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1. INTRODUCTION

This handbook provides an introductory overview of the
data obtained from the Harvard experiment on the Apollo Tele-
scope Mount (ATM), defines the contents of the data bank pro-
duced by the Harvard experiment, and explains how to use them.
The handbook is intended primarily for collaborating scientists
at Harvard and at other institutions, and for members of the
scientific community at large who are already familiar with
ATM/Skylab and who participated in program development and

mission operations.

This handbook also serves as a cover document to the
series of detailed documents listed in section 5; as such, it
provides a description of the instruments (section 2), a
summary of the develdpment program and the launch and flight
phases (section 3), and a description of the data processing
systems used by NASA to provide the SO055 data (section 4).
(S055 is the number used by NASA to identify the Harvard EUVI
spectroheliometer. )

Throughout the handbook and supporting documents, we use
the shortened forms SL 2, SL 3, and SL 4 to refer to the first,
second, and third mannéd Skylab missions respectively. Between
SL 2 and SL 3, and between SL 3 and SL 4, there were unmanned
intervals during which the SO55 experiment continued to operate.
SL 1 refers to the launch and flight of the original unmanned
Skylab. During the manned missions, the instrument operated
in either of two modes: manned, with an astronaut at the con-
trol panel; or unattended, with the astronaut crew on board
but not at the panel.



To designate time, we have used day of year (DOY) and
Greenwich Mean Time (GMT) throughout. The day, month, and year
appear in parenthesis as a Convenience to the user. The on-
board clock and ground-based GMT differ slightly because of
errors in the former. Time updates have been used to correct
on-board time in the SO55 date, the mission logs, and the Ho
atlas, but this corrected time can still be inaccurate by up
to 0.25 sec. The handling of time in the S055 data is described
in more detail in the Seientific User Tape Guide:

The development program for the experiment began at the
Harvard College Observatory in 1965, and was funded by the
Marshall Space Flight Center under contract NAS 5-3949, with
Dr. Leo Goldberg as the Principal Inﬁestigator. Dr. Edmond
M. Reeves became Principal Investigator during the phases of
experiment development and mission operations. Dr. Robert W.
Noyes became Principal Investigator for the postmission data

analysis.

The progrem now called Skylab was originally part of the
Apollo Applications Program. It was conceived as a sequel to
the main Apo;;o program, and would have used Apollo hardware
that was left over at the end of the miesion to the moon, such
as launch vehicles, lunar modules, and command service modules.
An early study [1] proposea building a solar-physics payload
that would use a modified command and service module (CSM),
with the solar telescopes mounted on a deployable platform within
the cargo bay of the service module (see section 3..1). Subsequent
concepts of ATM combined it with the orbital workshop (OWS), in
which a modified lunar module would provide the work station and
control panel for the ATM crew. This concept evolved from the



"wet workshop" to the "dry workshop." In the first plan the
workshop would be the second stage of a manned Saturn 1B launch
vehicle and would be fitted out in orbit. After reaching orbit
the second-stage hydrogen tank would be drained, vented, and
converted into the workshop by the crew. 1In the second plan
the workshop would be launched by two stages of a Saturn V
launch vehicle. The third stage would be fitted out on the
ground as the "dry workshop" and would not be needed as a
booster. The multiple docking adapter (MDA) and the airlock
module (AM), with ATM, comprised the other main components of
Skylab as it flew in 1973 (see Figure 1l). The crew would be
launched separately in a command service module with the first
stage of a Saturn 1B launch vehicle (S-1B).

As the Skylab configuration was modified, the Harvard
experiments to be flown were also revised to maintain compati-
bility with the definitions and léunch dates of the new program.
The original proposal had two UV photoelectric instruments: a
short-wave polychromator, 500-1350 R (SO55A) ; and a long-wave
scanning spectrometer, 1400-2250 i'(SOSSB), plus an Ho telescope
equipped with film. The final configuration consisted of the
S055 EUV spectroheliometer, and two Ho telescopes to be used as
pointing instruments by the crew. One of these, with a film
camera, provided a record of ATM pointing throughout the manned
Skylab missions.

A calibration rocket program (Calroc) was included as
paft of the Harvard ATM program when it became evident that
the last opportunity to photometrically calibrate the SO055
instrument would be 2.5 years Before launch. The Calroc instru-
ment updated the ATM calibration by flying a rocket instrument
similar in configuration to that flown in each of the.three
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manned missions. The rocket payload was photometrically cali-
brated as late as possible before launch, and as soon as possi-
ble after recovery; it observed an area 4 arc sec x 4 arc sec
lying within the field of view (5.5 arc sec x 5 arc sec) of the
' 8055 raster in a quiet area on the solar disc, with the sun
acting as transfer standard.

Although the first Calroc failed because of an error in
orienting the launch tower, the second and third flights (during
SL 3 and SL 4 respectively) succeeded in producing updated cali-
bration information as planned.

The primary scientific data flowing from the Harvard
experiments are therefore the S055 data, the Calroc data, and
the Ha telescope films. These data are stored in the data bank
at the Harvard College Observatory (HCO) in Cambridge, Mass.,
and copies of the primary data items have been submitted to the
National Space Science Data Center (NSSDC), Greenbelt, Md.,
where they are generally available. Engineering data, support-
ing data, records of operations during the mission, corollary
data, and test data are also available at HCO but not at NSSDC.
Appendix I lists the primary scientific data that are available
at NSSDC and at HCO.

Among the supporting.documents, described in section 5,
the Microfiche and Hardecopy Guide provides detailed information
on the use of grey-scale pictures and tabular data (referred to
as "tab") from the SO55 experiment. The Scientific User Tape
Guide provides a detailed explanation of formats and the content
of the digital scientific data on magnetic tape. The other
guides describe some particular kind of data, such as the Ha
Atlas; still others, such as the Pointing Reference Handbook

-5
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and the Calibration Handbook; give specific background infor-

mation.

The final scientific data (scientific-user tapes and
microfiche) were produced by NASA only after the completion
of the Skylab missions. During the mission, however, some data
referred to as "quick-look" data were available after every
orbit. Quick-look data, with formats slightly different from
those of the final data, were obtained in the form of tapes,
microfiche, and tabulated output from approximately 15 minutes
of every orbit (see section 4), and were normally repeated
within the main body of the final scientific data.

"The final scientific~user tapes were produced by NASA
either from analog range tapes or from all-digital data tape
(ADDT). The former were recorded in raw form at the ground
stations (remote sites) of the Manned Space Flight Network
(MSFN) and stored during the Skylab mission, and contain all
the data transmitted to the ground during each pass. The latter,
which in principle contain all of the data received at the remote
sites, were produced at Johnson Space Center (JSC) in the follow-
ing manner. Immediately after each pass of Skylab over the _
remote site, and after the real-time data had been transmitted
to JSC, the data on the analog tape were processed and trans-
mitted to the data base at JSC. Data batches, containing 6
hours of data, were read out from the data base onto ADDT tapes,
which were then sent to Marshall Space Flight Center (MSFC) for
use there in making final data tapes.

The Ho 1 telescope, equipped with both film and video
cameras, and the Ho 2 telescope, equipped with a video camera



only, were used by the crew to point ATM and are described

more fully in section 3.4. Both telescopes had a reticle in
the focal plane which could be adjusted by the crew to -coalign
the SO55 and ATM optical axes (see section 2.3). Operation of
the Ho. 1 telescope produced five flight films, 16,000 frames
each, of which one was from SL 2, two from SL 3, and two from
SL 4. Throughout the three missions, solar photographs were
taken automatically during manned operations at rates of 1, 2,
or 4 frames per minute. Solar photographs could-also be taken
by the astronaut by shifting from the automatic to the manual
mode, in which an exposure was made each time the switch was
pressed. The films were brought back by the crew at the end
of each mission. Copies of the flight films and an atlas of
selected images are available for detailed evaluation of precise
ATM pointing. The Ha Film and Atlas Guide describes the films
and the atlas in detail. 1In selecting the pictures for the
atlas, we usually chose a frame for each significant pointing
change, one at orbit sunrise, one at orbit sunset, and at least
one for every 15 minutes time. The. atlas contains about 50
volumes of 100 pictures each. A page from fhe atlas is shown

in Figure 11.

The on-board Ho films are supplemented by a compilation
of ground-based Ho photographs, prepared by the National
Oceanographic and Atmospheric Administration (NOAA), covering
the period from 15 May 1973 through 18 February 1974. These
are available at the HCO data bank in a series of approximately
28 rolls, with 10 days of Ho photographs on each roll. The
coverage, from several different observatories, varies from
75.6% in January to 88.4% in September.



In addition to the data received from the experiments,
there is a sizable collection of material which was used during
the operational phases of the ATM mission. These operational
data include the flight plans; solar predictions and reports
prepared by NOAA; the console working logs for every orbit
prepared by HCO and the engineers of Ball Brothers Research
Corporation (BBRC), in the ATM Science Room at the Mission
Control Center (MCC), JSC; Skylab voice transcripts; and NASA
documentation. As part of the mission planning function, NOAA
provided Ha pictures, magnetograms, Ca K photographs, and
neutral line diagrams of the sun once or twice per day.

The SO55 mission log, also available on tape or as a
printout, is a complete orbit-by-orbit listing of all SO55
observations recorded throughout the manned, unmanned, and
unattended portions of Skylab. The log, described more com-
pletely in the 5055 Mission Log Guide, lists such information
as the Joint Observing Program (JOP), Building Block'(BB)
(section 3.5), instrument mode, pointing coordinates, solar
target, the GMT of each observation, quality of the data, tape
number, and file. A search routine'is available, which the
investigator may use to list data and to select portions of
the data according to different parameters that have particular
characteristics in common, such as JOP, Building Block, or solar
target. .

Engineering data describing detailed instrument performance
are contained primarily in the Compressed User Tapes (CUT),
in the form of instrument housekeeping data (voltages and tempera-
tures), systems data, and data from other experiments and from
ATM systems. These engineering data were used by BBRC to pro-
duce the ATM Mission Operation Log (2 June 1975), a record of



all mode changes and exposure times of all ATM experiments.

The ATM mission operation log, available on tape or printout,
contains a comprehensive list of the times and conditions for
the data from all experiments on the ATM, and serves the purpose
of directing the data user to possible supporting data in other

experiments.
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2. DESCRIPTION OF INSTRUMENT

2.1 General

The Harvard instrument [2] obtained solar data in photo-
electric digital form in the vacuum ultraviolet wavelength
range 1350-296 i, with spatial resolution of 5 arc sec and a
spectral purity of from 1.6 to 8 i, depending on- detector and
instrument mode. The instrument operated throughout the three
Skylab missions in both the manned and unmanned periods.
Except for brief interruptions of a few days, the data base
covers the period from 1973, day 147 (June 27), to 1974, day
39 (Feb. 8).

The instrument (Figures 2 and 3) consisted of a telescope
employing an off-axis paraboloidal mirror, 2.3-m focal length,
effective area 184 x 184 mm2. . The mirror substrate was Cer-Vit
with a thin iridium coating, gimbal-mounted and servo-driven
in two axes to berform either a mirror auto-faster scan (MAR)
of an area 5.5 arc min x 5 arc min of the solar disc, or a
mirror line scan (MLS) of an area 5.5 arc min x 5 arc sec.

" Alternatively, the mirror remained fixed and the grating was
driven to produce a gratlng auto-scan (GAS), a wavelength scan
in 5497 steps of 0.2 A each from 1350-296 A, in 3.8 minutes.
Stop mode refers to the condition in which both the mirror and
grating were fixed. In all modes the data were generated at

a sampling rate of 24/sec. The instrument observing modes are

described in more detail in section 2.2.
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The solar image was formed at the entrance slit of a near-
normal-incidence, concave grating spectrometer, whose gold-
coated grating was ruled 1800 lines/mm and mounted on a 0.5-m-
diameter Rowland Circle, in a modified Johnson-Onaka configura-
tion [3,4] in which the grating and slits were mounted on the
Rowland Circle and the grating was rotated about a pivot slightly
to one side of its pole. Seven photoelectric detectors were
mounted with their slits along the Rowland Circle, at locations
chosen to receive the wavelengths in the first polychromatic

position, listed in Table 1.

The spectrometer grating was driven by a stepping-motor
and cam assembly and had two references (optical and mechanical),
which stopped the grating at fixed positions when so commanded.
The optical reference used the zero-order light from the grating
with a photodiode in four quadrants and a nulling circuit, and
stopped the grating at the first polychromatic position (see
Table 1). The mechanical reference, consisting of a micro-
switch on the drive system, stopped the grating 104 steps ahead
of the optical reference. It was used primarily for observations
off the solar disc or for setting the grating position during

orbital night.

The spectrometer design provided perfect horlzontal focus
at detector 1 for two grating positions: 450 and 1350 A. With
detector 1 (1.6 & FWHM), image defocus during the wavelength
scan varied from zero to a maximum of 53 um (0.6 A) at 950 A.
The other six detectors, with 4 or 8 A bandpasses, were used

primarily in the mirror raster and mirror line scan modes.

Each photomultiplier detector unit (PDU) consisted of a
detector module holding a two-stage channel electron multiplier,

~-14-



with its electronics, and a high-voltage power supply module
having outputs of 2.4 and 4.0 kV. The detector electronics
transmitted output pulses to the data handling system. One
l6-stage counter was used for each detector, although this

full range was not available in telemetry. For detectors 1, 3,
4, 5, 6, and 7, stages 1-14 (20-2l3 for a maximum count of
16i3Si; were used in telemetry. For detector 2, stages 2-14
(27-2

sent to the intensity data display for detector 1 or 3 on the

for a maximum count of 16,382) were used. The count

ATM control and display panel, which was observed by the crew,
used all 16 stages (20—215
At times during a solar flare the crew reported seeing counts

for a maximum count of 65,535).

approaching this value. In such instances, the 14 stages that
were,monitoied for telemetry every 0.041 sec filled up and
spilled over, so that the count suddenly dropped to a much lower
value. For detector 2, viewing H Ly o in the polychromatic
mode, the lowest bit of 21 rather than 20 was chosen because of
the relative high intensity of the line. In addition, as noted
in Table 1, the detector slit was equipped with an attenuator,
which reduced the count by a factor of 25.

The instrument was equipped with an aperture door that
opened and closed automatically at orbital sunrise and sunset,
an active thermal control system with makeup heaters to main-
tain instrument temperature at 70°+ 2°F, and a system of heat-
rejection mirrors to dispose of all sunlight other than the
portion (5 arc sec square) passing through the spectrometer

entrance slit.

