb 1970, rev. May 1970.

Experiment Fmplementation Plan (EIP), Experiment S073, June 17, 1971.

J. L. Weinberg, A Coordinated Program of Satellite and Ground-Based
Observations of the Zodiacal ILight., presented at XIVth General Assembly,
TAU, 1970; Trans. IAU XIVB, 166, 1971.

Observatory Report, Dudley Observatory and Department of Astronomy and
Space Science, SUNYA, Bull. AAS b, 13-21, 1972.

backup instrument canister was modified and carried aloft by the SL-2
erew to deploy a parasol out the solar scientific airlock to reduce the
high workshop bemperature dvoe to loss of the meteoroid shield during
launch.

-



Ingtrument Description

The Skylab photoelectric photometer was designed to fulfill the
overlapping requirements of experiments SO073 and TO27; namely, Lo measure
ligh’s‘levels ranging from zodlacal light in the anbisolar hemisphere to
forward scatiering of sunlight from contaminant particulates surrounding
the Saturn workéhop. It was also required to measure the direction and
amount of polarizabtion over a range of wavelengths from 10008 to 82001.

The photometer head and exbension mechanism are shown in Figure 1,
The photometer head consists of a photoelectric photometer (polarimeter),
a 1l6mm Maurer camera, and sunshields. These were positioned on an alt-
azimith mounting and could be extended by an astronaut up to a distance of
5.5 m from the spacecraft to insure that the instrument did not see any
part of +the spacecraft when the photometer was pointed 90 degrees away from
the sun.

The camere system was included to provide information on anomalous
results obbained with the photometer and to provide backup information on
position using bright stars. A photograph was taken every 11.25 degrees
in elevation® and every L5 degrees in azimuth or, for fixed programs, at
each filter change of the photometer. Xodak film type 2L85 was used with
exposures of 2.375 seconds. The camera field of view is approximately 15
degrees; it is defined by the camera sunshield.

The photometer (Figure 2) is similar to that used by us for ground-
based studies and consists of a sunshield, a telescope cap, so-called

Fabry optics with a 6.35 cm primary objective, two six-position wheels con~

iZero elevation is the direction .of the extension mechanism (approximately
toward the Sun or anti-Sun) and the azimuth plane is perpendicular to the
direction of zero elevation.




TP

automatic
programmer

Figure 1.

The S}

5
canister

extension
mechanism

alt-azimuth mounting

o)
\

photoelectric
photometer

poromefer
sunshield

camera
sunshield

. at+anhed o +h miversa

Skylab SO73 photon‘.eter/c:zmcr& system thtlz.c.AxL.u‘ to the u:uvcfs‘.l
: : 3 2 17 34 A nontetar and a1« hor
extension mechanism/mounting facility. The cenister and avtached

s ‘ ~ 3 armAd maniia -~ At eyl

also contain power supplies and automatic and manual control



|
; approximate
scale
—59.2cm
| detector package
@
|
D
| field lens — @ ———— 448
| © o
: - ®
field of view wheel- > @
shutter Q\ i =
lens - 392
polarization analyzer
| interference filters==—___
|
' tens 369
|
| primary objective ——— —— 3|4
cap and Y 4 <
calibration source ‘ 306
t
! —305
b )
LE,S
sunshield ij
Rl 5
Figure 2. BExploded, oblique |
view of the photometer head
|
|




taining inberference filters, a rotating polaroid (MW 32), a field-of-
view vheel, a shutter, and a detector package. The control equipment
is located on the canister shown_ in Figure 1.

The size of the Fabry photometer was limited by the aperture of the
scientific airlock. The filbter bandwidths and transmissions were chosen
in conjunction wi’ﬁh the photomultiplier spectral response, the 5.84 om
clear objective diameber, and the mamum tield of 1'riew (6 degrees) to
assure an adequate signal/noise ratio at the low light levels é}mected:
in the antisolar hemisphere and to provide comparable output at all wave-
lengths for radiation of solar color.

Color dis cfiminaﬁion was provided by two six-position filter wheels;
each wheel contained 5 interference filbers and an open position. The
Tilter wavelengths were chosen from among those used by usfL in g;ound.

observations. The filter characteristics are given below.

Interference filter characteristics

Color, _ Central : Bandwidth at &
nominal. wavelength® peak transmission®
(&) (%) (&)

4000 Loo1 110.0

L1760 78 W7.5

5080 5068 g, 7

5300 . 5204 o 61.0

5577 5562 ' 17.0

6080 6063 83.0

6300 6286 - 20.0

6435 _ _ 6427 : : 108.2.

7100 7093 ’ 135.0

8200 8160 220.0

At center of filter, ~-32°C.

7. L. Weinberg, Ann. d'Astrophys. 27, T18-737, 196k.

J. L, Weinberg and H. M, Mann, in The Zodiacal Light and the Interplanetary

Medivm, (J. L. Veinberg, ed.), 3-8, NASA SP-150, 1967.
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The photometer was designed around an EMR SH1E photomultiplier
(selected 820 response), with a high voltage supply and output voltage
differential amplifier having three gain sebbings (107, 10°, and 107).
These gain sebtings, coupled with a range of aperture/neutral density
filter combinations (see below), gave an instrument sensitivity dynamic
range of more than 107, The 6° diameter field of view was chosen for use
when obéerving the zodiacal light in the antisolar hemisphere; this re-
quired only a short baffle sysbem with the 6.35 cm diameter objective.
However, for planned observations of the zodlacal light to within 15°
of the sun, a longer sunshield was included, this fitting within the

short baffle and masking the objective down to 1.09cm.

Aperture /Neutral Density Filter Combinations

octal field of factor
indication view (FOV) difference

0 6 deg 1
1 3 4 (i.e., 4 times less Light gets
2 3+ ND2 ko0 through than with FOV O)
3 3+ 1D 3 4000

L 1 36
5 1+ ND & 360000

The order of decreasing FOV is thus 0, 1, k&, 2, 3, 5.

An HN 32 polaroid disk rotating at approximately 2 RPS enasbled the

polarization of the inéoming light to be determined from the amplitude and
A 7

phase of the 4 Hz detector signal. -activated phosphor source
mounted on the cap could be swung into the opbical path (Figure 2) for
ingtrument monitoring while shubber closure enabled the photomultiplier

dark current To be measured. TFor protection, the shubber was activated

automatically whenever the intensity reached approximately 10 volts; "full

i e tics.



scale"” was nominally 5 volits.

Since one mode of operation of the instrument was designed to map
large areas of sky by stepping in elevation and scanning in azimuth, the
scan rate set limits on the integration time available to improve the
signal/noise ratio. A scan rate of U4 degrees/second was chosen in order
to obtain a one color hemispheric map during a singlé orbital night. The
system noise vas governed principally by the low photon numbers with some
contribubion from spikes presumably arising from charged particle induced
Cerenkov radiation in the photomultiplier front glass surface, particularly
in or near the South Atlantic anomaly. Some roduction in the effect of
the latter would have been possible if photon counting electronic: could
have been used. The time constant of the differential amplifier (~2msec)
was compatible with the photomuliiplier oubpub sample rate (320/sec). A
polaroid synchronous pulse was generated once per revolution and was re-
corded on another 320 sample/second telemetry channel.

Because of the range of ambient temperatures in which the photometer
was expected to operate, a thermoelectric heater/ cooler was coupled to the
photomultiplier photocathode, This was designed to maintain the photo-
cathode temperature at approximately -10°C during operation in space.
Sensors monitored this temperabure and the temperature near the filbers

and the Pui?

source,

To achieve experiment objectives, it was necessary to use a large
number of complex, two-dimensional scanning roubines to assure that the
selected regions of sky would be observed in the right way at the right
times. An avbomati. programmer was designed and built for this purpose.

The programmer permitted the photometer system to be operated manually or

in any of seven aubomatic modes:

e e



calibration

fixed-position

vertical circle (scan in elevabion at fixed azimuth)

almicantar (scan in azimuth at fixed elevation)

limited-area sky-mapping (almucentars separated 2.8 deg in elev)
21l-sky mapping (almucantars separated 5.6 deg in elev)
stowage position retuvn.

v Fwh O

Modes O and 1 were used for fixed-position observations: of the cap source
(mode 0) or of thé sky (mode 1). One sequence of 10 filters took 2 minufes.
Modes 2 through 5 were used for mapping selected regions at the by deg/sec
scanning rate of the photometer. A program could be operated any numﬁer
of times from 1 to 64 and, through the use of an orbital pericd counter,
could be performed automatically during parts of consecutive orbits. The
elevation and azimuth range could be selected by the astronaut to provide
scans over all, or any portion of, the sky. The programmer also permitbted
the camera system to be operated manually or automabically.

Fixed-position targets included the Gegenschein and the north and
south ecliptic, celestial, and galactic poles. A prime conbamination
program involved fixed-position observations at 90 - 95 degrees from the
sun, starting in the Earth's shadow and continuing to a position in sun-
light. A change in brightness and, especially, in polarization as the
spacecraft leaves the_ Tarth's shadow is g direct and immediate measure of
the spacecraft corona. This program was to be performed early in each
mission to provide informzbtion on contamination in near real time. Other
planned programs included scamning in the ecliptic, scanning the region
around the sun and anti-sun, making all-sky maps, scanning through the
Earth's atmosphere when the Earth occults fhe smi, ete.

The instrument was designed to carry out an observing program un-
attended, after a series of input parameters had been set on the control
panels by one of the astronauts. A description of the observing programs

carried out during missions SL-2 and SL-3 is given in the next section.




Migssion Operations - Planned and Accomplished

50 to 60 percent of the scientific potential of S073 was lost when .
the solar secientific airlock (SAL) could not be used and because observa-
$ions were nob scheduled before SL-2 mission day 18. Additional opportun-
ities Wex:e lost through improper or late scheduling' on the ground, in-
correct operation of the instrument by the crew, and failure of the |
mounting drive system at the begimning of the second mission.

Table 1 shows the plamned observing programs for SL-2 and SL-3: SL-2,
based on ASAL operations only and on a late start, and SL-3, based on
limited operations and data from SL-2. Table 2 gives a calendar of S073
observations accomplished during SL-2 and SL-3; the observations are
sumearized further in Apj;endix 1.

As noted earlier and in the attached reprint, fixed-position and sky-

scanning observations were made during mission SL-2 and, to a lesser extent,

during S8L-3. ¥Figure 3 depicbs sky regions /coiors observed in mission SL-2
(mid-June 1973), during which the Gegenschein (elevation 0°, center of
circle) was in the Milky Way and the moon was nearly full. Roman numersls
indicate the locabtions of the fixed-position observations: north celesbtial
pole, south ecliptic pole, 90° from the sun near the ecliptic, and north
galactic pole. During SL-2 the instrument was operated on 13 separate _‘r@

not independent occasions, giving a total of only 15%€ vours of observing

time. In addition:

1. No observations were made in the Z-LV mode which was intended
to replace some lost opportunities due to the loss of the
solar SALj

2. No observations were obtained before MD 18, in viclabion of
the MED which specifically sbabed that early observation was
mandatory:




Flammed cobserving programs for SL-2 and SL-3.

Table 1.
Priority ST-2 (Note 5)
i le(W)
2 Qa.
3 la
N 2a (Note 1)
5 2¢c
6 5a
7 3a (Note 2)
8 34
9 1a(m)
10 1b
11 ba
iz 14(s)
i3 Qa.
b la
15 2a (Wote 1)
16 2¢
17 1e(S)
18 le(X)
19 3a (Note 2)
20 g,
21 3c
22 1b
23 le
2k
25
26
27
28
29
30
31
32

Z—LV.(Note 3)
Z-LV (Note L)

Note 1

Note 2

Note 3

Note U4

Note 5

‘For SL-2 perform only' from

within the earth's shadow.

Two sequences, and start
Just before wmidnight.

Mode 1 program. This program
accomplishes some of the
intent of the originally
planned Solar SAL performance.

As above, bubt using scamming
mode.

This plan was generabted

after it became known that
the Solar SAL was unavaileble
and that no experiment time
would be made available before
MD 1h...at the earliest.




Skylab Experiment S073 - coordination with Hawali field site - SL-3

o b bbb ek o s mnt mns o anm e,

legend : .eéwm

Program O perform only during Hawaili window
1. Contamination @ le 3@ I:l Hawaii coordinetion desirable
2. Gegenschoin ® | —
A perform near equinox and in
3, Ecliptic Pole (m) @ Hawaii window
(8) X
i, Celestial Pole EN; @ @ @ ——
- {8 le le ]
5. Ecliptic Scen 2N
6. Scan .L to Eclipbic &
7,  All-Sky Map
8. System Monitor Oa Qa
9. Vertical Circle 2c _—
10, Other Mode 1 programs: i, Other fixed-position targets (e.g., galactic poles (N,S), libration points,
orbit pole points, ebe.),
ii, B-LV for part of one orbit, This program must be coordinated with Hawaii,
1L, Other scanning programs: i, Z-LV, BSame as 10.ii.l above but a scahning mode is used,
3
. NOTVES 5
— o
1, Other programs such ag those of 10 and 11 should be degignated lo or 20 or 3o, [ T
2, Hawail window ig defined as all times when the moon is below the horizon and the sun is 18 or more ¥
degrees below the horizon, 8L-3 ground-support is not possible on MD's 15 through 19 and L5 §
through 49, : o
=
&
=% e



Table 2. Observations with the Photometer
Mission 1973
Mission day date Mode Program®
SL-2 19 June 12 b sky map (7 colors, 5300-8200)
19 12 1 I north celestial pole
19 12 1 IT south ecliptic pole
i9 12 1l IIY conmbamination, 2 parts:
night/day, day/night
22 15 L sky map (9 colors, 4000-7100)
22 5 1 IV north galactic pole
22 15 2 V elevation scans
22 15 kb sky map (4000, L760)
23 6 ub sky map (7 colors, 5080-7100)
23 16 3 azimuth scans (5 colors, 4000-5577)
23 16 3P azimuth scans ‘
Co 2L i7 3b azimuth scans
AL-3 5 Bugust 1 kP sky map (4000)
6 2 b sky map (4760)
7 3 1 Gegenschein (5 colors, 4000-5577)
T 3 1 contamination, night/day
7 3 1 night/day scan, gravity-oriented
4 3 1 Gegenschein
7 3 g2b elevation scans
8 y gb elevation scans

& 10-color observations, unless otherwise indicated.
b Program started one day and ended the following day.
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3. o observations were obté.ined in the period new moon + 1 week
and it was not even recognized that S073 observations were
effected by the position and phase of the moon.

Commencement of cobservations in SL-3 was delayed again by spa.cecra.ft'
problems and by the performance of limited malfunction procedures on the
photomeber dictated by the shafi drive anomaly detected late in ST-2 {ref.
Appendix L). During SL-3 (early August 1973) the Gegenschein was out of
the Milky Way and the moon was between new and first quarter. Thus, it
was possible during SL-3 to perform a wide range of grograms, including
mapping the entire antisolar hemisphere in each of the 10 wavelengths.
Unfortunately, a crew error resulited in our obtaining these observations
at only 2 of the 10 wavelengths, and one of these (4000A) only covered
half of the antisolar hemisphere due to highér Driority use of the on-
board recorder. After performing several other selected programs, the
extension mecha.nism/mounting facility failed and we were unable to repeath
the sky mapping program at the other wavelengths. Observabions obbtained
duriﬁg SL-3 prior to jebttison are swmmarized in Appendix 1.

‘The confusion and lack of organization and planning and the repeated
viclation of 8073 requirements and of the requirements of other SAL ex-
periments bas been documented eisewhere. We only note here that those

observations that were obbtained were obtained with great difficulty.



10

Complementary Observations from the Ground and from Piopeers 10 and 11

Complementary and simultaneous observations were planned, ubilizing
Skylab (multicolor visible-near infrared polarimeter), Pioneers 10 and 11
{(two-color (biue , red) polarimeter), and instrumentation in Hawall (mulbi-
color visible-near infrared polarimeter). The nightsky continuum cannot
be observed from the ground when the woon is abovev the horizon, and June 12
(AM), 1973 was the last opportﬁni‘ty during SL-2 to observe from our field
site atop Mbt. Haleakala, Hawaii. It was also the first opportunity for
S073 to observe the sky .:“E‘rom Skylab during a crew day while it was still
night in Hawaii. TFortunately, the weather at Haleakala cooperated, and

similtaneous observabions of the north celestial pole were made from Skylab

and from Haleaksla at the following colors:

observations
wavelength Skylab Haleakals,
Looo £ x
4760 x
5080 X X
5300 b'd x
5577 X X
6080 x x
6300 x %
6435 X
7100 x X
8200 x

Supporting observations of"’-;he north celestial pole were also obtained
from Hfaleakala. on June 10 and 11. The ground dabta have heen partly
reduced; the Skylab daba hawve just now been made ava_ilable. Other com-
plementary and simulbanecus observations:

June 7 - a partial sky map from Pioneer 10 at a sun-spacecraft dis-
tance of 4,26 AU;

June 12 - a partial sky map from Pioneer 11 which was simulbaneous
' with celestial pole observations from Skylab and from
Haleakala;

l
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June 1M - the first full sky mep from Pioneer 11 { at a sun-space-
craft distance of 1.39 AU); simultaneous with program ha

observations from Skylab.

This represents the first time that coordineted observations (ground -
s/C and S/C - 8/C (near-earth, deep space)) have ever been performed in

sbudies of the light of the night sky.

The Observations and their Reduction

1. Phobometer,

The primary measurewments of The photometer are debtector output voltage
versus time (i.e., polarcid position) and position on the sky. Since the
sky brightness is partially polarized, the rotating polaroid modulates the
polarized component (and polarizes the unpolarized component), resulting
in a simusoidal variation in the photometer detector output. The amplitude
and phase of this modulation are proportional to the hrightness ‘of The |
polarized component and the agimuth of vibratlon, respectively. The level
above dark current is proportional $o the total brighiness, Thus, it is
posgible to debermine the principal Stokes parémeters (I, @, U) and, therefore,
to derive the degree of polarization of the measured radiation. Figure M shows
a computer plot of post-mission data, detector oubtput versus time; although
these data have a 1argér—tha.n-'bypical polarization (the data are contemin-
ated by earthshine), they show the form of the data.

The phobometer oubput data are being analyzed by digitai synchronous

detection and by a least squares fit to an expression of the form
PMT oubput = A + Bt + C sin (@t + D),

where the frequency t is deterxrmined from the vepetition rate of the po-

laroid synchropnous pulses. The "B" term must be introduced since the
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Figure 4. Representative computer-—generated plots of detector output versus time
(polaroid position) for an azimuth scanning program: 3 colors, run 12, 8L-2. These
date are contaminated by stray light, but. they demonstra.te the Torm of the data.
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background starﬁéht and, to some extent, the zodiacal light brightness
change rapidly with azimubth angle during the sky mapping prograwms and,
therefore, with time in the above exvression; a linear slope suffices
provided a fit is attempted only over a relatively small inbterval of ‘oimé,
say one second. The phase angle "D" can be related to the orientation of
the plane of polarization, which in general corregponds to that of the
zodiacal light.

Much of the telemetry data was seriously degraded as a result of the
introduction of an amplitude compression factor during transmission of
the data between ground stations prior to preparation of experimen‘ce:_r
tapes; changes in photomultiplier ouiput voltage that did not exceed L
mwits (full scale range 253 units) were ignored. Since the amplitude of
the sinusoidal (polarized) signal cowponent was often less than this,
much of the data could not be analyzed properly. Measurements ciuring
which the photometer remained pointed at fixed directions on the celestial
sphere were not affected as much as the mapping programs since 10 seconds
of sky measurement data are availeble for a gi%ren filter between dark
current readings; with these data digital synchrouncus detechion could be
used. Initial results from the fixed position data have been presented
on the spacecraft coronz and on the polarized brightness of +the zodiacal
light (see later).

Figure 5 ou’clines. the various steps involved in the handling, pro-
cessing, and reduction of e:zgperimen‘.: data. Circles represent existing
software , triangles. represent ha.rd copy. ' The various ﬁlodules thé;t compi'ise
this reduction system are listed and described below.

73 MATN or 73 MAIN/ENG. These programs are nearly idertical with the
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Figure 5. Steps in the handling and processing of

photometer and camera data.
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exception That 73 MAIN reads the Posi-Mission tape51 and T3 MAIN/ENG
reads the condensed data tapes. These programs aeccept the raw data,
make the necessary correctlons, and call a compubabional routine which
provides the following:

a) Total measured brightness in Syg(vis) units

b) Brightness of the polarized component

c) Orientation of the plane of polarization

d) Pointing direction

e) Engineering information (instrument parameters)
£) Diagnostic information. _

These programs utilize a vechor analysis routine (digital synchronous
detection) to compute the polarization informsition.

STRIP. Accepts the raw signal data (detector output in volbts) and pro-
vides 2 plot of signal versus time for visual analysis.

ONEDG, Analyzes the raw signal data in small time blocks (detector
outpub is sampled at 320 SP3) to provide data on botal measured bright-
ness as bright stars pass through the field of view; this is required
for calibration.

CENGIN. Reformats the raw data on aporoximately 200 tapes and plaées'

them on 7 condensed data tapes.

ADDT/RT apnd ADDT/DMP. These programs accept data from the ADDT tapes
(raw data without compression) and Skybet and ATMDC tapes (position
data), apply engineering unit conversions and time conversion, and
reformat the data onto condensed data tapes.

STSMQO. Accepbs the raw values of azimuth and elevation telemebry data
and applies corrections for data scatter and drop-oubs and provides an

improved set of instrument coordinates for further computations.

ENGATT, Procesgses agimuth and elevetion data along with vehicle position
data to provide pointing data in terms of right ascension and declination.

ANGIES. Transforms instrument pointing to both galactic (systems I and
IT) and ecliptic coordinates. It also compubes the angle belween the
look direction and the moon, sun, and earth.

*Post-Mission tapes refer to experimenter data tapes. As noted earlier,
these data were degraded by use of a dabs compression scheme. The resulb
was that these Post-Mission date consist of a piece-by-piece reconstruc-

tion of date fragments with different quality dowm to msec intervals;
i.e., we could not "process through" much of the data, and much of the
data were not capable of analysis. Also, 25% of the data were never
received and many of the tapes conbained problems (incorrect time, data

outages, other experimenter's data, etc.) which prevented any processing.
These were the only data available, however, and we used them to develop

and. test ouwr reduction software and to examine some of the engineering
and science data that were less alffected by these problems.

IRUPIEY -
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SKI. YOVSEARCH. Uses the final computed/verified pointing directions
to identify all “resolved" stars in the field of view. Since a
suitable star catalog does not exist, it was necessary to create one.
This was done by merging and editing the Yale Observabory Bright Star
Catalog and U.S. Naval Observatory Fhoboelectric Catalogue, elimin- .
ating all stars with V magnitude greater than 8.0, adding several
hundred stars from the Moscow Variable Ster Catalog, ete. Our merged
star catalog is also being used by the Max Planck Institubte for
Astronomy, Heidelberg, for reduction of data from their Helios A/B
zodiacal light experiment.

COSFIT. As noted earlier, the photomeber output data are belng analyzed
by digital synchronous debection and by 2 least squares it {COSFIT) +to
an expression of the form

PMT output = A + Bt + C sin (wt + D).

PLOTH., Accepts the condensed data tapes and reformats the data for
microfilm hard copy of the raw data (down to the level of individusl
samples).

DRKCAL. Applies smoothing and rejection sampling routines to the raw
dark current (shubter closed) data. This supplements the dark current
routine which is in SO7T3MAIN.

SYNCFIT. Applies smoothing techniques to the raw syne pulse data. This
is necessary because some samples in this telemebtry channel were used
Tor other data, resulting in the possibility “hat a sync pulse could

be lost or translated in Gime.

Except for refinements needed in processing observations in the South
Atlantic anomaly and when applying COSFIT to data in regions of small
wolarization and rapidly changing background, the following major steps
in the reduction system are operational:

absolute calibration data are available to convert to sbsolute values of

total brightness (starlight plus zodiacal light) and polarized brightness

(only modiacal light, except at low galactic latitudes) and, therefore, %o

determine total degree of polarization;

e the observed and predicted directions of polarization can be determined;

» the position of each instantaneous field of view can be determined in the
spacecraft, celestisl, ecliptic, and galactic coordinate systems;

e all shars in each insbantaneocus field of view can be identifiesd using our
merged star catalog;

e using semi-automabic methods, the brightmess contribution of these stars

can be determined and subtracted from the total brightness, leaving

zodiacal light plus background starlizght. '

N

These data can be derived for each observation; i.e., for each observed

position and color in these observations. Some additional work is reguired
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to fully automate the procedure for removing the brightness contribusion
of "resolved" stars from the data numbers ﬁsociated with each instantan-
eous Tield of view. A s:Lm:Lla.r code has heen developed for use with our
Pioneer lO/ll zodiacal light data; it needs only minor modification to
permit its use with the Skylab data. 8till further work is required to

separatbe the background starlight and zodiacal light.

2. Daka Acquisition Camera.

A 16 mm Data Acquisition Camera (DAC) was boresighted with the
photometer to provide information on anomalous results cbtained with the
photometer and %o provide backup information on instrument pointing. The
DAC and film type 2485 combined to provide excellent data: +the film was
not adversely affected by radiation, many frames contain sharp starfields
suitable for use in determining pointing, the airglow banding is clearly
visible in a number of frames., the exposure durations are for the most
part excellent, and a number of frames are "clean" enough to permit photo-
metric analysis via digitizabtion. On the negative side, there appear to
be some cracks in the film and, in some portions of the film, electrostatic
"fogging".

The camera was programned to expose a frame with every filber change
in the Fixed-pointing programs and with every 45° of azimuth motion or
22.5° of elevation mobion in the scanning programs. 3154 frames were
exposed during SL-2, Becaunse the instrument was jebtisoned during SL-3,
the T£ilm from that mission was not recovered. Since the DAC had
no capability for coding the various frames, the first bask was
to catalogue all frames and separate them into frames for smeaved
starfield - position use, frames conbaining anomalous data or frames

obtzined when the photometer cbiained anomalous results, and frames con-




ya

16

taining "clean" scientific data (e.3., the airglow banding, regions of
sky devoid of bright stars, ebtc.). The first step involved quick-look
nwibering and identification of each frame, including determination of the
astronomical coordinates of the center of frame, identification of air-
glow, horizon cuts, bright planet transits, anomalies, mount- Jigegle, ete.
This catbaloguing shoved that the camera was not light-tight and, there-
fore, that the frame in position during orbital hold periods was always
overexposed.

The exposure time (2.375 sec) was chosen as a compromise between
obbaining sufficient density for weak stars and minimizing the smearing
due to camera scanning motion. Stars down to V magnitude 5 and 6 were
able to be identified in frames taken during the scaming and fixed-
position programs, respectively. Because of this sensitivity limitation,
many of the scanning frames do not contain readable images. The useable
frames were noted in a master log.

