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1. INTRODUCTION 

T h i s  handbook provides  an i n t r o d u c t o r y  overview of t h e  
data obta ined  from t h e  Harvard experiment on the  Apollo Tele- 

scope Mount (ATM), de f ines  t h e  con ten t s  of the data bank pro- 
duced by t h e  Harvard experiment, and exp la ins  how t o  use t h e m .  
The handbook i s  intended p r i m a r i l y  for  co l l abora t ing  s c i e n t i s t s  
a t  Harvard and a t  o t h e r  i n s t i t u t i o n s ,  and for m e m b e r s  of t h e  
s c i e n t i f i c  community a t  l a r g e  who are a l r eady  familiar wi th  
ATM/Skylab and who p a r t i c i p a t e d  i n  program development and 
mission opera t ions .  

This  handbook also serves as a cover document t o  t h e  
serie-s of d e t a i l e d  documents l i s t e d  i n  sec t ion  5; as such,  it 
provides  a d e s c r i p t i o n  of the  ins t ruments  ( sec t ion  2), a 
summary of the  development program and t h e  launch and f l i g h t  
phases ( s e c t i o n  3 ) ,  and a d e s c r i p t i o n  of t h e  d a t a  p rocess ing  
systems used by NASA to  provide the SO55 d a t a  ( s e c t i o n  4 ) .  

(SO55 is  t h e  number used by NASA t o  i d e n t i f y  the Harvard EUV 

spectrohel iometer .  ) 

Throughout t h e  handbook and suppor t ing  documents, w e  use 
t h e  shortened forms SL 2, SL 3, and SL 4 t o  r e f e r  t o  the first,  
second, and t h i r d  manned Skylab miss ions  respec t ive ly .  Between 
SL 2 and SL 3, and between’ SL 3 and SL 4 ,  there  w e r e  unmanned 
i n t e r v a l s  during which t h e  SO55 experiment continued t o  o p e r a t e .  
SL 1 refers t o  t h e  launch and f . l i g h t  of t h e  o r i g i n a l  unmanned 
Skylab. During the manned missions,  t h e  instrument ope ra t ed  
i n  ei ther o f  t w o  modes: manned, w i th  an as t ronaut  a t  t h e  con- 
t r o l  panel ;  o r  unattended, w i t h  t h e  a s t r o n a u t  c r e w  on board 
b u t  n o t  a t  the panel. 
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To des igna te  t i m e ,  w e  have used day of year  (DOY) and 
Greenwich Mean T i m e  (GMT) throughout. The day, month, and year  
appear  i n  parenthes is  as a convenience t o  the user.  The on- 
board clock and ground-based GMT d i f f e r  s l i g h t l y  because of 
errors i n  the  former. T i m e  updates have been used to  correct 
on-board t i m e  i n  t h e  SO55 date, the  mission logs,  and the  Ha 
at las ,  b u t  t h i s  corrected t i m e  can s t i l l  be inaccurate  by up 
t o  0.25 sec. The handling of  t i m e  i n  the SO55 data i s  described 
i n  more d e t a i l  i n  the  S c i e n t i f i c  User Tape Guide; 

The development program for  the  experiment began a t  the 
Harvard College Observatory i n  1965, and w a s  funded by the  
Marshall  Space F l i g h t  C e n t e r  under contract  NAS' 5-3949, with 
D r .  Leo Goldberg as t h e  P r inc ipa l  Invest igator .  D r .  Edmond 
M. Reeves became Pr inc ipa l  Inves t iga tor  during t h e  phases of 
experiment development and mission operations. D r .  Robert W. 
Noyes became Pr inc ipa l  Inves t iga tor  f o r  the postmission data 
a n a l y s i s .  

The program now called Skylab w a s  o r ig ina l ly  p a r t  of t h e  
Apollo Applicat ions Program. It w a s  conceived as a sequel t o  
t h e  main Apollo program, and would have u s e d  Apollo hardware 
t h a t  w a s  l e f t  over a t  the  end of t he  mission t o  t h e  moon,*such 
as launch vehicles, lunar  modules, and command serv ice  modules. 
An e a r l y  s tudy [l] proposed bui lding a solar-physics payload 
t h a t  would use a modified command and service module (CSM) , 
with the  s o l a r  te lescopes  mounted on a deployable platform within 
t h e  cargo bay 'o f  t h e  se rv ice  module (see sec t ion  3.d). Subsequent 
concepts  of ATM combined it with the orbi ta l  workshop (OWS), i n  
which a modified luna r  module would provide the  work s t a t i o n  and 
c o n t r o l  panel  for the  ATM c r e w .  This concept evolved f r o m  t he  

-2- 



" w e t  workshop" t o  t h e  "dry workshop." I n  t h e  f i r s t  p l an  t h e  
workshop would be t h e  second s t a g e  of a manned Sa tu rn  1 B  launch 
v e h i c l e  and would be f i t t e d  o u t  i n  o r b i t .  A f t e r  reaching o r b i t  
t h e  second-stage hydrogen t ank  would be dra ined ,  vented,  and 
converted i n t o  t h e  workshop by t h e  c r e w .  I n  t h e  second p l a n  
t h e  workshop would be launched by t w o  s t a g e s  of a Sa turn  V 
launch vehic le .  The t h i r d  s t a g e  would be f i t t e d  o u t  on t h e  
ground as t h e  "dry workshop" and would n o t  be needed as a 
booster. The mul t ip l e  docking adapter  (MDA) and . t h e  a i r l o c k  
module ( A M ) ,  wi th  ATM, comprised t h e  o t h e r  main components of 
Skylab as it flew i n  1973 (see Figure 1). The c r e w  would be 

launched sepa ra t e ly  i n  a command service module wi th  t h e  f i r s t  
stage of a Saturn 1 B  launch v e h i c l e  (S-1B). 

A s  t h e  Skylab conf igu ra t ion  w a s  modified, t h e  Harvard 
experiments t o  be flown w e r e  a l so  revised to  maintain compati- 
b i l i t y  with t h e  d e f i n i t i o n s  and launch d a t e s  of t h e  new program. 
The o r i g i n a l  proposal  had t w o  W p h o t o e l e c t r i c  ins t ruments :  a 
short-wave polychromator, 500-1350 A (S055A); and a long-wave 
scanning spectrometer ,  1400-2250 A*(S055B), p lus  an H a  t e l e s c o p e  
equipped with f i lm.  The f i n a l  conf igura t ion  cons i s t ed  of t h e  
SO55 E W  spec t rohe l iometer ,  and t w o  H a  t e lescopes  t o  be used as 
po in t ing  instruments  by t h e  c r e w .  One of these ,  w i th  a f i l m  
camera, provided a record  of ATM po in t ing  throughout t h e  manned 
Skylab missions.  

0 

0 

A c a l i b r a t i o n  rocke t  program (Calroc) was inc luded  as 
p a r t  of t h e  Harvard ATM program when it became e v i d e n t  t h a t  
t h e  l a s t  opportuni ty  t o  photometr ica l ly  c a l i b r a t e  t h e  SO55 
instrument  would be 2.5 y e a r s  before  launch. The Calroc i n s t r u -  
ment updated t h e  ATM c a l i b r a t i o n  by f l y i n g  a rocket  ins t rument  
s i m i l a r  i n  conf igura t ion  t o  t h a t  flown i n  each of t h e . t h r e e  
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manned missions.  The rocke t  payload w a s  photometr ical ly  C a l i -  

b r a t ed  as la te  as p o s s i b l e  before  launch, and a s  soon as poss i -  

l y i n g  wi th in  t h e  f i e ld  of view (5.5 arc sec x 5 arc sec) - of  t h e  x 
SO55 raster i n  a q u i e t  a r e a  on t h e  solar d i s c , w i t h  t h e  sun 
a c t i n g  as . t r a n s f e r  s tandard.  

b l e  a f t e r  recovery; it observed an area 4 arc  =c.x 4 arc sec x 

- 

Although t h e  f i r s t  Calroc f a i l e d  because of an error i n  
o r i e n t i n g  t h e  launch tower, t h e  second and t h i r d  f l i g h t s  (dur ing  
SL 3 and SL 4 r e s p e c t i v e l y )  succeeded i n  producing updated C a l i -  

b r a t i o n  information as planned. 