2.2 Experiment Observing Modes

During the SL 2, SL 3, and SL 4 manned missions, the
experiment was operated by an astronaut at the ATM control
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panel during the crew work day (manned), and by ground command
from Houston during crew sleep or rest periods (unattended).

In the interval between the SL 2 and SL 3 missions, and between
the SL 3 and SL 4 missions, when no crewmen were in orbit, the
instrument was operated 16 hours per day by remote command from

Houston (unmanned).
The prinicpal functional modes were:

2.2.1 Mirror raster scan (MAR and M3R). In the mirror
auto-raster (MAR) mode and the mirror three-raster (M3R) mode,

the mirror was driven in a raster scan of 60 lines, 5.5 arc min
in length and separated by 5 arc sec (see Figure 4). (M3R is
the same as MAR except that the mirror stopped automatically at
the stow position after the thifd raster.) The spectrometer
gratin§ was stationary and data were obtained simultaneously at
as many as 7 wavelengths, as listed in Table 1. A number of
additional polychromatic combinations were possible at other
grating positions. Theré:&32 data points on each raster line,
représenting a épatial sample 5 arc sec high x 7.5 arc sec
wide, which is the area that the spectrometer slit swept in

the 0.04l1l-sec integration time of the counters. All of the

132 data points are separated from one another by 2.5 arc sec.
At the end of each line the turnaround causes the first three
data points to be crowded'together. Because of this crowding,
the data points on odd-numbered lines in each case are slightly
misaligned with those on the even-numbered lines, although the
data points on all even lines and on all odd lines are exactly
aligned. When the grey-scale pictures were generated on micro-
fiche, the first and last 6 data points were discarded, leaving
120 data points arranged symmetrically along each line for a
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Table 1. Bandpasses and nominal wavelengths of the EUV detectors and solar lines
to be observed in the first and second .polychromatic positions.

Detector Nominal Nominal location
number bandpass of slit center in
(i) first polychromatic

position, A(R)

Solar line in

first polychromatic
position, A (A)

Solar line in
second polychrgmatic
position, A(A)

1 . 1335.7
2% 8.3 ©1219.0
3 . 1031.9
4 4.0 977.8
5 8.3 896.0
6 4.0 625.3
7 4.0 - 554.6

C 1I

HI (Ly a)
0 VI

C III

H Ly cont.
Mg X

1335.7

1215.7

1031.9
977.0
896
625.3
553.3
554.1

554.5
555.3

HI (Ly @) 1215.7
HI (Ly B) 1025.7
HI (Ly Y) 972.5
H Ly cont. 890

*An attenuator mounted in front of exit slit 2 reduces the flux seen by this

detector by a factor of 25.



distance of 5 arc min. (Note the ragged edge in the picture,
Figure 30, caused by misalignment of adjacent lines.) However,
all 132 data points are retained on the SUT. The step numbers
along each line, numbered 1 to 60, are the slit positions that
the crew could choose for coalignment (while not rastering) by
operating a switch on the ATM control and display panel. The
capability of stepping along the raster line was employed in
 2-1imb and 4-limb coalignments, and in miniraster (JOP-1E).

The 60 positions along the line are 5 arc sec apart. The nomi-
nal center of the raster pattern is at the midpoint of the 132
data points, or halfway between data points 66 and 67. The mid-
point of the 60 steps is offset from this pattern by a small

amount.

" The grating could be positioned automatically at the poly-
chromatic position by the crew or from the ground by commanding
it to optical reference. To put the grating at any other posi-
tion, the astronaut drove it near the desired location and
single-stepped the rest of the way, using a display of intensity
of detector.l (or alternatively detector 3) and a display of
step number. Thus any wavelength in the range 1350 to 296 R
could be observed with detector 1 and the signal optimized by
moving the grating in single steps. In unmanned and unattended
operations, the grating was positioned accurately at any step
other than the reference by sending ground commands for a set
time interval to produce increments of 100, 50, 10, and 1 steps.

As mentioned above, Table 1 lists the wavelengths observed
by each detector in the first and second polychromatic positions.
The first polychromatic position, with the grating at optical
reference, produced the wavelengths at the center of each slit,
listed in the third column of the table. As shown in the

-19-



second column, the slit widths were wide enough so that the
solar lines listed in the fourth column were unambiguously
located within the slit but were not centered on the slit.

In the second polychromatic position, the grating was moved 28
steps from optical reference, and the solar lines in the last
column were located within the slits, but again were not neces-
sarily centered on the slit. Figure 3.23 of the S055 Experiment
Handbook gives the locations of the line centers relative to

slit centers.

In addition to the first and second polychromatic combina-
tions listed in Table 1, there were a large number of additional
combinations at grating positions other than optical reference
and 28 steps from optical reference. Table 2 lists the most
significant combinations for all seven detectors and all grat-
ing positions (including optical reference and 28 steps from
optical reference). The first two columns of the table list
the grating positions from mechanical reference (MR) and from
optical reference (OR). The separation between MR and OR is
104 steps (see Figure 5). The key to abbreviations used appears
at the head of Table 2.

The symbol !, used in Table 2, indicates that the listed
wavelength falls on the indicated detector slit, in spite of
scan-to-scan variations in the relation of step-number to
wavelength at positions other than optical reference. This
anomaly-- the scan-to-scan variations -- was called the "rubber
cam effect" and was observed during prelaunch instrument cali-
bration and during the mission. Investigations were undertaken
by Ball Brothers [5], Huber [6], and, more recently, by Vernazza
[71.
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KEY TO ABBREVIATIONS

GUARANTEED TO BE ON RESPECTIVE DETECTOR
INDICATES THAT LINE IS BLEND OF SEVERAL COMPONENTS
INDICATES GRATING POSITION BELONGING TO CALIBRATION SEQUENCE
CONTINUUM

N TE DO S %

ALPHA
BETA
DELTA

GAMMA

W WING
WAVELENGTH IN PARENTHESIS( ):SENSITIVITY OF INSTRUMENT
IS TOO LOW FOR PHOTON COUNTS TO BE RECORDED, SIGNAL DUE TO

STRAYLIGHT ONLY

EPSILON

SECOND ORDER

Table 2.

Combinations, step numbers, and
nominal wavelengths for seven EUV detectors, observed

over the full range of grating positions. - -

) INDICATES CONTINUATION TO NEXT LINE

GRATING STEP ' WAVELENGTH OF SOLAR EMISSTON LINE
NUMBER DETECTOR NUMBER

MR OR 2 4 6
0104 0000#| cII  1335.7! HILA 1215.7! OVI  1031.9! CIII 977.0' HLC 896 ! MGX 625.3) OIV  554.41%
0111 0007 | CII  1334.5! HILA 1215.7! OVI  1031.9! CIII 977.0! HLC 895 ! MGX 625.3! OIV  554.4 *
0132 0028 | cI 1329.1 HILA 1215.7! HILB 1025.7! HILG 972.5! HLC 890 ! 621 ALXI  550.0 *
0184 0080 1319 1202 1016 961 HLC 880 MGX 609.9! HEI  537.0!%
0189 0085 | ¢ 1318 ! 1201 1015 960 609 HEI  537.0 *
6232 0128 SIII 1309.3 SIII 1190.4! 1006 951 HLC 870 ! OIII 599.6! O0III 525.8 *
0232 0128) SIIT 1194.1' '
0238 0134 1308 STIT 1190.4! 1004 HILD 949.7! HLC 867 ! OITT 599.6 OIII  525.8!%
0238 0134) SIII 1194.1!
0250 0146 | o1 1305 * 1188 1002 947 HLC 866 ! 596 OIII 525.8 *
0266 0162# | oI 1302.2 1185 SIXII (gp9s.6: SVI  944.5' HLC 863 ! 592 SIXII 521.1'*
0304 0200# 1294 CIII 1175.7'*% NIII  991.0! HILE 937.8 HLC 853 ! HEI  584.3! 512 *
0327 0223 |oII2 1288.4 CIII 1175.7 * 986 931 HLC 849 ! OII  580.4! 507 *
0367 0263 1280 1164 CIII  977.0! NIV 923.1!' HLC 841 ! NEV 572.3 SIXIT 499.3'%*
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Ball Brothers made tests and studies using the flight
spare spectrometer, which exhibited the same anomaly. They
concluded that variations, which have a magnitude of + 1 to
+ 5 steps, resulted from a bent shaft in the gear train of the
grating drive. 'This particular shaft rotated 5.875 times in
1 complete scan. Over 8 scans, this shaft therefore had an
integral number (47) of revolutions. Hence expected to have 8
wavelength scans, each with its own individual charactefistics,
repeating themselves continuously throughout the mission.

In Huber's investigations, statistical data were gathered,
from the flight instrument each day during the mission, and were
analyzed from wavelength scans of detectors 1 and 2, with the
computer program for UV profile analysis (PROAT). In addition,
data from all detectors were gathered during Calroc and cali-
bration sequences with the procedures of JOP 12F, Building
Block 26. The existence of an 8-scan period was verified, and
a procedure for correcting'variations in the correspondence of
step number to wavelength was developed.

‘Vernazza's investigations, which are continuing, use the
final data and have verified the existence of an 8-scan periodi-
city, although a l17-scan periodicity provides a slightly better
fit. Evidence has also been found of variations in the location
of optical reference. A modified approach to correcting for
the anomaly has been deveioped and compared with Huber's method.

The exit slit widths of the individual detectors varied
from 1.6 R (144 ym) for detector 1, to 4.0 R (360 um) for
detectors 3, 4, 6, and 7, and to 8.0 i (750 pym) for detectors
2 and 5. Since the nominal position of the line center usually
does not fall at the center of the exit slit, there are some
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cases (not marked !) in which the variation in the correspon-
dence of stepnumber to wavelength, although small with respect
to the width of the slit, is significant and could cause the !
line to fall outside if the nominal position is near the edge
of the slit. There are other cases in which the line always
falls within the slit area, regardless of variations in the
correspoﬁdence of stepnumber to wavelength. These cases are

marked !

MAR and M3R were the principal mirror raster modes. How-
ever, additional modes, variations of MAR and M3R and less fre-
quently used, are MINI-MAR (JOP IE), maxi-raster (JOP 253),
and super-raster (JOP 25B). (See section 3.5 for a description
of Building Block and Joint Observing Programs.)

MINI-MAR is either a manually constructed raster as
in JOP IE, or a truncated raster.

Maxi-raster comprises four rasters, performed in sequence.
After each raster the ATM pointing is changed by 270 arc sec
to produce a square pattern of four rasters whose centers
describe a square 270 arc sec x 270 arc sec.

Super-raster comprises a series of 45 rasters covering
the entire solar disc. Their centers are separated by 290 arc

secC.

2.2.2 Mirror line scan. The raster scan mode (MAR) is

not suitable for some solar features such as flares, whose
structure changes on a time scale of seconds, because a complete
raster requires 5.5 minutes of time. The experiment was there-
fore provided with an alternative mode, the mirror line scan
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(MLS), in which the mirror scans back and forth on one of the

60 lines in the raster pattern. Any raster line could be chosen
by the astronaut, a one-dimensional scan being obtained of an
area 5.5 arc min long by 5 arc sec side, every 5.5 sec of time,
with 132 data points in each scan.

Mirror line scan of a solar feature was normally performed
on the coalignment line (8, 9, or 10), determined from the last
2-1limb or 4-1limb coalignment (see Pointing Reference Handbook,
section II). The SO082B slit and the Ha 1 reticles were aligned
with this position. However, the position being near the edge
of the raster, at times it was preferable to perform MLS on
line 25, in order to obtain EUV images more nearly centered on
the specific region for which wavelength scans were obtained.
The Ho 2 reticles were aligned with this position and were used
for pointing. This arrangement represented a compromise, since
the center of the S055 raster, line 30, would be at the edge
of the Ha 2 field of view when zoomed in. (For a description
of the Ho telescopes, see sections 3.4 and the Ha Film and Atlas
Guide. ) ' '

2.2.3. Grating wavelength scan. In the grating scan mode
(GAS and G3S) (see Figure 5) the telescope mirror remains station-
ary at one of the 60 lines and one of the 60 steps along the line,
while the grating scans the EUV spectrum from 1350 to 296 i in
3.8 minutes of time, including retrace. Normally, as with MLS
(see above), the mirror was in the coaligned position. Some-
times, however, it was moved to line 25. With samples 0.2 R
apart and a rate of 24 steps per sec, the useful part of the
scan consists of 5270 data points in 3.6 minutes of time at a
rate of 4.9 i/sec. During a Calroc flight or a calibration
sequence, BB26 of JOP 12 was run, and GAS was performed with
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all detectors on initially. Detectors 7 through 3 were then
turned off during the scan by the astronaut at predetermined
grating positions to prevent the intense zero-order image

from striking the detector and possibly affecting its lifetime
or calibration. 1In all other spectral scans only detector 1
(because of its narrow slit and optimum location on the Rowland
Circle) was normally turned on, although detector 2 was also
occasionally turned on in late stages of the mission, since the
zero-order image does not go beyond detector 3.

2.3 Experiment Pointing

This section briefly describes the ATM pointing coordinate
system and coalignment procedures. For a fuller explanation,
consult the Pointing Reference Handbook, and Ho Film and Atlas

Guide, described in section 5.

Figure 6 represents a diagram of the ATM pointing coordi-
. nates superimposed on the solar disc. The ATM roll angle, YRR,
normally expressed in minutes, is measured from solar north.
The clockwise direction is positive. Changes in YRR are accom-
plished by a physical rotation of the ATM canister, which is
mounted in a roll ring. The drive has a ring gear, pinion,
and motor. The roll motion covers a range of 240°.

The two—axis gimbal of the ATM canister was mounted within
the roll ring,_and therefore rotated whenever the roll ring
rotated. The axis of rotation of the roll rihg passed through
the center of the solar disc. If ATM pointing was not sun-
centered, the ATM pointing axis was at an angle to the roll
axis, and the ATM p01nt1ng axis therefore described an arc
on the solar disc as the roll angle changed. To correct for
changes in up/down and'left/right during changes in roll, the
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ATMDC was programmed to automatically adjust Yy and Yy' in
order to permit roll motions about offset positions.