For those frames which contained readable images, a microfilm reader-
printer was arranged to project the {rame on a view glass which was cal-
ibrated in an avbiirary x-y coordinabe system. BEach star was identified
and its position noted on the arbitrary scale. A compuber program was
writvten which compared the distance between any two stars in the arbitrary

system with the true distance computed from the known right ascension (RA)

and declination (DEC). By suitable weighting and averaging of the results.

obtained from each pair of stars, a scale factor (arbitrary units to
actual distance) was determined. The program then used this scale factor
4o debermine the center of the Frame (0,0 in the arbitrary scale) in RA
and DEC from each star in the frame and the logged positions of the stars

in the frame. These results were again welghted and averaged, and the
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best determination of the RA and DEC of the center of the frame was
made. The orientation of the frame was determined in a similar manner,
and the azimuth to true north was compubed. Frames which contained
smeared stars were read ab both the heginming and end of the smears, and
the center of frame was determined for the times of shubter opening and
shutter closing.

Approvimately 90% of the readable frames were read and 20% compubed
when this effort was terminated due to funding limitations. The con-
version of telemetry values of azimuth and elevation to eguatorial coor-
dinates involves a complex series of transformations utilizing both matrix
and. quabernion arithmetic (see Appendix 3). The DAC poinking data were
sufficient to permit a comparison with resulits derived from telemetry data
and. to pinpoint problems in the telemetry pointing computabions.

Analysis of star positions in the SL-2 Maurer photographs enabled
the right ascension and declination of the camera pointing direction to
be determined generally within + 0.2°, provided that at least 3 or 4 stars
ecould be identified. | Comparison with the orienbation of the photometer
caleulated vsing the attitude of the ATM coordinate axes showed agreement
usually within + 0.5°. On some occasions, however, the two methods gave
discrepant results. Several possible sources are being investigated:
differences in rigidity or lack of reproducibility in the direction of
extension of the boom for the 1.0 m and 5.5 m exbensions; errors in telem-
ebry dabta on the various ATM or vehicle reference direcbions and their
transforma‘cions;. and errors in telemebered da.ta.-on photometer azimith and

elevation.

Many of the frames were invaluable for diagnostic purposes. Anomalously

high photomebter signals were often seen to be a result of stray light from

i
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the earth or part of the illuminated spacecraft. Representative photo-
graphs are showm in Figure 6.

After the photometer and extension mechanism were jettlisoned, atbempts
were made to recover some of the lost experiment opportunities by using .
on-board photographic equipment. Five photographs were made of the
Gegenscnein during SL-3 using experiment TO25 eguipment. During SL-U4 35
contamination photographs and 62 photogkaphs of scién{'.ific Gargets
(Gegenschein, zodiacal light, Comet Kohoutek tail, lunar libration regions
L,+ and L5, and various astronomical objects) were taken. Unforbunately,
the £ilm pressure plate appears Lo have separabted from its location in the
camers back, res;ulting in every frame of the SL-4 dabta being out of focus.
A preat desl of work was done to evaluate these photographs and to see
vwhat would be required to salvage some of the dabta. The results are given

in the abtached Preliminary Experiment Report for Skylab Mission SL-lL.

Calibration

Ahsolute calibration of diffuse field pho:tometers used in zodiacal
Light studies is wsually achieved by one of two methods: laboratory
calibration using 2 radiocactively excited phosphor or diffuse source
which has been previously related to a standard lamp, or field calibra-
tion using star crossings and. the aresa and response of the photomeber
field of view. Our intent was to use an absolute calibration based on
a secondary standard (a 15cm luminous diameter, C:'-l'r - activated phosphor
source), supplemented by calibrations obtained from star crossings. The
Pmll"rf source mounted on the cap (Figure 2) was to be used to measure
changes in the photometer duving flight and changes between final calibra-

tion apnd initial instrument turn-on. From the Fritz Peak Observatory

L
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Figure 6.

id

Representative 16 mm photographs taken during fired-position programs in Skylab mission
SL-2 with the camera that was mounted parallel to the photometer:
1A typical 2.375 second photograph showing a grouping of well-defined star

imeges.

1lAn example of the effect of stray light. In this case, the sunlit Earth illuminated
part of the spacecraft, which, in turn, illuminated the sunshield baffles. Note that

the sky background is still dark and that the star field is still well def'ined.

111lThe Earth's limb and airglow layer.

Note the presence of star images above and
below the airglow layer.
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Photometry Laboratory and the Max Planck Institut £lir Astronomie,
Heidelberg, each of which has primary standards and experience in diffuse
source calibration and intercomparison, we obtained absolute calibrations
of our laborabtory Cll* source and several other sources, including the
PurtH7 flight source. In our laboratory we determined the change of
brightness with temperature of these sources as well as the irradiance
ratio between the C:LLL source and several Pml"*7 sources at wavelengths
ranging from 4O00R to 8200%.

The thermoelectric hea:ber/coolei mainbained the phobtomultiplier
photocathode near ~10°¢ afber equilibrium was achieved in space; however,
during ground calibration the photocathode temperature was at Times as high
as 15°C. The manufacturer's data for this type of photomultiplier tube
(EMR SWIR) indicate that this 25°C chenge in temperature would cause a
photocathode sensitivity change of less than 1%. The phdtomultiplier
dynode chain temperature remained significantly higher than the photo-
cathode temperature by virbtue of tThe heat generated by the surrounding
electronics, The estimated dynode temperature difference of 5500 between
ground calibration and inflight o;éera.tion would, according to the manv-
facturer, cause a gain change of about +10%. It should be noted that the
use of "mean" tube temperature coefficients can cause significent errorst.

The nominal temperature of the interference filters in flight was
-320C. The wavelengths of peak transmission of the various filters were
shifted by up to 158 by this decrease in temperature from nominal 25°C,
as calculated from the filter bemperature coefficients given by Bliffordii.

This was particularly significant for the two narrow bandpass Tilters.

LYoung, A. T., Appl. Opt. 2, 51-60 (1963).
LiBlifford, Jr., I, H., Appl. Opt. 5, 105-111 (1966).

S
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Changes in bandwidth and peak btransmission are not of consequence for
gimilar "Thin Films" filters~. The large temperature-brightness co-

efficient of the Pmll['!

source (as much as -0.28%/°C at some wavelengths),
coupled with unexplained differences in the output of the source at '
similar bemperatures in ground calibration and in-flight measurements
Jjust afber 1aunch; made it difficult to use The flight éOurce for rela-
tive calibration. These uncertainties and uue:@laiﬁed differences he-
tween the Heldelberg and Fritz Peak calibrations of the Clu source macie
us reject this method of calibration and use, instead, a calibration ob-
tained from star crossings.

With a 6° diameter field of view, there are only a few bright stars
tha.f can be used for calibration, particularly because of the relatively
small area of sky covered during the sky mapping programs, Thus we have
based the calibration upon the readings obtained duriung crossings of
Vega, Arcturus, and Spica; each star was scanned at least twice at all
ten wavelengths except 82008, and the photometer star signal was relabed
to the star's magnitude at each filter wavélené;th. The magnitude was
determined from a 1/A curve f£it to the Johnson, et al.ii and Mitchell

and Johnson i

i photometric data. Comparison was also made with calibra-
tions based on flux measurements made by Hayes and Lathamiv for Vega,

Batmer? and Aller, et al.’™ For Spica, and Schild "~ for Arcturus. Since

iglifford, Jr., I. H., Appl. Opt. 5, 105-111 (1966).
1iJohnson, H. L., R. I. Mitchell, B. Iriarte, and W. Z, Wisniewski, Commun.
_ Lunar and Planet, Lab. No. 63, Univ. of Arizona (1966).
111Mitehell, R, I, and H. L, Johnson, Commun. Lunar and Planet. Lab. No. 32,
. Univ. of Avizona (1969).
1Viayes, D. S. and D. W. Latham, Astrophys. J. 197, 593-601 (1975).
"Batmer, K., Astrophys. J. 138, 131k-1315 (1963).
Vipller, L., H.,, D, J. Paulkner, and R. H. Norton, Astrophys. J. 1hk,
..1073-1100 (1966). '
Vilgchild, R., unpublished measurements, reproduced in Breger, M., Commun. in
Astronomy No. 1, State Univ. of Wew York at Stony Brook (1971).
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Spica is a variable (binary) with a tobal range of 0.09 magh, the
calibration for this star was based on the mean value. Conversion to a
calibration in units of Slo(v)ii was obtained using the absolute flux
of Vega given by Hayes and Lathamiii, the gbsolute solar flux given by
Johnsoniv, and the apparent solar visual megnitude of -26.737. |

The field of wview of the Skylab photometer was calculated from
laboratory measurements, in one color, of the sensitivity across the field;
these indicated that the Tield was sensibly flat with little vignetting.
Tater measurements at all wavelengths on a duplicate photometer gave the
same result. |

We do not expect to incur an error of more than 2-3% due to the Vega
fluxes we have chosen, except at LOOOR and 82008 where reliable flux
eatimates are difficuls due to the convergence of the Balmer and Paschen
lines, respectively”i. The precision of the star calibrations is better
than + 6% at all wavelengths except 63008 and B200R where it is -_i_- 10%.
Thus, anticipating no -significant error in the field of vliew measurement,
we estimate the uncertainty of our calibration at each wavelength as not
more than: 82008 + 20%; hooof ~ +1O %, L7608 *12 s 63008 + 10%; and + 6%
at all other wavelengbhs. Agreement be‘hwee_n the Jolmson V solar flux

values and the more recent date of Lebs and Neckelml gives us confidence

ishobbroock, R. R., D. Herbison-Evans, I. D. Jolmston, and N. R. Lomb,
Mon. Nok. Roy. Astr. Soc. 145, 131-1%0 (1969)
uh.q_u:a.valent mumber of 10th magnitude solar (G2V) stars per square degree
at mean solar distance.
1ilgaves, D. S. and D. W. Latham, Astrophys. J. 197, 593- _601 (1975).
Vyohnson, F. §., J. Mebeorol. 11, 431-439 (To5k).
Vgtebbins, J. and G, E. Kron, Etrophys J. 126, 266-280 (1957).
Vi0ke, J. B., Absolute Spectral Energy Disbribution in Stars , in
Annual Review of Astronomy and Astrophysics, Vol. 3 (L. Goldberg,
_ editor), 23-46, (Palo Alto: Annual Reviews, Inc.), (1965).
Viitahs, D. and H, Neckel, Solar Phys. 15, 79-87 (1970).
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that the uncertainty in solar flux does not contribute significantly to
our error except at MO00A and WT760A; at these wavelengths it is probable
that we have introduced an error of about 10% by using the Johnson data.
In subseguent studies we will make use of the Labs and Neckel data,
following the recommendations of Sparrow and Weinbergi.

' Measurements of the orvientation of the polaroid with respect to the:
time of the synchronous pulse had been made in the ia.béra.tory five months
before leunch ubilizing a pile of plates polarizerii. Evidence for
birefringence within the opbical train was indicated by a difference of
up to 2° in the orientation angle with wavelength. Similar measurements
two months later with the photometer mounted in the spacecraft did not

gshow this effect, nor was it seen during flight observations. Imstru-

mental polarization was less than 1% at all wavelengths, -

‘*Sparrow, J. G. and J. L. Weinberg, The slo(v) Uit of Surface

Brightness, in Proc. JAU Collog. Wo. 31, Lecbure Nobtes in Fhysics,
_ Humber 48, hi-bl, (Springer-Verlag, Heidelberg), 1976.
Yyeirberg, J. L., Appl. Opbt. 3, 1057-1061 (1954).
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Initial Results

Data from a partial sky map during Skylab mission SL-2 are used in
Figure 7 to illustrate the form of the photometer data and one wmethod used
to display it. The brightnesses and polarizations are "total"; they in-
clude zodiacal light, background starlight (integrated starlight and dif-
fuse galactic light), and the contribubion of individually-resolved stars.
With the 69 field of view used for most of the zodiacal light observations,
a 6th magnitude star conbtributed an equivalent brightness of approximately
1 slo(v). A protective shubbter was activated when the brightness
exceeded & fixed threshold such as Jupiter (iniler 1-rhite Eand) or the il-
lumina.téd. earth (outer White band). Some of _the complex structure in
the total polarization arises from the use of a small increment size in
percent polarization end from the effects of individwal stars. The rela-

»

tively large imcrement used in the botal brighbtness masks the contribubion

of individual stars.
This figure is shown to illustrate the form of the data, not the

science therein. Bub even in this raw form., a mmber of feabtures can be

sSeerl:

(1) The Gegenschein is included in the bright region at and to the left
of elevation zero. ,

(2) The region of minimum zodiacal light brighbness in the ecliptic is
relatively narvow compared Lo the minima above and below the ecliptic.

(3) Tokal brighitness is not a minimum at the ecliptic pole due to the
contribution of light at low galactie latitudes. '

(1) The total degree of polarization is 2 minimum in the ecliptic at

"~ small elevations (large elongations).

(5) To a first approximation, the total degree of polarization is symmetric
about the antisolar point (i.e., dependent on elongation, not ecliptic
latitude) except for a general depolarization in the Milky Way. This
suggests that the degree of polarizatics of the zodiacal light is
larger at high ecliptic latitudes than at similar elongations near the
ecliptic.
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As noted earlier, subsequent steps in the apalysis involve removing the
equivalent brightness contributed by individually resolved stars and separ-
ating background starlight and zodiacal light. |

To provide information on the spacecraft corona in near real time,
the photometer was fixed in position at approximately 95 degrees from the
sun, and 10-color ‘observations were made on SL-2 mission day 19 starting.
with the spacecraft in the earth's shadow and ending in daylight. The
reverse sequence was performed later in the same orbit; i.e., day to
night. Comparison of the data, day/night or night/day, gives the charac-
teristics of the spacecraft corona directly. In a preliminary analysis
of these da.ta.i we found that there were levels of sky brightness in day-
1ight only 5% above those abt night, indieating that the spacecraft corona
was minimal. Subsequently, total instrument reprodqcibility and ‘the
method of d@ifferencing day/might or night/day sky brightnesses were found
to give a minimm detectable brightness change of from 1 to 3 8;o(V); in
a more detailed a,nalysisii, we found no evid.encé for integrated light
from combeminant particulates down to this coiﬁnn brightness threshold
for debection (see Appendix 5). | |

Included among the fixed-position regions that were cobserved are the
north celestial pole, south ecliptic pole, two regions near the north
galactic pole, and 90 degrees from the sun in the ecliptic. The polarized
trightnesses (Stokes parameter Q) of the zodiacal light were :Eound to

have the color of the sun at each of these positionslii; the mean values
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in 870(V), in the order given above, are 19.5 + .2, 2.k + .2,

7.1+ .3, 18.1+ .2, and 26.5 + .3. Since previous observers had
found the total brightness (Stokes parameter T) %o have the color of the
sun from the near ultraviolet out to 2.4 j.tm,I the degree of polarization

of the zodiacal light is independent of wavelength from 10008 to 8200.

Tnformation on the sizes of the particles would be .availsgble from polar--

ization observations in the ultraviolei, especially‘if the degree of
polarizabtion was found to change with wavelength in that region.
Fortunately, the Skylab analog data, without data compression, are
gtill gvailable, and new experiment data tapes were generated. Most of
‘these tapes were made available between Bepbtenber i975 and January 1975,
and it will now be possible to derive results from ‘the scamming programs

and to complete the analysis of fixed-position data.
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Appendix 1.

SL-2 Observations

Summary of Phobomebter Observations.

RUN NO. MODE  START
1 Oz 162:18:53
2 Oa 162:23:L46
3 ba, 163:1:15
b le(W) 163:13:55
5 1d(s) 163:19:55
6~-1 la 163:20:1L
6-2 1a i63:21:2L
l 7 Oa 165:21:33
|
8 ba 166:00:45
9 id 166:14:55
10 2¢ 166:19:15
11 Lg 166:21:05
12 3d 167:00:56
13 3d 167:21: 4k

STOP

162:20:25

163:00:06

163:11:01
163:14:23
163:20:07
163:20:32

163:21:k2

165:22:h5

166:13:30

166:15:08

166:19:L0

167:09:43

167:19:23
168:11:50

COMMENT

Majority of data invalid due to
cap light leakage.

At night but through SAA,

Only seven filbters. Post mission
data good for 5 of 7 xreps.

Simultaneocus observabions from
Pioneer 10 & 11 and Mt. Haleakala,
Maui. Data look good.

Available data look good.
Available data look good.
Available data look good.

Some data lost due to cap light
leakage.

Post mission data good for only U
of 9 reps. ADDT data appear good
Tor all 9 reps.

Post mission data good for only 2
of 6 reps. ADDT data might be 0.X.

Data 0.K.

Post mission data good for 7 of 9
reps. ADDT data might be O.K.

Data, not processed.

Data not processed.
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S8L-3 Observations

RUN NO. MODE  START
1 ha 213:23:07
2 1b 215:13:53
3 Ja 215:15:59
b la 215:17:28
5 b 215:19:01
6 2h 215:23:50

STOP

21k:13: 47

215:1:46

215:16:17

215:18:51

215:19:19

216:12:27

COMMENT

Crew ervor--two reps entered
instead of ten; only two colors
completed.

Filter wheel oub of sync. Data
useless.

Reflection from spacecraft
closes shubtter after sunrise.

Program was started 28 minutes
late--went into day--reflections
closed shutter.

Data appear 0.K.
Daylight reflections closed

shutter halfway through each
Tep as sun rose.




Appendix 2. Status of the Photometer Data.

Barly in this experiment we developed and wrobe a program to accept the
digital data tapes {Post Mission Tapes) to be supplied by MSFC and to per-
form the necessary compubations through a digital synchronous detection
i'outine. This program was used to screen the tapes as they were received
and resulted in reports to MSFC that approximately 25% of the tapes had
variocus problems which preve‘nted processing., It was also nobed that the
Post Migsion Tapes were complled from both real-time and dump data as expected.
It was found, however, that if bdth real~time and dump data were available
for any particular time period, the real-time daba were used, contrary to
earlier agreement. This was unfortunate since the real-time data had a
compression factor, K, of 3, which prevented transmission of subsequent data
numbers unless they were at least 80 mv different in level. Because much
of our polarization information was in this 80 mv differentiation, the
YR factor effectively erased much of “he most important information in our

measurements.

Fortunately, the Skylab analog data, withoub data compression, were still

available, and the Skylab Program Office agreed in late 1974 $o our bhaving new di-

gital data tapes (ADDT's) created from the analog mission tapes and to our teking

over from MSFC all the processing associabed with this effort. With the
assistance of MSFC and GSFC, arrangements wers mwade for the Bermuda Tracking
tation (BDA) to work with us to create new ADDT's, with no data compressiom,
for all experiment real-time and dump daba. Although promised by Januvary
1975, the conversion process at BDA was slow due to their work load, and
they were unable to provide more than one balch of ADDT's until October 1975.

In order to determine the gquality of the data in this first batch of tapes

and to determine the time periods covered on each tape, a special interrogation

Bt e martn e o

B



code had to be developed. Because of anomalies in the data, this code had to
be able to handle dabta drop-outs, sync errors, and differences in format

for data on different recorders, and also convert the recorded time to GM.
Since the docmneﬁta.tion was incomplete and the data were "raw", we had to
figure out a solution to each problem as it was encountered, It took a
major effort by our staff, but we are now able to start with raw ADDT's from
BDA and process all the way £rom checking , correction, reformatting, con-
densing, 2pplying engineering unit conversions and time coding thro'ugh soft-
ware which determines pointing directions and performs coordinaté transfor~
mations, applies absclute and relative calibrations, determines the Stokes
parameters of the total radiation, identifies “'resolved"s*tars in each

field of view, etc. A&t the same time, we worked to derive resulis on selec-
ted data bto show thalb we are able to handle the entire data handling and
processing in-house and to show the Importance of these unique dats. The

lash of these data were received in Januery 1976. Table 2-1 summarizes the

history and condition of experiment data tapes as of the end of the contract.
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8L-2
‘REAL
TIME AMP-2 AMP-3
ADDT ADDT ADDT
Revd Tape # Revd Tape # Revd Tape # Revd,
5/21/7% 1217 3/5/75 1292  9fezfr5 1301 9/22/75
" 1293  9/22/75 1306 9/22/75
5/21/7h 1200  3/5/75 1303 9/22/75 1302 9/22/75
5/21/7% 1198  3/5/75
h/30/7h 1218 3/5/15 1303 9/22/75 1291  9/22/75
4/30/74 1306 9/22/75
It/30/ 7%
w/30/7h 1214  3/5/75 1303 9/22/15 1291 9/22/75
L/30/7k
L/30/7h4
4/30/7h
b/30/7: 1221 3/5/15 1305 9/22/75 13082) 9/22/75
. 222 3/5/715
B/30/7% 1211 3/5/75 k9 2/u/76 4)
4/30/7h
5/21/7% 1206  3/5/75 1308 9/e2/75 1307 9/22/75
5/21/7% 1201 3/5/75 1310 9/22/75 1309  9/22/75
5/21/T% 1227 3/5/75 1312 9/22/75 1311 9/22/75
" 1202 3/5/75 :
h/30/Ts 120%  3/5/75 g 11/Mf75  1314°) 9fea/7s
" 1205  3/5/75
5/21/74 1352 9/22/75 k)
5/21/7h 1352 9/22/75 k)
5/21/7%

Table 2-1. BSummary of S073 Data Tapes
Post
Mission
Run/REP Tape # % Kl
1 1072 ?
1073 1t
1074 u
1075 1
1076 "
1077 1t
1078 "
1079 1
2 1080 5
1081 5
3-1 932 65
933 65
934 65
3-2 937 20
938 g0
939 20
9Lo 90
3-3 okl 91
9&21) 91
oL3 91
3l 9h5§% 93%
osZ: 93%
3-5 1055 95%
1056 95%
1057 95%
3-6 1063 5%
106k "
10'65 n
3-7 1069 56%
1070 11}
1071 it
L 929 +  50%
930 "
931 H
5 1176 100%
1177 1004
6-1 1178 100%
1179 100%
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REAL

Post TIME AMP-2 AMP-3
Mission ADDT ADDT ADDT
Run/REP  Tape # % XL Revd Tape # Revd  Tape # Revd Tape #  Revd
6-2 1180 3% 7/1/TM 1352 9/22/t5 1316 9/22/75
1181 w7 /i/Th
1182 v 7/1/Th
7 972 5/15/7h 1233 L/7/75 1353 9/22/15 1317  9/22/75
934 5/15 /74 1354 9/22/75 -
8-1 11513g 82% 6/17/Th 1318 9/22/75 1319 9/22/75
11523 n 1
8-2 1152 100%  6/17/74 1321 9/e2/t5 1320 9/e2/75
8-3 11533) 1004 6/17/7h 2243 L/7/75 1321 9/e2/15 1323 9/22/75
11543 ) t " 12k5 %W/7/75
8- 11563) 100% 6/17/7h 132k 9feafrs W32 2/uf76
11573) u o4
8-5 1020 100%  5/21/74 1327  9/22/15 1328  9/22/75
1081 1l tr
8-6 1023 8% 5/21/th 1253  M/7/75 1329 9/22/t5 W33 2/M/76
10242) 894 "
3) '
8-7 1025 564 5/21/7h+ 1251  W/7/75 1331 9/22/75 1330 9/22/75
125h  W/7/75 433 2/4/76
8-8 1028 17% 5/21/7h 1258 L/7/75 1331 9/22/75 13302) 9/22/75
1029 " " 1259  W/7/f715 1332 9/22/75
8-9 1031» 59% 5/2k/7h 1299  9/22/75 1332 9/22/15 1333 9/22/75
) lo 5 1 1 .
1086 i 1
9 1089°) 1008  5/24/7h L) 1335 9/22/75
1090 | H "
10 11k 100%  5/28/7h 1355 9/22/15 435  2/h/76
11k2 100% 5/28/74 '
11-1 1o 1004 5/28/7h 1355 9/22/75 1336 9/22/75
111113 b I} .
131-2 11hh 81% 5/28/7h k) 436  2/i/16
ll,_l_s " 111
11-3 958 90%  5/13/7% 1337 9/22/75 1356 9/22/75
9 9 Tt w
11-k 9523) o194  5/13/7h k37 2/h/76 138  2/h/76
11-5 952 8% 5/13/74 1339 9/22/75 1338 9/22/75
95 T 1 v




Fun/REP

] 11-6

13-6
13-7
13-8
13-9
13-10

A

REAT,
Post TIME AMP-2 AMP-3
M§2§i°§ % KL  Revd Tiﬁz?# Revd ?ﬁiﬁ # Reva Tiig?# Revd
ggg 81%  5/13/Th 1339 9/22/15 439 2/4/76
1120 100% 5/28/7k 1340  9/22/75 1342 9/22/75
1121 " " |
ﬁgggg T 5/28/Th 1345  9/22/75 1346 9/22/75
11307) 944  5/28/7% 134570 9/eaf75 13467 9/22/75
1131 ? 5/28/7h 1345 9/22/75 1346 9/22/75
ﬁ%ﬁ T 5/28/7h | 1347 9/e2/75 1348 9/22/75
L5k 2 5/20/7h4 1357 9/22/15 1349  9/22/75
055 ?  5/20/74 k) 1340 9/22/75
800 ?  5/20/7h 1359 9/22/75 1360 9/22/75
53k 2 5/20/74 1361 9/22/75 *)
k) ? 1361 9/22/75 1362  9/22/75
1050 ?  5/21/7h4 1363 9/22/75 i)
1053 7 sfeifth 256 11/h/75  136%  9/22/75 4)
989 T 5/20/7h 1369 9/22/75 1368  9/22/75
992 ?  5/20/7h 1369 9/22/75 1371 9/22/75
gga : 5/20/7% 137k 9/22/75 1371 9/22/75
0063 2 5/e0/7Th 261 11/4/7s 1376 9/22/75 1375 9/22/75
979 e s5/i6fTh 264 11/4f75 1376 9/22/75 1318 9/22/75
983 v 5/16/7% 267  11/4/T5 1379 9/22/75 k)
98k e she/m o9 ufsfts M) k)
985 T 5/16/Th | o +)

B L T
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S1-3
REAL
Post TIME AMP-2 AMP--3
Mission ADDT ADDT ADDT
Run/REP Tepe # % XL  Revd Tape 7t Revd  Tape # Revd Tape #  Revd
1-1 112h 2 7/1/7h 1383 9/22/15 1382 9/22/75
11 5 1" 3]
:LJ_66 n 1"
1167 n 11
1-2 ﬁgg” ? 7/%/71; 13831” 9/e2frs 138k 9/22/75
11725) 1 t
1173 n k11
117]_!_ 14 tl‘
2 103:%; T 5/eL/7h 1393 9/ee/r5 139k  9/22/75
10327 2 5/21/7h
10335 ? "
10348% 7 N
10358) ? "
1036 ? "
1040 61% 5/21/7h 677 11/4/75 k) 139k 9/22/75
k4 1043 :  5/21fmh 6719 11/%/75 *) 1397 9/22/15
1044 " " 680 11/4/75
1045 n " 681 11/4/75
1046 " i 682  11/4/75
10L7 u " 683  11/%/75
.10]-}8 n i
5 1096 ?  5/e5/7h *) 1397 9/22/75
1097 | 13
6-1 10983) 5/25 /7h ) k)
6-2 11023) 5/25 [Tk 1398  9/22/75 k)
6-3 1103 v sfer/th 693 11/4/75 1hoo  9/22/t5 b1 9/22/75
| 6ok 11/4/75
6-4 110% 5/e8/7% 695  11/h/75 1400 9/22/75 WL 9/22/75
696  11/4/75 |
6-5 1105 ?  5/e8/7h 697  11/hfr5 W2 9feafr5 W43 9/22/75
698  11/4/75 :
| 699  11/4/75
6-6 1136 2 5/e8/7 700 1iflfrs bk 9/22/75 W3 9/22/75
701 11/4/75
6-7 11373 5/28/7h 703 11/4/75 W5 9/22/75.
Tob  11/hf75
6-8 1138 ?  5/e8/7h 796 ai/ef75. W7 9/22/75 450 9/22/75
1139 2 5/28/7h
6-9 1139 e 5/28/7h 797 11//75 W9 9/22/15 450 9/e2/ts
1150 ?  5/28/th 798 11/4/75




Notes to Tape Sumery Table

10 minutes missing

4 minutes missing

No useahle data in tape

Not received

Poor quality data

40 minubes missing -

11 minutes wissing - turned off early by crew
instriment not operating correctly - data unuseable
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Appendix 3. DPolnbting Direction Computations

The conversion of azimuth and elevation values obtained from telemetry
to celestial coordinates involves a complex series of coordinate transfor-
mations whbilizing both matrix and quabernion arithmetic. A block diagram
;)f this procedure is shown in Figure 3-1; the accompanying mabtrix transfor-
mations give the details. |

Data from Skyleb Best Estimate Trajectory {SKYBET) and from the
ATMDC were used by MSFC to perform pointing computations for us, and the
results were included on the Pos£~Mission tapes. The computations were
incofrec*i:. for a number of reascns, including the fact that the Iinpub data
had errors from the data sources. We attempted to create another program
which used thése raw data, and we did obtain partially successful Vresults.
This program was different from the equations in Figure 3-1 because of the
difference in reference points used in the raw datia bubt did not always give
consigsbent resulis due to incorrect raw data. When new data bécame
available (SKYBET REV 2 and impi'oved ATMDC), the program shown in Figure 3-1
gave correct resulbs; however, there is still an indication of some errors
in the new raw data.