The primary s c i e n t i f i c  d a t a  f l o w i n g  f r o m t h e  Harvard 
experiments are t h e r e f o r e  t h e  SO55 d a t a ,  t h e  C a l r o c  d a t a ,  and 
t h e  Ha te lescope  ' f i lms .  These d a t a  are s t o r e d  i n  t h e  data bank 
a t  t h e  Harvard College Observatory (HCO) i n  Cambridge, M a s s . ,  
and copies  of t h e  primary d a t a  i t e m s  have been submit ted t o  t h e  
Nat ional  Space Science Data Center (NSSDC) , Greenbelt ,  Md., 
where they are g e n e r a l l y  ava i l ab le .  Engineering d a t a ,  support-  
i ng  d a t a ,  records  of ope ra t ions  dur ing  t h e  mission, c o r o l l a r y  
d a t a ,  and tes t  data are also a v a i l a b l e  a t  HCO b u t  n o t  a t  NSSDC. 
Appendix I l ists  t h e  primary s c i e n t i f i c  data t h a t  are a v a i l a b l e  
a t  NSSDC and a t  HCO. 

Among t h e  support ing documents, described i n  s e c t i o n  5, 
the Microf iche  and Hardcopy Guide prov ides  d e t a i l e d  informat ion  
on t h e  use of grey-scale  p i c t u r e s  and tabular data ( r e f e r r e d  t o  
as " tab")  from t h e  SO55 experiment. The S c i e n t i f i c  'User Tape 
Guide provides  a d e t a i l e d  explana t ion  of formats and t h e  c o n t e n t  
of  t h e  d i g i t a l  s c i e n t i f i c  d a t a  on magnet ic  tape.  The o t h e r  
guides descr ibe  s o m e  p a r t i c u l a r  kind of data, such as t h e  Ha 
A t t a s ;  st i l l  o t h e r s ,  such as t h e  P o i n t i n g  Reference Handbook 
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and t h e  CaZibration Handbook; g ive  s p e c i f i c  background in fo r -  
mation. 

The f i n a l  s c i e n t i f i c  data ( s c i e n t i f i c - u s e r  t a p e s  and 
mic ro f i che )  w e r e  produced by NASA only  af ter  t h e  completion 
of the Skylab missions.  During t h e  mission, however, some data 
r e f e r r e d  t o  as "quick-look" d a t a  w e r e  ava i l ab le  a f te r  every 
o rb i t .  
t h o s e  of the  f i n a l  data, . w e r e  ob ta ined  i n  t h e  f o r h  o f  t a p e s ,  
mic ro f i che ,  and t a b u l a t e d  o u t p u t  from approximately 15 minutes 
of every  o r b i t  (see s e c t i o n  4 ) ,  and w e r e  normally repeated 
w i t h i n  t h e  main body of  the  f i n a l  s c i e n t i f i c  data. 

Quick-look d a t a ,  w i t h  formats s l i g h t l y  d i f f e r e n t  from 

'The f i n a l  s c i e n t i f i c - u s e r  t a p e s  were produced by NASA 

either f r o m  analog range t a p e s  o r  from a l l - d i g i t a l  d a t a  tape  
(ADDT). The  former w e r e  recorded i n  r a w  form a t  the  ground 
s t a t i o n s  ( r e m o t e  sites) of t h e  Manned Space F l i g h t  Network 
(MSFN) and stored dur ing  t h e  Skylab mission, and conta in  a l l  
t h e  data t r a n s m i t t e d  t o  the ground during each pass.  The l a t te r ,  
which i n  p r i n c i p l e  con ta in  a l l  of t h e  data rece ived  a t  t he  remote 
sites, w e r e  produced a t  Johnson Space C e n t e r  ( JSC)  i n  t h e  follow- 
i n g  manner. Immediately af ter  each pass  of Skylab over  t h e  

remote si te,  and a f t e r  the real-time data had been t r ansmi t t ed  
t o  JSC, t he  d a t a  on the  analog t ape  w e r e  processed and t r ans -  
m i t t e d  t o  the  data base a t  JSC. D a t a  batches, conta in ing  6 

hours  of d a t a ,  w e r e  read o u t  f r o m  the data base on to  ADDT t apes ,  
w h i c h  w e r e  then  s e n t  t o  Marshall Space F l igh t  Center (MSFC) for 
use  there i n  making f i n a l  d a t a  tapes .  

The Ha 1 t e l e s c o p e ,  equipped w i t h  both f i l m  and video 
cameras, and the  Ha 2 t e l e scope ,  equipped wi th  a video camera 

-6- 



only,  w e r e  used by t h e  crew t o  p o i n t  ATM and are  descr ibed  
more f u l l y  i n  section 3.4. Both te lescopes  had a reticle i n  
t h e  f o c a l  p lane  which could be ad jus t ed  by t h e  c r e w  t o  coal ign 
t h e  SO55 and ATM o p t i c a l  axes (see s e c t i o n  2 .3 ) .  Operation of 

t h e  Ha.1  t e l e scope  produced f i v e  f l i g h t  f i l m s ,  16,000 frames 
each, o f  which one w a s  from SL 2, t w o  from SL 3,  and two from 
SL 4. Throughout t h e  t h r e e  missions,  s o l a r  photographs w e r e  
taken au tomat ica l ly  during manned opera t ions  a t  rates of 1, 2 , ’  
or 4 frames pe r  minute. S o l a r  photographs c o u l d - a l s o  be taken 
by t h e  a s t r o n a u t  by s h i f t i n g  from t h e  automatic t o  t h e  manual 
mode, i n  which an exposure w a s  made each t i m e  t h e  swi tch  w a s  
pressed.  The f i lms  w e r e  brought back by t h e  crew a t  t h e  end 
o f  each mission. Copies of t h e  f l i g h t  f i lms  and an a t l a s  of 
s e l e c t e d  images a r e  a v a i l a b l e  for  d e t a i l e d  eva lua t ion  of  p r e c i s e  
ATM poin t ing .  The Ha FiZm and A t l a s  Guide desc r ibes  t h e  f i l m s  
and t h e  a t las  i n  d e t a i l .  I n  s e l e c t i n g  t h e  p i c t u r e s  f o r  t h e  
a t las ,  w e  u sua l ly  chose a frame f o r  each s i g n i f i c a n t  p o i n t i n g  
change, one a t  o r b i t  s u n r i s e ,  one a t  o r b i t  sunse t ,  and a t  least 
one f o r  every 15  minutes t i m e .  The a t l a s  conta ins  about  50 
volumes o f  100 p i c t u r e s  each. A page from t h e  a t las  is  shown 
i n  Figure 11. 

The on-board Ha f i l m s  are supplemented by a compi la t ion  
of  ground-based Ha photographs, prepared by the  Nat iona l  
Oceanographic and Atmospheric Adminis t ra t ion (NOAA) 8 covering 
t h e  pe r iod  from 15 May 1973 through 1 8  February 1 9 7 4 .  These 
are available a t  t h e  HCO d a t a  bank i n  a series o f  approximately 
28 r o l l s ,  wi th  1 0  days of Ha photographs on each ro l l .  The 
coverage, from s e v e r a l  d i f f e r e n t  obse rva to r i e s ,  varies from 
75.6% i n  January t o  88.4% i n  September. 

-7- 



I n  a d d i t i o n  t o  t h e  d a t a  r ece ived  from t h e  experiments,  
t h e r e  i s  a s i z a b l e  c o l l e c t i o n  of m a t e r i a l  which was used dur ing  
t h e  o p e r a t i o n a l  phases  of t h e  ATM m i s s i o n .  These o p e r a t i o n a l  
data ' inc lude  the  f l i g h t  p lans ;  solar p red ic t ions  and r e p o r t s  
p repa red  by NOAA; t h e  console  working logs for  every o r b i t  
prepared  by HCO and t h e  engineers  o f  B a l l  Brothers Research 
Corpora t ion  (BBRC), i n  the ATM Science Room a t  t h e  Mission 
Con t ro l  Cen te r  (MCC) , J S C ;  Skylab voice  t r a n s c r i p t s ;  and NASA 

documentation. A s  p a r t  of the mission planning func t ion ,  NOAA 

provided Ha p i c t u r e s ,  magnetograms, Ca K photographs, and 
n e u t r a l  l i n e  diagrams o f  t h e  sun once o r  t w i c e  per  day. 