The ATM canister, mounted within the roll ring on a two-
axis gimbal, was rotated about two perpendicular axes by torque
motors to produce changes in Y and'yy. The two rotation axes
illustrated in Figure 6 are Bx and By. Rotations about ?x and
By produce, respectively, changes in Yy and yy. Yy ! referred
to as left/right (L/R), and Yy' referred to as up/down (u/D),
were measured in arc sec. The positive directions are up and
to the right. The range of offset is + 24 arc min (+1440 arc

sec) in both directions. '

The values of YRR appearing in telemetry were calculated
by the on-board computer, using measured roll encoder positions
and data from an on-board star tracker. During the manned
Skylab missions, star-tracker updates were executed by the crew
every few hours and the telemetered YRR values are quite reliable.
Between star-tracker updates, errors in the transmitted YRR
were introduced by gyro drift and roll maneuvers, such as momen-
tum dumps at orbit midnight. During unmanned observations,
and after the failure of the star-tracker on day 361 (27 Dec.
1973), star-tracker updates were not possible and large errors
are present in the telemetered value of YRR* IBM has recalcu-
lated the roll positions and has distributed a listing of "recon-
structed YRR“ for the three manned missions, and a series of
curves for the unmanned intervals, which may be used to correct
the telemetered values of YRR appearing in tbe S055 data.

The values of Yy and Yy appearing in telemetry were deter-

mined from encoders attached to the deviation wedges in the fine
sun sensor (FSS). The fine sun sensor was a nulling device
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which sought sun center, and was biased by motion of the wedges
to produce an offset-pointing error signal. The error signal
was used in the closed-loop servo éystem that controled the DC
torque motors on the two axes (Bx and By) of motion of the ATM
canister. To determine the pointing of the optical axis of the
S055 instrument from Yy and Yy' the offset of SO55 from the FSsS
must be known. The offset was in two parts: the offset be-
tween SO055 and SO082B; and the offset (bias) between SO82B and
the FSS.

The offset between S055 and SO82B was determined by the
offset of the SO55 slit from the coaligned position in the SO055
raster, which was determined in the last 2-1imb or 4-limb
coalignment. If the S055 slit was at some position in the
raster other than the coaligned position, that distance was
the offset from SO82B.

The offset between SO82B and the FSS was given by the
values of NRL BIAS appearing in telemetry. With BIAS IN, the
Yy and Yy appearing to the crew (but not in the telemetry) have
been corrected by the amount of the NRL biases by subtracting
the NRL up/down and left/right biases. With BIAS OUT, the
Yy and y _ appearing to the crew (and in telemetry) are the

raw values of the FSS wedge positions.

The 2-and 4-limb coalignments were performed by the crew
at intervals throughout the mission to determine the NRL biases,
determine the location in the SO055 raster that best aligned the
SO55 slit with the S082B slit, and set the Ha 1 reticles at
this position. In the 4-1limb coalignment procedure, the astro-
naut placed the S082B slit at the limb, using the S082B slit
white-light display on one monitor, the Ha 1 display on the
other. The FSS readings were entered into the ATM digital com-
puter (ATMDC) to determine the NRL biases. The Ha 1 reticle
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was set at the limb, and the SO55 mirror was stepped from line
to line (or along the line) while the signal was observed from
the zero-order detector (with the grating at optical reference)
that indicated when the limb was crossed. At this point the
ATM pointing control was used to slew the pointing on and off
the limb to find a more precise location of the SO55 slit at
the limb, since the 5 x 5 arc/sec slit could be moved only in
5 arc sec increments in the raster pattern. This last position
was then used to calculate the precise S055 offsgts from the
Ho reticles and the S082B slit. The position (line and step)
in the raster pattern is called the coalignment position and
is the position at which the mirror stowed when not rastering

or line scanning.

The 4-l1limb coalignment was repeated at four limbs, 90°
apart. The 2-1imb coalignment was performed at only two limbs,
did not measure the S082B biases, and did not slew the ATM
pointing on and off the limb to refine the position of the
S055 slit. The 2-1limb coalignment was therefore a simpler
pfocedure for measuring changes between SO55, SO082B, and Ha,
but not between these instruments and the FSS.

In Figure 7 we have presented a composite to illustrate
how the pointing information can be used to relate an element
in the rasteér data to the -spectral microfiche data, and to the

location in the Ha atlas photograph.

The figure uses data on DOY 230 (25 August 1973). At
18:55:37 GMT raster data were taken. Without a change in the
pointing, spectra were taken at 19:02:15 following the raster.
The series of illustrations shown in the composite is repeated
on a larger scale individually in Figures 7(a) through 7(qg).
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Figure 7(a) shows a page from the Ha atlas at 19:07:00
GMT. Although the time is later than the raster or the spectral
data in our illustration, the pointing has not changed. The
S055 overlay is superimposed on the atlas page. UP is up,
and RIGHT is right, as in (b), (c), and (d). The SO55 overlay
shows how the raster is oriented with respect to the Ho cross-
hairs. The S055 and SO082B coaligned position is at the inter-
section of the cross hairs. The FSS coordinates are located
from the biases appearing in the Ha atlas data-block and the
two corollary-data microfiche (Figures 7 (f) and V(g). The
biases, y = 56 arc sec, x = 29 arc sec, indicate that the FSS
pointing axis is located 56 arc sec up and 29 arc sec to the
right of the cross-hair intersection.

Figure 7(b) shows how to use the roll overlay, which is
included in the Ha Film and Atlas Guide, to find solar north.
(Caution: do not use the overlay to determine orientation of
the raster.) 1In 7(b) the same Ha frame as in 7(a) is used,
enlarged to the same scale as in the full disc atlas. The roll
overlay is superimposed. This frame does not appear in the
full disc atlas because the pointing is not sun-centered. The
roll overlay does not show the correct orientation of the
raster, because +y in the raster is always up. In the example,
YRR ~ -10795 arc min. The overlay is placed on the Ha photo
with +y pointing up. The.negative roll values are on the inside
of the circle, so that the overlay must be rotated until -10795
on the inside of the circle is aligned with the up axis. We
see that north is in the down direction. The same roll overlay
may also be used to find north on a page in the regular atlas;
but note again (with the caution again) that the raster size

and orientation will not be correct.
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Figure 7(c) shows the four pages from the raster tab

" microfiche, rearranged to spatially reconstruct the raster.
Figure 7(d) shows the grey-scale raster microfiche picture,
oriented to match the Hao pictures and the raster tab microfiche.
Figure 7(e) shows the beginning portion of the spectral tab
data for the scan that started at 19:02:15 GMT. Figure 7 (f)
shows the corollary data pertaining to the spectral data.
Figure 7(g) shows the corollary data pertaining to the raster
data.

In (c), (d), and (g) it can be seen that the grating
position during the raster is 1 step from optical reference.
This is the first polychromatic mode.

" The mirror position during spectral scan is given in (f)
as y = 25.4 and x = 31.5. The decimals should be ignored,
which means that the spectral data were taken at line 25,
position 31. The location of the Ha reticles at the coaligned -
position is pointed out at line 9, position 32 in (c), the
raster tabulation, and in (d), the grey-scale picture. The
coaligned position appears in the'Pointing Reference Handbook,
Table 5, page 26. The last coalignment was at 228:16:30 GMT,
when the science pilot (SPT) performed a 4-limb coalignment.
Position 32 corresponds to position 64 in the raster tab (c)
because there are 120 rather than 60 data samples on each line.
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3. PROGRAM DESCRIPTION

3.1 ATM and SO55 Development

The early studies of ATOM (Astronomical Telescope Orienta-
tion Mounﬁ), which later became ATM (Apollo Telescope Mount)
were conducted in 1965 at the time when the cancellation'of A0SO
(Advanced Orbiting Solar Observatory) was impending. The
experiments and principal investigators were transferred as
a group to the new ATM program, which was being planned as a
manned mission in the Apollo Applications Program.

. The original ATM concept [l1], in which the crew and
experiments were to be in a command service module, was aban-
doned in 1966 in favor of the expanded concept of a manned
space station having teams qf astronauts to wvisit, dock, perform
experiments, and live in orbit for two or more weeks before
returning to earth, leaving the space station in a condition
able to receive the visits of subsequent crews. The orbital
work shop (OWS) was the main area for crew living and working.

Under the "wet workshop" concept, the OWS was a Saturn
IBV stage, used first as a launch vehicle for the space station.
After insertion into orbit the crew would arrive in a CSM
launched on an S IVB, and convert the OWS to a workshop by
draining the remaihing liquid hydrogen, venting, and activating
the equipment stored in closets within the now empty fuel tank.

Under the "dry workshop" scheme, the S IVB stage was com-

pletely equipped on the ground before launch, and the space
station was launched on a two-stage Saturn V. More complex
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equipment and facilities were possible with the enlarged
program. Earth-resources, corollary, and medical experiments
were added to the ATM solar experiments.

In the initial ATM program of 1965, the Harvard College
Observatory was to provide two experiments, SO55A and SO55B,
and an Ha pointing reference telescope. The SO55A instrument,
equipped with a polychromator and a rastering telescope mirror,
. covered the UV spectrum from 500-1350 z.with 10 open photo-
multiplier detectors. The SO55B instrument, equipped with an
Ebert spectrometer and a scanning grating, covered the UV
spectrum from 1400-2250 i with two sealed photomultipliers.

By mid-1967, since NASA had-scheduled a late-1969 launch
for the first ATM, and a reflight was planned, the HCO concept
was revised to provide a single, simpler instrument on the
first ATM: an EUV scanning spectrometer (S083), the so-called
SO55C instrument, with two channel electron multipliers covering
the wavelength region 300-1300 i. The Ha telescope continued
as a separate instrument to be included in both missions, and
development of the A and B instruments continued for the second
ATM.

By mid-1968, however, the first ATM launch date had been
postponed and a second ATM was deleted. The HCO concept then
reverted to SO55A, and work on SO55B and S083 was stopped.
SO55A became a scaﬁning spectrometer with seven detectors,
covering 550 i to 1335 i in the polychromatic mode, and 296 R
to 1350 R in the wavelength-scan mode. Grating single-step
capability provided other polychromatic combinations, and
mirror line scan was added for high temporal resolution. To
satisfy coalignment requirements with S082B, the mirror step
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and mirror line select capabilities were also added.

The Ho telescope had also evolved during this period,
because of its importance in providing ‘a continuous pointing
record on film to all ATM experimenters, and its use as a
pointing telescope by the crew. A backup for the latter
function was added to the complement of telescopes on the
spar, as Ha 2.

In late 1968, remote-command capabilities were added for
the scientific experiments, which made it possible to obtain
hundreds of additional hours of solar observations during
periods of crew sleep and rest, and between the manned missions.

In the Ha program, HCO provided scientific guidance,
filter development, and test program support at the Lockheed
Solar Observatory, Rye Canyon Research Facility, Lockheed
California Corp. The telescopes were constructed by Perkin
Elmer Corporation under a NASA contract.

The SO55A instrument was designed, constructed, and tested
by Ball Brothers Research Corporation [8] in conjunction with
the scientists and engineers of HCO. The spectrometer was built
as a removable subsystem so that it could be tested and cali-
brated separately at HCO. The channel electron photomultiplier
detectors were provided by Bendix Research Corporation. The
high-voltage power supplies were provided by Bendix and EMR
Photoelectric, and the primary mirror by Muffoletto Optical Co.

Two complete instrument systems were built: prototype,

later refurbished to become the flight backup; and a flight
unit. Five spectrometers were built: the engineering model,
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the calibration model, the prototype, the flight model, and the
flight spare. The last was installed in the prototype instru-
ment when it was refurbished to become the flight backup. A
thermal mechanical unit of the instrument was built to test
thermal performance, and became part of the ATM thermal unit.
The prototype instrument was used for qualification: functional

and environmental testing.

Photometric calibration [9] of the flight and flight
spare spectrometers was performed at HCO with a hollow-cathode
artificial UV source and a liquid helium cryosorption-pumped
chamber. The UV functional performance of the instrument was
measured [10] before and after delivery to NASA with a similar

source and a Cassegrain optical system.
3.2 Spacecraft Integration and Test

The flight instrument was delivered to NASA/MSFC 9 July
1971. NASA integration and test operations consisted of instal-
lation and alignment on the ATM spar, checkout, and thermal
vacuum test of ATM in chamber A at JSC in the sun-end-up orien-
tation. After thermal vacuum test in September 1972, the SO055
instrument was subjected to a functional UV-vacuum test in the
sun-end-down configuration in chamber A with an artificial UV
source and a Cassegrain collimating system. This test verified
that instrument sensitivity and detector performance had not
deteriorated since pre-delivery testing.

Integration and checkout of ATM with Skylab was performed
at Kennedy Space Center (KSC) in the operations and checkout
building. A dynamic disturbance test was performed to measure
the effect of ATM camera operations on the SO55 optical align-
ment; no significant disturbance could be detected. Skylab

-46-



was assembled in the vehicle assembly building by stacking the
Apollo Telescope Mount, the multiple docking adapter, and the
orbiting workshop. Skylab was launched 14 May 1973.

3.3 Calibration Rocket Program

The Calroc program [1l] was undertaken to provide reliable
in-flight calibration data of the SO55 instrument, because the
last photometric calibration was performed 2.5 years before
launch, and the last functional test with UV was done 9 months
before launch. The Calroc instrument and SOSSImeasured the
average intensity from a quiet area of the sun within an orbit
or two of each other. The Calroc measured the emission from
a 4 x 4(arc min)2 area lying within the 5.5 x 5(arc min)2 field
of view of SO55. Calroc was photometrically calibrated immedi-
ately before and immediately after flight, and was thus able
to measure changes in sensitivity of SO55 since its last cali-
bration. The region observed was a quiet region free of centers
of activity, filamentary structure, and coronal holes.

The Calroc instrument was flown on a Black Brandt VC
rocket from White Sands, N.M., to a peak altitude of 270 km,
and the scientific payload was recovered. The Calroc package
was equipped with a pointing reference system, which used a
Nikon-F 35 mm camera to photograph the solar image in the slit
jaw mirror at the entrance slit of the spectrometer. Immedi-
ately after recovery the film was developed, and the exact
pointing coordinates were used to verify the coincidence of
ATM and Calroc pointing. ATM observation commenced on the orbit
following the successful rocket launch, and extended over three
orbits.
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Three Calroc flights were attempted. The first, day 155
(4 June 1973), was destroyed by the range officer when the
rocket started to go off course because of high winds and
improper tower setting. The secohd, day 221 (9 August 1973),
was mostly successful. (A failure of one of the two detectors
caused a loss of data below 800 i, although it was possible to
observe second-order data with the remaining detector down to
499 A.) The third flight, day 344 (10 December 1973), was
completely successful and excellent data were obtained from
both detectors over the full wavelength range. '

3.4 Ha Telescope Development

The Ha 1 telescope provided a continuous record of ATM
poiﬂting on film. The two telescopes (Ha 1 and Ho 2) provided
video displays for use by the crew for ATM pointing. Figures
8 and 9 show the Ho 1 and Ha 2 optical schematics. Figure 10
describes the filter's optical characteristics, and Figure 11
illustrates a page from the Ha atlas.