As a check on the overall system, the resulbts obtained from the
computation program were checked against the DAC film results and seemingly
random differences as large as 4° were nobed. A recheck of the DAC film
method uncovered some human errors on cerbain frames. An extensive review
of the computabtional program assured Ghat when the raw data were good the
answers were correct. The differences which then remained had to be in-
s’crumental; gither electrical oy mechanical. As can be seen from the
eguations, we assumed that the instrument was orthogonal. to the spacecraft

and differed only by the known 1.88° offset of the anti-solar seientific
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OFEERATION TO
NEXT LEVEL

Rotate around Xy g To
and then around °
Zg p S°

Rotate around z 909 -

to ASAL

Rotate around x 1.88°
Rotate around x 180°

Rotation by Qyr

Robtation by NUZ
Rotation by ETA
Rota‘tioﬁ by LAMBDA

Rotation arouwnd z 270°
and around x' 270°

For details see following pages.

MovING/
ABRREVIATION  STATTONARY REW AXTS
5, T +z Pointing direction
SYSTEM 5, T Moving +x Elevation axis
E Through 0 Az
N
INSTRUMENT
/ SYSTEM \l INST QWS Fixed +z Out airlock
d : — +x 0° Az
sent AT +y 90° Az
ous /
SYSTEM ows QWS Fixed +z Anti-sun
J/ +x Toward CSM
VEHICLE
BYSTEM VEH Vehicle +z Sun
Fixed +x CSM
N\
SOLAR
THERTIAL 8T Rotating +z Sun
SYSTEM +x NUZ <from orbital
plane
'
SOLAR
[REFERENCE REF Rotating +z Sun
SYSTEM +y North ecliptic
3 pole
ORBITAL ORB Rotating +z In orbital plane
COORDINATE thru ascending node
SYSTEM +x In orbital plane
90° ahead of z
EARTH
CENTERED ECT +z North pole
INERTIAT. SYSTEM +x Vernal equinox
EQUATORTAL
COORDINATE ECS +z Through vernsal
SYSTEM equinox
+y Through north pole
.:}Solar airlock
AL AvEi~solar airlock
0 Figure 3-1
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MATRTX TRANSFORMATIONS

1. Declination = sir:'l Vg
x
Right ascension = gin~t —3 or cos™t _ Z3_
cos dec cos dee

- where the direction matrix for the S, T system in the ECS system is

X1 ¥p X3 = —

Y1 Y2 ¥3 = T

Z z Z e
17273 ECS 8, T

and therefore x3, yg3s Zq are the direction cosines of the 5, T z axis in the ECS
system. Likewise xj, y], %; are the direction cosines of the 5, T x axis in the

8, T systen. |
> |
Ce] = [Cw= ] [0 o] Do} [Ce]
iHS s,T BCS ECI ORB REF 85I VEH
Ce] 1 (&7 |
_ : OWS INST 5,T
Yo |
et [ [ - [ :
- . ECS ECE ORB ECS ORB . :
wa [ [0 - [
VEH ows INST VEH IHsT
" ] - [30 D7 e ] (3] [
T = E D 2N Q B A : i
ECS S5,T ECS ORB REF ST VEBH TUST ESHN : |
cos Ay e cos Mz -cos My e sin Mz &in My |
where E = | sin Az cos Mz 0
ECS ORB -sin Ay o cos Ay  sin My s sin Mz cos Ay
}‘y = longitude of the ascending node with respect to the vernal equinox
Az = inclination of orbital plane |
and i cos Ty sin 7x e sin Ty  cos Tx e sin Ty |
: D = 0 cos x -sin Tx
ORB REF ~sin Ty sin 7x o cos %y cos Mx e cos Ty
’?x = angle between sun vector and its projection onto the orbital plane , o
= ~f on SKYBET btape. L |
Ny = angle between earth-sun line and ascending node = cos™ cos Wy when .

cos Tx
SKYBET tape is source of 7'y and %' x

b




and cos Yz sin

ZN
IﬂﬂL: ::LI

-sin Yz cos

Il

o 0

¥z 0
7z 0
1

where Yz (NUZ) is the angle between the orbital plane and the +x axis of the

‘solar inertial system.

.

and 2@ + 7 -
Q = ] 2(q;8 - Q@)

SJ:: :]VEH 172 S

| 20050, + 493)

Qe = QVIp, Q,3 —VQVI?,:

where Q) = QVIy,

to the SBolar Inertial Coordinate system.
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where s and & are the shaft and trunnion values respectively.
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airlock (SAL) from the spacecraft -z exis. This did not allow for boom
instability, mounting misalignment, oxr manufacturing tolerances which
would not place the O azimuth (shaft, S), © elevation {(trunnion, T) photom-
eter pointing direction in the expected direction. No tests were made
on the instrument prior to flight to determine these parameters because
of the need for a zero gravity test facility. Because an averaging tech-
nigue was used to reduce the effects of telemebry data ,itter, it was
assumed that the values of shaft and itrunnion fed +to the computational
program truly represented the position of ‘the photometer; these assumptions
are now subject to question.

Since the instrument was digitally controlled, we must assume, with
certain excepbilons, that 1f the crew or automatic programmer directed
the photometer to a certain position it did, in fact, go to that position.
Tn most, but not all, cases the telemstry did not report the position of
the photometer equal to the inpubt program. f‘or the fixed-pointing modes
+this was easy to check; for the scanning modes we used check points de-
termined by camera shutter (0, 45, 90, 135, 180° shaft) or by the discrete
steps in trumnion (0, 2.8, 5.6, 8.4, 11.29, ete.). By forcing the computa-
tional program to accept the PAD or expected values of shaft and trunnion,
the resulbing answers compared much more Ffavorably to the DAC resulbs,
but differences still occurred in cervain cases. In an atbempt to create
a correction factor for the telemetry values, the @ifferences were ex-
amined at many poinks in the map. This study included histograms of the
teiemetry samples for fixed modes, best-fit straight lines between ex-
pected and determined values for the scanning modes, and a review of the
system for converting position to ground telemetry (Figure 3-2). The

histograms did not always 3how a normal. distribubtion as would be expected
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if the variations were random or stabistical. Bome of the histograms

were skewed to the left and some to the right. A simple average of the
velues, therefore, gave values both above and below the "correct" value.
The skewing patbern is not random but has a periodic variation which we

aseribe to the beating of the 255 bit D to A oubpubt with the 253 bit A to

D. An exach method of correcting for This problem is yet to be determined.

Study of the expected vs. telemetry values revealed an offset and
slope problem. The offset of slightly less than 1 bit (1.4°), where the
telemetry values were always higher than the expected values could be
attributed to noise pickup on the spacecraft harness (=20 mv). The slope
difference could be attributed to the fact that the calibration was not
done throush the entive system as shown in Figure 3-2. Exact correction
for these errors requires the analysis of more daia.

Tt was also determined that when the boom was extended to 7 rods,
an additional. shaft correction of +3.6° was required to make the telemetry
results agree with the DAC film. I% is possible that a torsion or twist
in the boom occurred when fully extended which offset the 0 shaft position
by 3.6°.

Although we believe we have discovered all of the problems associated
with determining the pointing direction on the sky, a significant effort
is 8111l needed Lo create the appropriate correction factors which will

achieve the required accuracy of + 0.2° from the telemetry data.




Appendix ., Miscellaneous Operational Difficulbties or Anomalies

Light leak. On the first atbempt to operate the instrument on SL-2,
a program Oa System Monitor (Mode O, code a; shubber open, cap
closed), it was very obvious that the cap was not light tight when

closed and that a large amount of light was leaking into the detector

when the ingtrument was pointed at or near the sun-1lit earth. This
leakage invalidated most of the measurements and made it impossible
to achieve the intended results on instrument performance. At first
the engineering support group believed that the extreme temperatures
had created the problem. The crew was asked to manually operate the
cap to see if it could be closed by repeated operabions. This was
wsuccessful., Several points of information relate to this problenm:

i. During instrument testing by MMC a photometer head was sub-
jected to various conditions of illumination. The test report
indicated that exposure to 1.0 solar constant resulbted in an
appreclable leakage, whereas exposure to 0.2 solar constant
was almost undetechable. The conclusions were questioned by
MSFC and within the group at MMC, and we could never deter-
mine the actual results of the tests. They were not able to
be repeated prior to launch,

ii. The Tiight unit had been mechanically modified during manu-
facture to solve a cap sticking problem. This modification
involved enlarging mechanical clearances in the light trap
area and could have reduced the light-tightness.

iii. Tt is not clear whether the instrument which was tested was
similarly modified. i

iv. After SL-2, light leak tests were performed at MMC and
observed by us. These Gtests on the backup unit proved that
the design of the cap light seal was inadequate to allow a
Mode O operation when the telescope was pointed within 19°
of the sun or sun-1it earth.

v. During DOY/MD 167/23 the crew reported that the brightmess
{output voltage) indicator was over range during an orbital
wait period (i.e., volbtage exceeded 5.0 volbs with cap and
shutter closed). When they reduced the gain to low, the
indicator read 2.4 volits. The pointing direction during
this period has not yet been debermined.

This problem was not unexpected, since our cribteria for acceptable
light leakage were not accepted. Any daylight operation of the
instrument in Mode O must be evaluated with care because of this
failure.

Shaft motor operation. Near the end of SL-2 the shaft motor control
malfunctioned such that it would always go to the high limit when not
manually directed to reverse direction. It could be driven to the
minimum 1imit by menually setting the shaft switeh, btubt on release it
would again drive to itbs maximuwa limit. In attempbing to retract the
Instrument, the crew accidentally hit the side of the spacecrafi

and the anomaly disappeared. After that the shaft drive operated
correctly and the instrument was able to be retracted using Mode 6.




10.

11.

No further use of the insbrument was scheduled for S8L-2. A cursory
examination and malfunction procedure performed at the beginning of
8L-3 failed to indicate the cause of the failure and, in fact, the

first use of the instrument during SL-3 was sabtisfactory.

Shutber bounce. Throughout final calibration and test and during
mission operations an excessive photometer shutter boutice on closure
was nobed. Bpecial data handling techniques had to be developed to
remove the effects of this anomaly from the data.

Apparent noise on the azimuth and elevation telemetry lines caused
errors in the decoding of pointing information.

Tn addition to electbronics problems in the pointing telemetry (L,
above) comparison of the DAC film and the telemetry-derived pointing
direction shows errvors which appear to be of a mechanical nature.
Whether this is due to a boresight problem, a structural rigidity
problem, or an instrument mounting problem is not yet determined.
There is evidence, however, that the error is increased (to as much
as 4 deg.) when the boom was extended to T rods.

Extra scans were noted in 3 sky maps; these were appavently due to
forces ap:;lied to the head by The connecting cables.

On one occasion there appears ‘to have been an incorrect start of
the instrument by the automatic programmer. The ruh was made in

- daylight and the instrument was overloaded (high brighitness) butb

was not damaged.

There was an appavent early terwination of one run by the crew
which resulted in the loss of some data.

A small error, 1 dita point outbt of 2000, was discovered in the dump
data when compared to the real time data. This is ascribed to the
on-board tape recorder bubt is not considered significant.

A significant drifi in the spacecraft orienbation was noted by the
DAC £ilm on one of bthe fixed pointing programs.

Inability to drive in shaft. During SL-3 the shaft drive appeared to
stick at its high limit. No action by the crew, even tapping the
photometer against the side of the spacecraft, could correct the
malfonetion. In a coordinated effort by the crew and by ground per-
sonnel, many abttempts were made to correct or To by-pass the mal~
function - without success. After several additional observations
were obtained which did not reguire shaft motion, the instrument was
jettisoned on DOY 216. Subsequent studies have indicated that the
gimilar failure on S1-2 may have been related bub apparently was not
identical.

e Mt e e e

i e it e ik
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II. Analysis of Selected Photometer Data on Contamination, Experiment 5073

Tntroduction

When experiment 8073 was initially proposed by Prof. E. Ney of the

University of Minnesota in June 1967, it had two objectives: 1.

" measurement of the surface brightness and polarization of the night sky

light over as large a portion of the celestial sphere as possible at
several wavelengths in %;he vigible spectrum, and 2. performance of the -
same experiment with sunlight on the spacecraft to determine the extent
and navure of tThe spacecraft corona. Although the Minnesota hardware
concept, a hand-held Gegenschein-zodiacal light—airglow photometer
("GZAP gun"), bears no resemblznce to the actual instrumentation flowm
on Skylsb, the dual objectives were maintained; this resulted in a
sharing of hardware and aoperations with Skyleb experiment TO27 and some
duplication in the analysis of the data. In this report we present
results on four -programs performed during mission SL-2 that were designed
to provide dagta on the spacecraft corona. These programs are outlined

in Table 1.

Analysis of 8L-2 Contamination Progrems

The first contamination program (6-1) was performed on SL-2 mission
day 19 with the photometer fixed in position at approximately 95 deg_rees
from the sun. Observations were made in ull 10 colors® from 4000A to
82004, starting with the spacecraft in the earth's shadow and ending in
daylight. The reverse sequence (6-2) was performed later in the seme
orbit; i.e., daylight to shadow. This program was designed to provide

information in near real time on the level of scattered light by rpa.rticu—

late material around Skyleb; our gquick-look analysis at JSC indicated that

¥000, L760, 5080, 5300, 5577, 6080, 6300, 6k35, 7100, 82008.
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Tahle 1

Selected SI-2 observing programs containing
photometric data on the optical environment of Skylab

Photometer
Exbtension
(distance
Run from
number Mode spacecralt) Program descripbion
6-1 la 5.5m Fixed in position at 95 degrees from
the sun as vehicle moved from night
to day; 9 cyeles of 10 colors: 7.5
night, 1.5 day.
6-2 la Im Fixed in position at 95 degrees from
the sun as vehicle moved from day to
night; 9 cycles of 10 colors: 2.5
day, 6.5 night.
iz 3d im Scen in azimuth at fixed eleva.tion',
during satellite day. 10 colors per
orbit, 8 orbits.
13 34 5.5m Scan in azimuth at fixed elevation,

during satellite day. 10 colors per
orbit, 8 orbits. :

the spacecraft corona was minimal. A more detailed, but still preliminary,
analysis of these data (Weinberg, et al., 197h) indicated that there were
levels of sky brightness in daylight only 5% sbove those at night; i.e.,
low light level astronomical observations were able to be mede from oub-
side the earth's shadow. Subsequent fixed-positicn and sky scanning
programs measured higher levels of daytime sky radianéé, bt analysis of
those programs could not he completed until additional data were obtained
on program timing and on illumiﬁation conditions of the vehicle and

photometer/_ camera syshem. -
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Tn an independent study of the data from these progrems (Table 1),
Muscari and Jambor (1975) conclude that factor-of-100 brightness changes
observed in runs 6-2 and 12 are a result of sunlight scattered by a

contaminant ¢loud around Skylab. We have evaluated these data in details

we find that the observed changes in brightness are a direct result of

stray Light from illuminated parts of the veh:i_.ele cuiside the photometer
field of view. We find no eﬁdence for a épacecraft corona to the
photometerts limit of detection of a change in background (see section
ITI of this report). In the following we examine each of these runs

(Table 1) in debail.

A. BRun 6-2

As noted earlier, the photometer was fixed in position a{: 95 degrees
from the sun (toward the north galactic pole)} as the veh_v'cie moved from ‘
day to night. The measurements are tabulated as a function of color,
GMT time, and time from sunrise/sunset in Appendix 1. The occasional

groupings of high dark current indicate times when the spacecraft we* near

‘the South Atlantic anomaly.

In Figure 1 we have plobted day sky brighiness normelized to the
night value as a ﬁJhcj.tion of time for four of the 10 observed wavelensths,
Tt is unfortunate that the program was started at the wrong time; thus,
there are only a few da.fa points in daylight. Exalﬁination of all the data
indicates that the sky signal was decreasing as early as five minutes
before sunset. The nature of this. time decay, its rate of éha.ngé and its
position, is of particular inberest.

Since data concerning the characteristics of sunrise/sunset were

not readily available, we determined the apparent altitude versus time of
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sunrise/smlset as a function of beta angle (see Appendix 2). For each
altitude, we calculated the numhexl- of air masses traversed by the sun's
rays and, using the atmospheric transmission given by Allen (1973), the
color and time characteristics of apparent sunrise/su.nset. The resuj_ts
‘are shown in Figure 2. No attempt was made to model the day/nigh‘b 5577
and 6300 airglow characteristics. These data, as expected, have a differ-
ent time rate of change than the data at continumum wavelengths. Note
that the decay rates showm in Figure 2 begin only 20 seconds before geo-
metrical sunset and continue for more than 50 seconds after geometrical
sunset. A comparison with the observations shown in Figure 1 indicates
that sunrise/sunset is mot responsible for the observed rate of change
of sky brighbness.

The next step in the analysis involves a determination of the
irradiance due to the sunlit earth. The time period from terminabtor set
(1line of demarcation of sunlit earth directly below spacecraft) to sunset
was chosen Por this modeling. Since the irradiance is proportional to
both the area of the sunlit earth seen by the spacecraft and the absorp-
tion of the atmosphere as the sun's rays penetrate and are reflected back
to the spacecraft, the modeling mast include both effects. The veflection
characteristic of the earth was assumed to be wavelength independent; thus,

the irradiance at the spacecraft is
I(T) o A(m)e~ TAm(T)

vhere A(T) is the relative projected area of the illuminated earth as a
function of the solar depression angle T, 'E"A ié the absorption per unit
air mass at wavelength }\, and m{T) is the number of air masses traversed

as a Tunction of T (see Appendix 3). The solar depression angle can be

s
I T T TR T T T o T TR
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related to time through the orbital angula,r" veloclty and beta angle,

and thus the relative irradiance can be determined as a function of time,
The result is plotted in Figure 3 Ffor the beta angle during Run 6-2.

As in the case of direct sunrise modeling, the effect on the airglow
Lines was not considered,

As in Figure 2, there is a strong vraveiength dependence in the time
decay characteristic. Note that a significant rate of decay is occurring
as early as 300 seconds befores sunset and that the blue end of the
spectrum is diwinished before the red end by as much as 50 to 100 seconds
before sunset. The similarity of These time characteristics to the observed
decay rates (Figure 1) suggests strongly that the sunlit earth is the pri-
mary source of the observed changes.

We also investigated the possibility that the change in signal was
caused by direct (on-axis) earthlite. The carth was "behind" the photom-
eter, i.e. more than 90° from the line of sight at 21l times. Conclusive

11 -,

evidence for the source being "off-axis" is shown in Figure 4, vhich is

a copy of a photograph taken during the "high signal" period with the

16 mm Data Acquisition Cemera (DAC) that was boresighted with the photom-
ebter., Wobe that the sky region defined by the camera runshield was exposed
correctly; i.e., the'sky is dark, and stars are as clearly visible as

they are at night. Note, also, that the inner porbions of the sunshield
are overe@osed; this can only be caused by the sunshield's knife edges
béing illuminated by z source outside the field of view (the camera and
photometer fields of view are 15 and 6 degrees, respectivély). A study

of the geometry indicates that the spacecraft discone antenna was approx- .
imately opposite the bright corner and was therefore responsible for some

end perhaps all of the off-axis brightness seen by the camera and the

L
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11-6
photometer.

Various parts of the illuminated (by the sunlit earth) spacecraft
were Tound to be within 90° of the line of sight, with the discone anten-
na being approximately 500 from the line of sight. The short, low-
rejection sunshield was used for these observations, and this sunshield

does not have adegquate rejection for bright sources this close to the

line of sight.

LA

LS

SRR HON

One of a series of DAC photographs taken during run
6-2. Note the dark sky at the center and the illuminated
portion of the sunshield in the upper left.

Figure b.

B. BRun 6-1
Miuscari and Jambor (1975) reported that there was no night/day change
in signal for this observation; this is expected, because the last data

group was taken only 60 seconds after sunrise. Curves similzar to Figures




-

IT-7

2 and 3 for sunrise show that significant earthlight was not present
until more than 100 seconds after. sunvise. Full direet sunlight was

present within 20 seconds after sunrise.

C. Run 12

The analysis of these data are more complex, because the photometer
was scanning in azimuth (i.g., in a plane approximately perpendicular to
the direction to the sun) during the measurement cycle. In this program
the photomster observed over a range of azimuth at fixed elevation; the
scan was made in a particular color, the photometer retraced its scan at
the next color, ebe., until 211 10 colors were used. The photometer then
waited wntil it reached the same starting place in the nexft orbit and it
repeated the cycle. Mulbicolor scans of a 60° region of azimuth were
obtained in this program on successive orbits, some scans with tThe
photometer 1 m from the spacecraft and some (run 13) at 5.5 m.from.tﬁe
spacecrait.

As noted by Mascari and Jambor (1975), each scan was started (and
completed) Guring spacecraft day. The program was initiated only 11
seconds afbter sunrise, however; in orbit 1 it stopped at sunrise plus
110 seconds and in orbits 2 and 3 it stopped at sunrise plus 182 seconds.
This difference was dve Lo an anomaly in the instrument preparation rou-
tine; in the Tirst orbit only the last 5 filters were used. This differ-
ence is important since the 8200A data in orbit 1 were taken starting
only 80 seconds after sunrise:; in orbits 2 and 3 these data were taken
starting 150 seconds after sunrise. This is the filter that showed the
largest rise in signal, and these are the data that Mauscari and Jambor
use to determine the level of "contamination".

Figure 5 is a compuber-generated plot of output sisnal versus time
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for orbits 2 and 3. The signal shown at the left of each plot is the
output at 7100A with the azimuth moving towards its upper limit. At the
upper limit the shutbter closed (dark current level is shown left of center),
the 8200A filter moved into position, the shutter opened, and the azimuth
{after a 1 sec delay) moved toward its lower limit. The scanning rate

vas 3.870/580. The sinusoidal variation of ogtput at the higher lévels

is due to the modulation’of.the polarized component by the rotating pola—.
roid; the large amplitude indicates that the signal was hig@ly polarized.
Brightnesses marked azlong the basellne correspond to data averaged over
%LSecond intervals ending at the position of the value; also indicated

are the relative phase angles of the polarized componen®. The limiting
effect of the telemetry system (5 volis) is clearly visible on the high
signal levels in Figure 5. The difference in levels of the maximum signal
between the two orbits is probably due to the fact that the azimth con-
trol was accurate only to + 1.4 degrees. At the large rate of increase
of signal, even a small difference in azimuth could produce the difference
in signal level between the two orbits. Miuscari and Jambor claim that
this difference is due to the gradual dissipation of the contaminent

cloud between orbits 2 and 3.

Characteristics similar to Figures 2 and 3 were derived for the
beta angle during run 12. They show that the earthlight at 82004 in-
creases by a factor of 3 between 80 and 140 seconds after sunrise; thus,
the signals at any particular point in the scan should diifer by that
amount between orbits 1 and 2. Miscari and Jawboxr's data show a differ-
ence of a factor of 2.5 at azimuth 1850 between orbits 1 and 2. The
fact that the signal increase was a sbtrong function of azimuth also sug-

gests that the source is light reflected off the spacecrafi, Difficulties

N
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in the telemebry system reguire that the raw azimuth data be corrected.
When these corrections are made, the signal increases as a funcition of
azimuth for orbits 2 and 3 are almost identical, not significantly differ-
ent as indicated by Muscari and Jambor. Other differences noted by
‘Muscari and Jawbor, especially the spectral differences, can also be
shown to be similar to the earthlight color/time characteristies.

The difference in direction of polarizaiion of the enmhanced signal

(Figure 5) is still further evidence against contamination as the source

P

of the enhancement. The direction of polarization for the zodiacal light

o
R

for scatbering by particulates near the spacecrafti is the same - perpen-
dicular to the direction to the sun. Only multiply-scattered light

(e.g., light scattered off the vehicle and seen by the sunshield baffles)
can give a different direction of polarization.

In summary, there is firm evidence for stray light from the sunlit
earth in the SL~2 photometer observations analyzed by Muscari and Jambor
(1975); we Tind po evidence for a detectable spacecraft corona in these
observations. In the subsequent section we show further that the photometer
would not detect the column brightness from the typical level of particu-~

lates observed by the S052 coronagraph.