The SO55 miss ion  log ,  a lso a v a i l a b l e  on tape  or as a 
p r i n t o u t ,  is a complete o rb i t -by -o rb i t  l i s t i n g  of a l l  SO55 
o b s e r v a t i o n s  recorded  throughout t he  manned, unmanned, and 
una t tended  p o r t i o n s  of Skylab. The l o g ,  descr ibed more com- 
p l e t e l y  i n  t h e  SO55 Mission Log Guide, l i s t s  such information 
as t h e  J o i n t  Observing Program ( J O P )  , Building Block (BB) 

( s e c t i o n  3.5) , i n s t rumen t  mode, p o i n t i n g  coord ina tes ,  solar 
target,  the GMT o f  each  observa t ion ,  q u a l i t y  of the data, t a p e  
number, and f i le .  A sea rch  r o u t i n e . i s  a v a i l a b l e ,  which t h e  
i n v e s t i g a t o r  may use  t o  list d a t a  and t o  select  p o r t i o n s  of  
t h e  data acco rd ing  t o  d i f f e r e n t  parameters t h a t  have p a r t i c u l a r  
characteristics i n  common, such as J O P ,  Building Block, o r  solar 
target. 

Engineer ing  d a t a  desc r ib ing  de ta i led  instrument  performance 
are con ta ined  p r i m a r i l y  i n  t h e  Compressed U s e r  Tapes (CUT),  

i n  t h e  form of i n s t rumen t  housekeeping da ta  (vol tages  and tempera- 
t u r e s ) ,  systems data, and data f r o m  other experiments and f r o m  
ATM systems. 'These engineer ing  data w e r e  used by BBRC to  pro- 
duce t h e  ATM Mission Operation Log ( 2  June 1 9 7 5 ) ,  a record of 
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a l l  mode changes and exposure t i m e s  of a l l  ATM experiments. 
The ATM m i s s i o n  ope ra t ion  l o g ,  a v a i l a b l e  on t ape  o r  p r i n t o u t ,  
conta ins  a comprehensive l i s t  of t h e  t i m e s  and condi t ions for 
t h e  data f r o m  a l l  experiments on t h e  ATM, and serves  the  purpose 
of d i r e c t i n g  t h e  d a t a  u s e r  t o  p o s s i b l e  support ing data i n  other 
experiments. 
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2. DESCRIPTION O F  INSTRUMENT 

2 . 1  General 

The,Harvard instrument  [2 ]  ob ta ined  s o l a r  data i n  photo- 
electric d i g i t a l  form i n  t h e  vacuum u l t r a v i o l e t  wavelength 
range 1350-296 A, wi th  s p a t i a l  r e s o l u t i o n  of 5 arc sec and a 
s p e c t r a l  p u r i t y  of  from 1 . 6  t o  8 A, depending o n . d e t e c t o r  and 
instrument  mode. The instrument  opera ted  throughout t h e  t h r e e  
Skylab missions i n  both t h e  manned and unmanned per iods .  
Except f o r  b r i e f  i n t e r r u p t i o n s  of  a f e w  days,  t h e  d a t a  base 
covers t h e  pe r iod  from 1973, day 1 4 7  (June 271, t o  1 9 7 4 ,  day 
39 (Feb. 8 ) .  

0 

0 

The instrument  (Figures  2 a n d ' 3 )  cons is ted  o f  a t e l e scope  
employing an o f f - a x i s  parabolo ida l  m i r r o r ,  2.3-m f o c a l  l e n g t h ,  
e f f e c t i v e  area 184 x 184 mm . . T h e  mirror s u b s t r a t e . w a s  C e r - V i t  

wi th  a t h i n  i r i d i u m  coa t ing ,  gimbal-mounted and servo-driven 

2 

i n  t w o  axes t o  perform e i t h e r  a m i r r o r  au to - r a s t e r  scan (MAR) 

of an area 5.5 arc min x 5 arc min of t h e  s o l a r  d isc ,  or  a 
mirror l i n e  scan (MLS) of  an area 5.5 arc m i n  x 5 arc sec. 
A l t e r n a t i v e l y ,  t h e  mir ror  remained ' .fixed and t h e  g r a t i n g  w a s  
d r iven  t o  produce a g r a t i n g  auto-scan (GAS) , a wavelength scan 
i n  5497 s t e p s  of  0.2 A each, from 1350-296 i, i n  3.8 minutes. 
Stop mode r e f e r s  t o  t h e  cond i t ion  i n  which both t h e  mirror and 
g r a t i n g  w e r e  f ixed .  I n  a l l  modes t h e  d a t a  were genera ted  a t  
a sampling rate of 24/sec. The ins t rument  observing modes are 
descr ibed i n  more d e t a i l  i n  s e c t i o n  2.2.  

0 
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The solar image w a s  formed a t  the  entrance s l i t  of a near- 
normal-incidence, concave g ra t ing  spectrometer, whose gold- 
coated g r a t i n g  w a s  ru l ed  1800 lines/mm and mounted on a 0.5-m- 
diameter Rowland C i r c l e ,  i n  a modified Johnson-Onaka configura- 
t i o n  [3,41 i n  which t h e  gra t ing  and s l i t s  w e r e  mounted on t h e  
Rowland C i r c l e  and t h e  g ra t ing  w a s  rotated about a p ivot  s l i g h t l y  
t o  one side of i t s  pole.  Seven photoelectr ic  de tec tors  w e r e  
mounted with t h e i r  s l i ts  along the  Rowland C i r c l e ,  a t  locations 
chosen to  rece ive  t h e  wavelengths i n  the f i rs t  polychromatic 
p o s i t i o n ,  l i s t ed  i n  Table 1. 

The spectrometer  g r a t i n g  w a s  driven by a stepping-motor 
and cam assembly and had t w o  references ( o p t i c a l  and mechanical) , 
which stopped the  g r a t i n g  a t  f ixed posi t ions when so commanded. 
The o p t i c a l  reference used the  zero-order l i g h t  f r o m  the  gra t ing  
with a photodiode i n  four  quadrants and a nu l l i ng  c i r c u i t ,  and 
stopped the  g r a t i n g  a t  t h e  f i r s t  polychromatic pos i t ion  (see 
T a b l e  1). The mechanical reference,  consis t ing of a micro- 
switch on the  d r i v e  system, stopped the g ra t ing  1 0 4  s t eps  ahead . 
of t h e  o p t i c a l  reference.  I t  w a s  used pr imari ly  f o r  observations 
o f f  the so la r  disc or  for  s e t t i n g  the  grat ing pos i t ion  during 
o r b i t a l  night .  ' 

The spectrometer  design provided per fec t  horizontal  focus 
a t  d e t e c t o r  1 for  two g r a t i n g  pos i t ions :  450 and 1350 A. With 

d e t e c t o r  1 (1.6 FWHM) , image defocus during t h e  wavelength 
scan va r i ed  from zero to a maximum of 53 pm (0 .6  A) a t  950 A. 

The o t h e r  s i x  d e t e c t o r s ,  with 4 o r  8 A bandpasses, w e r e  used 
pr imar i ly  i n  t h e  m i r r o r  raster and mirror l i n e  scan modes. 

0 

0 0 

0 

Each photomult ipl ier  de t ec to r  u n i t  (PDU) consis ted of a 
d e t e c t o r  module holding a two-stage channel e lec t ron  mul t ip l i e r ,  
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with i t s  e l e c t r o n i c s ,  and a high-voltage power supply module 
having o u t p u t s  of  2 .4  and 4.0 kV. The d e t e c t o r  e l e c t r o n i c s  
t r ansmi t t ed  ou tpu t  pu l se s  t o  t h e  d a t a  handling system. One 
16-stage counter  was used f o r  each d e t e c t o r ,  although t h i s  
f u l l  range w a s  n o t  available i n  te lemetry.  For d e t e c t o r s  1, 3, 
4 ,  5 ,  6 ,  and 7, s t a g e s  1-14  ( 2  O - 213 f o r  a m a x i m u m  count  o f  
16,383) w e r e  used i n  te lemetry.  For d e t e c t o r  2 ,  s t a g e s  2-14 
(2'-213 f o r  a maximum count of  16,382) w e r e  used. The count  
s e n t  t o  t h e  i n t e n s i t y  d a t a  d i s p l a y  f o r  de t ec to r  1 or  3 on t h e  
ATM c o n t r o l  and d i sp lay  panel ,  which w a s  observed by t h e  c r e w ,  
used a l l  1 6  s t a g e s  ( 2  - 215 f o r  a maximum count of  65,535) . 
A t  t i m e s  dur ing  a solar f l a r e  t h e  c r e w  reported s e e i n g  counts  
approaching t h i s  value.  I n  such in s t ances ,  the 1 4  stages t h a t  
were*monitored f o r  te lemet ry  every  0.041 sec f i l l e d  up and 
s p i l l e d  over, so t h a t  t h e  count suddenly dropped t o  a much lower 
value.  For d e t e c t o r  2, viewing H Ly a i n  t h e  polychromatic 
mode,, t h e  lowest b i t  of 2 l  r a t h e r  than  2' w a s  chosen because of 
t h e  r e l a t i v e  high i n t e n s i t y  of t h e  l i n e .  I n  add i t ion ,  as noted 
i n  Table 1, t h e  d e t e c t o r  s l i t  w a s  equipped w i t h  an  a t t e n u a t o r ,  
which reduced t h e  count by a f a c t o r  o f  25. . 