The Ho 1 and Ho 2 telescopes have the same heat rejection
windows, 6.75-inch Cassegrain imaging system, reticle system,
and Fabry-Perot filter package, but the Ha 1 telescope is equip-
ped with both film and video cameras. Thus the Ha 1 telescope
has a beamsplitter, and a different configuration behind the
filter oven in order to accommodate the relay lenses for both
film and video imaging system, and the video zoom lenses.

In the Ho 1 telescope, the field of view on film is 35
arc min. The full solar disc therefore lies entirely within
the field of view when ATM pointing is within 1.5 arc min of
sun center. The field of view on video is variable with the
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zoom lens between 4.4 and 16 arc min. The spatial resolution
is 1.5 arc sec on film and video at maximum zoom magnification.

In the Ho 2 telescope, the field of view of the video
display can be varied, between 7 and 35 arc sec at maximum

zoom magnification.

The reticle system on both telescopes, consisting of a
wire reticle in the Cassegrain focal plain, could be moved over
a range of + 3.5 arc min by the astronaut, from a switch on
the C and D panel. The reticle on Ho 1 was coaligned through-
out the mission with the center of the SO82B slit and the
coaligned position of the S055 raster on line 8, 9, or 10
(see sections 2.2.2, 2.3, and the Pointing Reference Handbook,
sectibn II). The reticle on Ha 2 was coaligned with the Ha 1
reticle during the first Skylab mission (SL 2), and with line
25 of the SO55 raster pattern during SL 3 and SL 4. Both
telescopes were used by the crew in pointing SO55 and the ATM
instruments. Ha 1 was generally used when coalignment between
SO55 and S082B was critical. Ho 2 was used at other times when
it was desired to locate a particular solar feature nearer to

the center of the raster.

One prototype model and one flight model were built of
both the Ha 1 and Ha 2 telescopes, and an engineering model
was built to provide a test unit for evaluation of Fabry-Perot
interferometers at Rye Canyon,California. Filters were tested
in the engineering model of the telescope in sunlight, and also
in a bench-mounted spectrograph, to evaluate uniformity, spectral
drift of bandpass, and transmission profile as a function of
time. A Fabry-Perot interferometer was chosen as both the block~-
ing filter and the narrow-band (0.7 R FWHM) element, because of
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the need for a compact, space-qualified filter package, with
greater transmission than birefringent filters. The Fabry-
Perot filter was considered to be particularly useful in find-
ing flares and observing chromospheric structure. During filter
development there were two major problems: nonuniformities
across the filter aperture, and spectral drift of the center

of the bandpass with time.

Changes in coating procedures and thermal curing made it
possible to provide filters that remained on-band at 6563 R
from the time of acceptance to the completion of SL 4. The
sealed filter oven, thermally controlled, eliminated the pos-
sibly harmful effects of vacuum in outer space. A pulsed dye
laser system at 6563 i was developed at HCO and used to measure
teleécope transmission, filter profiles, and telescope trans-
mission after delivery to NASA, in order to ensure that aging
effects in the filter would remain within tolerance limits
for the projected lifetime of the mission. These tests were
performed at regular intervals during spacecraft integration
and test, at MSFC, JSC, and KSC. The last filter profile was
taken at KSC before ATM was moved to the Vehicle Assembly
building (VAB) for stacking with Skylab.

3.5 Mission Operations

The condensed mission profile is shown in Figure 12.
During the SL 2, SL 3, and SL 4 manned Skylab missions, the
experiment was operated by an astronaut at the ATM control
panel (described in the S055 Experiment Handbook) during
the crew work-day, and by ground command from Houston during
crew sleep or rest periods. Between the Skylab 2 and Skylab 3
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missions, and the Skylab 3 and Skylab 4 missions, when no crew
were in orbit, more limited instrument operations (16 hours per
day by remote command from Houston) were performed.

A series of observations was planned in the year before
launch, so that the six ATM instruments, which had varied
wavelengtﬁ ranges, fields of view, and scientific objective,
would operate at maximum efficiency with a minimum of incom-
patibilities [12]. The Joint Observing Programs .,(JOPs) were
made up of Building Blocks (BBs) which specified the detailed
operations of each ATM experiment. The number of JOPs expanded
from 14 at SL 2 liftoff, to 27 at SL 4 splashdown; they pro-
vided a variety of coordinated observations of, for example,
solar flares, active regions, filaments, chromospheric oscil-
lations, and synoptic observations. Special JOPs were written
during the mission for particular events, such as the advent
of Comet Kohoutek and the solar eclipse of 31 June 1973.

JOPs and BBs were selected each day during Skylab in a
planning session by the ATM experimenters, who used the latest
solar data and predictions provided by the National Oceano-
graphic and Atmospheric Administration (NOAA) and Skylab quick-
look data. The JOP summary sheets, developed during crew train-
ing and simulations, provided the crew with step-by-step pro-
cédures and detailed instructions relating to grating positions,
instrument modes, and detector activation.. The observing
schedule for each day was transmitted the previous night to
the crew by teleprinter, along with the latest report of solar
conditions. Additional instructions were given by voice commu-
nication and in weekly science conferences between one of the
ATM principal investigators and the crew. The crews were given
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observing periods without scheduled operations when they could
exercise their own judgement as to what scientific data to

take.. They were also given freedom to interrupt scheduled
observations so as to take advantage of unexpected solar events.
As the mission progressed, these opportunities were increasingly
effective. “Shopping list" items, for which scheduled time was
provided,'were an additional set of obsérving sequences to be
performed by the astronaut at his descretion.

The ATM Science Room was staffed by the ATM "czar" and
by a NASA flight controller known as ATM Plans, together with
representatives from the five ATM experiments at their respec-
tive consoles. The czar was selected from among the ATM prin-
cipal investigators to act, for a period of up to five days,
as a spokesman and a single voice for ATM as liaison with
Mission Control. His point of contact on the NASA side was
ATM Plans, who was responsible to the ATM experiment officer
in the Mission Control Center across the hall. The czar's
principal duties were to verify the execution of the planned
ATM observations, deal with changes or problems in their
execution, and settle conflicts between individual ATM experi-

ments.

During the manned missions the czars were scheduled on
three eight;hour shifts each day, designed to coincide approxi-
mately with the three shifts of the NASA flight-control :tdams.
The "execute" shift (0800 - 1600 Houston time) covered the
crew work déy when the crew operated ATM from the control and
display panel. The "planning” shift (1600 - 2400 Houston time)
covered the end of the crew workday, and the subsequent unat-
tended operations. The "summary"shift (2400 - 0800 Houston
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time) covered the remaining unattended observations and the
start of the manned observations of the next morning.

The planning chairman, or czar of the planning meeting,
performed a similar duty in each of the daily planning meet-
ings and maintained responsibility for and cognizance of the
planned observing schedule until it was officially accepted
by the ATM experiment officer and transmitted to the crew on
the program approval document (PAD) scheduled for execution
the following day. The summary flight plan, genérated during
the early morning on the summary shift, selected, among other
things, the orbit and blocks of time that would be available
for ATM observations, and formed the basis for the detailed
schedule of ATM observations that was prepared in the after-
noon planning sessions.

The HCO experiﬁent console was staffed by engineers who
maintained contact with that day's HCO duty scientist in the
Mission Control Center or remained on call. The HCO engineers
and scientists were responsible for monitoring the impleﬁen—
tation of the planned scientific program from real-time data
appearing on the console, and for verifying the physical opera-
tion of the instrument. Other engineers in a nearby room
made requests for quick-look data batches after each orbit.
The duty scientist had overall responsibility for the science
or changes in the scheduled observations for the entire day,
and represented HCO in the science planning meeting.

3.6 Instrument Activation, Anomalies and Malfunctions

3.6.1 Orbital activation. It was originally planned

that an astronaut would activate the instrument in a pre-
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planned sequence at the start of ATM operations. During the
Skylab launch, however, the loss of one Skylab solar panel
and the failure of another to deploy in orbit, plus the loss
of the meteoroid heat shield, caused a complete revision of
all activation plans; as a result, turn-on of the instrument
for the first time was made by remote command from the ground.

On day 144 (24 May 1973) the crew powered up the C and
D panels, activated instrument high voltage and the ATM experi-
ment pointing-control system, and released the launch lock on
the SO55 primary mirror. The thermal control system, with its
own separate power bus, was activated by ground command on
day 147 (May 27).

Instrument activation then continued on days 147 and 148
(May 27 and 28) by turning on main power and energizing the
grating drive, mirror raster, and detector high voltages.
Each system's operation was verified before proceeding to the
next. Before high voltage was turned on, pressure in the
spectrometer was measured with a cold-cathode ionization gauge.
The first reading, door closed, on day 147 (May 27) was
6 x 10_5 Torr. The next day, 8 minutes after the door was
opened, pressure was 3 X 10—5 Torr. A few hours later, before
the high voltage was turned on, the pressure was 1 x 10_5 Torr
with the door open. The detectors were first turned on with
ATM pointing off the solar disc, where 0 counts were observed,
as expected; then on the disc, where 30 to 1200 counts per
integration time were observed. Then the first raster and
spectral data were received and evaluated, confirming a com-

pletely satisfactory instrument performance.
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3.6.2 Malfunctions and anomalies. There were three
significant and potentially serious malfunctions of the instru-
ment, yet none had a lasting impact on the qhality of the

scientific data.

Aperture door. Each ATM instrument had its own door,
provided by NASA, located in the ATM heat shield and operated
by a motor-driven lead-screw assembly (Figure 13).

The purpose of the door was to prevent the entry of
contaminants during venting and waste dumps, to prevent loss
of thermal energy at orbit night, and to prevent entry of
solar energy at oblique angles during momentum dumps at high
' beta angles. The door was designed to open and close auto-
matically at orbital sunrise and sunset on a signal from the
ATM digital computer. This automatic operation could be over-
ridden, and the door could also be operated by ground command
or by a switch on the control panel in orbit.

Each door was equipped with a primary and secondary
drive motor on a common shaft. Each motor could be used
separately, or both could be used together if added torque
was needed. On closing, the door -fitted into a ramp-latch
which held it tight against the instrument aperture, a feature
that was required only for ground testing in negative one G,
but was not removed before launch. Each door was also equip-
ped with a pin which, when extracted by an astronaut, disabled
the drive mechanism so that the existing door position could
not be changed.

During prelaunch testing, because of problems with
sticking doors, the mechanisms and controls were redesigned.
Once in orbit, most of the experiment doors malfunctioned at
one time or another, primarily because of friction on the

-60~



—TORQUE MOTORS (2)

JACK SCREW SHAFT
MOTOR LEVER '

=———FELECTRICAL CONNECTOR

CARRIAGE o
| ————DOOR SHAFT

BEARING——

=

T TQw-

CANISTER SUN
SHIELD ASSEMBLY

TAPERED LATCH T APERTURE DOOR

13. Aperture door mechanism.



ramp-latch. The S055 door first malfunctioned in orbit on
day 164 (June 13) at 07:30 GMT when neither the door-open

nor door-closed indication was received at orbit sunrise.
Investigation revealed that the door was just slightly open--
enough to prevent the microswitch from giving the door-closed
signal because it had failed to close completely on the
previous orbit's sunset. The preplanned malfunction ﬁrocedure
was followed by using ground commands during unattended opera-
tions to save crew time, and the door was opened-on one motor.
Automatic door operations were then resumed. The next mal-
function was at 21:40 GMT on day 172 (June 21) (the day before
the crew left Skylab), when the door again failed to close
completely at orbit sunset. Since this was a time of high
beta .angle (67°), it was decided not to inhibit automatic
operations but to leave the door open because momentum dumps
were occurring in sunlight. The malfunction procedure was
again used and the door closed properly.

Between day 164 (June 13) and day'185 (July 4) the door
failed in the same way several times. Each time the malfunc-
tion procedure was used and recovery was accomplished, but the
door-closing; which should have taken 8 to 10 seconds, required
a time up to 53 seconds. Additional testing was done on the
ground, with the ATM flight backup unit at MSFC. Two-motor
operation was considered, but it was feared that the door
would become jammed after having been driven shut by two motors.

During unmanned operations between the second and third
Skylab missions, the automatic door switch was put in the inhi-
bit position and the door was left open during the 16 hours of
experiment'observations each day. This could not be considered
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a satisfactory solution for manned operations because waste
dumps and momentum dumps at high beta angles could occur during
SL 3.

On day 181 (July 30) (the day of partial solar eclipse)
both primary and secondary motors individually malfunctioned,
and two-motor door operation was initiated. Preparations
had already been made for the SL 3 crew to remove the ramp-
latch if necessary on the first extra vehicular activity (EVA)
of SL 3. Two-motor operation continued until day 214 (August 2)
when the door again malfunctioned, and the decision was made
to remove the ramp-latch at the earliest opportunity. During
the first EVA of SL 3, on day 218 (August 6), the crew observed
the door in operation and verified that the failure was caused
by friction against the ramp-latch. The latch was then removed
by taking out two bolts with a 7/16-inch open-end wrench, and
the latch was returned to earth by the crew at the end of SL 3.
The door functioned perfectly for the rest of the mission..

Detector trip-outs. Both the 0S0-2 and 0S0-4 instruments
constructed by HCO experienced electrical failures in orbit,
which were attributed to corona and high-voltage breakdown.
These, and the 0SO-6 instrument, used crossed-field open photo-
multipliers with two-kV power supplies. The power supply in
the 0S0-6 instrument was protected by a current-sensing over-
load protection relay, which turned off the power supply in

the event of arcing.

In the ATM instrument each of the seven high-voltage
power supplies was equipped with a current-sensing circuit
and a relay. Two of the power supplies and all seven detectors
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were built by Bendix Research Laboratories; the remaining
five power supplies were built by EMR Photoelectric.

A block diagram of the trip circuit in the power supply
is shown in Figure 14. Figure 15 is a cutaway schematic of
detector and power supply. The trip circuit operated by
turning off the voltage regulator whenever it sensed a load
current of 2.5 times its nominal value. A 5-volt failure
signal was produced simultaneously, which caused.the remaining
six power supplies to be disabled if they were on and if the
main high-voltage switch on the panel was activated.