References
C. W. Allen, Astrophysical Quantities, 3rd edition, the Athlone Press, 1973.

J. A. Muscari and B. Jambor, Final Report, Skylab Experiment TO27,
ED-2002-1776, Martin-Marietta, June 1975.

J. L. Weinberg, R. D. Mercer, and R. C, Hzhn, The optical environment of
Skylab, Mission SL-2, Bull. AAS, 6, 337, 197kL.

N T T




|

Run 6-1
GMT
day hr:min:sec

163

20:14:27.9
:39.9
:51.9

:31.9
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n N
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l

time with

respect to

sunrise
(sec)

l.

APPENDIX 1
total
color, signal
nominal (volts)
Looo & >10
k760 >10
5080 >10
5300 > 10
5577 1.32 .
6080 - 1.02
6300 .43
6435 .68
7100 L8
8200 .63
4000 .19
LT60 Lo
5080 .23
5300
5577 A2
€080 1.05
6300 .33
6435 1.07
7100 1.03
8200 .80
1000 .52
W760 1.10
5080 i.12
5300 1.18
5577 .36
6080 .90
6300 .31
6435 .96
7100 .92
8200 .65
Lg00 .51
4760 1.05
5080 1..09
5300 1.11
5577 .35
6080 .88
6300 .31
6435 .85
7100 .01
8200 .65
L1000 .51
4760 1.06
5080 1.08
5300 1.1h
5577 .34

J

|

dark net
current signal
(volts)  (volts)
.10 1.22
.1 1.01
.1 .33
11 .57
11 .37
.10 .53
.10 .09
.10 .30
.11l .12
gain change
1 3L
.11 b
rla . o:?.l
.12 95
A1 - .92
11 .69
.11 1
012 .98
.12 1.00
A1 1.07
LI .25
.11 -79
A1 .20
AL .85
L1 .81
1L .5l
L1l Rite)
11 .9k
a1 .98
1L 1.00
A1 2k
.11 ST
Al .20
A1 .84
11 .80
A1 .54
L1l Ity
.11 .95
11 .97
i 1.03
.11 .23
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net
signal
(8,4(V))

13788
3222
5763
1721,
1235
2876

595
690
302

350
300
367
287
307
37k

271
256
252
256
282
252
349
256
270
293

264
216
2y
239
271
PRI
349
o5l
267
293

264
218
2l5
246
260
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Run 6-1, continued

GMT
day

163

hr:min:sec

20:23:h6.1
:58.1
2h:10.1
22.1.
-3h,1

:h8.1
25:00.2
12.2
124, 2
:36.2
:50.2
26:02.2
:1k.2
:26.2
:38.2

t52.2
27:04.2
116.2
:28.2
:ho.2
:54.3
28:06.2
:18.2
:30.2
shz,2

:56.3
29:08.3
:20.3
:32.3
4.3
:58.3
30:10.3
122.3
:34.3
06,3

31:00.k4
s12,l
:2h bk
:36.4
481
32:02.h
bl
:26.3
:38.3
:50.3

time with

respect to

sunrise
(sec)

color,
nominal

6080 &
6300
6435
7100
8200

4000

4760

5080
5300
5577
6080
6300
6435
7100
8200

Telelo)
4760
5080
5300
5577
6080
6300
6435
7100
8200

L0o0oo
760
5080
5300
S57'7
6080
6300
6h35
7100
8200

4000
760
5080
5300
5577
6080
6300
6435
7100
8200

total
signal
{volts)

.88
.30
.94
.91
.63

.50
1.05
1.10
1.13

.34

.88

.30

Ok

.91

.63

.50
1.05
1.09
1.13

34

.88

.28

.93

.90

.6l

.50
1.05
1.09
1.13
.3k
.88

dark
current
{volts)

ki
A1
L1
.11
.10

11
A1
JJL
11
A1
11
1A
.11
A1
«10

J0
.11
A1
L1
.12
)
A1
a1
11
A1

W11
.11
L1
.11
.12
11
AL
A1
AR
JL

12
A2
A1
A2
.12
11
A2
11
A1
1L

net
signal
(volts)

7T
.19
.83
.80
.53

-39
.ol
.99
1.02
.23
ST
.19
.83
.80
.53

-39
.ol
.98
1.02
.22
7
.17
.82
.79
.53

-39
.9h
.98
1.02
.22
<77
.18
.85
.83
.67

.39
.95
1.05
1.07
.30
.79
.20
.86
.82
LTh

—
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net
signal
(8,0("))

ok
332
251
267
288

258
216
250
ahl
260
246
332
251
267
288

258
216
2h7
2kl
2kg
2h6
297
2h7
2Bl
288

258
216
ahy
oLy
249
olb
31k
257
277
363

258
218
264
256
339
252
349
260
27k
o1




Run 6~2

GMT
day

163

hr:min:sec

21:2h:23.0
:35.0
7.0
:59.0
25:11.0
:25.0
:37.0
:19.0
26:01.0
:13.0

127.1
:39.1
:51.1
27:03.1
:15.1
:29.1
by
:53.1
28:05.1
:17.1

131.2
43,2
155.2
29:07.2
:19.2
:33.2
5.2
157.2
30:09.2
:21.2
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(¥}
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time with . total
respect to color, slgnal
sunset nominal (volts)
(sec)
- 296 hooo R .58
- 284 4760 1,02
- 272 5080 1.25
- 260 5300 1.16
- 248 5577 A
- 234 6080 .66 -
-~ 222 6300 .33
~ 210 6435 .73
- 198 7100 .78
- 186 8200 .8k
- 172 4000 .39
- 160 4760 .75
- 148 5080 .79
- 136 5300 .82
~ 12k 5577 .30
- 110 6080 .62
- 98 6300 .27
- 86 6435 .67
- 7h 7100 .68
- 62 8200 .60
- 48 4000 46
- 36 L4760 .83
- 2k 5080 .85
- 12 5300 93
0 5577 Ll
+ 14 6080 .83
+ 26 6300 .55
+ 38 6L35 .99
+ 50 7100 1.0L
+ 62 8200 .9l
+ 76 4000 .96
+ 88 h760 1.3k
+ 100 5080 1.46
+ 112 5300 1.5k
+ 124 5577
+ 138 6080 1.51
+ 150 6300 1.16
+ 162 6h35 1.65
7100 1.71
8200 1.01
1 Tolele) 1.6
k760 1.9
5080 2.0
5300 2.1
5577 1.6

DWW

dark net
current signal
(volts) (volts)
1 At
1 .91
Rk 1.1k
LAl 1.05
AT .30
.10 .56
L1 .22
A1 .62
.11 .67
.11 .73
.11 .28
.12 .63
.10 .69
.10 .72
.12 .18
12 .50
.12 .15
.13 .5l
.13 .55
L RIS
.20 .26
.22 .61
.25 .60
.30 .63
.34 .10
.39 b
b5 .10
.50 g
.55 g
.61 .33
.66 .30
.Th .60
.79 .67
.83 Rl
data outage
1.01 .50
1.06 .10
1,12 .53
1.19 .52
1.25 .36
1.30 .33
1.35 .60
1.40 .61
1.hh .69
1.b7 .21

net
signal
v
(8,0

310
209
288
250
338
180
390
188
223
398

18k
1kl
17h
i7e
203
161
261
163
182
2hg

175
b1
151
151
119
142
176
b7
163
77

198
139
168
169

160
176
159
175
198

220
139
155
16
233
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Run 6-2, continued

GMT
day hr:min:sec
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:121.6
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time with

respect to

sunset
(see)

color,
nominal

6080 &
6300
6435
7100
8200

4000
k760
5080
5300
5577
6080
6300
6435
7100
8200

L0ooo
h760
5080
5300
5577
6080
6300
6435
7100
8200

1000
L760
5080
5300
5577
6030
6300
6135
7100
8200

k000
4760
5080
5300
5577
6080
6300
6435
7100
8200

total
signal
(volts)

2.04
1.76
2.08
2.06
1.90

1.88
2.07
2.1k
2,14
1.58
1.91
1.52
1.8%
1.72

1.5 -

1.38
1.63
1.54
1.51
.98
1.19
.81
1.0L
.91
.69

.53
.84
.83
.83
.30
.62
.22
.63
.60
il

.36
.70
.72
7L
.26
.56
.21
.61
.58
R

dark
current
{volts)

1.50
1.52
1.54
1.54
1.54%

1.53
1.51
1.k9
ki
1.ko
1.35
1.33
1.26
1.20
1.16

1.10
1.02
.95
.90
.79
.69
.60
.53
b5
.35

.28
.28
.22
.19
.17
.15
.13
.12
.12
11

L1
11
11
.11
11
.10
.10
.10
.10
.10

net
signal
(volts)

.54
Lok
.5k
.52
.36

.56
.65

net
signal
(8,5(V))

172
b1k
163
17h
196

23
129
165
168
209
179
330
174
175
206

187
i
148
b7
o1l
159
373
145
153
183

166
129
153
152
kg
1k9
166
154
159
180

163
136
154
151
169
148
198
153
161
182
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Preliminscy Study of Contaminant Particulates around Skylab

APPENDIX 2

Air Mass versus Altitude and Apparent and Geomebtric Sunrise and Sunset
seen from Skylab

Utilizing techniques given in Schuerman, et al. (1975)* the apparent
altitude of the rising/sétting sun was calculated as a function of time
(Table 1), taking account of the effects of beta angle and refraction.
To illustrate use of the table, the apparent sunrise at beta angle 30° is
27 seconds before geometric sunrise, and the sun is at an apparent altitude

of 10 km 26 seconds after apparent sunrise.

At each altitude the sun's rays are seen through a different air

mass. The geometry used to determine the appropriate air mass is shown

below.

A spacecraft altitude

h  apparent altitude of sun

s 1/2 the path traversed by
the sin's rays

H altitude at any point along s

hT extent of atmosphere=2120 km

* D.W. Schuerman, F. Giovane, and J.M, Greenberg, Stellar Refraction: A
Tool to Monitor the Height of the Tropopause from Space, J. Appl. Meteorol.

ik, 1182-1186, 1975.

—
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The total air mass m along path s is

h
2 hjﬂiﬂ(ﬁ) ds (H)

thqja(ﬂ) dH

where P(H) is taken from the U.S, Standard Atmosphere Supplements, 1966.

Since
as(H) = (H + R) dE ’
J(H+ R)2 - (h+R)2
he
pE)(HE+ R) aH
eh Y (H+ R)2 - (b + R)?
o = .
b
p(H) aH

m was caleulated at 2 km intervals of altitude H from O to 7O km;

the results are given in Table 2.

A2-2 !
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Table 1

Apparent Sun Rise/Set Time versus Altitude

beta

angle T(0) AT10 20 30, Lo 50 60 70 80 90 100.
0 :23 122 :30 3l :38 it} 46 150 15k :58 1:02
5 123 122 :30 :3hL :38 2 46 :50 :5h :58 1:03
10 :23 :23 :30 :35 :39 :43 sy 51 155 159 1:03
15 2L :23 131 136 ° :ho bl 1418 :52 :56 1:01 1:05
20 125 2k :32 137 N 45 :ho 154 :58 1:03 1:07
25 126 125 :33 :38 :h3 47 152 156 1:01  1:05 1:10
30 127 126 :35 40 b5 150 5L 159 1:0k4 1:09 1:1h
35 129 :28 :38 43 18 :53 158 1:03 1:08  1:h 1:19
40 132 131 thy L7 153 :58 1:03 1:09 1:14  1:20 1:26
hs :35 :3h :h5 :52 :58 1:08 1:10  1:16 1:22  1:29 1:35
50 ha 139 152 :60 1:07  1:13 1:20 1:27 1:34 1:ha 1:48
55 :48 46 1:02 1:11 1:19  1:27 1:35 1:43 1:51  1:59 2:08
60 1:03 1:00  1:20  1:31  1:h2  1:52  2:02  2:12  2:22 2:32  2:42
61  1:07 1:04 1:28 1:38 1:k9 1:59 2:10 2:20 2:31 2:41 2:52
62 1l:12  1:10 1:32 1:h5 1:57 2:08 2:19 2:30 2:42 2:53 3:04
63 1:19 1:16 1:50  1:55 2:07 2:19 2:31 2:43 2:55 3:07 3:19
6k  1:28 1:25 1:51 2:07 2:20 2:33 2:46 2:59 3:12 3:25 3:38
65 1:k0 1:37 2:06 2:23 2:38 2:52 3:07 3:21 3:35 3:48 k:02
66 1:59 1:55 2:28 2:48 3:05 3:21 3:36 3:52 L:07  h:22 L.38
67 2:35 2:30  3:10 3:32 3:52  L:10 ;28 -5 5:02 5:19 5:36
68 5:04 5:55 6:23 6:h47 7:08 7:20 7:50 8:10 8:29 8:48
69 2:37 Ok lp:ihy 5:16 S:hh 6:11 6:36 7:00 7:23 7:46
70 1:36 2:h9  3:39 L:20 k56 5:28  5:59  6:27

7(0) is the difference between the time of epparenti sunrise (sunset) and the
time of geometric sunrise (sunset). Geometric rise and set have SA (solar de-
pression angle) = 110.5957 deg. for OWS alt. of 435 km., while apparent rise and
set have SA = 112,085k deg.

T10, 20, ete., are the time inbtervals between apparent rise (set) and the
time the sun appears to be at 10, 20, etec. km. Times are in minisec.




Table 2

Air Mass versus Altitude

Altitude(km) Total air mass
0 78.0
2 63.2
h 50.16
6 39.32
8 30.38

10 23,0l
i 16.96
1k 12.38
16 - 9.0h
18 6.60
20 4,82
22 3.52
oh. 2.58
26 1.88
28 1.38
30 1.02
32 .76
34 .56

Altitude(km) Total air mass
36 A
38 .31
ko .23
L) LT
by .13
L4 .10
48 .08
50 .06
52 .05

- 5k .0l
56 .03
58 .02
60 .02
62 0L
6l .01
66 .01
68 .00
70 .00

Ao-L
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Preliminary Study of Contaminant Particulates around Skylab

APPENDTX 3
Irradiance at the Spacecraft due to the Sunlit Earth as a Function of Time

The solar depression angle T is defined in the following figure:

orbital plane

s position of spacecrait
P beta angle
T solar depression angle
terminator
' [ From the @bove, we obtain
cos (90° + T) = cos G cos (1)
or sin T = -cos ¢~ cos - | (2)

. . o
T is 20.55° at su:a.:t'ise/sunset and 0° at terminator rise. Since d

4T

-

L

is known to be 3.87°/min (orbital angular velocity), can be calculated

from (2).
The area of the sunlit earth seen by the spaceefaft is illmstrated

helow.

/ spacecraft

el
x'?’QB “a\-/
4-1./' area of sunlit earth
.{3&:‘:\“‘-; seen by spacecraft

terminator

N
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To derive this area as a function of solar depression angle T, we note
that

d€ = B sinet docd ¢. - (3)

The total area A is then

T2 0P |
A(T) = fdG: RE/ sin of dn(‘.f dc}. n)

To determine the value of A at any value of T, the appropriate limits of

integration are:

T; = 20.55°
T2 =T
¢J_ = gin~l btan T (equation of terminator)
tan o
¢2 =']T.
The srea A' projected on a plane perpendicular to the spacecraft-esarth
line is
T
AY(T) = oR2 - a :I'_f_ -1 (fan T .
(T) cos of sinoc de [2 sin (——-—-tanm) (5)
0.6

The brightness of the area A is a funchion of the reflection coefficient

F(Q) and the irradiance of the sun on the area:
B, o€ I, F(A) UM = (1) (6)

vhere T(A) is the absorption of unit air mass, m(T) is the number of air
masses traversed, and I, is the solar irradiance. The irradiance at the

spacecraft is then

e o
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I (T)og By A e (M) = (T) (7) i
or |

I (T) et 41 (T) F(N) I, e 2T m (T), (8)
F(;‘L) is assumed to be a constant and Io is known. Thus
I (T)ec AY(T) &2 T m (1), (9) -
The funection m(T) can be determined from

cos(T + 28) = cosB , (10)

R+h

where B is the solar elevation angle, R is the radius of the earth, and |
h is the spacecraft altitude.

(T) is determined from (10) and m(B) is obtained from Allen (1973).
Therefore, m(T) is the product of the functions &(T) and m(B), and I (T)
can be determined. Since T(t) can be determined from (2), I5(%) can be
determined for each color of interest. This funetion is plobtted in

section II of the text (Figure 3) with reference to sunrise/smset.
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ITI. The Composite Picture

Photographs obbained with the 5052 coronagraph and photoelectrie
data obtained with the photomester of experiments S073 énd T027 contain
unique data on the Skylab spacecrait corona. FParticle tracks on the 8052
photographs have provided data on discrete contaminant particulates at
smalld scatbering angles: nwber, size, distance, velocity. Further
analysis of selected phdtométric data from Mission SL-2 showed no evidence
Tor integrated light from contaminant particulates down to our threshold
of detection of a few SlO(V)%. It is of inberest to debermine the approx-
imate sensitivity of the photometer to the brightness contribuied by
individual particles and to compare the photographic (small angle) and
vhotoelectric (large angle) resulis.

We make the Tollowing assumptions:

1. The average particle size‘p is 25 microns in radius;

2. The particles are uniformly distributed out to a distance
L of 200 meters from the spacecrafs:

3. The energy scatbtered from each particle at scabbering
angles of Q0P + 10C is .05 of the energy of an isotropic
scabierer vhose scatbering cross section is asswzed to be
equivalent to its geometrical cross seciion.

The scatbered energy Eg ab the photomeler objective lens is

L
2 1 Tr2
.05 IG'ITJD = =5 g~ av,

where 0~ is the number density of particles,-f)is the particle radius, and

Ts is the solar flux per unit avea.

* Equivalent wumber of 10th magnitude solar (G2V) stars per squeve degree

at mean solar distance. At 53004, 1 S19(V) = 1.30 x 10-9 ergs/cm? sec sierad &
= 4.5 x 10-16 By,
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Figure 1.

radius of photometer objective lens
solid angle of the photometer field of view
L) solid angle subiended by the objective at distance L
P
R’ radius of photometer area of view at L
A vphotometer area of view at L

aV=4A4dl = 12 a

Referring to Pigure 1, this reduces to

L i
o
Eg = .osf I, .EE_.'H'IQG“QF aL
0

or

Tp2 2
Eg = .05 1, LT

The energy at the photometer due to the direct sclar radiation is

Bo‘ﬁ‘re.le

e



ITI-3

or

1o

A LO

T x2 ﬂF.

Normalizing the radiation from the particles o the direct solar radiation

.05 T, TTPi o (g 1

2
mr “O-F

= .05 P2G- L0, .
b

Using the values assumed earlier for P and L and the solid angleﬂo of
the sun, we obtain 1.06 x 107 1.

The photometer output is calibrated in S,4(V) units (see earlier).
After subtracting the brightness contribution of resolved stars, the
total sky brightness Tfor the region in guestion is approximately 100
slo(v). Total instrument reproducibility and the method of differencing
day-night or nighit-day sky brightness combine to give a minimum detectable
brightness change of from 1 to 3 S10(V). Using the value of 3 Sy5(V),

we obtain a minimm detectable number density of particulates of

N

3 S10(v) x k.5 x 20-10 B /510(V)
1.06 x 10-f

= 1.27 x 10-8 particles/cm3.

The number of particles per S052 field (see Figure 9 of section I)
ranged from 5 to 100. ¥For the typical number of 10 particulates in the

S052 volume of view out to 200 m, the number density is 2 x 1079 cm™3.
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Our inability to distinguish a day-night or night-day change in brightness

which could be attribubed to contémination is therefore consistent with

the 5052 analysis which finds the typieal number density to be below ocur

column brightness threshold for detection. However, there were periods

7of a factor-of-ten higher concentration that would bring the particulabe

background up to the level of detectability of the photometer. Since -
this increased level of particulates bhad no preferred d&irection, we do

not associate these levels with dumps or thruster firings.
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THE SKYLAB TEN COLOR PHOTOELECTRIC POLARIMETER

J. L. WEINBERG, J, G.SPARROW* and R.C. HAHN
Space Astronomy Laboratory, State University of New York at Albany, U.S.A.

(Received 5 May, 1975)

Abstract. A 10-color photoelectric polarimeter was used during Skylab missions §1.-2 and SL-3 to
measure sky brightness and polarization associated with zodiacal iight, background starlight, and
the spacecraft corona. A description is given of the instrument and observing routines together with
initiai results on the spacccraft ccrona and on the polarization of the zodiacal light.

1. Introduction

A ten color photoelectric polarimeter was flown during the first two Skylab missions
(SL-2 and SL-3) to measure sky brightness and polarization as well as to investigate
optical contamination surrounding the spacecraft. The Saturn workshop was launched
on May 14, 1973 into a 435 km circular orbit inclined at 50 degrees to the equator.

The photometer and a 16 mm camera were designed to operate from an alt-azimuth
mounting at the end of a universal extension mechanism (Figure 1) and were designed
to be deployed up to a distance of 5.5 m beyond the spacecraft using scientific airfocks
(SAL’s} in either the solar or antisolar directions (Figure 2). The 5.5 m extension was
required to permit daylight observations from the solar SAL out to 90 degrees from
the Sun without obstruction from the spacecraft. The SAL's and the extension
mechanism/mounting were designed for use by several experiments [1]. Unfortunately,
the solar SAL could not be used because a permanent heat shield was deployed out
the solar SAL following the loss of the spacecraft meteoroid sitield during launch.
Therefore all observations with the photometer were obtained from the antisolar SAL.

The observations contain information on the Gegenschein, zodiacal light, and
integrated starlight in the antisolar hemisphere, Comparison with simultaneous
measurements from a ground station in Fawaii may help to elucidate the problem of
airglow subtraction from ground observations of the nightglow.

Z. Instroment Deseription

The photometer-camera system consisted of a photoelectric photometer. a parallel
16 mm Maurer camera, and sunshields. The photometer {Figure 3) was similar to
that used by one of us in ground-based studies [2, 3] and consisted of a sunshield, a
telescope cap, Fabry optics with a 6,.35-cm primary objective, two six-position wheels
containing interference filters, a rotating polaroid, a field of view wheel, a shutter,
and a detector package.

* On leave from Aeronautical Research Laboratories, Melbourne, Victoria. Australia.

Space Science Instrumentation 1 (1975) 407-418. All Rights Reserved
Copyright © 1975 by D, Reidel Publisting Company, Dordrechit-Holland
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camera
sunshield

The universal extension mechanism and photometer-camera system. The canister and at-
tached panels contain power supplies, automatic and manual control equipment. and the universal
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TABLE I
Interference filter characteristics

Color, Central Bandwidth at 4
nominal wavelength? peak transmission?®
(A) (A) (A)

4000 4001 F10.0

4760 4748 47.5

5080 3068 49.7

3300 5294 61.0

3577 5562 17.0

G080 6063 83.0

6300 6286 20.0

6435 6427 108.2

7100 7093 135.0

8200 8160 220.0

* At center of filter, —32°C,

The sunshield had two parts: a short baffle section for observations from the
antisolar SAL and for limited observations from the solar SAL, and a Ionger, aperture-
restricting section for use in observing close to the Sun. Since all observations were
made from the antisolar SAL, only the short baffle was used. The cap protected the
optical system when not in use. Mounted on the inside of the cap was a Pm'*”-acti-
vated phosphor source for monitoring instrument performance. Shutter ciosure
permitted measurement of the photomultiplier dark current. Each filter wheel con-
tained five filters (Table I} and an open position. The filter bandwidths (except the
two airglow filters) were chosen to give approximately the same photomuitiplier out-
put signal for a source having the solar color. The field of view wheel contained six
different aperture/neutral density flter combinations, although most of the obser-
vations were obtained with a 6 degree diameter field without neutral density filter,

The detector package contained an EMR 341E photomultiplier (S20 response tube
selected for high red sensitivity), a high voltage supply, and an output voltage dif-
ferential amplifier. A thermoelectric cooler kept the photomultiplier phetocathode
at a temperature of approximately —10°C. Detector gain seitings of 10°, 10%, and
107 could be selected, although in general the observations were taken with the middle
gain. The time constant for the detector and preamplifier was approximately 2 ms.
Temperature sensors were positioned near the cathode of the photomultiplier, near
the interference filters, and near the cap sourcz.

The HN 32 polaroid was driven at approximately 2 rps by an induction motor while
a signal pulse was generated once per mechanical cycle as the polaroid rotated past a
fixed point. The photomultiplier output was sampled at 326 sps while a similar channel
was used to record the polarcid position pulse. These two channels, together with
other instrument data sampled less frequently, were stored by an onboard digital tape
recorder and subsequently telemetered to the ground. Alternatively, the data could
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be telemetered in real time. The telemetry word sizc was nominally 2% (256) although
the photomultiplier and synchronous pulse channels were limited to a data word
range of 3 to 253 by telemetry constraints (5 volts full scale).

The elevation and azimuth of the pointing direction of the photometer were re-
corded 20 and 10 times per second, respectively, with a precision set by the bit size
of 1.4 degrees,

The camera was included to provide information on possible anomalous results
obtained with the photometer and to provide refined information on instrument
pointing. Photographs were taken automatically every 11.25 degrees in elevation™ and
every 45 degrees in azimuth*® or, for fixed position programs, at each filter change of
the photometer (every 12 seconds). Kodak film type 2485 was used with exposures
of 2§ seconds, The field of view of the camera with baffle was approximately 15
degrees. The right ascension and deciination of the center of the camera field of view
{and therefore the photometer) could be determined to within +0.2 degrees provided
that the field was well populated with stars that could be identified. The orientation
of the field was also determined.

Control equipment for the photometer and camera was located on the canister
shown in Figore |. Instrument displays on the control panels included the output
voltage, photometer coordinates, and data on the filters, field of view, shutter, and cap.

An automatic programmer was designed to operite the photometer manually or in
any of seven automatic modes:

0 calibration

1 fixed position

2 vertical circle {scan in elevation at fixed azimuth)

3 almucantar {scan in azimuth at fixed elevation)

4 limited-area sky map (almucantars separated 2.8 degrees in /1)

5 all-sky map (almucantars separated 5.6 degrees in /1)

6 stowage position return.

Modes 0 and | were used for fixed position observations: of the cap source (Mode 0)
or of the sky (Made I). One sequence of 10 filters took 2 minutes: 10 seconds on each
filter interspersed with 2 seconds of dark current measurement. Modes 2 through 5
were used for scanning selected regions of the sky at approximately 4 degs~'. Only
one of the azimuth and elevation drive stepping motors could operate at a time. The
logic for termination of a traverse was based on elevation and azimuth readout. Mode
6 returned the mounting to the azimuth and elevation required for retraction into the
canister.