The instrument  w a s  equipped wi th  an ape r tu re  door t h a t  
opened and c losed  au tomat ica l ly  a t  o rb i ta l  s u n r i s e  and s u n s e t ,  
an active thermal c o n t r o l  system wi th  makeup hea te r s  t o  main- 
t a i n  instrument  temperature a t  70°+ - 2OF, and a system o f  hea t -  
r e j e c t i o n  mirrors t o  dispose of a l l  s u n l i g h t  o the r  than  t h e  
p o r t i o n  (5  arc sec square) pass ing  through t h e  spectrometen 
en t rance  slit.  

2.2 Experiment Observing Modes 

During t h e  SL 2 ,  SL 3, and SL 4 manned missions., t h e  
experiment w a s  operated by an a s t r o n a u t  a t  t h e  ATM c o n t r o l  
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panel  during the  c r e w  work day (manned) I and by ground command 
from Houston during c r e w  s l e e p  or  rest periods (unattended).  
I n  t h e  i n t e r v a l  between the SL 2 and SL 3 missions, and between 
t h e  SL 3 and SL 4 missions,  when no crewmen were i n  o r b i t ,  the  
instrument  w a s  operated 16 hours pe r  day by remote command from 
Houston (unmanned) . 

The p r i n i c p a l  funct ional  modes were: 

2 .2 .1  Mirror r a s t e r  scan (MAR and M3R) . In  t h e  mirror  
au to - ra s t e r  (MAR) mode and  the mirror three-raster (M3R) mode I 
t h e  m i r r o r  w a s  d r iven  i n  a raster scan of 60 l i n e s ,  5.5 arc min 
i n  length  and separated by 5 arc sec (see Figure 4 ) .  (M3R is 
t h e  s a m e  as MAR except  t h a t  t he  mirror  stopped automatical ly  a t  
the  s t o w  p o s i t i o n  a f t e r  the t h i r d  raster.) The spectrometer 
g r a t i n g  w a s  s t a t i o n a r y  and d a t a  w e r e  obtained simultaneously a t  
as many as 7 wavelengths, as l i s t e d  i n  Table 1. A number of 
a d d i t i o n a l  polychromatic combinations w e r e  possible  a t  o the r  

F g r a t i n g  pos i t i ons .  There/,132 d a t a  points  on each raster l i n e ,  
r ep resen t ing  a s p a t i a l  sample 5 arc sec high x 7 .5  arc sec 
w i d e ,  which i s  t h e  area. t h a t  the  spectrometer s l i t  swept i n  
t h e  0-041-sec i n t e g r a t i o n  t i m e  of t h e  counters. A l l  of  the  
132 d a t a  p o i n t s  are separated f r o m  one another by 2.5 arc sec. 
A t  t h e  end of each l i n e  the turnaround causes t h e  f i r s t  th ree  
data p o i n t s  t o  be crowded'together.  Because of  t h i s  crowding, 
t h e  data p o i n t s  on odd-numbered l i n e s  i n  each case are s l i g h t l y  
misal igned with those  on t h e  even-numbered l i n e s ,  although the 
d a t a  p o i n t s  on a l l  even l i n e s  and on a l l  odd l i n e s  are exac t ly  
a l igned.  When t h e  grey-scale p i c t u r e s  were generated on micro- 
fiche, t h e  f i r s t  and las t  6 data po in t s  were discarded,  leaving 
1 2 0  d a t a  p o i n t s  arranged symmetrically along each l i n e  f o r  a , 

are 
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SOLAR DISK I 
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/- 

SOLAR IMAGE AT 
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132 DATA POINTS 

120 DATA POINTS .I, 
L J  

0.25 ARC MIN 
MAX I MUM 5 A R C  MIN,NOMINAL 

L I N E  60 

0.25 ARC MIN 
MAXIMUM 

\ 
* LINE 59 1 , J 

\ 
\ LINE 58 \ 

5 ARC SEC NOMINAL' 

I 
I 
I 

RIGHT- I 5 ARC SEC SQUARE I 
I 

I ON SELECTED LINE/S 

I 
I 
I I 

I 
I 
I 
I 

AREAS 
(STOWED POSITION 

I L INE 4 

5 ARC MIN 
NOMINAL 

I I L I N E  3 p I J 
I I 
I 
I 

I 
I 

r i  

5 ARC SEC - Lb ENTRANCE SLIT 
+ STEP OF c- 5 ARC SEC 

RASTER NOMINAL 

STEP STEP 

I I 

UP 
60 59 (INSTRUMENT BASE) 

4 .  D i a g r a m  of the p r i m a r y  m i r r o r  raster scan, 
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Table 1. Bandpasses and nominal wavelengths of t h e  E W  detectors and solar l i n e s  
t o  be observed i n  t h e  first and second.polychromatic  p o s i t i o n s .  

I 
P 
00 
I 

Detector Nominal Nominal location S o l a r  l i n e  i n  S o l a r  l i n e  i n  
number bandpass of  s l i t  center i n  f i r s t  polychromatic  second p o l y c h r p a t i c  

f i r s t  polychromatic p o s i t i o n ,  x (A) p o s i t i o n ,  X (A) 6) p o s i t i o n  I x ( A )  

1 1 . 6  1335.7 C I1 1335.7 
2* 8.3 1219.0 H I (Ly a) 1215.7 

3 4.0 1031.9 
4 4.0 977.8 
5 8.3 
6 4.0 

0 V I  1031.9 
C I11 977.0 

896.0 H Ly cont .  896 
625.3 M g  X 625.3 

7 4.0 554.6 

553.3 
554.1 

555.3 
O IV 554.5 

H I (Ly (3) 1215.7 
H I (Ly B )  1025.7 
H I (Ly Y) 972.5 
H Ly cont .  890 

*An at tenuator  mounted i n  f r o n t  o f  e x i t  s l i t  2 reduces t h e  f l u x  seen by t h i s  
d e t e c t o r  by a factor o f  25. 



d i s t a n c e  of 5 arc min. ( N o t e  t h e  ragged edge i n  t h e  p i c t u r e ,  . 
Figure 30, caused by misalignment o f  a d j a c e n t  l ines . )  However, 
a l l  132 d a t a  p o i n t s  are r e t a i n e d  on t h e  SUT. The s t e p  numbers 
along each l i n e ,  numbered 1 t o  60 ,  are t h e  s l i t  p o s i t i o n s  t h a t  
t h e  crew could choose f o r  coalignment (while  not r a s t e r i n g )  by 
opera t ing  a switch on t h e  ATM c o n t r o l  and display panel .  The 
c a p a b i l i t y  of s t epp ing  along t h e  raster l i n e  was employed i n  
2-limb and 4-limb coalignments, and i n  miniraster ( J O P - 1 E ) .  

The 60 p o s i t i o n s  along t h e  l i n e  are 5 arc sec apart .  The nomi- 
n a l  cen te r  of t h e  r a s t e r  p a t t e r n  is  a t  t h e  midpoint o f  t h e  132 
d a t a  p o i n t s ,  o r  halfway between d a t a  p o i n t s  66 and 67. The mid- 
p o i n t  of t h e  60 s t e p s  is o f f s e t  f r o m  t h i s  p a t t e r n  by a s m a l l  
amount . 