The Bendix and EMR power supplies were basically the
same, but significant differences existed. The Bendix trip-
circuit was more sensitive than the EMR. Bendix sensed
current in the transformer secondary; EMR sensed channel
current in the ground return line. The EMR supply was fur-
nished a reset pulse when it was turned on, and it issued a
fail signal during turn-on. This did not affect other EMR
supplies because of their fast rise time (1l/sec), but it
caused Bendix supplies to trip. They were therefore turned

on last in the sequence.

In normal operations the main high wvoltage was acti-
vated, which caused all seven detectors to turn off if a single
one tripped, and caused high voltage to turn on and off with
the door's opening and closing. With main high voltage in
override, only the supply that tripped was turned off, and
high voltage remained on when the door closed.

During prelaunch testing there were several failures
of power supplies and detectors because of corona and mal-~
function of the trip circuits, mostly corrected by changing
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the potting compound and the high-voltage connections, and

by redesigning the trip circuit. High-pressure tests and
corona tests were conducted with the trip circuit disabled.
Pressures of 10_2 Torr were required to induce corona, causing
loss of gain afterwards but not complete failure. During
instrument acceptance tests there were several spurious trip-
outs attributed to corona at the high-voltage terminals of

the power supplies, requiring replacement of detector and
power supply. During ATM thermal-vacuum tests there were trip-
outs caused by 1) a misunderstanding of the.necessary turn-on
sequence, and 2) possible effects of contamination from traces
of argon in the gas being used in the artificial UV source.

At the time of launch there was still a certain amount of _
mystery regarding trip-outs, although very thorough testing
and analysis and been done.

The first trip-out in orbit occurred early in SL 2 on
day 150 (May 30), and trip-outs recurred sporadically through-
out the entire SL 2, 3, and 4 missions. During manned opera-
tions, data loss was insignificant because the crew was alerted
by a red light and immediately reset the detectors. During
unattended and unmanned operations, reset had to wait for a

station pass.

Trip-outs were not caused by pressure, and probably
not by contamination. Spectrometer pressure, measured by a
cold cathode ionization gauge inside the spectrometer, was
always below 1 x 10> Torr with door closed, and 8 X 10”7 Torr
with door open. Investigation of detector data during trip-
outs indicates that detector 5 caused most of them. They
frequently occurred during passage through the South Atlantic
Anomaly or the horns of the electron belts, although correla-

tion with the radiation belts is not sufficiently complete to
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be convincing, and no theoretical model exists. There was no
increase in dark counts while Skylab was passing through the
belts.

At the start of SL 3, the crew put main high voltage in
override, so that if any single detector tripped it would not
turn off the others. Detector 5 tripped frequently, and it
was soon left off for most of SL 3. At the end of SL 3, on
day 264 (Sept. 21) detector 5 was turned off for a two-month
period. No recovery was noticeable at the end of this period,
trip-outs occurring at ever-increasing frequency.

Other trip-outs occurred that did not involve detector 5,
caused by high detector current during flares, or when the
grating zero-order image was mistakenly allowed to be incident
on a detector, causing a high count rate.

On days 251 and 252 (Sept. 8 and 9), a sefies of tests
were performed by the crew on detector 5 to evaluate its
behavior with the protection circuit disabled. 1In the first
sequence, detector 5 was turned on by itself with the trip
circuit in override for four 20-second intervals. Although
the other detectors were off, they registered counts of up
to 225 per sampling period (0.041 sec) during the initial 2.5
seconds of turn-on. Additional bursts of 2 to 25 counts were
also recorded during the 20-second period. In the subsequent
20-second tests, there were only two low-magnitude noise bursts
on the other detectors. 1In all other respects detector 5 oper-
ated normally during the test.

In the second test sequence, detector 5 was turned on
with the trip circuit again in override for several 40-second
periods. Only one noise burst was recorded by the other detectors.
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It was concluded that, although detector 5 operated
normally without the protection circuit, it caused spurious
counts on other detectors and could not be used in this mode.
The test also strongly indicated the existence of arcing on
detector 5, although of very short duration.

The total data loss from trip-outs was not large, but

. in the case of solar flares it was significant. And trip-outs
were certainly bothersome to the crew and ground-support
personnel.

Power transient anomaly. On day 277 (Oct. 4) during
orbit night, unmanned operations, an electrical transient
caused a series of anomalies in the instrument: 1) Detector 6
tripped out and high counts appeared on all other detectors
for 80 to 120 milliseconds. 2) Primary mirror-stow position
changed from line 30 step 31 (center of pattern), to line 0
step 30 (edge of pattern), and continued to stow there until
the crew returned for SL 4. 3) Grating position indication
changed from 0000 to 0001 (first polychromatic position).

At sunrise of the next orbit all functions came back
on and the raster was within the nominal requirements.
Detector 6 was reset by the door-open signal. Later in that
cycle the 1-20—volt monitors briefly read +7.5 and -16 volts
respectively. Ground control noticed that some of the high
voltages were reading 50 to 60 volts low. Detectors 4 and 7
then tripped while pointed at a subnormal solar flare. They
were reset but all high voltage was then commanded off, to
allow time to study the problem. The raster was turned off
and the mirror again stowed incorrectly. The main power OFF
command was sent and verified twice, but power remained on.
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After a study of the aata, it was decided to resume
experiment operations, but from then until the end of SL 4
the instrument power could not be turned off by ground command,
apparently because of a relay failure in the ATM experiment
power-bus. The change in high voltages was apparently caused
by a switch-over from primary to secondary main power supply
during the transient.

When the SL 4 crew activated the experiment they reset
the mirror stow position and all operations were normal from
then on. The origin of the transient is not known.

ATM/Skylab problems. The problems experienced by Skylab
at launch, which produced extremely high temperatures in the
workshop, did not affect the ATM film because it was stored in
the MDA. The Harvard instrument, being photoelectric, could
have operated by ground command if the crew had visited Skylab
only long enough to activate the experiment pointing system
and the ATM power buses, and to unlock thé primary mirror

launch-1lock.

Other problems in ATM had a definite potential for
degrading or terminating experiment data—-taking: The failures
of the charger-battery-regulator module (CBRM) and of the
control moment gyro, part of the attitude control system.
Other problems were star-tracker failure, causing loss of pre-
cise roll-control; failure of the fine sun sensor, requiring
use of the backup; and malfunction of the ATM gimbal actuators.
These problems, potentially disastrous to ATM, were overcome
by mission control and the crew with relatively small loss
of data.
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4. NASA DATA PROCESSING SYSTEMS

During a Skylab pass over a remote site, all data that
were received at the ground station were recorded in raw
form on analog data tapes. At the same time, real-time data
were compressed ahd transmitted to JSC through the NASCOM/GSFC
data network, while being recorded on station ADDT tapes.
. Auxiliary storage and playback (ASAP) data were recorded on
béard Skylab, transmitted to the ground during sﬁation passes,
digitized, recorded on station ADDT tapes along with real-time
data, and then transmitted to JSC after the pass was completed.
The original analog tapes, with data in raw form, were stored
at the remote ground-station sites for possible use later.
The data processed at the remote sites before transmission
to JSC after the pass are referred to as ADDT. At JSC, during
the mission, real-time data were combined with ASAP data to
form a data bank from which the quick-look data were drawn.
ADDT data tapes were to be produced as required to form inclu-
sive batches containing six hours of data. These ADDT tapes
were to be transmitted to MSFC for production of final data
tapes.

As it developed, however, the final data tapes were not
produced until well after the mission. Analog data tapes were
used for all SUT's produced at JSC, and for SUT's produced at
MSFC prior to day 275 (Aug. 22, 1973) because of excessive
noise and dropouts in ADDT data early in the mission. See
section 4.3 for a fuller description of the data systems that
were used at MSFC and JSC to produce final data.
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' The 13 ground stations in the NASA Manned Space Flight
Network that operated during Skylab are given on the summary
flight plan for each day, with the approximate times of the
station passes. The exact times of station contact are recorded
in the console working logs. Because of the constantly changing
ground-trace of Skylab, the stations and the times of station
contacts are different for every orbit.

HCO experiment data were recorded in real time by the
ATM tape recorders for every orbit. During a station pass the
tape recorders were played back at 18 times real time and were
recorded by the ground station. Thus 90 minutes of data
(1 orbit) could be dumped to the ground in 5 minutes.

As previously described, the real-time and dump data
were recorded at the remote site on analog range tapes for
possible later use, and they were also processed for trans-
mission to JSC after the pass.

The flow of data from Skylab to JSC is illustrated in
Figure 16. Real-time data processing is illustrated in
Figure 17. Real-time data were available during Skylab
station passes at the experiment consoles in the ATM Science
Room. The Harvard team staffed a console 24 hours a day during
the SL 2, SL 3, and SL 4 manned missions, and 16 hours a day
during the unmanned intervals between the manned missions. The
console was equipped with a cathode-ray data display (with
copying capability) and the ability to select any data channel
in the Mission Control Center. Data sampling rates were once/
sec for engineering data and once/l5 sec for detector counts,
sufficient only to verify that the experiment was operating
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DATA TRANSMISSION FROM SKYLAB TO JSC
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STATION ADDT TAPES
REAL TIME &
DUMP DATA

DELAYED TIME
TRANSMISSION

SITES

PHYSICAL SHIPMENT

GSFC

REAL TIME

TO JSC

ADDT

FOR ARCHIVE

16. Data transmission from Skylab to JSC.




REAL TIME & QUICK LOOK PROCESSING, JSC

ADDTI—

MISSION DATA
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TIME SHARED
IBM 3707175
QUICK LOOK
GREY DATA 1
SCALE TAB
TAPE TAPE PROAT PRINTED
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17. Real-time and quick-look data processing, JSC.
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as planned and without gross malfunction. Evaluation of
scientific data or detection of subtleties in performance

was not possible from real-time data displays. Limited voice
communication was used primarily to communicate with other
solar experimenters and NASA flight controllers. The room .
next to the ATM Science Room contained the NASA experiment
support team, video recorders, additional console and moni-
toring capabilities, and the keyboard for formulating and
sending remote commands to the experiment.

Any video display (Hao 1 and Ho 2, S052 white-light
coronagraph, SO82B XUV slit, and XUV monitor) appearing on
one of the two on-board monitors could be recorded by the
crew or transmitted to the ground in real time during certain
station passes over the United States. At times, by this
means, ground support personnel could observe and evaluate the
same solar displays that the crew were seeing in performing
their observations. .

4,2 Quick-Look Data

Scientific and engineering data from the experiment (see
Figure 17) were processed by NASA through computers in the
real-time computer complex at JSC within a few hours of every
station pass (see section 1) and stored in the data bank for
approx{mately 24 hours. HCO support personnel selected
15-minute portions of scientific data from every orbit, to be
extracted from the data bank and produced in the following
formats:

1) Tabulated spectral or raster data (referred to as

"tab") on paper and on microfiche.
2) 64-level grey-scale raster pictures on microfiche.

3) Spectral or raster data on magnetic tape, 2 orbits/day.
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The last received further processing by the computer program
for UV profile analysis (PROAT), to evaluate changes in
instrument sensitivity, the correspondence of wavelength to
step number, and spectrometer UV profiles. Data were obtained
on tape for entire orbits during special sequences: Calroc
JOP 12, Building Block 26, and transit of Mercury, for example.

Engineering parameters (temperatures and voltages) and
detector counts were also available in near real-time through
the mission data retrieval system (MDRS) and its terminals in
the Mission Control Center. Specially designed displays and
hard copy formats were available with time intervals and
sampling rates to be specified by the requesting engineer.
This capability was indispensable for investigating malfunc-
tions, as the necessary data were usually available within
one hour of the data dump at a remote site.

4.3 Final Data

Final scientific and engineering data were processed by
NASA and received-at HCO throughout most of 1974, and the first
half of 1975.
The principal final data are:
1) Scientific user tapes: all instrument data other
than housekeeping.
2) Tabulated data (tab) on microfiche.
3) 64-level grey-scale raster pictures and line-scan
data on microfiche.
4) Engineering data tapes: Spacecraft engineering data
and HCO instrument data other than detector counts.
5) Engineering data books: tapes of orbit-by-orbit
instrument modes and operations.
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The scientific user tapes (SUT) of MSFC are identified
by day, batch, and tape number, a batch being 6 hours and
comprising one, two, or three tapes. Those of JSC are identi-
fied by day and tape number. The final scientific microfiche
are produced by running the tapes (backcoated) throﬁgh a CDC
6400 or a Cyber 73 to produce an input tape for the FR80
microfiche machine. The FR80 output is film. From each SUT
there is one film for grey-scale pictures, and another for
tabulated data, including spectral scans, rasters, and mirror
line scans. The FR80 output is the original and is stored in
a warehouse. Copies made from it are used at HCO and NSSDC
for data analysis and photographic reproduction.

Figures 18 and 19 illustrate the data processing systems
used by NASA to extract final SO55 data and convert them into
the formats required by HCO. All microfiche output was pro-
duced at JSC. Scientific user tapes for days 197-202 (July
16-21, 1973) and 234-290 (Aug. 22 - Oct. 17, 1973) were pro-
duced at JSC from analog data. All other SUTs were produced
at MSFC; all-digital data tapes (ADDT) were used after day
275 (Oct. 2, 1973), and analog range tapes prior to day 275.
The analog range tapes were used for the earlier data because
of the excessive drop-outs (both quantity and duration) in
the ADDT. HCO engineering data tapes and other ATM experiment
data were produced from ADDT after day 234 (Aug. 22, 1973) and
from analog range tapes before then.

4.4 Microfiche
The microfiche is available in grey-scale pictures and

tabular format, either in roll form or cut up for use. The
microfiche originals and copies and their locations are listed
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FINAL DATA PROCESSING, MSFC

ANALOG TAPES ADDT TAPES
FROM GSFC FROM JSC
y
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Final data processing, MSFC.
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FINAL DATA PROCESSING, JSC
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Final data processing, JSC.
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in the appendix. The following sections (4.4.1-4.4.10) pre-
sent a description of the microfiche and its formats. The
tab microfiche is illustrated in Figure 20, and the grey-scale
microfiche in Figure 29. Figures 21 through 28, 30 and 31,
illustrate the various microfiche formats in detail.