A program could be operated any number of times from [ to 64 and through the
use of an orbital period counter could be performed automatically during parts of
consecutive orbits. The elevation and azimuth range could be selected by the astro-
naut to provide scans over any portion of the sky. The mounting could scan through
354 degrees in azimuth and up to 112.5 degrees in elevation from the direction of

* Zero clevation (/) is the direction of the extension mechanism (approximately toward the Sun
or anti-Sun); the azimuth (A} plane is perpendicular to the direction of zero elevation {Figure 2},
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Fig. 4. A typical Mode 4 scan sequenice. At points A the azimuth scan stops, the shutter closes, and

the elevation scan is activated for 2.8 degrees. At points B the elevation scan stops, the shutter opens,

and, after a 1-second delay, the azimuth scan starts in the reverse direction. Dark current was mea-
sured during the shutter closed periods.

CtBoo

S S B N LI s Tl N s I B B
shutter ] ~  k-1isec L time of

bounce shutter synch pulse
open - ——|—closed —| open
fime ———

Fig. 5. A sample of PMT output. from a Mede 4 scanning program showing a star crossing
(Arcturus) and the timing of the synch pulse and of the shutter closed period (sce, also, Figure 4).
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extension. The automatic programmer and other instrument controls were set up by
an astronaut according to programs and times specified in the flight plan or in real
time flight plan updates. After actuating a program, the astronaut went on to other
activities not related to the experiment, and the instrument operated unattended,

Part of a typical Mode 4 scan sequence is shown schematically in Figure 4, A sample
of PMT output from a Mode 4 program is shown in Figure 5. In this mode the selected
region of sky was mapped in one color per orbil with the two second dark current
measurement taken at the end of each traverse in azimuth. If the photomultiplier
signal exceeded 10 volts in a scanning program for longer than 100 ms, the shutter
closed and remained closed for the remainder of the scan; in a fixed pointing program,
the shutter remained closed until the next filter was positioned.

3. Instrument Calibration

The photometer was calibrated prior to launch by viewing a diffuse source {C'*-
activated phosphor) whose output had been measured relative to a secondary ab-
solute standard. Any change in the sensitivity of the detector subsequent to this
measurement could then be monitored by reference to the signal obtained when the
internal Pm'*+7 source was viewed. Corrections were made to the Pm'*7 source bright-
ness for radioactive half life (2.67 years) and for change of brightness with tempera-
ture, Temperature coefficients determined in the laboratory for sources similar to
that flown in Skylab were found to range between 0.09%/°C (at 5300 A) and 0.28%/°C
(at 4000 A). Since the time from prelaunch calibrations to flight measurements was
up to six months and the Pm'*’ source temperature difference ranged to 55°C, both
these corrections are significant.

An alternative method of calibration is based upon the signals measured in flight

as known bright stars traversed the field of view. Coupled with a prelaunch measure-

ment of the photometer field of view which showed that the field response was
essentially uniform with little vignetting, this enabled the response of the instrument
to a diffuse source to be calculated. The radiant sensitivity calibration of the photo-
meter is discussed in more detail in [4].

The orientation of the polaroid with respect to the time of the synchronous pulse
was determined by allowing the instrument to view a source polarized in a known
plane. This latter was derived from a pile of plates polarizer as discussed in {5]. A
difference in orientation angle of up to 2 degrees as a function of wavelength indicated
some birefringence within the optical train during laboratory measurements :ade
five months before launch. Similar tests two months later with the instrument mounted
in the spacecraft did not show this effe~t, nor was the birefringence present when the
instrument was used in flight. Measurements of an unpolarized source showed that

~ the instrumental polarization was significantly less than 1%,

The temperature of the filters was not controlled and dropped to —30°C during
SL-2, although at times the heat input from the filter changing motor raised this
temperature above 0°C, Corrections therefore had to be made for changes in filter
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characteristics with temperature. Blifford {6] measured the temperature coefficients
for wavelength of maximum transmission, transmittance and bandwidth for a number
of commercial interference filters from different manufacturers. We have applied \
Blifford’s temperature coefficients for wavelength of maximum transmission of Thin
Film Products filters {Table I}, the possible small correction for transmittance and
bandwidth being ignored since its effect contributed only in the second order to our
measurements (except for the airglow filters).

A limit on total sunshield length and diameter, the need to include a removable
sunshield insert for planned observations near the Sun, and the pre-flight plan to
only abserve within + | week of new Moon, led to the short sunshield’s having limited
off-axis rejection. The rejection ratio for an off-axis liglt source has been determined
for the photometer {7, 8] and for the short sunshield used during SL-2 and SL-3 [9].
Combining these measurements indicates that the instrument could be expected to
view within 21 degrees of the full Moon without adding more than 1 S,,(vis}* to the =
sky reading. Since the SL-2 observations were taken when the Moon was between '
88%, and 100% illuminated, the data from each program must be carefully examined
for contamination by stray light whenever the Moon or the illuminated Earth were

approached.
TABLE 11
Observations with the photometer

Mission 1973

Mission day date Mode Program?
SL-2 19 June 12 4 sky map (7 colors, 5300-8200)
19 12 1 I north celestial pole
19 12 1 i[ south ecliptic poie
19 121 IiT contamination, 2 parts:
night/day, day/night
22 i3 4 sky map (9 coicrs, 4000-7100)
22 15 1 IV north gaiactic pole
22 15 2 V elevation scans
22 15 4" sky map (4000, 4760) .
23 16 4" sky map (7 colors, 5080-7100)
23 16 3 azimuth scans (5 colors, 4000-5577)
23 16 3v azimuth scans
24 17 3v azimuth scans .
SL-3 5 August 1 4b sky map (4000)
6 2 4h - sky map (4760}
7 31 Gegenschein {5 colors, 4000-5577)
7 30t contamination, night/day P
7 31 night/day scan, gravity-oriented - :
7 31 Gegenschein
7 3 2» elevation scans
8 4 2% clevation scans

a 10-color observations. unless otherwise indtcated.
v Program started one day and ended the following day.

* One 10th magnitude (visual) star of solar color per square degree.
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4. Observations

Table Il summarizes observing programs which were performed with the photometer
during the first (SL-2) and second (SL-3) missions. The sky maps were programmed s
to cover the largest possible part of the antisolar hemisphere given mechanical scan- 3
ning constraints and the need to avoid the Earth, Moon, and spacecraft. Some scan-
ning programs were designed to provide data on contamination. Others were designed
to provide data on the background sky. Those programs which observed from night
to day or day to night contain data on both. Since all observations were made from
X the antisolar SAL and the spacecraft corona was minimal, the 6 degree field of view
was used for most of the observations. Figure 6 illustrates the areas of the antisolar
hemisphere for which useful data have been obtained from SL-2. The universal

60
<«—elevation

4760
5080
SI00:: 5
5577 ::

6300 ::
6435 ::
7100 ::
8200 :i:

v ——— T = Tt

-

|
' 270
— azimuth

-

| Fig. 6. Regions of the antisolar hemisphere for which useful data were obtained during SL-2 (see,
also, Table I1). G and E show the positions of the galactic equator and ecliptic, respectively. /'! refers
to system II galactic longitude in degrees and 4 /4 refers to the ecliptic longitude of the observed
point with respect to the Sun, in degrees. The inset shows the filters used with the sky-mapping programs.
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extension mechanism/mounting facility failed early in mission SL-3 and could not be
retracted, resulting in jettison of the facility and the attached photometer-camera
system on August 4, 1973, '

5. Data Handling

Data from the spacecraft were telemetered to ground in two different formats; one
of these corresponded-to data transmitted directly without being recorded onboard,
while the second format corresponded to a dump of the {ape recorders. Prior to
transmission of experiment real time data between ground stations, an amplitude
change compression factor was applied to reduce the bandwidth required for trans-
mission. This resulted in the removal of all changes of the photomultiplier output
voltage that did not equal or exceed 80 mV (4 bits). Since the amplitude of the sinusoidal
signal component was often less than this, much of the information on the polarized
component of the zodiacal light was thereby lost from the real time data.

During preparation of experimenter tapes, the real time and dump data were com-
bined to give a single time-ordered sequence of data. Unfortunately, when both real
time and dump data were available for the same time period, real time data were
chosen by the computer during generation of the experimenter tapes. Furthermore,
intervals as small as 50 ms of real time data were interspersed when availabl without
regard to time butting, even though the spacecraft and ground station time systems
differed by up to at least 38 ms. These probiems have delayed analysis of much of the
data until new experimenter tapes become available,

6. Data Analysis and Preliminary Results

The pointing direction of the photometer was obtained using the three axis directions

of the workshop on the sky, the position of the antisolar airlock with respect to these -

axes, and the elevation and azimuth of the photometer. The workshop orientation was
derived from gyroscopes reset each orbit from the Apollo telescope mount Sun and
star sensors and was well determined. The elevation and azimuth were averaged over
one second periods to remove much of the intrinsic scatter introduced by the trans-
ducer bit limitation.

During fixed pointing mode programs the spacecraft control moment gyro dump
inhibit was activated, and the predicted elevation zero direction (the normal to the
SAL) generally remained close to the prelaunch predicted 1.8 degree offset from the
antisolar point. This momentum duomp is a set of maneuvers applied against the
external gravity gradient in the proper sense and timing so as to restore the control
morent gyroscopes to their optimum attitude control orientations. In these manen-
vers the spacecraft axes” directions changed by as much as 5 degrees. The dump inhibit
was not employed during the scanning programs, and the photometer elevation zero
direction deviated by up to 7 degrees from the antisolar point.

Preliminary analysis of the correspondence between the calculated pointing direc-
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tions of the photometer and the camera shows differences of up to 3 degrees. Whether
this is due to elevation/azimuth offsets, a boresight error between photometer and
camera, or flexure of the extension mechanism must await further analysis. The
absence of short period vibration of the extension mechanism was shown by the lack
of jitter of the star images during the 2§ seconds camera exposures at all times except
within 10 seconds following completion of a movement in elevation or azimuth.

The photomultiplier data are being analyzed with a least squares fit to the expres-
sion PMT output = 4 + Bt + C'sin (w? + D), (1)
where the frequency @ is determined from the polaroid position pulse repetition rate
while the time of zero phase angle is referred to the time of this pulse. Since the pulse
time is subject to the uncertainty introduced by the sampling interval (3 ms), an
improvement in both zero phase time and angular frequency w can be achieved by
averaging over a period of 10 to 30 seconds: i.e., sufficiently long to obtain some
smoothing but too short to be affected by fluctuations in the angular frequency of the
polaroid motor. Since the scan rate is approximately 4 degs ™', it is likely that the
PMT output will be fitted to one second intervals of data. Digital synchronous detec-
tion has been used successfully for fixed position programs where [0 seconds of data
are available for a given filter between dark current readings.

The mean value ‘4’ includes a component consisting of dark current (less than 1
bit) plus a 100 mV {5 bit) offset introduced because of telemetry requirements. The
total was measured whenever the shutter was closed and remained constant (within one
bit) once the photocathode had reached a stable iow temperature. In general, except
perhaps near the antisolar direction, we know the direction of polarization of the
zodiacal light which is the only source of polarization except near the Milky Way.,
We may thus use the phase angle D found in Equation (1) to gain confidence in our

" determination of the amplitude of the polarized component (C), viz: satisfactory

agreement between the measured phase angle D and the same angle calculated from
the expected direction of zodiacal polarization indicates the efficacy of the least
squares (or other) fit and assures that significant spurious (non-zodiacal) polarized
light is not contributing to the measured signal.

The first contamination program was performed on SL-2 mission day 19 (I1I in
Table IT) with the photometer fixed in position at approximately 95 degrees from the
Sun. Observations were made in all colors, starting with the spacecraft in the Earth’s
shadow and ending in daylight. The reverse sequence was performed later in the same
orbit; i.e., daylight to shadow. There were levels of sky brightness in daylight only
5% above those at night, indicating that the spacecraft corona was minimal [10].

The polarized brightnesses of zodiacal light were obtained for the four fixed position
programs of SL-2 (I, IL, IT1, and IV of Table II and Figure 6). Except for differences
at 4000 A and 8200 A, the polarized brightness of zodiacal light has the same color
as the Sun [11]. S :

It is hoped that new experimenter tapes will be made available in the near future to
permit analysis of the bulk of the data.
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Skylab Experiment S073

Background Information

Skylab Experiment SOT73 was developed to measure color, brighiness
and polarization of the skyglow over the entire sky to within 15° of the
sun with emphasis on the zodiacal light and gegenschein -- faint skyglow
brightening toward the sun, antisun (gegenschein) and ecliptic. A small,
photoelectric photometer, similar to the one used by the Principal Investi-
gator J.L. Weinberg in ground studies of the skyglow, was designed for use
from each of the Scientific Airlocks (SAL)}. Pointing of the instrument's
1°, 3° or 6° diameter fields of view could be fixed with respect to vehicle
axes, or it could be scanned over part or all of 2.719%r steradians in any of
four sean patterns (the solar SAL was not able to be used). The instrument
could be programmed so that any desired portions of the sky could be
obgerved within the constraints of bright celestial object and vehicular
obstruction avoidance and earth horizon cuboff. During the Skylab-2 (85-2)
Mission some thirteen observation and/or calibration runs were performed.
After the first run on SL-3 the crew reported that the scanning mechanism
had become inopersble in one axis at a positicn that would not permit the
photometer to be retracted back through the SAL either for analysis of
the equipment problem or to clear the SAL for use by other experiments.
An additional five runs were carried oub, then the equipment was Jjetbisoned,
leaving the experiment with many of its objectives not met. A Preliminary
Experiment Report, dated 21 February 1974, gives additional background and
preliminary results from SL-2 and SL-3.

A number of circumstances made it possible to try to recover some of
the lost observing opportunities by using on-board photographic egquipment
in missions 8L-3 and SL-4. R.D. Mercer, L, Dunkelman, C.L. Ross and C.L.
Wolff had obtained very useful photographs of these and similar phepomena
through formal and informal experimental tasks performed by the Apollo
Command Module Pilots in lunar orbit using Eastman Kodak type 285 film
in the 35mm Wikon Camers. While that vantage point provided the best eli-
mination of optically contaminating light sources, vehicle stability limita-
tions caused image smear and kept exposure times below five minutes. In the
course of that work, new data reduction techniques were developed for analy-
sis of these photographs, although they had not reached production processing
status, nor had all available refinements in the compubter processing of
images been utilized.

Independently, but with some awareness of this Apollo work, D.d.
Kessler and H.A. Zook at NASA JS8C had requested that the gegenschein be
photographed using Skylsb Experiment T025 equipment with a few frames of
the same high-speed film used on Apollo and available on board Skylah for
Experiment S063 requirements. Thelr specific purpose was to repeat research
performed from the ground by R. Roosen to detect the possible presence of the
earth's shadow falling on the gegenschein, bubt at an improved signal-to-nolse
ratio because the photography would take place above the atmosphere. Atmo-
spheric exbinction, scattering and airglow present the ground observer with
difficulties that can easily mask the detection of the gegenschein shadowing
effect, if, indeed, it does exist. Thelr proposed photography had been
deferred prior to flight. However, the high level of task accomplishments
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Background Information, cont'd

on SL-3 permitted that crew to request just this kind of new work; so,

this photographic task was added in real time and made a part of Experiment
S073 mission reguirements. Five photographs were taken on 35mm film
cassette BVL5 using exposures from 120 to 330 seconds duration. Compsrison
of the loagest two exposures at 300 and 330 seconds indicated that the
threshhold of detectability continued to be reduced by this additional

ten percent time increase; thus, the emilsion's reciprocity failure limits
had not been reached. Operationally this photography was quite successful,
aithough it was sciheduled when a star of 3.8 magnitude was very near the
cenber of the gegenschein region.

Based on the Apollo and SL-3 results, Mercer took action to add
cassebtes of the high speed film to the final Skylab mission and, with the
backing of the SO073 Principal Investigator (PI), gained support for this
investigation from the Sponsoring Sclence and Skylab Program Offices. He
also obbained permizsion from Bxperiment T025 and S01CG PI's to utilize their
equipments, Dunkelman had also suggested hand-held, targets-of-opportunity
photography of very similar subject matter as a NASA GSFC input to the
Skylab missions; now it was possible to elevate these tasks to formal,
experiment status through Funct.onal Objectives within the Mission Require-
menty. A memorandum attesting to this change was jointly execubed by Mercer
and Dunkelman (see Appendix F). Fhotographic studies of extensions from
galaxies suggested by H.C. Arp of the Hale Cbservatories and attempted on
Apollo lunary flights by Mercer and Dunkelman were easily included. Finally,
R.J. Weumann and P. Craven of WASA MSFC requested that contamination studies
also be added as a part of the revived 8073 regquirements. This collection
of inputs, then, became the starting point for S073 Experiment phoiography
on SL-4. Also, Mercer, Kessler and Zook were appointed Co-Investigators
(Co-I5) responsible for the SI~4 photography tasks.

Mission Objectives and Constraints

The specific objectives of the proposed photography were submitted
in Cetober 1973 as a list of Functional Objectives for ineclusion in the
Mission Requirements Document. Equivalent information, but in greater
technical detail, is conbained in Table 1, SO73 Photographic Timeline for
SL-l. The last three columns in this table give the time constraints.
These constraints arose from two sources. First, only certain periods are
available when the obJectives Lo be photographed are positioned in the
celestial sphere so that moonlight, planets, Milky Way, and bright stars
are abt an acceptable distance away from them and the region around them

in the phobtograpi. And second, the antisolar SAL pointing and, when required,

the region of the sky available in the S019 Articulated Mirvor System (AMS)
must provide the capgbility to point the camera’s line-of-sight at the

required celestial coordinates. This latter limitation is shown in Figure
1, Celestial FPlanning Map. ' ' SR '

L e o



$073 TUOTOCRAPHIC TIMMLINE FOR SL-4

Approximate Night Approxinate Observational Information
TQ Objective Equipment:| Exposure Paspesn Exposures
¥o. of Thotas Required | Durations | Required Per Pass TFirgt Priority Perlods Second Priority Periods Uspable Periods
ASOL BAL o .
1 | Gegenschein 7025 Cen 10 Sec, 6 5 18 Nov. -~ 26 Xov. 2 Dec, = 4 Dec, 17 Wov. = 4 Dee,
to and Nikon - %o ' : ,
6 | Contominotilon Vis Lens 8 Min, 16 Jan, - 22 Jen. 12 Jan. ~ 15 Jon, 12 Jen, ~ 3 Feb,
UV Lens 23 Jan, - 3 Teh,
ASOL BAL , . '
7 | Zod. Lt East 85019 AMS 10 Sec. L 8 18 Nov. ~ 30 Nov, 1 Deec, ~ 2 Dec. 17 Wov, =~ 2 Dee.
to ooend . T025 Cra to . . .
10 | Contemination Nikon 6 Min, 18 Dee, ~ 27 bee, 28 Dec., ~ 3L Dec. 17 Dec. - 3L Ieec,
Vis Lens '
UV Lens 16 Jan. -~ 18 Jan. 16 Jan. - 30 Jem. 8 ©
ASOL SAL : g G
11 | Zod, Lt West | S0Lg AMS 10 See. L 8 20 Wov. - 1 Dee, 18 Nov. - 19 Nov. 18 Nov. ~ 2 Dec. ot
to | and 7025 Con %0 St
1% | Contemtnation Wikon 6 Min, 20 Dee. - 30 Dee, 18 Dee., ~ 19 Dec. 17 Dee. - 3L Dec. o g!
: Vig Yens . A
UV Lens 19 Jan." - 29 Jan, 17 Jen. -~ 18 Jon, 16 Jan, ~ 30 Jan. g g
Vo
ASOL SAL , ' - [ S
15 5029 AMS 1 Mn, 3 9 20 Nov, - 1 Dec, "~ 18 Nov, - 19 Nov, 18 Nov. - 2 Dec. "g
to Comet Teil T025 Can . %o : 53‘
17 S Nikon € Min. 20 Dec, ~ 30 Dee. . 18 Dee. -~ 19 Dzc. 17 Dec., - 3L Dec, ‘
Vis Lens
UV Lens 19 Jen, - 29 Jan. 17 Jan. - 18 Jen. 16 Jan. - 30 Jan.
o | ASOS 8AL 28 Tov. 8" 28 Nov. 20® | 27 Wov, 8 28 Mov. 8P |27 Nov. 8% 29 Nov. 200
18 | Iivretion Iy, 8019 AMS 10 Sec. a8 8 28 Nov, 200 29 Yov. 20°
to . and T025 Can to
25 | Contemination | Nikon § Min, 20 Dee. 3"~ 28 Dee, 15" |27 Dec. 3% 29 Dee, 150
Vis Lens .
UV Lons _ 26 Jan. 23%- 27 Jen, 1R | 25 Jon. 23R~ 28 Jan, 1R
o | ASOL AL 20 Nov, 20%- 21 Nov. 8% | 19 Nov. 20%- 20 Nov. 200 |19 Now 2ob- 22 iov. 8B
2 | Tibresion Ly S012 AMS 10 Sec, 8 8 21 Nov, 8&%. 22 Nov. 8% .
o and 7025 Can to 20 Dec, 15M- 21 Dee, 3% | 19 Dec. 150 20 Dee. 15® |19 Dec, 158~ 22 Dee. 3B
33 | Contanminetion Wikon 8 Min, : ) . 21 Dec, 3P. 22 Doe, 3B
Vis Lens 19 Jen. 2R 19 Jan. 23% | 18 Jan. 11B- 19 Jan, 1B |18 Jon 11B- 20 Jen, 230
v UY Lens 19 Jap, 23%- 20 Jan. 23°
NGG 5128 ACOL SAL 28 Jan. - 30 Jon, 25 Jen. - 27 Jan, 25 Jan, - 30 Jan.
34 | wac a2k - 8019 AMS" b Min, 3 6 20 Dee. - 3L Dee, 1 Jan., - 2 Jan, 20 Doe, -~ 4 Jan.
to | NGC Lik72 1025 Cen to 16 Jen, - 20 Jam, 1 Jen., -~ L Jan, 1 Jon - 4 Jen, 15 Jan-20Jnn
© 36 | LicC 3031 Wikon 5 Min. 18 Nov, - 2 Dee, 3 Dee, -~ T Dee, 17 Nov, - 7 Dee.
Come Cluster Vis Lens 16 Jan. - 20 Joun, L Jan. « & Jan. 1 Jon = 4 Jen, 15 Jun-30 Jan
. : UV Lens
' 1, Observetionel pericds for photogrephic teasks utilizing S019's Artieulated Mirror System mpy he further constrained from field-of-view hlockage by
HF entennze zond by the enrth's horizon when mopgnitude of Bete engle exceeds 2C°, - , ’
2. Iibration regions Iy, and I;J- present shortest perlods Tor observatlons of all +:sks, Hours noted are in CGMT.

Table 1
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Misgion Objectives and Constraints, conb’d

In this figure, the gegenschein lies at a position directly opposite
the sun, the antisolar point. This point is 180° distent from the sun.
Since the antisolar SAL was always pointed in that direction whenever there
was no Control Moment Gyro momentum dump mareuver, gegenschein photography
was mostly dependent on celestial lighting constraints, usually moonlight.
But, from early December to mid-January the antisolar point passed across
the Milky Way; so, altogether, less than one-half of the 8L-lt on-orbit
time was usable for gegenschein photography. And yet, this represented
the easiest objective to photograph.

The shorter exposures represent photography [for contamination studies.
Fhotographs of the various celestial objectives taken when the spacecraft
was in sunlight as well as in the earth's ghadow could reveal any light
seattering by particulate material around the spacecraft. Furthermore,

it might be possible to determine the extent and periphery of the cloud

of this material and the sizme distribution of its consbituent particles.
These in-sumlight photographs with ten-second and two-minute exposure
durations were taken Jjust prior to spacecraft sunsel ox just after space-
craft sunrise as added frames to gegenschein, zodiacal iight and lunar
libration region photography.

Zodiacal light east refers to the light in and near the ecliptic plane
from 90° to 120° easbward of the sun, which would be to the left of the
sun along the ecliplbic in Figure 1. Zodiacal light west would be westward
of the sun from 90° o 120° and to the right in the Tigure. These regions
of the ecliptic were the only portions available to the camera's view
using the AMS. Moonlight and bright planets further restricted the
regions of zodiacal light that could be photographed. In addition, only
a small Field of view was available with the Nikon-TO25-8019 AMS equip-
ment combination, slightly less than Q9 in diameter. Overlapping fields
were required to cover the fall-off in brighbness of the zodiacal light
perpendicular to the ecliptic as well as a2t greater elongations from the
sun along the ecliptic. Each photograph was planned to have several minutes
of exposure btime so it was only possible to obtain two or three photographs

" over a 20 to 30-minute night side pass of the spacecraft. Even this time

period was reduced by one-third to one-half because the earth would oceult
the ecliptic view for a part of each night pass.

The track of the moon and of comet Kohoubek are also shown. Libration
point LY Iies on the lunar track to the left of the moon's position by
60%; Ls lies on track 60° to the right. Therefore, the moon's position
at any given bime can be used to compute the L and Lg positions. Only
when the Llibration points were in the AMS field could they be photographed.
The same holds true for comet Kohoubek'!s tail, which was always nearby
the comet track, and for the galaxies.

Thirty-six night passes were requived to complete the entire list of
objectives. Over the 8L-day mission period there were at least 60 days
when some photography would be possible. This represented over 900 night
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Mission Objectives and Constraints, cont'd

pass opportunities. This also takes into account those periods when the
beta angle, the orbital-plane-to-sun angle, is so large that very short
night passes or no nighlt passes occur. Un:f‘ortuna.tely, it does not take
into account the competition for crewmen'’s time to carryy out this photo-
graphy versus the many other experimentsl and operstional tasks on-board.
While the S073 requirements represented four percent of the availeble night-~
times, that level was considered optimistic. In fact, it turned out that

a little more than one percent of the usable night passes were actually
devoted to 5073 photography.

Preflight Activities and Flight Planning

The mogt crucial fachor in the acceptance of the use of on-board
equipment to continue Experiment 8073 was the launch stowage weight on-
board the SL-4 Command Module. Request had been made to carry twelve
35mm Ffilm cassettes loaded with Eastman Kodak type 2485 high-speed, black
and white, recording film. Ten of these cassettes, wilth film for LO
exposures on each plus space for the JSC Fhotographic Technology Division's
(PTD) sensitometric ecalibrations, were to be used for data. The remgining
two cassebbes were to be used for special preflight and postflight, abso-
lute brightness calibrations required by the investigabtors. Although these
dozen cassebtes would weigh a total of just over two pounds, the Command
Module was very cloge to its launch weight liwmit, and last minute changes
in other experiments and operational tasks produced several contenders for
this weight mevrgin which was too small to satisfy all comers. The final
decision was left to the JSC Program Manager and his Configuration Control
Board, but the 8073 request was supported from NASA Headguarters and MSKFC.