The g r a t i n g  could be pos i t i oned  au tomat ica l ly  a t  t h e  poly- 
chromatic p o s i t i o n  by t h e  c r e w  or  from t h e  ground by commanding 
it t o  o p t i c a l  re fe rence .  To p u t  the g r a t i n g  at  any o t h e r  pos i -  
t i o n ,  t h e  a s t r o n a u t  drove it near  t h e  d e s i r e d  loca t ion  and 
s ingle-s tepped t h e  rest of t h e  way, us ing  a d isp lay  of i n t e n s i t y  
of d e t e c t o r  .1 (or a l t e r n a t i v e l y  d e t e c t o r  3) and a d i s p l a y  of  
s t e p  number. Thus any wavelength i n  t h e  range 1350 t o  296 A 

could be observed wi th  d e t e c t o r  1 and t h e  s igna l  opt imized by 
moving t h e  g r a t i n g  i n  s i n g l e  s t eps .  I n  unmanned and unattended 
opera t ions ,  t h e  g r a t i n g  w a s  pos i t ioned  accura te ly  a t  any s t e p  
o t h e r  than t h e  r e fe rence  by sending ground commands for  a set 
t i m e  i n t e r v a l  t o  produce increments of 100, 5 0 ,  1 0 ,  and 1 steps. 

0 

A s  mentioned above, Table 1 lists the wavelengths observed 
by each d e t e c t o r  i n  t h e  f i r s t  and second polychromatic p o s i t i o n s .  
The f i r s t  polychromatic p o s i t i o n ,  with t h e  g ra t ing  a t  o p t i c a l  
re fe rence ,  produced t h e  wavelengths a t  t h e  center  o f  each s l i t ,  
l i s t e d  i n  t h e  t h i r d  column o f  t h e  t a b l e .  As shown i n ,  t h e  
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second column, t h e  s l i t  widths  w e r e  w i d e  enough so t h a t  t h e  
solar  l i n e s  l i s t e d  i n  t h e  f o u r t h  column were unambiguously 
located w i t h i n  t h e  s l i t  b u t  w e r e  n o t  centered o n  the  s l i t .  
I n  t h e  second polychromatic  p o s i t i o n ,  the g r a t i n g  w a s  moved 28 

s t e p s  f r o m  o p t i c a l  r e f e r e n c e ,  and t h e  s o l a r  l i n e s  i n  t h e  l a s t  
column w e r e  located w i t h i n  t h e  s l i ts ,  but  a g a i n  w e r e  n o t  neces- 
s a r i l y  c e n t e r e d  on the  sl i t .  F igure  3.23 of the SO55 Experiment  
Handbook gives the  l o c a t i o n s  of t h e  l i n e  c e n t e r s  relative t o  
s l i t  c e n t e r s .  

I n  a d d i t i o n  t o  the first and second polychromatic combina- 
t i o n s  l i s t ed  i n  Table 1, t h e r e  w e r e  a la rge  number of a d d i t i o n a l  
combinat ions a t  g r a t i n g  p o s i t i o n s  o t h e r  than o p t i c a l  re fe rence  
and  28 s t e p s  f r o m  o p t i c a l  r e fe rence .  Table  2 l ists  the  m o s t  
s i g n i f i c a n t  combinations for a l l  s e v e n  d e t e c t o r s  and a l l  g r a t -  
i n g  p o s i t i o n s  ( i n c l u d i n g  o p t i c a l  reference and 28 s t e p s  from 
opt ical  r e f e r e n c e ) .  The first t w o  columns of  t h e  table  l i s t  
t h e  g r a t i n g  p o s i t i o n s  f r o m  me'chanical re ference  (MR) and f r o m  
o p t i c a l  r e f e r e n c e  (OR) .  The s e p a r a t i o n  between MR and OR is  
104 s t e p s  (see Figure  5 ) .  The key t o  abbrevia t ions  used appears 
a t  t h e  head o f  Table 2. 

The symbol !, used i n  Table 2 ,  i n d i c a t e s  t h a t  t he  l i s t e d  
wavelength f a l l s  on t h e  indicated de tec to r  s l i t ,  i n  s p i t e  of 
scan-to-scan v a r i a t i o n s  i n  t he  r e l a t i o n  of step-number t o  
wavelength a t  p o s i t i o n s  o t h e r  than  o p t i c a l  r e fe rence .  T h i s  
anomaly-- the scan-to-scan v a r i a t i o n s  -- was called the "rubber 
c a m  effect" and w a s  observed dur ing  prelaunch instrument  cali- 
b r a t i o n  and du r ing  the  mission. I n v e s t i g a t i o n s  w e r e  undertaken 
by B a l l  B r o t h e r s  151, Huber [ 6 ] ,  and, more r e c e n t l y ,  by Vernazza 
171 
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Table 2. Combinations, s t e p  numbers, and 
nominal wavelengths f o r  seven EUV de tec to r s ,  observed 

over the f u l l  range of 'g ra t ing  pos i t ions .  . 

KEY TO ABBREVIATIONS 
! GUARANTEED TO BE ON RESPECTIVE DETECTOR 
* INDICATES THAT LINE IS BLEND OF SEVERAL COMPONENTS 
# INDICATES GRATING POSITION BELONGING TO CALIBRATION SEQUENCE 
C CONTINUUM 
A ALPHA 
B BETA 
D DELTA 
E EPSILON 
G GAMMA 
2 SECOND ORDER 
W WING 

IS  TOO LOW FOR PHOTON COUNTS TO BE RECORDED, SIGNAL DUE TO 
STRAYLIGHT ONLY 

WAVELENGTH IN PARENTHESIS ( : SENSITIVITY OF INSTRUMENT 

1 INDIC. 
I GRATING STEP 
Iu 
F NUMBER I MR OR 

0104 OOOO# 
0111 0007 
0132 0028 
0184 0080 

0189 0085 
0232 0128 

0232 0128) 

0238 0134 

0238 0134) 

0250 0146 

0266 0162# 

0304 0200# 
0327 0223 
0367 0263 

'ES CONTINUATION TO NEXT LINE 

WAVELENGTH OF SOLAR EMISSION LINE 
DETECTOR NUMBER 

CII 
CII 
CI 

C 
SI11 

01 

01 

0112 

1335.71 HILA 1215.71 OVI 
1334.51 HILA 1215.7! OVI 
1329.1 HILA 1215.71 HILB 
1319 1202 

1318 ! 1201 
1309.3 SI11 1190.4: 

SI11 1194.1! 

1308 SI11 1190.41 

SI11 1194.11 

1305 * 1188 

1302.2 1185 SIX11 
1294 CIII 1175.7!* NIII 
1288.4 CIII 1175.7 * 
1280 1164 CIII 

1031.9! CIII 977.01 HLC 896 ! MGX 
1031.91 CIII 977.0! HLC 895 ! MGX 
1025.71 HILG 972.5! HLC 890 ! 
1016 961 HLC 880 MGX 
1015 9 60 
1006 951 HLC 870 ! 0111 

1004 HILD 949.71 HLC 867 ! 0111 

1002 94 7 HLC 866 ! 

(,2)398.6! S V I  944.5! HLC 863 ! 

991.0! HILE 937.8 HLC 853 ! HE1 
986 931 HLC 849 1 011 

977.01 NIV 923.11 HLC 841 ! NEV 

625.31 

625.31 

621 
609.9! 

609 
599.6! 

599.6 

596 

592 

584.31 
580.41 

572.3 

OIV 
OIV 
ALXI 
HE1 
HE1 
0111 

0111 

0111 
SIX11 

SIX11 

554.41 * 
554.4 * 
550.0 * 
537.0!* 

537.0 * 
525.8 * 

525.8!* 

525.8 * 
521.1!* 

512 * 
507 * 
499.3!* 



0500 
0506 

0530 
0533 
0551 
0551 
0554 
0570 
0586 
0605 
0621 
0632 
0646 
0698 
0705 

0396 
0402 

042611 
0429 
0442 
0442) 
0455 
0462 
0482 
0501 
0517 

0528 
0542 
0594 
0601 ’ 
061711 
0617) 
0617) 
0630 
0653 
0664 
0664) 
0696 
0696) 
0696) 
0716 
0737 
0766 
0766) 
0772 
0863 

12 5.2 
1251 

1246 
C 1245 ! 

Nv 1242.8 
F E X I I  1242.2 

1240 
Nv 1238.8 
C 1234 ! 
C 1230 ! 

H I L A  W1227 ! O I V 2  

H I L A  W1224 ! O I V 2  

H I L A  W1221 ! O I V 2  

H I L A  W1210.4! 
H I L A  W1209 ! 