4.4.1 Raster tab (Figure 21). One tab for each detector
that is on. The tab is in four parts:
Lines 1-30, data samples 1-60

1-30, 61-120
31-60, : 1-60
31-60, 61-120

The first 6 and last 6 data samples on each raster line, which
appear on the SUT, do not appear on the tab. The heading in-
formation indicates the following:
GMT: Doy and time of start of raster.
SO55 RASTER TAB P-1: Page 1 of the 4-page tabulation.
DET 1: Detector number one.
FSSUD 153: ATM fine sun sensor up/down pointing coordinate,
in arc sec, at time of start of raster.
GAMRR-8090: ATM roll coordinate, in arc min, at time of start
of raster.
CYCLE 325: The number of day/night cycles since the last launch.
REF SEL OPT: The grating reference selected at time of start
of the raster.
OPT OUT: The optical reference-bit indication is off.
MECH OUT: The mechanical reference-bit indication is off.
SAMPLE NO. 1: The first of the set of points used to create.
this file is the first data sample belonging to this file.
MODE/MAR: The mode selected at start of the raster is the mirror
auto-raster. '
FSSLR 406: The ATM fine sun sensor left/right coordinate,
arc sec, at time of start of raster.
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GRT POS 1420: The number of steps the grating was moved from
the selected reference at time of start of the
raster.

N 7200: The number of good data samples in the raster.

IBAR 105: The average of the good data samples in the raster.

ISQR 25989: The average of the squares of the good data samples

in the raster.

In Figure 21, the heading runs across the top of the page;
the raster line numbers 1 through 30 run from left to right
under the heading. The data sample numbers 61 through 120
run from bottom to top along the left-hand side of the page.
The remaining 1800 numbers in Figure 21 are the individual
data values for lines 1 through 30 and data samples 61 through
120 along the line. If the detector was off a "-1" is used.
When filled data exist, a "-0" is used. For each data value
there is a leftmost character indicating order of magnitude,
as follows:

value < 999 blank

999< value < 9999 -

value > 9999 =

4.4.2 Line tab (Figure 22). There is one tabulation

for each detector that is on. The tab is in four parts and
contains up to 60 line scans of the mirror:
Page 1 lines 1-60, data samples 1-30

Page 2 lines 1-60 31-60
Page 3 1lines 1-60 61-90
Page 4 lines 1-60 91-120

As in the raster tab, the first 6 and last 6 data samples on

each line scan, which appear on the SUT, do not appear on the
tab. The heading information has thé same meaning as for the
raster tab (see section 4.4.1), except for the following:
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12% 210 293
132 209 290
-0 -0 -9
123 -t -1
-0 -0 -0
108 1% 297
1958 218 129
-0 -0 -0
-0 -0 -0
-¢ -6 -0
131 212 333
N =120 -0
-0 -0
-0 -0
-0 -0
-0 -0
-0 -0
-8 -0
-0 -0
-0 -0
-0 -9
-0 -0
-8 -0
-0 -0
-8 -0

SOSS LINE TAB P-% DET & FSSUD -300 OAMRR -10228
HODF MLS FSSLR

cveLt

322201 102 119 60 BD 70 Y %0 30
30 207 193 1%0 93 72 67 % v 33
317 303700 129 95 70 “O 4w 19 33
250 300 280 129 69 77 80 38 Wl 23
318 208 197 112 107 71 W3 %W 27 3
352 v 249 120 05 87 75 Se 31 33
S5 2680 183 10% 97 78 %O I3 W3 2N
2 303229 1% B0 76 81 38 23 29
351 271 202 113 73 @8 87 w7 M B
8 318 238 137 93 79 “ 29 19
309 287 190 131 85 60 57 I 30 39
339 313238 1% 9l T2 S7 %2 %W I8
Pe3 207 198 1% 09 71 82 w2 2% 2@
313 320233 152 91 T 95 W3 30 28
303 329 IS8 12380 O 0 0 52 M B
3B 208 258 12y ™ ™ 70 38 30 P
B3 203203108 T 62 6! ¥ 30 26
301 282 223 127 71 88 YO 29 W
S92 200 202 113 70 e B2 S M B
330 318 281 110 90 S1 60 39 B B
20 33 21% 113 82 81 32 95 W3 19
23 31924 I&% B0 70 %7 33 29 B
20% 220 180 11t 77 688 B0 27 B M
313 307 220 197 93 82 83 52 w0 37
0 303223 9% BS 70 w8 33 38 2
331 F70 295 152 85 9% 80 Y %W 28
30D 200 ' 119 91 61 S W 31 39
381 307 N0 130 09 B0 %9 W 27 2%
397 320 20% 105 O o0 30 W 30 BB
B0 08 270 117 e B85 W2 W8 3B M
3T 26 212 9% 03 6% 39 31 100 B
33 08208 120 80 73 70 38 BN 20
382 120 100 120 ©09 73 60 %0 203 29
Be2 373 230 1%0 @7 15 S 350 %W 19
3B 037 105 123 00 73 687 %W 27
593 Pe3 218 121 109 S0 30 N6 33 23
- - -0 -0 -0 -0 -0 -0 -0 -0
-t -3 -} -1 % -0 -0 -0 -0 -0
- -0 -0 -0 - -0 -0 -0 -0 -0
370 B9 211 1135 93-3110 GS0-108-%13 290
37 200 191 B87-4%3-313-3:2-038 00=-123
- -¢ - -0 -6 -0 -0 -0 -0 -0
-6 -9 -0 -0 -0 -0 -0 -0 -0 -0
- -8 -0 -0 -0 -2 -0 -0 -0 -0
BE7-%90 185-190 00 373-889 31 339-031
Ie-930 193 821 7-8235 S0D-%13-112-0v1
-2 -0 -8 -0 -0 -0 -0 -0 -0 -0
-2 -0 -0 -0 -0 -0 -0 -0 -0 -O
- -0 -0 -0 -0 -0 -0 -0 -0 -0
-2 -8 -»p -0 -0 -0 -0 -8 -0 -0
- - - - -0 -0 -0 -0 -0 -0
-6 -0 -0 -0 - -0 -0 -0 -0 -0
-0 -9 -0 -8 -¢ -0 -0 -0 -0 -0
-6 -¢ -0 -9 -0 -0 -0 -0 -0 -0
-6 -0 -0 -2 -0 -0 -0 -0 -0 -0
-6 -0 -0 -0 -0 -8 -0 -0 -0 -0
- -0 -0 -0 -6 -0 -0 -0 -0 -0
- - -0 -0 -9 -0 -0 -0 -8 -0
- -0 -0 -0 -0 -0 -0 -0 -0 -0
22. Line tab.
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328 REF SEL: MECH OPT OUT MECH IN

1 N 3101 I8AR 20%! ISOR
93 98 97 98 90 i100 101 102 103 10% 103 108 LO7 108 109 110 111 112 1538 1% 115 1168 117 110 119

17292101

@9

1 -t -1 -1 -1 - -1 -3 -1 -} -0 -G
19 %6 %0 W0 90 e %3 38 32 w9 33 66
30 %D W7 w2 %0 53 6% 30 2 3@ 53 77
25 N6 W7 We 83 31 %S 35 38 %2 63 69
21 a2 62 31 B4 V3 3D 3B e wB ¥ 8D
33 27 % 61 % 4 M 30 N 70 TO 77
3L Wwe %9 W3 80 31 51 4§ 37 38 %9 69
28 w0 %1 w2 47 w0 %S 35 30 33 70 79
N W2 68 W Y8 We 51 32 3% W6 93 &
2 B3 58 52 90 W M 3B 43 Y3 33 69
16 33 %0 31 % W Y1 28 %0 w9 %6 7S
W5 WD 30 3% S0 W 28 %2 %0 w0 71 79
20 38 %1 S8 82 47 S0 M w1 38 e 72
52 %l 35 %Wl WS W0 W0 %I %1 S0 6% T
28 e 62 %9 B0 U7 %220 31 %I W3 Te
2 35 52 62 %6 0 30 %0 35 35 38 0%
W0 %3 %3 66 43 58 38 Y2 20 Y 53 9%
2 57 9 87 38 30 ™ 3 20 38 60 57
20 35 60 93 55 W0 35 37 ui w8 62 78
2 8 %2 W8 41 51 30 S0 N0 e 81 78
2 20 38 T B WO 3D 22 Wl Y6 20 08
%2 %2 42 97 I35 S8 30 37 %7 w9 w0 69
28 %7 %9 61 We 38 %l 32 38 38 WO 77
M % 52 38 33 VS B Wl W W 87 72
21 We %l 48 B0 %7 30 51 28 wi % 85
T B2 W7 %S %8 WS N3 30 42 W7 S8 79
2 S 9 39 S 39 Y3 32 33 w0 %6 72
31D 58 30 4O 3B 38 Y0 9 33 T 79
ToWB 8T w9 B 52 35 57 N w8 47 T3
W S8 91 M8 38 W8 55 W N %0 %9 8
12 %S %5 9 W W2 35 3B 53 3 % R
| 30 S1 W I N7 20 % W3 W 8T @2
To %7 50 49 31 W0 31 W0 w0 H 52 61
38 N8 IB-01% Sh 57 Wl WS 33 Se 38 91
35 %8 %% 9 11S 33 31 32 37 27 67 es
30 % We B2 5 S 51 W 2 37 & W
57 98 83-82% %1 %7 33 w2 33 20 % 17
% -0 -0 -0 -0 -0 -0 -6 -0 -0 -0 -8
9 -0 -0 -0 -0 -0 -0 -6 -0 -0 -0 -P
‘0 -0 0 -0 ~0 -0 -0 -0 -0 -0 -0 -0
30 9%%-823 91 208-290 Y1 100 %33 42-2:0 89
95-B11-27 %3 S3-11% 57 39-107 181 7T1-21%
% -0 -0 6 -0 -0 -0 -0 -0 -0 -3 -D
- -0 -0 -0 -0 <0 -0 -0 -0 -0 -0 -0
0 -0 -0 -8 -0 -0 -0 -0 -D -0 -0 -O
195 S97 29-298-8T% 970-873-210 42-108-112-126
SB-423-220-438 183-208 SO I 893 822-122 3
© -0 0 0 -0 -0 -0 -0 -0 -0 -0 -0
0 -0 0 -0 -0 -0 -0 -0 -0 -0 -0 -0
0 -0 -0 -0 -0 0 -0 -0 -0 -0 -0 -0
© -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0
0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0
¢ -0 -0 -0 -0 -8 -8 -0 -0 -0 -0 -0
0 -0 -0 -0 - <0 -0 -0 -0 -0 -0 -0
0 -0 -0 -0 -0 -0 -0 <0 -0 -0 -0 -0
% 6 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0
% -0 -0 -0 -0 -2 -0 -0 -0 -0 -0 -0
0 -0 -0 6 -0 -0 -0 -0 -0 -€ -0 -0
0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0
0 -0 -0 -0 0 -0 -0 -0 -0 -8 -0 -0



MECH IN: The mechanical reference-bit indication is on, meaning
that the grating is at or near mechanical reference.

GRT POS 1l: The grating is one step from the reference selected
(meéchanical reference).

In Figure 22, where the heading runs across the top of the
page, the data sample numbers 91 through 120 (because this is
page 4) run from left to right under the heading. The mirror Y
position in terms of line number runs aiong the left-hand side

of the page.

4.,4.3 Line scan JBAR/COL tab (Figure 23). This
tabulation using scientific notation consists of the average
of up to 60 data values for each of 7 detectors having the

same position along the line scan, i.e., the average of up
to 60 data samples. The tab is in two parts:
Part 1 data samples 1 -60
Part 2 data samples 61 - 120
The heading information has the same meaning as in section 4.4.1.

In Figure 21, with the heading running across the top
of the page, the detector numbers 1 through 7 run from left to
right under the heading. The data sample numbers 61 through
120 (because this is page 2) run along the left-hand side of
the page under the designation COL (column).

4.4.4 Line scan JBAR/COL plot (Figure 24). This out-
put is a printer plot of each JBAR/COL with respect to the mean
(average of 120 values of JBAR/COL) for each detector. The
abscissae are data samples 1 - 120; the ordinates are ratios
of values of JBAR/COL (tabulated as in Figure 23) to the mean.
The heading information has the same meaning as in section 4.4.1,

with one exception:
MEAN J 1956.5: The average of 120 JBAR/COL values for up to
60 line scans.
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*GMT 168:1%:12117.935 SUS3 LINE SCAN JBAR/COL TAR P-2 FSSUD -308 GAMRR -10228 CYCLE 326 REF SEL: MECH OPT OUT MECH IN
SAMPLE NO. 1 FESLR -390 GRTPOS 1
coL. - DET 1 a 3 L L} L] 7