The result was approval to fly eight cassettes, and the investigators
reserved one of these for The special calibrations., These calibrations
were requlred to fly with the data cassettes so that they would experience
the same history of temperature, humidity, pressure and high energy radi-
ation. The purpose of these calibrabions was to record the level of
density in the emulsion that had undergone the same exposure durations
to known surface brightnesses in the same vange of values as expected in
the data frames. While JS5C's PTH added preflight and postflight e}'posures
of a standard, 22-step, sensitometric wedge for later evaluation of -
processing, the exposure duration for this wedge was only a one-hundredth
of a second. The investigators required exposures to a special step-wedge
calibrated in terms of the swun's surface brightness and spectral conbtent.
Also, it was very imporbant that the selected exposure times cover the
range of every exposure planned for the data frames, so that film recipro-
city failure characteristics could be eliminated during the data reduction.

Reciprocity failure refers to the fact thabt photographic emulsions,
like other detectors that integrate photons over time, fail to respond the
same to an equal nuwiber of incident photons if the period of time over




L

Preliminary Bxperiment Report, 85073 T

Preflight Activities and Flight Plann:n.nn- cont’d

vhich they arrive is not equal. This is particularly true for long photo-
graphic exposure time; thus, the 2485 emulsion will not show as grealb a
signal for an eighbt-minute exposure to a given intensity as it would For
a four-minute exposure to btwice that intensity. The reciprocity relation-
ship fails to hold. The very low brightnesses involved in the S073 photo-
graphy required the use of fast optics and long expost.: times, and it
vas impossible to avoid reciprocity failure effects in tle data. But,
because the equivalent duration calibration frames experience this same
effect, it can be completely eliminated in the data processing, when
densities in the data frames geb converted to log intensities of the ab-
solute surface brightnesses in corresponding calibration frames.

Flight film stock bearing emulsion number 112-1 was obtained from JSC's
PTD, and calibrations were performed at the High Altitude Observatory in
Bould.er, Colorado on October 23, 1973 using their solar-referenced Sensi-
tometer Box No. 1. Tour casselte loads were calibrated to provide one for
Flight, one for backup, one for PID conbrol and one for the investigalors
to use for assessing anomalies, if they should occur. The first ten frames
were left blank so that postflight exposures could be added in case some
exposure times subsequently used in £light should not match the preflight
plamning values. The calibration filwm that actually flew had 32 preflight
exposures covering nine minutes to one-eighth second ard required NDL, ¥D2, ND3
neutral. density filtering of the 1llumination source for the ca_lbra:bed
step-wedge as the exposures got longer so that the resulbing emulsion
densities would permit construction of complete calibration curves (see
Appendix B). The flight calibration strip was eventually loaded into
cassette BV4S, worded "Not for use" and the leader wound completely onto
the spool. so that it could not accidentally be loaded into the camera in
flight. The techniques for this work had evolved and been refined by Ross,
Mercer and Dunkelman working closely with JSC's PID and camera equipment
engineers during the last three Apollo lumar missions, and the S073 photo-
graphy benefitted directly from this work. In addition.to the flight film
stock, two strips of 107-2 stock were calibrated. Thése calibrations would
be used. later to obbain absolute brightness response curves for the lens
vignetting test data (see Appendix D) which had that same emulsion number.
This completed the preflight preparation phase.

During the mission, it had been agreed among S073, 8063, $232 investi-
gators and corollary experiments flight controllers that data for any of
these experiments, all of which required use of type 2485 emvlsion, could
be taken on vhatever cassebte was loaded. Eighteen cassettes of thls film
type in 35mm format were carried up on SL-L. They were designated BV22,
BV26 +through BV29, and BV4O through BV52; for purposes of accountability
the first nine were assigned to 8063 and the remainder were assigned to
8073 except for BVYT which was assigned to S232. Tae flight usage agreement
kept cassette changeovers in flight to a minimum, conserved crew operational
time, and thereby reduced the chances for losing data collection wpportuni-

" ties or for inadvertent exposure of the film during hurried cassetbe changes.

The job of sorting out the data frames postflight was considered simple
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Preflight Activities and Flight Plar:iing, cont'd

because all thyee experiments had the same processing reguirements, it
data collection was nominal.,

The first major setback for 8073 resulted when the crew reported a
mich slower adaptation to the level of work schedule accomplishuent pre- 7
viously demonsitralbed by the SL-2 and SL-3 crews. Since SO073 had been added
very late, it held a low priority and was given no opportunity for perfor-
mance until well into Dacember. This depleted 30% of the possible celestial
opportunities with no data collected. Moreover, it lost tThe opportunity
to photograph gegenschein before it entered the Milky Way and to obzerve
galsyy NGC 303L. Vaen this cvew problem stabilized, foar photographic
passes were complcled in Decenber and seven in January. Several more were
scheduled but they were scrubbed for higher priority experiments or opera-
tions prior to the detailed flight planning. It would be impossible to
recount here all details of the scientific/political bargaining and in-
Pighting thot took place in the course of real-time flight plamning at JSC's
Mission Control Center. It should suffice to state the obvious -- those
with the greatest perseverance and knowledge of tactics walked away with
more daka collection abtempts than others with equal priority and occasion-
ally even more than those with wuch higher priority. The presence of a
champion for an experiment's requirements on the field of battle camnot be
overemphasized.

In order to bring some sense to the plethora of priorities, require-
ments and technical constrainbs among experiments, a NASA JSC scicnce cmar
was designated within the Program Management Team. R.A. Parker served in
this capacity with J.R. Sevier as his deputy, and every Wednesday and Sun-
day evening a Joint planning meeting was held to review all upcoming expe-
riment requirements, priorities and conflicts. This proved to be a valuable
management tool for sensihly resolving conflicts and adjusting priorities
over the necar term. Nevertheless, each experimenter had to maintain close
conbact with his controller team to follow hour~by-hour accomplishments
on-board Skylab as well as to seize promising opporbunities when those
activities did not go as plenned, and crew btime became available unexpec-
tedly. Since Co-I's Kessler and Zook also served as experimeny [light
controllers, S073 held some advanbage in following flight developments.
But, because of their relentless schedule on the consoles, of'ten they
could not attend the twice-weekly science plamning meetings.

Arrangements were made by L. Dunkelman at GSI'C for Co-I Mercer To be
tied into these two-hour reetings from his home through the Federal Tele-
phone System. Here, again, the objective was to have representation on
the Tield of battle at crucial times when forces were engaged. This ar-
rangement proved quite valuable along with MSFC representation of 8073%s
interests. Success or failure in securing a photographic opportunity
usually hinged on a technical detail such as experiment pointing capa~-
bilities versus available targebs, external lighting on the wvehicle or
length of nighttimz or bela angle constraints, and even information on
vhat f£ilm types and number of frames remaining were available in what
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Preflight Activibies and Flight Planning, cont'd

cameras. Only a dedicated representalive for each experiment could follow
such intricate matters with full knowledge of their iwportence to his
scientific objJectives. Also, the telsphone tie-in to these meeiings was
guite successful for 5073 because the distant representetive was thoroughly
familiar with all procedures and activities that took place durihg real-
time mission conbtrol, as well as with most of the other experiment objec-
tives and the general conduct of the science planning meebing itself.

The SOT73 representative could recognize voices of all other abtendees af
the conference and could relabe their interests, reguests and comments to
matters under discussion. Withoul such an overview, a distant attendee
has very litble understanding of the proceedings., Moreover, the other
experimenters at the meeting recognirzed that the telephone attendee was
listening to their inpubts, and that they must choose their tacties or
modify their requests accordingly.

An uynusual example of the use of hoth tactics and scientifiec exploita-
tion to raise, bemporarily, the priority of an experiment was demonstrabed
in S073':s initial phofographic pass. The Co-I%s noted that there was to be
a partial lunar eclipse on December 10, 1973; this meant that the moon was
very close to the antisolar point., Just a few hours before this event
the earth would pass through the plane of comet Kohoubek's orbit. This
edge-on viewing aspect of dust debris from its tall was mngquestionably the
best opportunity for SO073 to observe scabbered light from the dust both
along and out of the comet's orbit. That is, integration along a common
line-of-sight of the scattered light would provide a signal highly peaked
in-plane, especially since the observation could not be made closger than
55° %o the nucleus of the comet, and at this distance even the brightest
signal was expected to be very weak. If such a photograph showved any
evidence of the plane, it would have been a scientific "first". However,
even partially occulted, the moon would produce considerable light on the
antisolar side of the vehicle, but because the moon was close to the anbi-
solar point it would be behind and well within the field-of-view that the
camera had of the AMS mirror. 8o, the direct 1ight would be blocked from
view, and, because of the required pointing, no light scattered from the
side of the vehicle could be reflected into the scene by the mirrored sur-
face. TFurthermore, SO073 reguired no maneuvers of the wvehicle or use of
control propellants, something that was almost always regquired for other
experiments abtempting to photograph the nucleus and adjacent tail. These
naturally occurring clrecumstances were so persuasive that obher experimenters
Vying for this same time period were easily convinced in favor of the 5073
comet plane vhotography. This unique opportunity would have been lost
if the investigators had only pointed it out bubt had not been available
to plead their case to the xight grouns ab the right times.
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Operational. Accomplishmants

The number of photographs taken for each task or objective is shown
in Figure 2, Operational Acconplislment Chart. The rectangles not lined
out represent the btimes when good celestisl viewing of the particular
phenomenon was possible. Sixty-two scientific photographs and 35 contami-
nation photographs were taken,

Unfortunately, every frame of data is completely oub of foeous. This
result is depichbed in Figure 3, Representvative SO073 FPhotographic Results
from Skylab L. For some reason, as yet unerplained, the film pressuve
plate appears to have become separated from iss location in the camera back,
The £ilm was not held flat in the image plane, and the resuliing exposures
have effective focal lengthis of about two to five feet, bul it varies
across the scene and from frame to frame. This effective foecal length
puts the AMS mirvor approximately in focus, bulb point sources at infinity
appear as disks 1.2m to 1.5mm in diameter. If the dafta is to be useful,
considerable sophisticabion must be added to the data refuction and analysis
phases of the work. ¥For instance, the verificabtion of poinbing with identi-
fication of star fields has already bteken several times longer than it
would have if the celestial sphere had heen in focus. Teble 2, kxperiment
8073 Astronomical Photography on Skylab 4 by Subject, and Table 3, Expori-
ment S073 Contamination Phobtography on Skyleb L, provide information on
perbinent frames exbracted from longer lists (sce Appendixz A) at their
current level of completion.

Data Processing

Because of the out-of-focus nroblem, the data processing becomes
congiderably more complex and assumes greater importance in the derivation
of significant scientific results. This will not chansge the expected flow
of activities, however, which is shown in Figure 4, Data Processing and
Analysis Flow Chart. But, processing through the VICAR Program, particularly
removal of stellar images, cannot be expected to eliminate as much of the
background noise as had been hoped, because all point source hrightnesses
have effectively heen lowered and distributed over larger aveas. Tess
bright stars can now escape debtection and elimination during the applica-
tion of spike filtering criteria, and their light will be blended into the
diffuse, extended light of the gegenschein, zodiacal light or other pheno-
mena under study.

Compilation of Quick Look Identification Lists is nesring completion
(see Appendix A). The vignetting tests have been completed and will be
reported in more detzil below. The longer exposures of gegenschein have
been selected for initial processing, because they offer the best chance
for producing good scientific resulits in the shortest time with the least
compuber processing. The quality of results from this effort will determine
what additional subject matter should be processed. Appropriate gegenschein
frames, their corresponding calibrations, vignetting data and vignetting
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Task
CGegenschein === ===
Gegenschein, Contamination
Zodlacal Light, Fast Elongation
Zodigscal TLight, Xast Elongation, Contamination
Zodiacal Light, West Elongation 1 212
Zodiacal Light, West Elongation, Contamination 2 Ry
Kohoutek Comet Flane 3 1
Kohoutel Comet Flane, Contamination 2

; e e e B e e ey
Inmar Libration Region Iy, 1 20 1
Iynor Libration Reglon Iy, Contamination ' L
Innar Iibration Region I L UL
Lunar Libration Region 1.5 , Conmtamination 2 ;
Galaxy NGC 224 2 L
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PRESENTATIVE SO73 Pt

HIC RESULTS I'ROM S “:IJ_H //

Photographs on Eastman Kodak type 2485 emulsion were taken with a 35mm Electric Nikon camera through the TO025 cannister

and S019 Articulated Mirror System. From left to right, the first two scenes are zodiacal light studies at 90° eas
elongation using the 55mm UV lens at 5/2.0. Scene on right was taken 60° west of comet Kohoutek as earth passed throug
comet's plane using 55mm visible lens at f/1.2. Out-of-focus condition made point sources at infinity appear as disks.

Left photograph was a two minute exposure showing Spica at lower left and side of Orbital Work Shop at top with scattered

lizht from micrometeoroid shield attachment structure and its reflection from gzold covered outer skin. Center photograph

repeats scene at left for six minute exposure with vehicle in earth's shadow during gyro momentum dump maneuver so that st
Spica and its image reflected from OWS skin move out of field-of-view. The nine minute photogranrh at right shows stray

light from partially eclipsed moon behind mirror scattered off interior of S019 AMS, (SILL-162-5L460 & -5461, SL4-165-5542)

] . . . . B 5 ] . . i . . . . ¥ 1 -

Eight minute exposure with visible lens, /1.2, at left in antisolar direction using T025 cannister alone shows Pollux at
upper left and Beehive cluster in Cancer below centerj; vignetting distortions in brightnesses and in stellar disk shapes
are quite pronounced. Seven minute exposure with same lens, /1.2, in center shows region 00° eastward along lunar orbit

at LL libration point with Pleides at lower right. Eight minute exposure with same lens, f/? 0, has Andromeda (NGC 224)

ialaxy at center, but extensions are not resolvable. (SL4-167-5602, SLL4-163-5489, SL4-166-5586)




EXPERIMENT SO73 ASTRONOMICAL PHOTOGRAPHY ON SKYTAB 4 BY SUBJECT

: Lens {Expos{Cnir Frm L
Date & Time |Magaz| WASA Frame {Type & |Time | Rt Asc| Dac |
Subject (cMT) Desig|  Number £/Mo  |(Sec)|(Hr:Mn){(Dag)
Gegenschein 20 Jan T4 1344IBV 29|8Th-162-547L [Vis 1.2| 360 8% 1o§ +20.5
Gegenschein 20 Jan T4 1350{BV 29]srh-162-5472 [vis 1.2} 480 8h 10 1+20.5
Gegenschein 20 Jan T4 1359|BV 29{sik-162-5473 [vis 1.2| 2ho Bh 10 [+20.5
Gegenschein 22 Jan T4 0128{BV 29|sL4-162-5478 |vis 1.2 120 8}:L 10 |+22.0
Gegenschein 22 Jan T4 0130|BV 29|sih-162-5479 [Vis 1.2} 360 8h 10 1+22.0
Gegenschein 22 Jan Th 0137|BV 29|stk-162-5480{vis 1.2| 480 8, 10 1+22.0
Gegenschein 22 Jan Th O145|BV 29 SLh-162-5k81 jvis 1.2 360 | 8 102 +22,0
Gegenschein |22 Jan Th 1527|BV 29|SLk-162-5k84 UV 2.0 120 | 8 00 1+20.0
Gegenschein ] 22 Jan Th 1529|BV 29}|stk-162-5485luv 2.0 84O ah 00_|+20.0
Gegenschein 22 Jan- Th 15448V 291sTh-162-5486 juv 2.0} k80 | 8, 00 1+20.0
- Gegenschein - |23 Jan T4 1311{BV L49|sih-167-5600 [vis 1.2 120 8h 10 [+20.0
Gegenschein 23 Jan Th 1313|BV k9}sIh-167-5601 [Vis 1.2 300 | 8, 10 1+20.0
Gegenschein 123 Jan T4 1319|BV ho|sik-167-5602 {vis 1.2 | 480 81,1 10_1+20.0
Gegenschein _ |23 Jan Th 1327{BV L9|sLh-167-5603 [vis 1.2 | 360 Bh 10_1+20.0
Gegenschein 23 Jan Th 2057|BV k9ls81h-167-5617 |Vis 1.2 | 300 811 10_ 1+20.0
Gegenschein 23 Jan T4 2102|BV k9| sik-167-5618 |vis 1.2 | k20 8,][1 10_1+20.0 |
Gegenschein |23 Jan 74 2115 BV L9} srh-167-5619 {vis 1.2} 540 Bh 107 1420.0
Gegenschein 23 Jen Th 2119|BV 49|sTh-167-5620 [Vis 1.2 | 300 | 8 mE +20.0
Zodiacal Light East EL|19 Jan T4 2213|BV 29|s8ik-162-5461 UV 2.0} 360 [13™ 50 }-10.0
Zodiacal Light East E1|30 Jan 7h 1910|BV h2|sLh-168-5645 |vis 1.2 480
Zodiacal Light Bast E1|30 Jan Th 1919(BV L2|srk-168-5646 |vis 1.2 | 420
Zodiacal Light East E1}30 Jan T4 1927|585V L2)Sik-168-56L7 |vis 1.2} k20
Yodiacal Light East E1|30 Jan T 2054(BV L2|sTl-168-5650 [uv 2.0 480
Zodiacal Light East ELl30 Jan Tk 2103|BV Lk2|8ibk-168-5651 [Uv 2.0 | 420 .
Zodiacal Iight Fast E1|30 Jan Th 2111(BV k2jsrh-168-5652[uv 2.0 k20
Zodiacal Light West E1|22 Dec 73 0241{BV h3|sih-164-5522 {vis 1.2 | 300 _
Zodiacal Light West ELl{27 Dec 73 1921|BV L8} sLLh-166-5581 [UV 2.0 | 360 12,25 |- 0.5
Zodiacal Light West EL[27 Dec T3 1928{BV 48|sLk-166-5582 {uv 2.0 300 12, 25 i 3.0
Zodiacal Light West E1|28 Dec 73 0000|BV L8|sTk-166-5588 |[Vis 2.0] 360 {12, 25 |- 1.0
Zodiacal Light West El|28 Dec 73 0007|BV L8|srk-166-5589 {Vis 2.0 | 300 12,30 [+ 3.0
North Ecliptic Pole 30 Jan T4 1936|BV k2|stli-168-5648 [vis 1.2 | 480 18h 00" [466.5
South Ecliptic Pole 19 Jan T4 2221|BV 29{8Lhk-162-5462 UV 2.0 | 360 6h 00" [-66.5
Kohoutek Comet Pleme |10 Deec 73 OL21|BV Ll|srk=165-5541 |vis 1.2 | 360 10, l;sz - 7.0
Kohoutek Comet Plane {10 Dec 73 0127|BV Lhisih-165-55hk21vis 1.2 | 540 10, l;sm - 7.0
Kohoutek Comet Plane |10 Dec 73 O137|BV Mlh|Suh-165-5513 |vis 1.2} 120 110, L5 i~ 7.0
Kohoutek Comat Plane |22 Dec 73 0227|BV 43|sTh-16L-5520 [vis 1.2 | 360 ‘10, l+5m - T.h
Lunar Libration Iy 10 Dec 73 OL13|BV Ll sTh-165-5540 |vis 1.21 360 | 9, 05 1#11.5
Lunar Libration Iy 27 Dec 73 1859|BV 48| s1k-166-5578 juV 2.0| 360 | 0, 29 - 7.8
Imnar Libration Iy 27 Dec 73 2333|BV 48}8Lk-166-5585 Vis 2.0} 360 0y l;om + 9.0
Tnmar Libration Iy, 28 Dec 73 1355|BV k8|S1h-166-5592 [Vis 1.2 360 | 1, Ok [+11.2
Lunar Tibration Ly 28 Jan 7l 1248|BV h0}SLA-163-5487 Vis 1.2 480 | 3 55 [23.5
Iunar Libration Iy, 28 Jan Tk 1257)BV k0|SLL-163-5188 |vis 1.2 | 360 | L 05 m23.0
Luner Libration Ly 28 Jan Th 1304|BV kOIsLh-163-5489 vis 1.2 h20 } Lo 05 +26.0
Inmar Libration L 10 Dec 73 0106{BV Ik|sik-165-5539 {vis 1.2 | 360 00, 57  {ll.5
Tamar Libration L5 22 Dec T3 023%|BV 43|sth-16h-5521 |vis 1.2 360 (12, 03:'; - 5.0
Tunar Libration I 20 Jan Th 0119|BV 29{s1.h-162-5465 [uy 2.0 | 120 13, 10 -1k, 5
Tanar Libration Lg 20 Jan T4 0121 |BV 29|snh-162-5466 [Uv 2.0 | k80 13, 10 -1L,5
Lunar’ Libration Lg 20 Jan Th 0129{BV 29|srh-162-5467 luv 2.0} 360 [13~ 10" |-1k.5
Table 2
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EXPERLMENT 5073 ASTRONOMICAL PHOTOGRAPHY O SKYLAB I BY SUBJECT

) , ; J i | Lens |Expos|Cntr Frm Loc

Daté & Time |Megaz| NASA Frame |Type & {Time | Rt Asc| Dsc

Subject (G} Desig Kunber /o |(Sec)|(Hr:tn)|(Dag)
Gelaxy TI3C 224 22 Dec 73 0213| BV 43| sph-164-55181vis 1.2] 300 0o 4o%|+ko.0
Galaxy NGC 224 22 Dec 73 0218 BV 43| sLh-164-5519vis 1.2| 480 ooﬁ 1o™{+40,0
Galaxy NGC 224 27 Dee T3 1905} BV 48| sTh-166-5579|uv  2.0| 480 00, 3™ |+h1.0
Gelaxy WGC 22k 27 Dec 73 191k BV 48| SLL-166-5580{uv 2.0| 360 |oo, ho™|+h1 .0
Galaxy WGC 224 57 Dec T3 23450 BV 48| srl-166-5585{vis 2.0{ 180 00 hoTl+hi1.0
{ Galaxy NGC 224 27 Dec T3 2353 BV 48| SLh-166-5587 |vis 2.0} 360 oo{; Bo™ 141, 0
Galaxy NGC Wh72 28 Dec 73 1402|BY 48| SLA-166-5593 |vis 1.2| 480 {12 2871+10.3
Galexy NGC kh72 28 Dec T3 1410{ BV 48| sLb-166-559 |vis 1.2] 120 12, 28°1410.3
Galaxy MNGC kh72 1 Jan Th 1713] BV 26} sth-161-shikluv 2.0| 480 12 28™|+10.0
Galaxy WGC Mh72 1 Jan Th 2158| BV 26| stb-161-506|vis 1.2| 480 |12 287(410.0
Come. Cluster Calaries | 1 Jan T 170k BV 25| SLU-161-5413|Uv 2.0{ 360 {12, 57 |+28.0
Coma Cluster Galexies | 1 Jan Th 2151} BV 26} sIL-161-5415|vis 1.2| 360 12y 50 |+27.0
Galaxy NGC 5128 28 Jan Tb 1313| BV ko] s1h-163-5490vis 1.2| L8O 13, 200 |-10.0
Galaxy . .C¢ 5128 30 Jan Th 2041 BY ho| sTh-168-56k9|uv 2.0| 480 |13 237(~39.8

Table 2 {Concluded.)

T T
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EXPERTMENT SOT73 CONTAMINATION FHOTOGRAFHY ON SKYLAB L

Lens |Expos |Cntr Frm Loc

Bzchzround [S/C Sset| Dabe & Time |Magesz | MASA Frame |[Type & |[Time [ Rt Asc| Dec
je

Suoject or Srise (GuT) Desig Nusber £/Wo }(See)|(Hr:tm)|(Deg)
Gegenschein | Sunset |20 Jan 7h 1343 BV 29} sLh-162-5470vis 1. 10 BE 102 +20.5
Gegenschein | Sunrise | 20 Jan Th 1M03{ BV 29| Sth-162-5h7h|vis 1.2] 2hO 8, 10  +20.5
Gegenschein | Sunset |22 Jan Th 0124 BV 29 SLU-162-5476|Vis 1. 10 | 8 10 |+22.0
Gegerschein | Sunset |22 Jam Th 0125 BV 29| SLk-162-5477|vis 1.2{ 120 8}1 10 |[+22.0
Gegenschein | Sunset |22 Jan Th 1522 BV 29! stl-162-5482(Uv 2. 10 | Ty 5o$ +20.0
Gegenschein | Sunset |22 Jan Th 1523| BV 29} sth-162-5483;uv 120 | 7 50 |+20.0

“10 | 8% 00™{420.0

10 | 8 10%]+20.0

5]

Gegenschein | Sunrise |22 Jan T4 1552 BV 29 uv
Gezenschein | Sumset |23 Jan T4 1307| BV L9 SLh-167-5598|Vis

B

Gegenschein | Sunset |23 Jan 7 1307 BV 9| Stk-167-5509|vis 1.2{ 120 | 87 100 (+20.0
Gegenschein | Sunset |23 Jan T4 2053 BV Lof sSTh-167-5615]Vis 1. 10 8h 10%+20.0
Gegenschein | Sunset |23 Jan Th 2054 BV L9} STh-167-5616]{Vis 1.2| 120 8y 10%1+20.0
Zodizcal Lt. | Sunset |19 Jan T7lt 2209 BV 29j STh-162-5459 UV - 2.07 .10 | 13, 505 -10.0
Zodizcal TLit. | Sunset |19 Jan Th 2210 BV 29} SL4-162-5460|UV 2.0| 120 13, 500 [-10.0
Zodiacal Lk. | Sunrise | 22 Dec T3 02h7 BV L3f sLh-164-5523{vis 1.2] 120 12, 30%]- 6.0
Zodizcal Lt. | Sunrise | 22 Dec 73 0249 BV k3! sth-164-552L| vis 1. 10 {12, 30%|- 6.0
Zodiacal Lt. [ Sunrise | 28 Dec 73 0014 Bv L8| st4-166-5590| Vis 2.0] 120 12, 30+ 3.0
Zodiacal Lib. | Sunrise | 28 Dec 73 0016| BV 48[ sTh-166-5591} vis 2. 10 {12, 25|~ 0.5
Comet Tail | Sunrise |30 Dec 73 0140 BV Ll s1h-165-55hk1 vis 117 |30, WEiL 7.0
Comat Tail Sunrise | 10 Dec 73 0142 BV Ll sT.U-165-5545{Vis 1. 10 |10, L |~ 7-0
Tibration Il | Sunset |27 Dec 73 1855 BV k8! sTh-166-5576{UV 2. 10 100, 29 I+ 7.8
Libration Ly | Sunset |27 Dec 73 1850 BV k8 SLh-166-5577iUv 2.0] 120" {00, 29 |+ 7.8
Libration Iy Sunset | 27 Dec 73 2334 BV 48] SLk-166-5583|vis 2. 10 |00, 38m, + 8.7
Libration Iy | Sunset |27 Dec 73 233k BV L8 Sph-166-5584 vis 2.0 120 {00, 38 |+ 8.7
Libration Ls | Sunset |10 Dec 73 0102 BV Lh| sth-165-5537|Vis 1. 5 100, 57 |+11.5
Libration L. | Sunset |10 Dec 73 0103 BV &k s10-165-55381Vis 1.2{ 120 00, 57,|+1.5

Libretion 12 | Sunset |20 Jan Th 0115 BV 29| SLk-162-5463 uv
Libration Lj | Sunset |20 Jan Th 0116 BV 29| SLh-162-5464 | uv
Libragion Lg | Sunrise | 20 Jan 74 0137 BY 29} sth-162-5468 UV
Libration Lz | Sunrise | 20 Jan 74 0139 BV 29| srh-162-5469| UV

10 {13 103 ~14.5

120 |13 10 -1k%.5
120 13, 10 -1k4.5
10 |13, 10

-

¥ae e2h Sunset | 22 Dec 73 0209 BV k3f SLh-164-5515]Vis 1. 10 foo, ho™ |4%0.0
e 2ol | Sunset | 22 Dec 73 0210} BV k3| Sik-16L-5516|Vis 1.2| 120 |00, 4O 1+40.0
KGC k72 Sunrise | 28 Dec 73 1413 BV 18] SLh-166-5595|Vis 1.2| 120 |12 28™1410.3
NGC bl7o Sunrise | 28 Dec 73 1k15 BV L8| SL4-166-5596\ vis 1.2 10 |12 28" 14+10.3

loma, Cluster | Sumseb 1 Jan T4 1659 BV 26 SL4-161-5411|UV

10 112, 57, [+28.0
Corz Cluster | Sunset | 1 Jan Th 1700 BV 26| sLi-161-54121uv

120 {1z 577 [+28.0
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Data Procegsing, cont'd

calibration frames have already been dlgitized and convertied to VIC'R
format. They will wndergo further image manipulations shortly using
VICAR processors. Bventually, ebsolute measurements of surface bright-
nesses versus position within the frame should indicale the shape and
extent of tlle gegenschein., These data in white light can then be com-
pared to the color brightness data obtained.with the photometer on SL-2
and, SL-3.