SI111 1206.5 

1134 HLD 

1134 HLD 

1129 S V I  

1129 
1126 

1123 
1122 
1117 
1113 
1108.8 
1108.8 
1108.8 
1093 HLC 

1092 
1089 C I I  

HLC 

949.71 

949.7 

944.5! 
942 
939 

HLC 896 ! 

HLC 894 ! 

HLC 888 ! 
HLC 887 ! 

HLC 885 ! 

HLC 

HLC 

HLC 

813 ! 
811: ! 

806 ! 

543 HEC 

542.81 NEIV 

537.01 N E V I I  

537.0! N E V I I  

471 * 
469.8!* 

465.2! * 
465.2 * 
462 * 

* 
459 * 
457 * 
453 * 
449 * 
446 * 
444 * 
441 * 
430.5! 
428 * 
425 * 

* 
* 

422 * 
418 * 
417.6 * 
417.6! 
450 * 

* 
* 

405 * 
410.7!* 
394 * 

N E I V  

H E 1  

H E 1  

533 

937. 
935 
931 
927 
924 

921 
918 
907 ! 
906 
904.21 
903 ! 

HLC 882 ! 
HLC 881 ! 
HLC 876 ! 
HLC 872 ! 
HLC 870 ! 

HLC 867 ! 
HLC 864 ! 
HLC 853 ! 

851 
HLC 848 ! 

531 
529 
5 25 
521 
518 
515 
512 
503 ! M G V I I I  

499.3 
497 HEC 

NEVI I I 770.4! HEC 

S I X 1 1  

0724 
I 0724 

I 
N 
N 

N E V I 1 1  

N I I I  

N I V  

770.4 
764.6 
764.6 0724 

0737 
0757 
0768 
0768 
0800 
0800 
0800 
0820 

0841 
0870 
0870 
0876 
0967 

1203 
N I  1199.9 N I I  

1196 N I  I 

1086 HLC 900 ! 845 
1085.1! HLC 895 ! HLC 840 ! 
1085.1 HLC 893 ! HLC 838 ! 

HEC 

HEC 

HEC 

494 ! HEC 

489 
487 SXIV 

FEXV 

482.1 * 

760.4! 
760.41 

ov 
ov 

SI11  1190.4 SI11 

H E 1 2  

1077.1! HLC 886 ! 011 834 
1074.2! 0111 834 

HLC 832 
1068 HLC 882 ! HLC 827 . 

1064 HLC 877 ! HLC 823 ! 
1057 HLC 871 ! HLC 818 ! 

750 HLC NEV 

C 1186 ! 

C 1181 ! 
C I I I  1175.7 * 

476 
471 NEVI 

465.2 7 36 
368.1 
735 

HLC 

MGIX 2 

HLC 

N E V I I  

N E V I I  1174 
C 1154 ! 

1056 HLC 870 ! HLC 815 ! 
1037 HLC 851 ! HLC 796 

465.2! 

445 
393 * 
374 



0995 
1013 
1013 
1028 
1028 
1028 
1039 
1039 
1049 
1049 
1091 
1146 
1184 
1213 
1232 

I 1259 
1273 
1304 
1339 
1371 
1371 
1380 
1380 

1396 
1415 
1466 
1485 
1488 
1499 
1527 
1585 

N 
W 

I 

0891 
0909 
0909) 
0924 
0924) 
0924) 
0935 
0935 
0945 
0945) 
0987 
1042 
1080 
1109 
1128 
1153 
1169 
12001 
1233 
1267 
1267) 
1276 
1276) 

1292 
1311 
1362 
1381 
1387 
1395 
142311 
1481. 

1148 OVI 1031.91 HCL 845 OIV 790.2: 
NEV 2 889.2 OVI 1031.9 HCL 841 ! OIV 787.71. 

HLB 1025.7 
1141 HLB 1025.71 HLC 838 ! 784 0111 

NEV 2 1139.6 HILB 1025.71 011 834 NEVIII 780.3 0111 
0111 834 

NEV 2 1136.8 1020 011 834 ! NEVIII 780.31 HLC 
0111 834 

SIIV 1128.3" 1011 HLC 825 ! NEVIII 770.41 
NEVI 2 1117.2 SIX112 998.61 HLC 813 ! OV 760.4 * 
OIV 2 1108.8!* NIII 991.0! 
cc 1102 1 985 
cc 1098 981 
cc 1094 ! CIII 977.01 
cc 1090 ! 973 
NII 1085.1 966 

1075 959 
1068 952 

HLC 805 !* 751 
HLC 799 ! 745 
HLC 795 741 
OIV 790.2 MGIX.2 736.21 HLC 
OIV 787.7 732 
NEVIII780.31 726 

773 011 718.5! 
NIII 764.61 712 ov 
NIV 764.61 

1066 950 NIII 764.63 7 10 
NIV 764.61 

1063 HILD 949.7: OV 760.4' 706 ov 
1059 94 3 757 0111 703.41 MGX 

C 1049 1 932 746 692 
C 1045 ! 928 742 688 

1043 927 741 686 MGX 
1041 , 925 739 NIII 685.7! 

OVI 1037.6 NIV 923.1MGIX 2 736.2! NAIX 681.7 0111 

HLB 1025.7 HLC 906 ! 721 667 HE1 

NEVI 

703.41 MGVIII 
NEVI 
MGVIII 

703.4!* MGVIII 

698 

653 

NEVI 

MGIX 
629.71 FEXVI 

629.7 
625.31 

609.8 
FEXVI. 

599.6 

584.31 

439 MGIX 368.11 * 
436.11 364 

436.1 FEXVI 360.81 * 
436.1 
430.5 
430.5 359 * 

428 357 

419 
407 FEXVI 
401.7 
393 
389 
384 
381 
374 HE11 
368.11 
361.7!* 

358 

348 
335.41 
329 * 
323 * 
319 * 
313 * 
309 * 
303.81 * 
297 * 
290 * 

* 
288 * 

355 FEXV 284.31 * 
351 (280) * 
340 (270) * 
366 1 (266) * 
335 (265) * 
335.41 (263) * 
327 (257) * 

315 (245) * 



1605 
1605 

1646 
1650 
1691 
1719 
1742 
1758 

1763 
1777 
1850 
1857 
1975 
1975 
2019 
2045 
2045 

I 2079 
2119 
2160 
2160 

2167 
2239 
2258 
2381 
2460 
2540 
2604 
2637 
2657 
2752 
2769 

I 
N 
lb 

1501 
1501) 

1542 
1546 
1587 
1615 
1636 
1654 

1659 
1673 
1746 

1753 
1876 
1876) 
1915 
m i  
19.41) 
1975 
2015 
2056 
2056) 

2063 
2135 
2154 
2277 
2356 
2436 
2500 
2534 
2553 
2648 
2665# 

C 

C 

NIII 

C 
C 
C 

SVI 

HLC 

HLC 
HLC 
HLC 
HLC 
HLC 
IUC 
HLC 
HLC 
HLC 
HLC 
HLC 

1019 

1011 ! 
1010 
1001 ! 
995 
991.0 
987 

986 ! 
983 : 
968 ! 
966 
940 

933.4 
926 

919 
911 
902 

9001 
885 ! 
881 1 
885 ! 
838 ! 

822 
808 
801 
797 
777 

773 

HLC 
CII 
HLC 
HLC 
HLC 
HLC 
HLC 
HLC 
HLC 
IUC 
HLC 
HLC 
HLC 

HLC 

HLC. 

HLC 

OIV 
OIV 

NEVI11 
NEVI11 

s IV 

903 ! 011 718.5! 663 
904. I! 
894 ! 708 654 

893 ! 707 653 
884 ! 699 645 
879 ! NAIX 694.21 639 
874 . ! 688 634. V 554.01 
870 ! NII 685.71 OV 629.71 

869 ! 683 OV 629.7! 
866 NAIX 681.7! 626 

851 ! 665 611 
849 ! 6 64 MGIX 609.8! 0111 525.81 

824 ! CAVII 639.21 HE1 584:3! SIXII 499.31 
HEC 499 : 

815 ! OV 629.7'. 576 HEC 492 ! 
809 ! MGX 625.31 NEV 569.81 HEC 489 ! 