[ 1) -90000E«02 - 38000E+03 . «4B200E 0% -30050€+0% «BNYIOE 0% - 18000E +0% -82300E+03
a2 -20000£+03 -26900E°03 - 37220c * 0% «32%20E 0% «B7900E +0% « 15%B0E «0" <80100E+03
63 « S4%00E+03 «1710D0€+03 «43180E+0% «38270E 0% -@3080E +0% «1283CE +0% «78100E+03
(] «31500E+03 «28800€+03 - 75820 +0% +S3050E +0% - T7T190E+0% - 12060E +0% .82700E+03
as -SN00E«03 -B80700E+03 « 728S0E+0% - 70000€ «0% BT 30E +0% - 11260E«0% < 10830E 0%
-] «13170E«0% «12270E«0% -93730E+0% «81 100€ +0% BT +0% -1 Tel10E D% - 1 SSH0E «0%
67 - 12080€+0% « 12180E 0% -981 10E+0% «O3330E 0% - 10090€+0% -GU700€-03 -10720€ 204
-] -B4900E+03 «B4SPDE~03 - 95030E «0Y 60710E«0% -Q03T0E «0% - T9700E+03 -71900E+03
89 « 350D0E*D3 -28700E+03 - 78290E+0% - 33070€ o 0% - T2080E +0% -%0800E+03 - B0200€+D3
70 -2%800E+03 - 32700E+03 « 8294 0L +0% - 380S0E «0% -Q3040E +0% .83500E+03 .82900E+08
n -59900€+03 «TTB00E«03 ~ .@FT4OE-0% B5210E+0% -98300E +0% -10330£+0% «0%400E+03
2 .6R200E+03 -87000E+03 +67710E«0%. -BB2YDE ¢ 0% - 11739E+0%3 -9BB00E-03 -B0%00E<DS
73 <4WTwDOE« 03 -52000€+03 - 10809E+09 +4B800E *0% -9B260E +0% - 31800E+0% -49300€+03
Te «HGH00E+D3 « 38%00E«03 «11020£+08 - 378B0E+0% «73000E+0% - 38200E-03 -48700€+03
7 -S4600E+03 -%3700€+03 <GO230E+0% _«23700C 0% 4O300E+CY «31400C+03 - 18800€+03
78 - 1W%00E+03 «16800E+03 - BESNO0E+0% «10100E¢0% - 19730E +0% «S4000E 02 +27800€+03
n - T+000E «02 -28000€ +02 -B80000L+03 «S0200E+03 - GMO0DE+03 - 78000E¢02 -23%00E+03
710 < 12000E 02 - 31%00E*03 «-$0300E+93 - 10300E+03 .81800E+03 -85200E+03 - .27700E+03
79 -82000E +02 -22200E+03 -13800E+03 - 12900E+03 -N0100E+03 « 1%4000E*02 .22300€+03
ao -50000E+03 «S5000E«02 - 12800E+03 -ST800E+03 - TWY00E<03 «2%000E +02 «20200£+03
a1 - S8000E «02 -21000E+02 < 19200E+03 < 17900E+03 «73300E ¢03 -11800£+03 - 10000E+02
82 .80000E+02 +S8000E+32 - 1S800E+03 -38100€+03 «81200E+03 «28000E 02 - 30600E+03
a3 - 19800E+03 - 16900E+03 < 1S700E203 - 15600E+03 .B80800E+03 -32000E+02 - .22600E+03
[ - 24We00E+03 -24800E+03 - 35200E+03 .B6%00E+03 -55100E-02 -33000E«02 -11900E+03
| ] -80000£+01 -17700E+03 «13100E+03 -17200E+03 -65100E+03 - 17800E+03 -27500E+03
[ ] -24000E+03 « 13000€ «02 - 12700E+03 «3I00E*03 «BlG00E~03 +31000C+03 « 11500€+03
a7 -80000E+02 - 14000E+03 «11200E+03 -11000E+03 -51800€+03 « 12000E+03 - 10000€ +D2
(] « SWQ00E«03 «B0000E +01 - 14300E+03 . 11300E+03 «T1700E+03 - 12600E+03 -29800C+03
a9 -800DOE+0} -20000E «02 -98000£+02 «26500E+03 -%5000E-08 <NBR00E-03 910008402
°0 -21000E+02 « 15200E+03 « 30%00€+03 -20%0DE+D3 - 3%000E+03 -70000E+01 - 52200E+03
ol .58000L <02 +20600E+03 «87000£+02 -71000E+02 .29500€+03 «S0000E+D2 . 73200E<08
@ -30000E+01 - 30800E+03 -S8000E+02 . 17300E+03 -S2Q00E+02 -B0000E*D1- «00000E +3°
o3 - 18000E *02 - 53000€ «02 « 38000E+02 -S3100E+03 -WS700E+03 - 11800£+03 «27400E*03
o™ -98000E +02 -31700E+03 . 19000E+02 -43000E+02 . 12100E+02 «22200£+03 - 38000€+02
L] -S8000E+02 - 32000£+02 «12200£+03 -48000L+02 -26500E+03 « 31000€+02 «22200C +03
% - 10000€+01 «SS000E <02 . 16300E+03 «30200€+03 . 12300E+03 - 72000E+02 -80000E*0}
o7 -S0000E+01 «-20800E+03 «S8000E+02 .2S800E+03 ° .10B00E<03 - S8000E «02 +B0D00E *01
98 -40000E*01 -24800E+03 - 10200£+03 -11600E+03 «20800E+03 « 18000E~02 . S8000€-02
Ten «20000€ +02 -%8000E «02 <11700E+03 ° .77000E+02 - Bel00E+03 -22400E+03 . 38000€202
100 - 30000€+01 «31300E+03 « eS00E+D3 «20800E+03 +4N900E+02 -&8000E+02 .80000E+D1
101 -20000€+01 -S3000E <02 -92000£+02 «27300£+03 -2P100E«03 - 32800E+03 -80000E+02
102 -20000E+D1 -S7000€ «02 .@3000€¢02 +42000£ 02 . 17000€+03 -98000E+02 "« 11000E<03
103 -80000E+01 +28700E+03 «B81000E+02 .23800E+03 - 19800€+03 «26400E+03 -56000F «02
10% -16700€+03 -41%00E«03 «28000E+02 -28300E+03 - 18000E+02 -%0000E+01 «13000€+D2
108 «70000E +02 «24100E<03 « 17000E+02 .S0000E+~D2 - 38200£+03 -22100E+03 +30300E *03
108 -42000€+02 - 77000€+02 -23800E+03 .69000E*02 «20300E+03 « 14200E+03 - J1000€ ¢02
107 . 18000E«D2 - 97000€ «02 -23800E+03 «28000E +02 - 18700E+03 « 1%000E 02 -11900E+03
100 - 70000 +02 - 18000€+03 .S8000E+02 +43000£ 02 «S8300E+03 - 20000E+01 ~%1000€ *02
109 -BDODOE+*D1 -24N00€«08 .22100£+03 - 18000E*02 «38000E*02 - LB200E+03 » 10900C+03
110 -B83000E 02 - - 37000€ «02 - 1%300E+03 - @4000E+02 - 1NG00E+02 - 3L000E+02 +30000E+01
11t -20000£+02 -29400E+03 .WWDOOE-02 -22%00E+03 - 32700E+02 -WY700£+03 -20000€+02
na - 33700€+03 - 13000€ <02 «20%00E+03 .25100£+03 «42800E+03 - 30800E+03 « 1 3300E<D3
-22500€+03 -58000=+02 -21800E+03 22100E+03 -20100€+03 -28800€+03 -76000€+02
«10000E+01 -31000E +02 «11200E+03 -2%000E+02 .18100£+03 » 18900E+03 - 18000C +02
- 70000E+01 -52000€ 02 -58000£+02 . 38000€ «02 .26900£+03 - SR000E 02 «22000C+02
- 10000E +01 - 60000E D! - 11300E+03 «13000E+02 +Q92000E «62 -&3000C+02 O.
-11100E+03 +BB000E+02 21700803 - 1S%00E+03 «77000E <02 -88000E +02 -21100E+08
-34T700€+03 « 13000E+02 -80000£+02 .S3000E«02 - 73000E 02 ~28700E+03 O.
-S0000E«01 +%0C00E+0! - LE200E+03 - 12200E+03 <13700E-03 - 1 3800E+03 «21200€+03
+S0000E 01" -%S000E +02 - 1S000E+D2 «13%00E+03 - 18900E+02 -B80400E+03 -23000€+03

23. Line scan JBAR/COL tab.
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378 REF SIt: MECH OPT OUT MECH IN
GR1POS 1 MEAN I
70 (-1} 29

-308 GAMRR -10226 CvCLE

FSSLA -390
50

20 30 w0

SOMT 168:1%:112117.93% S0%% LINE SCAN JUBAR/COL DET S FSSUD

SAMPLE NO.

iéd

20 n “0 L} ] [ ] 9 162
24. Line scan JBAR/COL plot.
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4.4.5 Line scan CHISQ/COL plot (Figure 25). A printer
plot of each CHISQ/COL with respect to the mean (average of
120 values of CHISO/COL) for each detector that is on for up
to 60 line scans. CHISQ/COL (a measure of thedeviation of
JBAR/COL from the expected) is calculated from:

JTEMP - N (JBAR) 2

CHISQ/COL = TBAR
where
J=N
JTEMP = I-]‘-i A.2
j=1
1IN
JBAR = T T A,
j=1

N is the number of lines, with a maximum of 60, used in the file
of line-scan data. The heading information has been explained

above (see sections 5.5.1 - 4.4.4).

4.4.6 Line scan SQI/LINE plot (Figure 26). A printer
plot of each SQI/LINE with respect to the mean (average of up
to 60 values of SQI/LINE) for each detector that is on for up
to 60 line scans. SQI/LINE (the sum of the squares of the
individual intensity values on the line) is calculated from:

120
SQI/LINE = $ A,
j=1

2

The abscissaeare lines 1-60; ordinates are ratios of values of
SQI/LINE to the mean.
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4.4.7 Spectral scan tab (Figure 27). The spectral

scan data are presented in a combination of tabulation and
logarithmic plot. With the heading at the top of the page,
the tabulation is on the left-hand side and the logarithmic
plot is on the right. The header information was explained
in section 4.4.1.

In the tab portion on the left, the grating position
(number of steps from the reference selected) is displayed
along the left-hand side, running from top to bottom in

_increasing values (decreasing wavelength at detector 1).
Only every 24th grating position is displayed, and it is
displayed twice. To the right of each display of grating
position appears the mode (GAS, REF). To the right of the
mode appear 12 values of detector intensity, which correspond
to grating positions )
n, n+1, ..., n+ 11,
where n is the grating position displayed on the left.
Below them are 12 more values of detector intensity corre-
sponding to grating positions '
n+12, n+ 13, ..., n + 23.
To the left of each value of detector intensity a symbol
appears which indicates whether there are five digits, or
less than five, in the value of detector intensity. The
symbol also indicates whether MR is on, OR is on, or neither
is on, as follows:
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ONT B38:13:15%:100°0%! $095 SPECTRAL SCAN DET 1 FSSUD -690 FSSLR -122 OAMRR -5380 CYCLE 290 REF SEL: OP?

ORAT SAMPLE NO. ' ees PLot
POS M 0 1 2 3 . s
28 1 2 3 v 8 e 7 ® 9 W0 u 12 0 0 o ° ° 0
-0 9 0 0 -0 20 20 .8 18 19 18 1 19 °
-0 22 20 21 17 20 21 a1 29 8 1 1B ™

24Te REF 2t 22 @28 17 17 16 17 190 & ¢ 18 18
2eTe REF 20 15 23 1o 22 18 20 12 22 s 2 13
408 REF 21 16 20 1s 10 20 12 1 21 22 a0 13
2498 REF a5 18 22 13 18 1 19 20 ] e te 21
2022 REF 19 13 17 18 12 18 19 23 19 2 18 118
2922 RLF 18 13 20 10 1% 23 13 20 11 2% 10 19
2%86 REf 19 13 13 i1s 18 te 13 12 10 10 e 18

2WMBREF 1@ 12 10 6 11 e % 1% 21 13 9 17
2570REF 12 13 18 15 10 10 12 13 11 18 10 18
BSTOREF S5 I0 118 122 123 12% 99 125 72 N0 29 1%
299 REF ¢ S8 68 682 Tv 95 87 19 & 9 38 13
2% REF 37 S0 24 18 11 13 18 13 10 17 @ ®
2810R6F 10 10 16 12 1% 11 13 1% 18 18 O 11
2BIBREF 12 21 ™ B 21 3@ 3 22 2 18 9 12
2642 REF 7 11 ® ® S 8 @ 9 110 13 8 11
2042 REF 13 O 18 18 10 3 7 4% 1w 11 17 10
2666 REF 18 31 7 10 ® 1% 15 18 13 17 7 12
2668 MEF 10 23 32 S3 6D %2 Yl 49 S w2 18 11
2690 REF 6 18 6 0 s 7 & @ 7 12 12 @
2690 REF ® B 18 W 8 6 e 68 0 w 27
27N REF 25 10 10 10 9 11 11 1S 7 12 10 2
2GMW REF 20 23 12 2% 2 B 3 2 18 17 2@ 1
2158REF 18 B8 15 100 6 @ ® % 3 % 11 e
2738 ReF e 1 6 8 9 13 3 3 s 9 8 10
2ie2fF 13 @ 13 12 5 1 6 2 0 S 71 8
27182 REF 12 7 17 12 2 @ 13 i3 13 10 1w 1l
2706 REF ® 7 s s @ @ s & 8 9 °
216 REF 12 2 9 % w 1 1 71 1 2 3 3
2810 REF 6 1 & & & 3 6 1T 71 2 2 s
2010 REF “ 7 & 8 s ® ® 3 8 8 2 7
285 REF 6 8 % ® % 10 t0 13 17 12 12 n
M REF 108 8 13 4% 8 6 11 8 % 3 3 ®
2088 RLF 7 7 1 e e ®8 ® 1 8 ® s &8
20%0 REF 2 & 8 ® 71 8 s o 1 3 3 @
2082 REF 7 & 6 3 %W ® 2 %W 2 8 & 2
2082 REF S 7 6 & 8 W 8 w w 8 3 10
2908 REF « 2 3 8 2 B8 1 6 3 w % @
2908 ®EF & 7 1 3 e e 122 27 21 18 18 17

27. Spectral scan tab.
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K0253 (MR) K0245 (OR) Value (V) Symbol

0 0 < 9999 blank
0 1 < 9999 z
1 0 < 9999 M
1 1 < 9999 *.
0 0 > 9999 I
0 1 > 9999 Y
1 0 > 9999 N
1 1 > 9999 ?

A "-0" for grating position or value of detector inten-
sity indicates that no data are available, or that all 15
bits = 1. A "-1" indicates that the most significant bit = 1.

In the plot output, each of the 12 samples of detector
output is plotted sequentially, top to bottom, and evenly
spaced with a line drawn between adjacent points. The line
is not drawn across invalid samples. The value plotted is
restricted to a maximum of 60, according to the egquation

X = 610ge(1 + value)
where x = number plotted, and value = detector intensity.
4.4.8 Corollary data (Figure 28). The corollary tab
is a status report of engineering data, sampled once per 5

seconds. With the heading running across the top of the page,
there are 14 columns of data running from left to right, as

follows:
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GMT: Time, samples every 5 seconds.

giﬁgD: ATM fine sun sensor up/down coordinate, in arc sec.
FSSLR, . : i s

GAMX ° ATM fine sun sensor left/right coordinate,  in arc sec.
ROLLRR . . .

GAMRR ° ATM roll coordinate, in arc min.

UDBIA . . . .

GMYBI’ Up/down pointing bias (NRL), in arc sec.

LRBIA . . . . .

GMXBT * Left/right pointing bias (NRL), in arc sec.

MIRR .

KO252° Mirror mode (MAR, M3R, MLS, STP).

GRAT . '

KO256 ° Grating mode (GAS, G3S, REF, SS, STOP).

REFSEL, Grating reference selected (OPT, MECH).

KO254 ° -ng ’

OPTREF .

KO245 ° Optical reference IN or OUT.

MCHREF .

KO253 ° Mechanical reference IN or OUT.

gggggsz Number of grating steps from reference selected.
Y-POS . o : *

G0040° Mirror Y position, line number.