In order to prepare for VICAR processing, the flow chart mdlcates
that vignetting tests of the camers lens must be performed and the result-
ing photographs pt Ouod...gl tized along with the flight film and their
calibrations. Vignetting tests and photodigitizations take place in
parallel with the work on quick-look identifications, production of work-
ing prints and analysis of these data to determine, among other things,
the best order for processing images through the VICAR Program. The
vignetting bests will be discussed in detail later, but a short descrip-
tion of the photodigitizablion opsration will be presented here.

The details of the phobodigitization process are quite simple in
principle. A square aperbure, 80 microns on a s:.de, of collimsted, white
1light is allowed to pass perpendicularly through the originel negative of
& selected photographic frame. This beam then imvinges upon the photo-
cathode of a calibrated photomulitiplier tube with the emulsion grain in
focus. The oubput voltage of this photomltiplier is recorded in tevms
of density, that is, in terms of the logarithm, base 10, of transmitted
beam intensity., The beam is scanned horizonta]ly across the frame in the
Yy-divection” and parallel to 2 side of the square aperture vwhile resdings
of intensity are digitized and stored at every 80 microns of travel, The
scanning is accomplished by mechanically moving the stage, to which the
film is atbached, wsing computer controlled servomotors., At the end of
this line scan, the stage is stepped verbtically downward in the "y-direc-
tion" by 80 microns and scanned back in the "negative x~direction". In-
dividual readings and information on position are temporarily stored by
the conbtrol computer, then writter onto a magnetic tape as a string of
values following the frame identification charachter group loaded by the
operator. One 35mm frame scanned side-to-side produces 458 readings per
line, and from the hottom part of the upper sprocket holes to the top
part of the lower sprocket holes requires 332 scan lines to produce
152,056 ‘pixels".

The photodigitizer used belonzs to the US Department of Agriculture
and is located in Washington, D.C. Arrangements for its use in SL-I data
processing is the direct, follow-on result of similar arrangements
established for the Anollo lunzr photographic data processing. In
add._.tlon, computer studies of the Apollo images indicated that the aper-
ture size required could be as large as 80 microns instead of the 36 and
40 micron sizes originally used. The grain size in the very high-speed
2h85 type emulsion is on the order of ten microns; so, the 80 micron
square aperbture provides some smoothing in the grain noise with little
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Data Processging, conb'd

gsacrifice in signal-following capability. The error introduced is
estimated at a few percent and certainly below the error from conver-
sion of density into VICAR-formatted absolubte intensity; this con-
version error is about ten percent. Debermination of the optimum
aperture is important from the standpoint of cconomies. By using an
aperture twice as large as the one originally used, the number of
readings is wrednced four bimes. Considering the magnebic tape, disk
 Tile and main memory compuber sborage space required and The inpv.ﬁ/
output and computer compubation time to process a frame or combine
two fremes, the savings become significant., For instance, the photo-
digitizer scanning time for a fall data freme from SL-l was about nine
minutes compared Lo 35 minutes for the Apoilo lumar data.

The VICAR imege processing program is resident in the IEM360/75
computer at GSFC. It was originally developed at JFL for processing
videoscans from the Ranger and Surveyor lunar missions; in fact, it
has been named Tor that applicabion -- the Video Imsge Communication
And Rebrieval Program., However, it can deal with any image that is
expressed as & series of discrete brightness, intensity or density
readings whose positions in the image are known and recorded in an
ordered array. Capabilities exist to geometrically expand, reduce
or reshzpe the image, to stretch, shrink or convert scales over iis
range of brightnesses, ard to perform many other sophisticated process-
ing operations such as removing constant level background densities,
élipping brighitness spikes of stars, smoothing noise, producing isophote
maps and tracing values of brightness over straight or curved paths.
A series of such compuber processing operations requires many itera-
tions resulting in the generation of meny intermediate digital images
and readings. Fach image-array must be rebturned to pictorial form by
special equipment that caw generate photographic negatives from mag-
netic tape files of the computed digital images, or, in the case of
brightness signal traces through portions of an image, to graphic
form by subomatic plotbera. Viswal analyses of pictorial resulis
and associated histograms of their density distributions indicate
to what extent and through which VICAR processors the data should
be processed in the following step. '

Postfl:_i.ght Activities

Postfiight actbivities accomplished or now in progress fall into
seven major areas of work, Some of these tasks are self-explenatory
or their technigues have been deserited sbove; others will need ela-
horation. The seven tasks arve:

1. Postflight calibration of flight and backup film,

2. Support at PTD during photoprocessing of flight film, backup
Tilm, and prior film calibrations.
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Postflight Activities, cont'd

3. Collection of real~time Misgsion Conmbrol data, crew logs and
transcripted voice tapes. :

. Quick-look Identification List preparation, production.of
working prints and identification of anomalies and unexpected
sources of light on dala frames.

5. Performance oi the Visual and UV 55mm Nikon lens/TO25/SOl9 AMS
vignetting test phobography.

6. Digitization of flight data, vignetting best date and their
associatved calibration frames.

7. Computer conversion of digitized data to VICAR-formatted
data for Further digital processing and the associated famili-
arization with the GSFC IBM 360/75 and peripheral systems
gpecifically required for VICAR operetioms.

The postflipht calibrations were required to cover exposure btimes
up to fourteen minutes duration. One such exposure ol the gegenschein had
been scheduled in real time using the UV, £/2.0 lens. Because of its
lower £-gtop, it was almost three times slower than the Visible, f/J..?. lens.
This photogravh was as much exploratory as it was scientific; nevertheless,
its Final usefulness would have been compromised if there were no cali-
bration frame of matching exposure. To carry oubt this calibration,
Mercer cobiained the flight calibration cassette, BVW5, after its return
from the spacecraft as well as the backup calibration film and one
calibrated control strip from PTD for calibrations at the High Altitude
Obgervatory in Boulder. These exposures were added in space reserved for
just such possible use during the postflight calibrstion activities. The
films were returned to JSC within two days to be ready for development
processing along with .:e daba film,

Collection of real-time Mission Control data was greatly simplified,
because Co-I Kessler was a corollary experiment controller and had ready
access to all pertinent computation records and dump voice tape transcripts.
Mercer was able to xerox crew logs vwhile supporting the PID photoprocess-
ing activities. The Quick Look Tdentification Lists preparation, star
Pield determinations (which are quite @ifficult when out of focus) and
extensive review of supporting data to explain snomalies in the data have
been carried oubt almost exclusively by Senior Research Assistant XK.L.
Jacobs. Tables 2 and 3 and Appendiceg A through D are heavily based on
her work. :

Perhaps tue largest postflight task was the testing of the Visible.
and UV lenses in the same equipment configuration as used on-board Skyleab.
Lens vignetting measurements fron the prior Apolio work had shown that
there was little difference in vignetting patterns between the same lens
types. The Apollo 15 and 17 Visible, £/1.2 lens patberns had been photo-

S e e
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Postflisht Activities, cont'd

digitized and diffevenced by the VICAR progzram. The increase in the
sbandard deviation for this difference Inage was not greatly changed
Trom the deviation when each lens vignetbing function was subtracted
from itsel®; therefore, this source of exror proved to be very small.
This is fortunate for the SL-4 data, because the photography had been
added after lauach of the equipment, and there was no possibility for
directly measuring vignebtting functions for the flight lenses. However,
it was poss:-:ble to obtain lenges of the same type for testing with 'f:.he
TO25 cannister and S019 AMS and with the T025 cannister alone. The
camnister contained a light baffle designed to the T025 experiment
needs, and this was expected to have a much greater effect on vignebtting
than any difference hetween lenses. Arransements were made to have the
training equipments for the experiments sent to GSFC where they could
be set up in proper configuration to photograph a diffusely reflecting
white screen illwminated as evenly as possible., Figure 5, Experiment
S073 Vignetting Test Arrangement with S019 and T025 Equipment, shows

ane sebt uy In vhich both the Visible and UV lenses were tested using a
series of focal lengths to duplicate the flight conditions and problem.
Figure 6, Experiment SO73 Vignetting Test Avrangement with T025 Equip-
ment shows the other set wup, and Figure 7, Light Sowrce Used to Illumi-
nate Vignebbing Test Screen, shows the large aperture, diffuser box

and illuminant required to produce an even lighting across the screen.
To verify the constancy of field within an acceptable error level, light
reflected from the screen was measured with a precision photometer. The
readings and overview of btest equipment arrangement are shown in Figure
8, Vignetting Test Screen Measurements. Ia spite of great care, the
screen readings do show a slight specularity to the right and slightly
below center, although it is not serious. The photographs were recorded
on type 2485 film, emmlsion number 107-2 and developed along with cali-
brations perfomed at the High Albtitude Observatbory on strips of thab
same emulsion. These "aests, as well as all of the photodigitizations
for SL-li, were carried out in March by Jacobs » Kessler, Mercer and Zook.
Details are shown in Appendices C and D.

Preliminary Deta Analysis

A ‘The oubt-of-focus problem is the weak point in these data. The
selentific value of this experiment will depend primarily on the ability
of the investigators to overcome its effect in the data processing. This
will not be simple, and at present it appears that only the gegenschein
data may produce useful resulis. Even here the out-of-focus problem has
caused the sta; images off axis bo assume quite different shepes (see
lower left in Figure 3). Sophisticated Tourier inbtegral transform tech-
niques would be required to completely remedy such problems, but only
simple versions are now available and checked out as VICAR processors.

Simpler ideas may work, but it is still too eaxly to promise such resultbs.
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Nikon 35mm Camera with

. v . ":.: "
uv, £/2.0 lens attached to
- |

screen providing constant illumination over the ©
Pritchard Photometer used to measure field illumination. (GSFC Photograph G-T4-0554

Views from left and right of light source for illuminatin

distance of 156 feet aw
of metal box from side.

SOURCE USED TO ILLUMINATE

ay. Light from Cary lamp
DN lumination source was

through aperture of about 3 inches square. (GSFC

quartz window port at rear of
cannister to obtain photographs for assessing system vignetting. Diffusely reflec

est field is out of view to the ri;

VIGNETTING TEST SCREEN

-

g vignetting test
illuminated white painted
diffuse reflection from back wall
Photographs G-TL-0055L43 and G-T7L4-0
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2.77 2.77 2.81 2.85 2.90
2.8k 2.86 2.88 2.93 3.00
2.77 2.82 2,84 2.89 2.93
2.83 2,88 2.93 2.96 3.00
2.80 2.82 2.85 2.80 2.94
2.87 . 2.88 2.92 2,96 3.00
2.8L . 2.83 2.86 2.90 2.96
2.86 2.88 2.91 2.96 3.00
2.81 2.82 2.85 2.89 2.94
2.83 2,84 2.088 2.90 2.94

Front view diagram of vignetting test screen s‘ﬁowing array of reflectence readings using
Pritchard Phobometer. AlL readings a2re in 107" foob-lamberts. Each sector was read once
beginning at upper left, always moving left to right, progressing to next lower row and -~
Tinishing at lower right; this procedure was repeated to produce second set of readings.
Screen had very wesgk specular characteristics which produced brighbening towards right
side near cenber as angle of reflectance approached engle of incidence from source.

—3{1.5}1.5k—

1< ' : 156.0" >
¥hite, Diffuseély Light
i Source ‘
A /
/
T
TO025 White-walled,
Canister Scattering Box

35mm Nikon Camera

Top view diagram showing arrangement of illuminating source, diffusely reflecting screen
and TOz5 training equipment in test position for the collection of wignetbting data.
Area of screen used provided white light field uniform to approximately 4-32‘}" .

Figure 8
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Preliminary Data Analysis, cont'd

It appears that the low transmission characteristics of the UV lens
combined with its slower speed losht more of the available light than could
be made up by the extended spectral range. BSunlight scatterved from
particles, which is the source of the phenomena studied in this investige-
tion, has a fast dvopoff in the UV anyway. The UV leng contains many
guartz elements, a material which will pass UV light. Unfortunately, the
lens designer is limited in the range of refractive indices availeble
for this glass; thus, it is not possgible to deviate the light to a shori
focus within a few lens elements. Remarkable as the f/E.O value is for
such & small lens, the price paid in terms of thickness of glass appears
to be too much for this subject matber. One can state that future studies
in the UV of these phenomena should probably employ reflecting optics, atb
least to achieve ihe low f-nunber.

Following his review of working prints for photographs of galaxies,
H.C. Arp wrote, in part: "It is particularly tantalizing and frustrating
to inspect them because they are almost usable., The longer exposures show
the sky well and begin to hint at the large dimensidns of the nebulae
(at least in the case of M31). They would have been spectacular and
important pictures if only the camera had been a little more in focus.”
The photograph he specifically refers to 1s shown at the lower right in
Figure 3.

Finally, the ability of the type 2485 emulsion to provide a low
threshhold of detectability, even in the presence of high radialion back-
ground, is well demonstrated by the data presented in Appendix €. The
ground backup to the flight calibration film shows a base plus fog level
density of 0.155 vhile that for the flight calibration film, BVA5, is
1.295. If a horizontal line were drawn on the ground film at the 1.295
density level, then it would appear that no usable signal could be detected
below a log exposure value of about 1.4. However, the "toe" of the H&D
curve can be seen to form well to the left of this log exposure value on
BVl5. In fact, usable data is detectable at a log exposure value of 0.9
or less, and this value holds for other SL-% cassettes shown in Appendix
E. For BVL5, the only SL-3 cassebte measured, with a base plus fog dens-
ity of 1.075, data is indicated at 0.7 log exposure, which is quite good
even when compared to the non-flight emulsion. Some investigators argue
that the signal-to-noise is greatly reduced, even if the toe of the IXD
curve does not shift appreciably to the right. That depends, of course,
on a good definition of noise. One could say that the change in density
from 0.155 to 1.295 is almost an order of magnitude increase in noise,
but this would be an improper inbterpretation. Most of that change is
constant greying of the background over the entire film, and this DC cou-
ponent can be subtracted with no effect on either noise or data. The
true noise is the RMS variation on top of this background. Signal levels
become unrecognizable only when they fall close to this amplitude. Hence,
the true change in signal-to-noise is the signal level sbove average
background divided by grain noise amplitude. Vhile this ratio was de-
creased by the radiation, the result was by no means as catastrophic as
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Preliminary Data Analysis, cont'd

some had predicted.

Data processing and analysis will continue with emphasis now shift.-
ing strongly to the VICAR computer runs. In addition to the SL-k data,
four frames of BV1S5 on SL~3 have also been digitized. The scenes 2re in
good focus and should produce some very useful information on gegenschein.
However, no equivalent calibrations were carried on-board for comparisons
to photography of an absolute light source. This will diminish the
accuracy of the absolute brightness measurements, although the SL-L
calibrations will be of some help in setting levels. However, the relative
brightness falloff, showing the shape and extent of the phenomenon, should
be excellent.




NASA Magnzine No STh-161

Film Type EK 2485-112-1

Magazine Flight Designatorpyss

Film Size 35m

Quick |NASA : . [Exp,
Look {Frame “{Time of Exposure(Time {Cntr Frm Loc| Top Frm Loec
Tr No| No. Subject Date GMT |{(sec)| Rt Asc |[Dec |{Rt Asc (Dec Remarks
1 OWS Interior Half Frame
2 5410f OWS Interior Half Frame .
3 | 5kil] S073 Contamination 1 Jan 7h | 1659 10| 120 57080 UV Tens, £/2.0
-L | sh12| S073 Contamipation 1 Jan 74 | 1700] 120{ 12P 57%:28.0 UV Lens, £/2.0
5 5413| S073 Coma Cluster - 1 Jan Th | 1704| 360| 12 57%28.0 UV Lens, £/2.0
6 shali| 5073 NGC bh7e 1 Jan T | 1713 480| 122 28M:10.0 UV Lens, /2,0
7 5415 SO73 Coma Cluster ‘1 Jan 7h | 215L{ 360}(12R 50M27,0 128 50M+30,4) Vis Lens, /1.2
8 | shl6) SO73 NaC hh7e 1 Jan 74 | 2158 LB8o|(12B 25¥h10.5 12R 25Mi15.0) Vis Lens, I/1.2
9 5417 8063 With Airglow 2 Jan Th : -
10 5418| 8063 With Glare 2 Jan Th
11 5419} S063 With Airglow & Obstr. 2 Jan Th
12 | skoo| S063 With Airglow & Obstr.| 2 Jan Th
13 | 5h421] 8063 With Airglow & Obstr.| 2 Jan T4 '
1 | s5he2| 8063 With Airglow & CGlare [ 2 Jan Th
15 54231 8063 With Airglow 2 Jan Th
16 shol| 8063 2 Jan Th
17 525! S063 With Alrglow 2 Jan Th
18 5426{ 5063 With Clouds 3 Jan Th
19 5427{ S063 3 Jan Th
20 5428 8063 With Clouds 3 Jan T
21 | 5429| S063 With Clouds 3 Jan Th
22 5430t S063 With Clouds 3 Jan Th
23 - | 5431] S063 With Clouds 3 Jan Th
2k 5432] S063 3 Jan Th
25 5433| S063 3 Jan Th




NASA Magazine No STU-161

Film Type EX 2L85-112.-1

——

Magazine Flight Desilgnatorx BV26

Film Size 35mm

Quiclk [NASA CC{Exp. | .
Look [Frame " | Time of Txposure|Time | Cntr Trm Loe| Top Frm Loc
Tr Not No, Subject Date GMT {(sec)|RL Asc {Dec [Rt Asc [Dec Remarks

26 | shk3l | 5063 3 Jan Th

27 | 5435 | S063 With Clouds 3 Jan T4 |

28 | 5436 | S063 With Clouds 3 Jan. Th

29 | 5437 [ S063 With Clouds 3 Jan T4

30 | 5438 ) s063 With Clouds 3 Jan Th

31 | 5439 | 8063 With Clouds , 3 Jan Th

32 | 5440 | S063 With Clouds 3 Jan Th

33 | Skll | S063 With Clouds 3 Jan Th

3k | shl2 | 8063 With Clouds 3 Jan Tk

35 | 5hh431-8063 With Clouds 3 Jan Th

36 | s54kh | 5063 With Clouds 3 Jan Th

37 | k45 | 8063 With Clouds 3 Jan T4

38 | 5446 | 8083 With Clouds 3 Jan Th

39 { Shl7 | 8063 With Clouds 3 Jan T4

4o | 54LB | 5063 With Clouds 3 Jan Th

b1 | shhg | SCE3 With Clouds 3 Jan Th

42 | 5450| S063 With Clouds 3 Jan Th

43 | 5451 | S063 With Clouds 3 Jan Th

Ll | 54521 S063 With Clouds 3 Jan Th

45 | 5453] S063 With Clouds 3 Jan Th




NASA Magazine No SL4-162 Zbiégazine Flight Designatox BV29

Film Type EK 2h85-112-1 Tilm Size J5mm

Quick [NASA . |Exp.
Look Frame I MMwme of Ixposure|Time | Ontr Frm Toc| Top Frm Loc
Tr Noi No. Subjact Date | GMT {({scc)|Rt Asc |Dec |RE Asc |Dec Remarks
L Unused. IFrame
2 Unused. Frame
3 Jnused Frame
b Unused Frame
5 Unused Frame ——e
6 Unused Frame :
7 Unused Frame '
8 545k | Unused Frame i
9 5455 | Unused Frame
10 5456 | Unused TFrame
11 | 5457 | Unused Frame i
12 5458 | Unused Frame
13 5459 | 8073 Contamination 19 Jan T4 |2209 10 | 138 50m|-10.G UV Lens, £/2.0
14 | 5460 | 8073 Contamination 19 Jan 74 [2210| 120 13 50%-10.9 UV. Lens, £/2.0, Spica
25 5461 | 8073 Zodiacal Light 19 Jen 74 |2213| 3601 13B 50M.10.0 UV Lens, £/2.0, Spica
16 5462 | S073 South Ecliptic Pole |10 Jan Th {2221 | 360| 6B OOR|-66.5 UV Lens, £/2.0 —_—
17 | 5463 | S073 Contamination 20 Jan Th {0115 ( 10[ 13B 10Wm{-1k4.5 UV Lens, /2.0
18 | 546k | 8073 Contamination 20 Jan Th |OL16 | 120 | 13® 10%|-1k.5 UV Lens, £/2.0
19 5465 | 5073 Libration Region Ls |20 Jan 74 |0119| 120 138 10mi.1h, 5 UV Lens, £/2.0
20 5466 | 5073 Libration Region Ls |20 Jan T4 0121 | L8O 13k 10mf-1k, 5 UV Lens, £/2.0
el | 5467 SO73 Libration Region L |20 Jan Th |0129| 3607 138 LOWI-14.5 UV Lens, £/2.0
22 | 5468 | 5073 Contamination 20 Jan T4 {0137 [ 120 13B 10mi-ilk,: UV Lens, £/2.0
23- | 5469 | 8073 Conbamination 20 Jan 7 {0139 10| 13P 10mi1k.5 -] UV Lens, £/2.0 -
gk | 5470] 8073 Contamination 20 Jan Th |{1343] 10| 8P 10mf+20.4§ TR 20M|+19.0 Vis Lens, £/1.2
25 | 5h7L{ 8073 Gegenschein 20 Jan T4 |1344{ 360 B8R 10m+g0,5 TH 20M(+19.0 Vis Lens, £/1.2, Pollux
o
. - -



- NASA Magazine No_ SLL-162 ' __ Magazine Flight Designatorﬂ_?g_ -

Film Type BK 2485-112-1 Film Size 35mm

Quick [NASA . |Exp.
Look [Frame . -1 Time of DIxposure|Time | Cnty Frm Loci Top Frm Loe
Fr No| No, Subject Date GMT {(sec)|Rt Asc |Dec |RE Asc |Dec Remazrks
26 (5472 | SO73 Gegenschein 20 Jan T4 |2350] L480 gl 1B +20, & 'rh 20™119.G Vis Lens, £/1.2, Pollux
27 |5473 | SOT3 Gegenschein {20 Jan T4 | 1359{ 240 8?; 10" |+20.3 77 20™119.4 Vis Lens, £/1.2, Pollux
28 ?ﬁ}”; §073 gon*bamination 20 Jan T4 |{1k03| 2ol 8% T0™ |+20.d 7* 20™19.d Vis Lenms, £/1.2, Poliux

9 "11m Cassette Removal : i e

30 |5476 | 2073 Contamination 22 Jan Th | 0124 10| 8% 10™ |+e2.d4 72 4oPk1o.d Vis Lens, £/1.2, Pollux
31 (5477 | 8073 Contamination 22 Jan 7& |o0125| 120| 8% 10% |+22.4 7% koPl10.d Vis Lens, £/1.2, Pollux
32 |5478 | SO73 Cegenschein ‘22 Jan Th | 0128] 120| 8% 10% |+e2.d 7P 4o™ki10.d Vis Lens, £/1.2, Pollux
33 15479 | SO73 Gegenschein 22 Jan Tk |0130| 360| 8% 10% |+22.d 7> hORB10.d Vis Lems, £/1.2, Pollux
3k {5480 | 8073 Gegenschein 22 Jan -7k |0137] L8o| 8" 10® l+te2.d 7 4oPk10.d Vis Tems, £/1.2, Poliux
35 |548L | 8073 Gegenschein 22 Jan 7k |01B5| 360 8% 10 (+e2.¢ 72 4O™H10.d Vis Lens, £/1.2, Pollux °
36 15482 | 8073 Contamination 22 Jan Th |1522| 10| 72 50™ +20.( 7 10™:20.0 UV Lens, /2.0

37 {5483 | 8073 Contamination 22 Jan T4 | 1523( 120 Th 50™ {+20. ¢ 7h' 10™H20,d UV Lens, £/2.0

38 548l | SO73 Gegenschein 22 Jan T4 |1527| 120| 82 00™ [+20.¢ 7 20%+20.q UV Lens, £/2.0

30 |5485 | SO73 Gegenschein 22 Jan b |1529| 80| 8% o0™ |+20.¢ T 20%+20.d UV Lenms, £/2.0

4o |5486 | 5073 Gegenschein 22 Jan Th |1s4ltj 480 82 oo™ [+20. ( 7§ 20™k-20,4 UV Lens, /2.0

bl S073 Conbanination. 22 Jan T4 |1552| 10| 8% oo™ [+20.¢ 7" 20"{+20.qQ UV Lens, £/2.0