.592.3! 
802 ! 011 616.6! NEVI 562.8! 
794 MGX 609.8 OIV 554.4!* 
790.2! 0111 599.61 NEIV 542.8 NEVII 465.21 
787.7: 

784 0111 599.6! NEIV 542.81 NEVII 465.21 
770.4 HE1 584.3! 5 30 
770.4 011 580.4!* 0111 525.8! SXIV 445.7 
739 OIV 554.4!* SIXII 499.3! FEXV 417.3! 
722 HE1 537.0! NEV 482.1!* NEVI 401.7!* 
705 SIXLL 521.1! NEVII 465.2! 
692 506 HEC 453 
685 SIX11 499.3! 446 FEXVI 361.7!* 
681 HEC 494 ! 442 
661 HEC 475 ! 

657.3: NEIV 469.8 FEXV 417.0: FEW1 335.4: 

311 

HE11 303.8! 

HE11 303.8 
293 
28 7 

FEXV 284.3! 

(279) 
(278) 
(275) 

(259) 
(258) 
(232) 

n m  

(241) * 

(232) * 
.(231) * 
(223) * 
(217) * 
(213) * 
(209) * 
(208) * 
(205) * 
(190) * 
(188) * 
(162) * 

(154) * 
(149) * 

(142) * 
(133) * 
(125) * 

(123) * 
(108) * 
(104) * 
OFF * 
OFF * 
OFF * 
OFF * 
OFF * 
OFF * 
OFF * 

nuu * 



2769 2665 

2798 2694 HLC 

2798 2694 

3001 2897# 
3030 2926 011 

3030 2926) 

3103 29971 0111 

3303 3199 
3561 3455 
4061 3957 HEC 

4099 3995 HEC 

4125 4021 HEC 

SIV 

76 7 

724 MGX 

718.5 0111 

703.4* HE1 
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B a l l  Brothers  made tests and s tudies  using the f l i g h t  
spare  spectrometer ,  which exhib i ted  the same anomaly. They 
concluded t h a t  variations,  which have a magnitude of + - 1 t o  
+ - 5 s t e p s ,  r e s u l t e d  from a bent  s h a f t  i n  t he  gear t r a i n  of the 
g r a t i n g  dr ive .  This  p a r t i c u l a r  s h a f t  rotated 5.875 t i m e s  i n  
1 complete scan. Over 8 scans,  t h i s  sha f t  therefore  had an 
i n t e g r a l  number (47) of revolut ions.  Hence expected t o  have 8 

wavelength scans, each with i t s  own individual  c h a r a c t e r i s t i c s ,  
repea t ing  themselves continuously throughout the mission. 

2 

I n  Huber' s i nves t iga t ions ,  s t a t i s t i ca l  da ta  w e r e  gathered, 
from t h e  f l i g h t  instrument each day during the mission, and were 
analyzed from wavelength scans of de tec tors  1 and 2 ,  with t h e  
computer program f o r  W p r o f i l e  analysis  (PROAT). I n  addi t ion,  
d a t a  from a l l  d e t e c t o r s  w e r e  gathered during Calroc and cali-  
b r a t i o n  sequences with the procedures of JOP 12F, Building 
Block 26. The ex is tence  of  an 8-scan period was v e r i f i e d ,  and 
a procedure f o r  cor rec t ing  v a r i a t i o n s  i n  the  correspondence of 
s t e p  number t o  wavelength w a s  developed. 

'Vernazza' s i nves t iga t ions ,  which a re  continuing, use the  
f i n a l  d a t a  and have v e r i f i e d  the  exis tence of an 8-scan per iodi-  
c i t y ,  a l though a 17-scan p e r i o d i c i t y  provides a s l i g h t l y  b e t t e r  
fit. Evidence has  also been found of var ia t ions  i n  t h e  locat ion 
of o p t i c a l  reference.  A modified approach to  cor rec t ing  f o r  
t h e  anomaly has been developed and compared with Huber's method. 

The e x i t  s l i t  widths of t h e  individual  de t ec to r s  var ied 
0 0 

f r o m  1 .6  A ( 1 4 4  urn) f o r  detector 1, to  4.0 A (360 vm) f o r  
0 

detectors 3, 4 ,  6 ,  and 7 ,  and t o  8.0 A (750 pm) f o r  de t ec to r s  
2 and 5 .  Since t h e  nominal pos i t i on  of t h e  l i n e  center  usual ly  
does not  f a l l  a t  t h e  c e n t e r  o f  t he  e x i t  slit, the re  are some 
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cases (not  marked !)  i n  which t h e  v a r i a t i o n  i n  t h e  correspon- 
dence of  stepnumber t o  wavelength, although small wi th  r e s p e c t  
t o  t h e  width of  t h e  s l i t ,  is  s i g n i f i c a n t  and could cause t h e  !. 

l i n e  t o  f a l l  o u t s i d e  i f  t h e  nominal p o s i t i o n  is near  t h e  edge 
of t h e  slit. There are o t h e r  cases i n  which the l i n e  always 
f a l l s  wi th in  t h e  s l i t  area, r ega rd le s s  of v a r i a t i o n s  i n  t h e  
correspondence of stepnumber t o  wavelength. These cases are 
marked ! 

MAR and M3R w e r e  t h e  p r i n c i p a l  m i r r o r  r a s t e r  modes. How- 
eve r ,  a d d i t i o n a l  modes, v a r i a t i o n s  of MAR and M3R and less fre- 
quent ly  used, are MINI-MAR (JOP I E )  , maxi-raster  ( J O P  25A) , 
and super - ras te r  (JOP 25B). (See s e c t i o n  3.5 f o r  a d e s c r i p t i o n  
of  Building Block and J o i n t  Observing Programs.) 

MINI-MAR i s  e i t h e r  a manually cons t ruc ted  r a s t e r  as 
i n  J O P  I E ,  or  a t runca ted  raster. 

Maxi-raster comprises fou r  rasters, performed i n  sequence. 
A f t e r  each r a s t e r  t h e  ATM po in t ing  is  changed by 270 arc sec 
t o  produce a square p a t t e r n  of  fou r  rasters whose centers 
desc r ibe  a square 270 arc sec x 270 arc sec. 

Super-raster  comprises a series of 45 r a s t e r s  covering 
t h e  e n t i r e  solar d i sc .  Thei r  c e n t e r s  are separa ted  by 290 a r c  
sec. 

2.2.2 Mirror l i n e  scan.  The raster scan mode (MAR) is 
n o t  s u i t a b l e  f o r  some solar f e a t u r e s  such a s  flares, whose 
s t r u c t u r e  changes on a t i m e  scale of seconds,  because a complete 
raster r e q u i r e s  5.5 minutes of t i m e .  The experiment w a s  t he re -  
fore provided wi th  an a l t e r n a t i v e  mode, t h e  m i r r o r  l i n e  scan  
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(MLS), i n  which t h e  m i r r o r  scans back and f o r t h  on one of the  
60 l i n e s  i n  t h e  raster pa t t e rn .  
by the as t ronau t ,  a one-d'imensional scan b e i n g  obtained of an 
area 5.5 arc min long.  by 5 arc sec s.ide, every 5.5 sec of t i m e ,  
w i t h  132 d a t a  p o i n t s  i n  each scan. . 