X-POS. Mirror Y position, step number along line.*
Goo41* P ’ P y

* The decimal notation results from the formula used to convert
the output voltage of the transducer on the mirror gimbal to
line number and step number. The value should be truncated to
the nearest whole number.
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GMT 166:33:08:13.%33 HCO $0%5

ony

166:13:009:13.433
166113:108:18.%353
166:13:08:23.433
166:13:08:28.433
166:13:00:33.433

T 166113:1008:38.433

166:13:00:%3.433
1661 13:108:148.433
166:13:08:53.433
166113:00:568.433%
166:13:09:05.433
1662 13:09:08.433
166:13:09:13.433
166:13:109:18.433
166113:09:23.433
166:13:09:28.%33
186:13:09:33.433
166113:09:38.433
166:13:09:43.433
166:)3:09:148.%33
16683:13:109:93.433
166113:09:98.%33
166:13:10:03.%433
1661 13:10:00.433
166:13:10:13.433
166:13:10:18.%33
166:13:10:23.%33
166:13:10:20.433
168:13110:33.433
167:00:00:00.000

F55U0

GAMY

-3
-31
-3717
~377
-517
-337
-377
-&m
-377
-377
-377
- 377
-3717
-3
-3717
-377
-377
-317
-377
-377

~317

-317
-
-3n
-3717
-377
-377
-m
-3

o

FSSLR
GAMX

336
336
336
336
336
336
336
336
336
336
338
336
336
336
336
336
336
336
336
336
3%
336
336
336
336
338
338
338
336

0

28'

5%
55
5%
5%
a5
55
55
55
55

ROLAR UDBLA LROLA

GAMRR GOMYBL OGMXBI

20
a0
23
a0
a0
20
a0
20
20
a0
20
20
20
20
20
20
20
a0
2¢
20
20
20
a0
20
20
20
20
20
20

0

CCROLLARY CATA CYCLE 325

MIRR  GRAT

KD2%2 K0256
stP stop
S1P SI0P
Ste stoP
ste S10P
S1P SToP
stp S10P
StP S10P
sie siop
sSTP STOP
STP stoP
SiP stopP
sIP stoP
SiP S0P
stP stoP
SIP sT0P
STP ' SlOP
StP sToP
siP ST0P
StP stop
sTP stoP
sIP STOP
stp STOP
sIP sioP
stp sToP
STP sToP
SIP stoP
Stp STOP
131 4 sioP
sTP stop
STP STOP
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KO2%%

oP1
oPT
oPT
oPt
oPY
OPT
oPt
ort
oPT
oP1
oPt
ort
oPt
oPt
oPT
oPl
oPY
oPT
oPT
oPt
OPT
oP?
oPt
oPT
oPY
ort
oPY
oP1
oPT

MECH

out
out
out
out
our
out
our
out
ot
our
our
our
out
our
out
ot
oyt
our
ot
out
out
out
out
out
out
ot
out
ol
out
our

Corollary data tab.

our
out
out
out
out
ot
our
out
our
outr
out
aut
out
out
our
our
out
our
out
out
out
out
out
out
oun
our
out
ot
out
our

REESEL OPTREF MCHREF GR1POS Y-POS
K945 K025%3 KG255 GO0

615
619
§18
615
615
6%
615
615
618
61%
615
&5
615
615
615
&61%
615
815
[:11.]
613
815
615
a1y
1%
615
a15
613
e1%
613

0

ARSI R AR R et
QUMW TR T WU TUWTAWT AN NANNT T TSRS T W

X-POS
GOGY!

3.7
3.7
3.5
3.
31.7
3.7
3.7
3.4
3.9
3.5
3.5
3.5
3.%
3.5

Cn.5

31.%
n.7
31.%
3.5
31.%
3.4
31.5
N.w
31.5
3.7
3.y
3.5
3.9
31.3

0.0



4.4.9 Grey-scale microfiche (Figure 29). The grey-
scale microfiche displays variable-density plots of rasters
and mirror line scans for each detector that is on during the
cycle. The heading displays day/night cycle number, calendar
date, and GMT. With the heading at the top of the page, there
are up to 77 grey-scale pictures afranged in a matrix of 11
across from left to right with time increasing, and 7 down,
with detector number increasing from 1 to 7. If a detector
is turned off, the space reserved for its grey-scale picture
is left blank. In the heading, the start and stbp GMTs are
theoretical times of orbit midnight, before and after this
day cycle. The "No." (which is blank in Figure 29) gives
the number of microfiche for the cycle and is blank unless

greater than one.

The raster picture (Figure 30) is made in 64 levels of
grey, and has up to 7200 picture elements, consisting of 60
lines and 120 elements on a line. The lines are 5 arc sec
apart and the elements are in columns 2.5 arc sec apart to
produce a square picture, 5 arc min x 5 arc min. The values
of the 7200 data samples, ranging from 1 to 16,393 (see sec-
tion 2) are divided into 64 grey levels, by the following

equation:
LOGiOI - LOGloIBAR'
LEVEL,_g3 = | DLOG )Iny + MLVL,
where
1 N
I = any one of the 7200 data samples; IBAR = ¢ p) Aij
1l
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_L6_

S055 VARIABLE
D/ OYCLE

DENSITY SL-2 START 158:21:25:00

& JUN 73 sToP  159:22:55:00

29. Grey-scale microfiche.
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Grey-scale raster picture.
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= average of all valid data samples in the raster; DL0OG=0.035,
INT = take integer value and truncate, and MLVL = 32 (midpoint
of 64 grey levels).

The heading information is as explained in section 4.4.1.
With the heading at the top of the picture, the series of
numbers from 1 to 60 indicate location along the raster line
of data samples 1 to 120. Mirror Y position, converted to
line number, appears on the left-hand edge of the picture and
increases from top to bottom (see Figure 4). To the left of
YPOS the letter M indicates mode. The series of 60 letters
A under the M indicates mirror auto-raster (MAR).

The tape containing the 64 levels of grey is generated
on the Cyber 73 from the SUT. The Cyber output tape is input
to the FR80 to produce the images on film, and another tape
is input to produce the tab microfiche.

In some grey-scale pictures, such as the super raster,
a composite has been constructed of the full sun; the midpoint
and the grey levels were held constant over all the rasters
in the series. In others such as limb rasters, IBAR is small
and it was possible to change these values to prevent distor-
tion or to enhance features off the limb. In such cases,
different values for MLVL, IBAR, and DLOG were entered by card,
and the program used them in the above equation to calculate-
the level of each picture element.

4.4.10 Grey-scale line-scan picture (Figure 31).

The mirror line-scan picture was made the same way as the
raster picture. It contains up to 60 lines for a maximum of
7200 data samples, with successive mirror line-scans displaced
vertically. The heading information is explained in sections
4.4.1 and 4.4.9. The letter L on the left-hand edge of the
frame stands for mirror line-scan.
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4.5 Tape Storage

The analog range tapes will be stored at Marshall Space
Flight Center through June 31, 1979, by the Computation Labora-
tory, in a temperature-and humidity-controlled environment.
ADDT tapes are stored only when they fill gaps in the analog
data or the analog tape has been erased. The remaining ADDT
tapes were destroyed during 1975, as the data batches were

processed and accepted by ATM experimenters.

- The FR80 and Earth Resources Interactive Processing
Station (ERIPS) input tapes were stored at Johnson Space
Center for a period of 60 days after their use, and were then
destroyed. New tapes for processing on the FR80 may be gener-
ated at HCO on the CDC 6400 at the Computation Center of the
Smithsonian Astrophysical Observatory and sent to JSC if re-
runs are required. Back-coated tape is required.
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5. SUPPORTING DOCUMENTS

The following supporting documents for this HCO data
handbook have been or are being prepared, available under
separate cover, to supplement the S055 scientific data and
are in their use.

5.1 Mierofiche and Hardcopy Guide

This contains detailed instructions in the use and
interpretation of quick-look and final microfiche (grey-
scale and tab) and printouts. It gives an explanation of
the formats, the differences between negative original, 1lst
generation positive, 2nd generation negative, and 3rd genera-
tion positive.

5.2 Seitentific-User Tape Guide

This gives instructions in the use and interpretation
of the scientific user tapes, and describes their format.

5.3 85055 Mission Log Guide
This provides a description of the SO55 mission log,
and instructions for its use, including a description of

search routines available. The guide will be periodically

updated.
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5.4 Ha Film and Atlas Guide (July 1975)

This gives a description of the Ho atlas and the Ho 1
films. It includes a description of the Ho telescope with
its filter characteristics, a summary of film processing
procedures, instructions for use of the atlas and the full
sun -atlas, instructions for use of the overlays, an explana-
tion of the ATM pointing coordinate system, a summary of
Ho atlas coverage, timeline, anomalies, and criteria for
atlas print selection.

5.5 Hoa Atlas (June 1975)

This includes a continuous series of Ho photographs
from each cycle of Skylab when the Ha 1 telescope was oper- :
-ating, made from original flight films. The prints, size
8 x 8 inches, 16 x 16 (arc min)z, show reticles. Overlays
give the precise location of 5055 and SO82B slits. Frame
selection criteria: 1 print per 15-minute time or each
significant pointing change, at sunrise and at sunset.

Data Block gives pointing coordinates, S052 PES coordinates,
S082 biases, SO55 modes, mirror and grating positions, DOY,
GMT, sun remaining time, and cycle. Bound in volumes 8% x 11
inches. 100 prints each. Full disc atlas, in 2 separate
volumes, has one print with sun centered pointing from each

day when Ha 1 telescope was operating.
5.6 Calibration Handbook

This comprehensive report of S055 calibration includes
spatial resolution, ray trace predictions, telescope focus,
scattered light, and thermally induced variatons in the tele-
scope. Wavelength calibration includes detector UV profiles
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correspondence of wavelength to step number, scan repeata-
bility, detector performance, linearity, changes in instru-
ment sensitivity, dark count. There is also a description of
pre-launch photometric calibration in the laboratory, orbital

calibration, and Calroc results.
5.7 Corollary Data Gutide

Lists and describes all supporting data, scientific
publications derived from data, instrument corollary reports,
NOAA solar data, console log, and missions planning documents.

Periodically updated.
5.8 5065 Experiment Handbook (July 1972)

Gives a detailed description of the instrument hardware,

ground support equipment, and interfaces, with corrections.
5.9 Pointing Reference Handbook (BBRC TN 74-27)

A description of SO55, ATM, and Skylab pointing coordi-
nates and pointing control system; discusses errors and biases,
coalignment procedures, pointing history, and fine sun sensor
drift and roll errors between star tracker updates. Descrip-

tion and use of S052 pointing error sensor data.
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Appendix I

LIST OF FINAL EXPERIMENT DATA

A. SO55 Data

1'

Scientific User Tapes

(SUT)

No.

1 original, back-coated

2 original, standard

Computer-Center copy

Grey-Level Microfiche

Original, roll, positive*

2nd generation, roll,

. 3rd generation, roll,

No. 1 2nd generation,
2 2nd generation,
No. 1 3rd generation,

Tabular Microfiche

negative
positive
cut, negative
cut, negative
cut, positive

Original, roll, negative

2nd generation, roll,
No. 1 2nd generation,
2 2nd generation,

negative
cut, negative
cut, negative

SO55 Digital Mission Log

Original tape
No. copy, tape
copy, tape
Printout
Printout
Printout

No.

WNHNDBE

Engineering Tapes (Compressed User

Tapes, CUT)
Original

Engineering Data Book

*Note:

Tapes
16-mm microfilm
Printouts

Positive has dark letters on clear background. High intensit

is lighter. Negative

is reverse.
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Location

HCO Data Bank
NSSDC

SAQ0 Computer Center

HCO Warehouse
HCO Warehouse
NSSDC

HCO Data Bank
HCO Data Bank
HCO Data Bank

HCO Warehouse
NSSDC

HCO Data Bank
HCO Data Bank

HCO Data Bank
NSSDC

SAO Computer Center

HCO Data Bank
HCO Data Bank
NSSDC

HCO Warehouse

HCO Data Bank
HCO Data Bank
HCO Data Bank



LIST OF FINAL EXPERIMENT DATA (cont.)

Location
7. Data Book Six (S055 and Ha
Engineering Data)
Plots _ HCO Data Bank
Printouts HCO Data Bank
8. Super Raster (I bar constant)
(4 SUTs per set)
No. 1 Original . HCO Data Bank
No. 2 Copy ' NSSDC
No. 3 Copy SAO .Computer Center
Grey-level microfiche:
Original, roll, negative HCO Warehouse
2nd generation, roll, negative HCO Warehouse
3rd generation, roll, positive NSSDC

No. 1 2nd generation, cut, negative HCO Data Bank
No. 2 2nd generation, cut, negative HCO Data Bank
No. 1 3rd generation, cut, positive HCO Data Bank
No. 2 3rd generation, cut, positive HCO Data Bank

B. Calibration Rocket Data

l. Flight Data Tapes

Originals, 2nd and 3rd Calroc HCO Data Bank
2. Scan Tapes
No. 1 Scan tapes (in process) HCO Data Bank
No. 2 Scan tapes (in process) SAO Computer Center
No. 3 Scan tapes (in process) NSSDC

C. Ho Telescope Data

l. Original Film, 35-mm, negative**
SL 2, 1 reel
SL 3, 2 reels HCO Data Bank
SL 4, 2 reels

2. Second Generation Master, 35-mm,
Data Block Decoded, Positive
SL 2, 1 reel (Iimb and disc }

HCO, Harvard Trust
Company

SL 3, 2 reels skip printed)
SL 4, 2 reels

**Note: Negative has dark sun on clear background. Higher intensity
is darker. Positive is reverse.

-112~



LIST OF FINAL EXPERIMENT DATA (cont.)

3. 3rd Generation Copies, Negative

SL 2 1imb, 1 reel, positive, 16-mm A
disc, 1 reel, positive, 16-mm
SL 2 1limb, 1 reel, negative, 35-mm
disc, 1 reel, negative, 35-mm
SL 3 limb, 2 reels, negative, 35-mm
disc, 2 reels, negative, 35-mm
SL 4 1imb, 2 reels, negative, .35-mm
disc, 2 reels, negative, 35—mmJ

4. Contact Copies of Original

SL 4, 2 reels, positive, 35-mm

5. Atlas 2
8 x 8 (arc min)” atlas:
SL 2, 7 volumes
SL 3, 20 volumes
SL 4, 20 volumes

Full sun atlas:
SL 2, 3, 4, in two volumes

6. Video Recordings

TV transmission downlink from Skylab
recorded at JSC (1/2 inch video

tape)
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Location

HCO
NSSDC
Principal Investigator

HCO Data Bank

HCO Data Bank
NSSDC
Principal Investigator

HCO Data Bank