-y



NASA Mogazine No_ g1h-163

Magazine Flight Dcsignatornvug

Film Type EK 2h85-112-1 Film Size 35mm
Quick [NASA . {Exp, ‘
Look |Frame 1Time of Exposuve [Time | Catr Frm Loc| Top Trm Loc
¥r Noj No. Subject Date GMT |(sec){Rt Asc |[Dec |Rt Asc’ {Dec Remarks
1 |5487 | 8073 Libration Region Ij |28 Jan 7h% |1248| L8O| 3B 55m |r23.5] 4 20m#23.G Vis Lens, £/1.2, Pleides
2 |5488 | 8073 Libration Region Ij, |28 Jan T4 |1257| 360 LB o5™ po3,0 4 20M+22.Q Vis Lens, £/1.2, Pleides
'3 |5489 | 8073 Libration Region I, |28 Jan 7h |130k| hooi i o5™ k06,0 4P 20M1403.5 Vis Lenms, £/1.2, Pleides
L} |sho0 | s073 NGC 5128 28 Jan 7h | 1313 4BOJ13R 20 LLo,0| 139 20™-43.4 Vis Lens, £/1.2
5 5491 | Unused Frame ;
6 {5402 | Unused Frame 5
7 |5493 | Unused Frame
8 . |5hol | Unused Frame
9 (5495 | Unused Frame
10 |5496 | Unused Frame
11 |5497 | Unused Frame
12 |5498 | Interior
13 |5k99 | Interior
1k 15500 | Unknown Subject Matter
15 {5501 | Unknown Subject Matter
16 |5502 | Urknown Subject Matter
17 5503 | Unknowvn Subject Matter
18 |5504 | Unknown Subject Matber
19 |5505 | Unknown Subject Matter
20 {5506 | Unknown Subject Matter
2. 5507 ' Unknown Subject Matter
22 |5508 | Unknown Subject Matter
23 - 15509 | Unknown Subject Mabter § . N
2h (5510 | Film Cessette Removal
25 |5711
26 |5512
'

Lo

e




NASA Magazine No ST4-16M4

Magazine TFlight Designator; Bvii.g

Film Type EXK 2h85-112-1 Film Size 35mm
Quicl [NASA . [Bxp,
Look [Frame Time of Expogsure|Time ]| Cntr Frm Loc| Top Trm Loc
Fr No| No, Subject Date GMT {(sec)|Rt Asc {Dec [RE Asc’ |Dec Remarks
1 5513 | 8063 Cloud Cover
2 | 551k | 8063 Cloud Cover -
3 Unused Franme
b Unused Frame
5 Unused Frame ——
6 Unvsed Frame
7 Unused Frame '
a3 - { Unused Frame
g Unused Frame
10 Unused Trame
1L Unuscd Trame —
iz Unused Frame
13 Unused Irame '
BRI Unused Frame
15 Unused Frame
16 Unused Frame —_—
17 Unused Frame -
18. Unused Frame
19 Unused Frame
20 Unused. Frame
21 Unused Frame
e2 Tnused Frame -
23 - Unused Frame
2h . Unvsed Frame
25 Unused Frame




WASA Magazine No SL4-16k4

Magozine Flight Designatox BY43

Film Type EK_2U85-112-] Film Size 3omm
1Quick [NASA : . |B=p.
Look {Frame ' Time of [xposure|Time | Cntr Frm Loc| Ton Trm Loc
Fr ¥ol Yo, Subject Date GMT |(sec)|Rt Ase [Dec {RE Asc [Dec Remarks
26 Unused Frame
e7 Unused Frame o
28 Unused Frame
29 Tnused Irame
30 Unused Frame o
3L | 5515 | 8073 Conbamination 22 Dec 73 {0209 10} 00k Lo® |+lo, g Vis Lens, f/l.2
32 |5516 | SO73 Contamination 22 Dec 73 |0210 | .120]00R L4o® l+L0,( Vis Lens, £/1.2
33 {5517.| Blank 22 Dec 73 . - | Vis Lens, £/1.2
34 | 5518 8073 NGC 22k 22 Dec 73 |0213 300{ 00 Lo 1+10,d 0OR L5Mebh.d-Vis Tens, £/1.2
35 1.,,19 [8073 NGC 224 22 Dec 73 0218 | L8ojooR Lo® [+hko.q 00R L5Mslkof Vis Lens, £/1.2
36 {5520 | 8073 Comet Tail | 22 Dee 73 |0227 | 360{10R 450 |- 7.3 Vis Lens, £/L.2
37 | 5521 | 8073 Libration Region L5 | 22 Dec 73 023k | 360 12k o). 5.0 Vis Lens, £/1.2
38 |5522 | S073 Zodiacal Light 22 Dec T3 |02l | 300 Vis Lens, £/1.2
39 | 5523 {8073 Conbamination 22 Dec 73 |02L7 120 Vis Lens, £/1.2
L0 | 5524 | 8073 Contamination - 22 Dec 73 |0240 10 Vis Lens, £/1.2
k1 |5525 | Unused Frame
k2 15526 | Unused Frame -
L3 | 5527 | Unvsed Frame
hli 15528 | Unused Frame
L5 (5529 | Unused Frame '
L& | 5530 | Unused Frame
‘L7 15531 | 8063 with Airglow
k81 - -l Unused Frame - -
g Unused Frame
50 Unused Frame
|
|
| .
|
.

L=y



-  NASA Magazine No SILL-165

Magazine Flight Designator BVih /
Film Type EK 2485-112-1 Film Size 35mm
Quick |NASA . |Exp. [
Look |[Frame ‘|Time of Exposure|Time |Cntr Frm Loc| Top Frm Loc
Fr No| No. Subject Date GMT |(sec)|Rt Asc |Dec IRt Asc |Dec Remarks ; L Sl
1 5532| S063 Cloud Cover 10 Dee 73
2 5533 | Unused Frame 10 Dec T3
3 5534 | Extra Data Frame 10 Dec 73
4 5535| Extra Data Frame 10 Dec 73 -
5 | 5536| SO73 Contamination 10 Dec 73 | 0102 5| oo 57m+h1, 4 Vis Lens, f£/1.2 ——
6 55371 S073 Contamination 10 Dec 73 | 0103| 120 ool 57441, 1 Vis Lens, f/l.2
7 5538| S073 Libration Region Ls [10 Dec 73 | OLO6| 360 o0R 574l Vis Lens, f£/1.2
8 | 5539| Blank 10 Dec 73 ~ Vis Lens, f£/1.2
9 | 5540| SO73 Libration Region I} |10 Dec 73 |0113| 360|( 9P 05M+11.4 9P 15MK15.9) Vis Lens, f£/1.2
10 | 5541| SO73 Comet Tail 10 Dec 73 | 0121 360| 10P 4sM. 7. i Vis Lens, £/1.2 e
11 | 5542| SO73 Comet Tail 10 Dec 73 | 0127 540 10B 45M- 7.C Vis Lens, £/1.2
12 | 5543| SO73 Comet Tail 10 Dec 73 |0137| 120| 10P 45M- 7.0 Vis Lens, /1.2
13 5544 | 8073 Contamination 10 Dec 73 | o1ko| 117| 1oB 45M . 7:( Vis Lens, £/1.2
14 | 5545| SO73 Contamination 10 Dec 73 [01k2| 10| 10B 45m- 7.? Vis Lens, £/1.2
15 5546| Possible Unused Film
16 5547| Possible Unused Film N
17 5548| Possible Unused Film
18 | 5549| Possible Unused Film
19 5550| Possible Unused I'ilm
20 5551| Possible Unused Film
21 5552| Possible Unused Film
22 5553| Possible Unused Film
23 5554| Possible Unused Film
2l 5555| Possible Unused Film
25 5556| Possible Unused Film

——_——




NASA Magazine No SLh-165

F{lm Type EK 2485-112-~1

“Muagazine Flight Dcsignatoqgvgfk

Tilm Size 35mm

Quiclk |[NASA - . [Exp,
Look (Frame : *(Time of Ixposure[Time | Cntyr Frm Loe| Top ¥Frm Loc
Fr No| No, Subject Date GMT |(sec)|Rt: Asc {Dec [Rt Asc |lec Remarks
26 5557 | Possible Unused Frame

27 - | 5558 | 8063

28 . | 5559| Possible Unused Frame

29 5560 | Possible Unused Frame

30 5561 | S063

31 | 5562 | Possible Unused Frame:

32 5563 | Possible Unused Frame

33 | 5564 | Possible Unused Frame

3k 5565 | Possible Unused Frame

35 5566 | Possible Unused Frame

36 5567 |, Possible Unused Frame

37 5568 | 8063 Cloud Cover

38 | 5569| S063 Cloud Cover '
39 | 5570| 8063 Cloud Cover

Lo 5571 | Possible Unused Frame

i 5572 | Possible Unused Frame

Lo 5573} 8063 '

43 5574 Unused. Frame
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NASA Magazine No_ SLu-166

Film Type EBK 2h85.112-1

Magazsine Flight Designatorx ]33[153

Film Size 35mm

Quick [NASA - |Exp.

Look Frame “1Mme of Exposure|Time | Cntr Frm Loc| Top Trm Loc

Fr No| No, Subject Date GMT |(sec)|Rt Ase |Dec [Rt Asc Remarks
1 5575 | Protect Frame
2  |5576 5073 Contamination 27 Dec 73 | 1855 10 | o 29m |y 7,7 UV Lens, £/2.0
3 [5577 | 8073 Contamination 27 Dec 73 | 1856| 120 20M |4 7.7 UV Lens, £/2.0
L 15578 {S073 Libration Region Li 27 Dec 73 | 1859] 360 | OB 292 l. 7.9 UV Lens, £/2.0
5 15579 | 8073 NGG 224 27 Dec 73 | 1906| 480 | oh hom -+, g o 35‘“#1; UV Lens, £/2.0
6 |5580 | 8073 mac 22b 27 Dec 73 | 1914 360 | of hoM|4ha.d ob 35us UV Tens, £/2.0
7 15581 | 8073 Zodiacal TLight 27 Dee 73 | 1921] 360 {12B 25m|. 0.5 12P 35ML UV Lens, £/2,0
8 [5582 | 8073 Zodimcal Light 27 Dee 73 | 1928| 300 |12R osm |y 3, 128 35m,. UV Lens, £/2.0
9 5583 | 5073 Contamination 27 Dec 73 | 2334 10 | O 38% |+ 8.4 Vis Lens, £/2.0
10 {558l | 8073 Contemination 27 Dec 73 | 2334 120 | oOF 38™|+ 8,4 n Vis Lens, /2.0
11 |5585 | 8073 Libration Region Iy, | 27 Dee 73 | 2338] 360 | OF Lo™l+ 9.d 0 4O™j1k.0  Vis Lens, £/2.0
12 15586 | 8073 WGC 22k 27 Dec 73 | 2345| 480 | OB Lo™lsh1,q OF 45™ik6.q Vis Lens, £/2,0
13 | 5587 {8073 NGC 22k 27 Dee 73 | 2353| 360 ho ik ,g O 456, Vis Lens, £/2.0
14 {5588 | 8073 Zodiacal Iight 58 Dec T3 | 0000 360 {12l 25Mi. 1,9 128 Lom: Vis Lens, £/2.0-
15 |5589 | 8073 Zodiacal Light 28 Dee 73 [ 0007| 300 {12B 30Mi. 3,4 128 Lo%: Vis Lens, £/2.0
16 |5590 | S073 Contaminetion 28 Dee 73 | 001l 120 |1eb somi. 3,d 12B Low, Vis Lens, £/2.0
17 |559L | 8073 Contamination 28 Dec 73 | 0016| 10 |18 os5m|. 0.4 Vis Lens, £/2.0
18 | 5592 [S073 Libration Region T, 28 Dec 73 | 1355| 360 | 1B olmiswia, ] Vis Lens, £/1.2
19 | 5593 | 8073 NGC huT2 28 Dec 73 | 1h02| 48O (12 k5™ (+30,q 13" cof+ 7.d) Vis Lens, £/1.2
20 | 5594 {8073 NGC Mly7e 28 Dec 73 | 1410[ 120 |(120 hsMmliy0.d 130 oom+-7.cg Vis Lens, £/1.2
2L | 5595 [ S073 Contamination 28 Dee .73 | 13| 120 |12P bs® w0, ' Vis Lens, £/1.2
22 | 5506 | 8073 Contamination 28 Dec 73 .| 15| 10 |12B 45M |40, ¢ ' Vis Lens, £/1.2
23 Unused Frame
2l Unused Frame
25 Unused Frowe
26 Unused Frame
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NASA Magazine No SL4-167

Magazine Flight Designa torBV’l-Q‘

Film Type EK 2L485-112-1 Film Size35mm
Quick [NASA Exp.,
Look |Frame " |Time of Ixposure|Time |Cntr Frm Loc| Top Frm Loc
Fr No| No. Subject Date GMT [(sec)|Rt Asc |Dec |Rt Asc [Dec Remarks
0 |5597
1 |5598 | SO73 Contaminavion 23 Jan T4 |1307| 10| 8B 10m k20.9 7R 15%423.9 Vis Lens, £/1.2
2 |5599 | SO73 Contamination 23 Jan T4 | 1307| 120| 8 10m fr20.q 7P 15M+23.9 Vis Lens, £/1.2
3 |5600 | SO73 Gegenschein 23 Jan 74 | 1311| 120| 8P 10m k20.0 70 15M4+23.9 Vis Lens A
L |560L | SO73 Gegenschein 23 Jan T4 | 1313| 300| 8} 10M |r20.0f 7R 15M+23.4 Vis Lens, £/1.2
5 |5602 | SO73 Gegenschein 23 Jan T4 | 1319| L480| 8B 10m jr20.q TR 15M4+23.4 Vis Lens, £/1.2
6 |5603 | S073 Gegenschein '23 Jan Th | 1327( 360| 8" 10™ 20.0 7® 15M+23.9 Vis Lens, £/1.2
7 |5604 | Unused Frame ;
8 |5605 | Unused Frame
9 |5605 | Unused Frame
10 |5607 | Unused Frame
11 |5608 | Unused Frame
12 |5609 | Unused Frame
13 |5610 | Unused Frame
14 |5611 | Unused Frame
15 |[5612 | Unused Frame
16 |[5613 | Unused Frame
17 (5614 | Unused Frame
18 Unused Frame : |
19 |5615 | SO73 Contamination 23 Jan T4 | 2053 10| 8 10% l20.q 8B oo+ 9.9 Vis Lens, £/1.2
20 |[5616 | S073 Contamination 23 Jan T4 | 2054| 120| 81 10m l+20.d 8B 0OM+ 9.3 Vis Lens, £/1.2
21 |5617 | SO73 Gegenschein 23 Jan 74 | 2057| 300| 8B 10m k20.d 8% 0OM+ 9.% Vis Lens, £/1.2
22 |5618 | SO73 Gegenschein 23 Jan 74 | 2102| Leo| 8P 10m H20.q 8F 00M+ 9:% Vis Lens, £/1.2
23 |[5619 | SO73 Gegenschein 23 Jen T4 | 2110| 5h40[ 8B 10M|+20.q 82 00M+ 9.4 Vis Lens, £/1.2
24 |5620 | SO73 Gegenschein 23 Jan T4 | 2119| 300 8M 10Mmk20.d 8B oOM+ 9.% Vis Lens, f/1.2
25 |[5621 | S063 Cloud Cover
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NASA Magazine No ST4-167

Mogazine Flight Designator Byho,

FLim Type DK 2485-112-1 Film Size 35mm
Quick |[NASA . [Exp,
Look (Frame {Time of Fxposure|Time | Cntyr Frm Loc| Top Trm Loc
Fr Nol No. Subject Date GMT |(sec)|Rt Asc |Dec IRt Asc |Dec Remarks
26 5622 | 8063 Cloud Cover
o7 5623 | 8063 Cloud Cover
28 562l | S063 Cloud Cover
29 5625 | 8063 Cloud Cover
30 5626 | 8063 Cloud Cover
3L 5627 | 8063 Cloud Cover
32 5628 | S063 Cloud Cover - '
33 5629 | 5063 Cloud Cover
3L 5630 { 8063 Clowd Cover
35 5631 | 8063 Cloud Cover
36 5632 | 8063 Cloud Cover
37 5633 | 5063 Cloud Cover
38 5634 | 5063 Cloud Cover '
39 5635 { 8063 Cloud. Cover
Lo 5636 | 8063 Cloud Cover
1 5637 | S063 Cloud Cover
Lo 5638 | 8063 CGloud Cover
k3 5639 | 8063 Clovd Cover
Wy 15640 | 8063 Cloud Cover
15 5641 | 8063 Cloud Cover
h6 5642 | S063 Cloud Cover
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NASA Magnzine No

SL’-I- ~-168

Magazine Flight Designatorpyha

Film Type EK 2485.112-1 Tilm Size 35mm
Quick [NASA .| Exp.
Look [Framec * |Pime of Exposure|Time |Cntr Frm Loc| Top Frm Log
Fr No | No. Subject Date GMT [(sec){Rt Asc [Dec |Rt Asec [Dee Remarks
1 [5643 |Exposed Frame
2 |564% |Exposed Frame : o
3 |5645 |S073 Zodiacal Light 30 Jan T4 1910 | k480 Vis Lens, £/1.2
I |5646 |SO73 Zodiacal Iight 30 Jan 74 {1919 k20 Vis Lens, £/1.2
5 |5647 [SO73 Zodiacal Light 30 Jan 74 11927 | k20 Vis Lens, £/1.2
6 |5648 |S073 North Ecliptic Pole |30 Jan 7h 1936 | L480{18B oo™ |+66.5 Vis Lens, £/1.2
7 5649 |S073 NGC 5128 130 Jun 74 [20h4 | LBofi3M 30m |-38.() UV Lens, £/2.0
8 {5650 [8073 Zodiacal Light 30 Jan 74 [e0sh | 480 UV Lens, £/2.0
9 {565L |8073 Zodiacal Light 30 Jan 74 2103 | L420 UV Lens, £/2.0
10 |5652 |S073 Zodiacal Iight 30 Jen 74 2111 | 420 UV Lens, £/2.0
11 |5653 |Unused Frame :
12 | 5654 |[Unused Frame
13 |5655 |Unused Frame
1% |5656 |Unused Frame
15 |5657 |Unused Frame
16 |5658 |[Unused Frame
17 [5659 |Unused Frame
18 |5660 |Unused Frame
19 |5661 |Umised Frame
20 |5662 |Unused Frame
21 15663 |Unused Frame
22 | 5664 |Unused Frame
23 | 5665 |Unused Frame
24 | 5666 |Unused Frame
25 |5667 | Unused Frame
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FLIGHT DATA CALIBRATTON PHOTOGRAPHY

B-1

iim Type EK 2h85-112-1 Calibration Unit HAO Sensitometer Box Wo. 1
Film Size 35 mm Calibrated By _ R. D. Mercer (Boulder, Colo.)
Quick Date Exposure| Neutral Calibration Frame Digitization
Look of Time |Density Unit Bulb
Fr No|Photography| (Sec) [Filt Wo| Monufacturer Date Mag Tape Remaxks
1 12 Feb 74| k20 3.0 Sylvania 19 Mar 74 D-T21
2 12 Feb 74| u4B0O 3.0 Sylvania 19 Mar 7| D-721
3 12 Feb 78| 5kO - {- 3.0 Sylvania 19 Mar Thi D-721
L 12 Feb Th| 600 3.0 Sylvania
5 12 Feb 7h| 840 3.0 Sylvania
6 12 Feb T} 720 3.0 Sylvania
7 12 Feb T4{ 540 h.0 Sylvania 19 Mar Th| D-72L
8 12 Feb Th| 600 .0 Sylvania
9 12 Feb 7k} 720 4.0 Sylvania
10 12 Feb 74| 84O k.o Sylvania
i1
12
i3
14 ' :
15 23 Qet Th| s5LoO 3.0 General Electric|19 Mer T4 D-T721
16 23 Oct Th{ 480 3.0 General Electric{lQ Mar Th| D-721
17 23 Oet 74| k20 3.0 Genersal Electric|l9 Mar 74 D-721
18 23 Oct 7h| 360 3.0 General Flectric|l9 Mar Tl D-72L1
19 23 Oct 74| 330 3.0 General Electric _
20 23 Oet 74! 300 3.0 General Electric{19 Mar 74| D-721
21 23 Oct Th| 270 3.0 General. Electric
22 23 Oct Thi 2h0 3.0 General Electricl9 Mar Th| D-721L
23 | 23 Oet Tk 60 2.0 General Electric
2k 23 Qct Th 90 2.0 General Electric
25 23 Oct 7k} 120 2.0 General Electric|lQ Mar T4 D-721
26 23 0et Th!{ 150 2.0 General Electric
27 23 Oct 74| 180 2.0 General Electric
28 23 Oct 74| 210 2.0 General Electric
29 23 Oct Th{ 240 2.0 General Electric|l9 Mar T4 D-721
30 23 Ock Thj 270 2.0 General Electric
31 23 Oect Tk Q0 1.0 General Electric
32 23 Oct Th{ 60 1.0 | General Electric
33 23 Oct Th ks 1.0 General Electri
3h 23 Qck 7L 30 1.0 General Electric
35 23 Oct Th 20 1.0 General Electric
36 23 Qct Tk 10 1.0 General Electric
37 23 Qct Th 6 1.0 General Electric
38 23 Oct Tk L 1.0 General Electric
39 23 Oct 74| 1/8 None | General Filectric
Lo 23 Oct Th{ 1/4 None | General Electric
by 23 Oct Th| 1/2 None | General Electric
ho 23 Qct Th 1 None General Electric
L3 23 Oct Th 2 None General Electric
RRTAI 23 Oct Th i3 None General Electric
45 23 Oct Th 6 None General Electric
TS 23 0ct Th 10 None @eneral Eleckric




c-1
VIGNETTING DATA IDENTIFICATION LIST
Film Type EX 2485-107-2 Test Location NASA GSFC, Bldg. 6 Light Tunnel |
Film Size 35mm Performed By Jacobs, Kessler, Mercer & Zook
Quick Date Exposure Photographic Equipment Information Frame Digitization
Look of Time -
Fr No| Photography| (Sec) |Auxiliary Equip| Lens Type |Aperture|Focus| Date Mag Tape
A-O1
A-02 .
A-03 | 26 Mar Th 15 025 Visual £/2.2°] Inf ‘ i
A-Ok4 | 26 Mar Th 30 T025 Visual f/l.2 | Inf [28 Mar 74| D-724
A-05 | 26 Mar Th 60 T025 Visual f/1L.2 | Inf |28 Mar 74| D-T724
A-06 | 26 Mar Th 120 TO25 Visual f/1.2 | Inf |28 Mar Tk | -D-724
A-O7 | 26 Mar Tk 2Lo T025 Visual f/l1.2 | Inf [28 Mar 74| D-T72L
A-08
A-09
A-10
A-11
A-12 ;
A-13| 26 Mar Th 15 |T025 + SO19 AMS| Visual f£/i1.2 | Inf
A-1L | 26 Mar T4 30 |T025 + SOL9 AMS| Visual f£/1L.2 | Inf [28 Mar 74| D-724
A-15 | 26 Mar Th 60 |T025 + SOL9 AMS| Visual /1.2 | Inf |28 Mar 7h| D-T724
A-16| 26 Mar Th 120 | T025 + SO19 AMS| Visual f/1.2 | Inf 8 Mar T4| D-72k
A-17| 26 Mar 74 | 2kO |TO25 + SO19 AMS| Visual £/1.2 | Inf [28 Mar Th| D-T24
A-18 ,
A-19 | 26 Mar Th 15 |T025 + S019 AMS| Visual £.2 1 10
A-20| 26 Mar Th 30 | T025 + S019 AMS| Visual f£/1.2 | 10* 8 Mar Th| D-72k4
A-21 | 26 Mar Th 60 | T025 + S019 AMS| Visual f/1.2 | 10* p8 Mar 74| D-T24
A-22 | 26 Mar Tk 120 | TO25 + SO19 AMS| Visual f£/1.2 | 10* P8 Mar Th| D-T24
A-2i 26 Mar Th 240 | T025 + SO019 AMS| Visual £/1.2 | 10* P8 Mar 74| D-72k
A-2
A-25 | 26 Mar Th 15 |T025 + SO19 AMS| Visual f£/1.2 ;s
A-26 | 26 Mar Th 30 |T025 + SOL9 AMS| Visual f/1.2 7' P8 Mar Th| D-T24
A-27 | 26 Mar Th 60 | T025 + S019 AMS| Visual £5.9 7' B8 Mar 74| D-724
A-28 | 26 Maxr Th 120 | T025 + SOL9 AMS| Visual f/i.2 | 7' £8 Mar Th| D-72k
A-29 | 26 Mar Tk 240 | T025 + SO1L9 AMS| Visual f£/1.2 7' B8 Mar 7h| D-72h
A-30
A-31 | 26 Mar Th 15 |T025 + SO19 AMS| Visual f/l.2 5¢
A-32 | 26 Mar T4 30 | T025 + SO019 AMS| Visual £/1.2 5' P8 Mar 74| D-724
A-33| 26 Mar Th 60 | T025 + S019 AMS| Visual £/1.2 5* P8 Mar 74| D-72k
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VIGNETTING DATA IDENTIFICATION LIST
'm Type EK 2485-107-2 Test Location NASA GSFC, Blde. 6 Light Tunnel
Film Size 35mm Performed By Jacobs, Kessler, Mercer & Zook
Quick Date Exposure Photographic Equipment Information Frame Digitization
Look oT Time -
Fr Nc| Pnotozraphy| (Sec) |Auxiliary Equip| Lens Type |Aperture|Focus| Date Mag Tape
B-00 | 27 Mar Th 15 |T025 + SO19 AMS| Visual £/1.2 | 57, :
B-OL | 27 Mar T4 30 |T025 + SO19 AMS| Visual /1.2 5¢ P8 Mar 74| D-724
B-02 | 27 Mar Th 60 |T025 + S019 AMS| Visual £f/i.2 | 5' P8 Mar 74| D-T24
B-03 | 27 Mar Th 120 |T025 + SO19 AMS| Visual /1.2 5* P8 Mar Th| D-T24
B-O4 | 27 Mar Th 240 |TO25 + SO019 AMS| Visual f/i.2 | 5' P8 Mar 74| D-724
B-05 : =
B-06 | 27 Mar Th 15 |T025 + S019 AMS| Visual £/1.0 | It
B-07 | 27 Mar Th 30 |TO025 + S019 AMS! Visual £/1.2 | 4 P9 Mar 7h| D-724
B-08 | 27 Mar T4 60 |T025 + SOl9 AMS| Visual £/1.2 | 4 p9 Mar 74| D-724
+ B-09 | 27 Mar Th 120 |T025 + S019 AMS| Visual /1.2 4* P9 Mar 74| D-724 .
B-10 | 27 Mar T4 240 |T025 + SO019 AMS| Visual /1.2 4t P9 Mar Th| D-724
B-11 :
B-12
B-13 | 27 Mar Tk 15 |T025 + SO019 AMS|Ultraviolet| £/2.0 | Inf
| B-14 | 27 Mar Th 30 |TO025 + SO19 AMS|Ultraviolet| f£/2.0 | Inf
: =15 | 27 Mar Th 60<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>