Any raster l i n e  could be 'chosen 

Mirror l i n e  scan of a solar  fea ture  was normally performed 
on t h e  coalignment l i n e  (8, 9, or l o ) ,  determined from the  l a s t  
2-limb or  4-limb coalignment (see Poin t ing  Reference Handbook, 
s e c t i o n  11). The S082B s l i t  and the  H a  1 reticles w e r e  a l igned 
with t h i s  pos i t ion .  However, the posi t ion being near  the  edge 
of t h e  raster, a t  t i m e s  it w a s  preferable  t o  perform MLS on 
l i n e  25, i n  order  t o  obta in  E W  images more near ly  centered on 
the s p e c i f i c  region f o r  which wavelength s c a n s  w e r e  obtained. 
The Ha 2 reticles w e r e  a l igned with t h i s  pos i t i on  and were used 
for  point ing.  T h i s  arrangement represented a compromise, s ince  
the c e n t e r  of  t h e  SO55 r a s t e r ,  l i n e  30, would be a t  the  edge 
of t h e  Ha 2 f i e l d  of  view when zoomed i n .  (For  a descr ip t ion  
of the  Ha t e l e scopes ,  see sec t ions  3.4 and t h e  Ha F i l m  and AtZas 
Guide .  ) 

2.2.3. Grat ing wavelength scan. In the gra t ing  scan mode 
(GAS and G3S) (see Figure 5)- t h e  te lescope mirror remains s t a t i o n -  
a r y  a t  one of t h e  60 l i n e s  and one of the 60 s t e p s  along the  l i n e ,  
while  t h e  g r a t i n g  scans t.he EUV spectrum from 1350 t o  296 A i n  
3.8 minutes of t i m e ,  including retrace. Normally, as w i t h  MLS 

(see above), t h e  m i r r o r  w a s  i n  t h e  coaligned posi t ion.  Some- 
t i m e s ,  however, it w a s  moved t o  l i n e  25. With samples 0.2 A 

a p a r t  and a rate of 24 s t e p s  per  sec, t h e  usefu l  p a r t  of t h e  
scan c o n s i s t s  of 5270 da ta  po in t s  i n  3.6 m i n u t e s  of t i m e  a t  a 
rate of  4.9 A / s e c .  During a Calroc f l i g h t  o r  a ca l ib ra t ion  
sequence, BB26 of JOP 1 2  w a s  run, and GAS w a s  performed w i t h  

0 

0 

0 

-28- 



w 
n 

I 
I- 

1 
W > a 
3 

8 - SPECTRAL SCAN 

- 

6 -  

- 

4 -  

- 

2 -  

- 
1 I I I I I 

0 I '2 3 4 5 6 
01 

MOTOR STEPS (thousands) . 

5 .  Diagram of the grating wavelength scan, 
showing locations of mechanical and opt i ca l  
reference, the spectral scan portion, the 
launch l o c k ,  and flyback. 

-29- 



a l l  detectors on i n i t i a l l y .  Detectors 7 through 3 w e r e  then 
turned o f f  during t h e  scan by t h e  astronaut  a t  predetermined 
g r a t i n g  p o s i t i o n s  t o  prevent  the intense zero-order image 
from s t r i k i n g  t h e  detector and possibly a f f e c t i n g  i t s  l i f e t i m e  
or  c a l i b r a t i o n .  I n  a l l  o t h e r  s p e c t r a l  scans only detector 1 
(because of i t s  narrow s l i t  and optimumlocation on the  Rowland 
C i r c l e )  w a s  normally turned on, although detector 2 w a s  also 
occas iona l ly  turned on in  l a t e  s t ages  of the mission, s ince the 
zero-order image does n o t  go beyond detector 3. 

2.3 Experiment Point ing 

This s e c t i o n  b r i e f l y  describes the  ATM point ing coordinate 
system and coalignment procedures. 
c o n s u l t  t h e  Point ing  Reference Handbook, and Ha F i l m  and A t las  
Guide, described i n  sec t ion  5 .  

For a f u l l e r  explanat ion,  

Figure 6 represents  a diagram of the ATM point ing coordi- 
n a t e s  superimposed on t h e  s o l a r  disc. The ATM ro l l  angle,  yRR, 

normally expressed i n  minutes, is  measured from solar nokth. 
The clockwise d i r e c t i o n  i s  pos i t ive .  Changes i n  yRR are accom- 
p l i s h e d  by a phys ica l  r o t a t i o n  of t h e  ATM c a n i s t e r ,  which i s  
mounted i n  a r o l l  r ing.  The d r ive  has a r ing  gear ,  pinion, 
and m o t o r .  The rol l  motion covers a range of 240O. 

The two-axis gimbal of the ATM canister w a s  mounted within 
the r o l l  r ing , .  and the re fo re  rotated whenever the  r o l l  r ing  
rotated. The a x i s  of r o t a t i o n  of t h e  r o l l  r ing  passed through 
t h e  c e n t e r  of t h e  s o l a r  disc. I f  ATM pointing w a s  no t  sun- 
centered ,  t h e  ATM poin t ing  a x i s  w a s  a t  an angle t o  the r o l l  
a x i s ,  and t h e  ATM point ing ax i s  therefore  described an arc 
o n ' t h e  solar disc as the ro l l  angle changed. To co r rec t  for  
changes i n  up/down a n d ' l e f t / r i g h t  during changes i n  r o l l ,  the 
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SOLAR N O R T H  
PRO J ECTlON 

6 .  D i a g r a m  of ATM pointing coordinate system. 
Rotation of the can i s ter  about B produces a 
change i n  y ': rotat ion about B, sroduces a 
change i n  y l .  
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ATMDC w a s  programmed to  automatical ly  adjust  y, and y 
order t o  permit  r o l l  motions about o f f s e t  pos i t ions .  

i n  
Y ,  

The ATM c a n i s t e r ,  mounted within t h e  r o l l  r i n g  on a t w o -  

The two ro t a t ion  axes 
Ro ta t ions  about 8, and 

a x i s  gimbal, w a s  rotated about t w o  perpendicular axes by torque 
m o t o r s  t o  produce changes i n  y, and' y 

i l l u s t r a t e d  i n  Figure 6 are 6, and 8,. 
y,, referred B 

t o  as l e f t / r i g h t  (L/R) , and y referred to as up/down (U/D) , 
w e r e  measured i n  arc sec. The p o s i t i v e  d i rec t ions  are up and 
t o  the r i g h t .  The range of offset  is + 24 arc min (+1440 - arc 
see) i n  both d i r e c t i o n s .  . 

Y. 

YO produce, r e spec t ive ly ,  changes i n  y, and y 
Y 

Y'  

The va lues  of yRR appearing i n  telemetry w e r e  calculated 
by t h e  on-board computer, using measured r o l l  encoder pos i t ions  
and data from an on-board s ta r  tracker. During t he  manned 
Skylab missions,  s t a r - t r a c k e r  updates were executed by t h e  c r e w  
every f e w  hours  and t h e  telemetered yRR values are q u i t e  reliable. 
Between s t a r - t r a c k e r  updates , errors i n  the t r a n s m i t t e d  yRR 
w e r e  in t roduced .by  gyro d r i f t  and r o l l  maneuvers, such as momen- 
t u m  dumps a t  o r b i t  midnight. During unmanned observat ions,  
and a f te r  t h e  f a i l u r e  of t h e  star-tracker on day 361 (27 D e c .  . 

1973) ,  star-tracker updates w e r e  'not possible  and l a rge  e r r o r s  
are p resen t  i n  t h e  telemetered value of yRR. IBM has recalcu- 
lated t h e  r o l l  p o s i t i o n s  and has d i s t r ibu ted  a l i s t i n g  of "recon- 
s t r u c t e d  yRRl' f o r  t h e  t h r e e  manned m i s s i o n s ,  and a series of 
curves  for  the unmanned i n t e r v a l s ,  which may be used t o  co r rec t  
the  telemetered va lues  of  yRR appearing i n  the' S055. data. 

The va lues  of y, and y appearing i n  te lemetry w e r e  deter- 
Y 

mined from encoders attached to  the  deviat ion wedges i n  the  f i n e  
sun sensor  (FSS). The f i n e  sun sensor  was a nu l l ing  device 
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which sought sun cen te r ,  and w a s  b iased  by motion of t h e  wedges 
t o  produce an o f f se t -po in t ing  error s i g n a l .  The error s i g n a l  
w a s  used i n  t h e  closed-loop servo system that con t ro l ed  t h e  DC 

torque motors on t h e  t w o  axes ( B x  and B ) of  motion of t h e  ATM 

c a n i s t e r .  To .determine t h e  p o i n t i n g  of t h e  o p t i c a l  a x i s  of t h e  

SO55 inst rument  from y, and yy, t h e  o f f s e t  of SO55 f r o m  t h e  FSS 
must be known. The o f f s e t  w a s  i n  t w o  p a r t s :  t h e  o f f s e t  be- 
tween SO55 and S082B; and t h e  offset  ( b i a s )  between S082'B and 
t h e  FSS. 

Y 

The o f f s e t  between SO55 and S082B was determined by t h e  
o f f s e t  o f  t h e  SO55 s l i t  from t h e  coal igned p o s i t i o n  i n  t h e  SO55 
raster, which w a s  determined i n  t h e  l a s t  2- l imb or 4 - l i m b  
coalignment. I f  t h e  SO55 s l i t  w a s  a t  some p o s i t i o n  i n  t h e  
raster o t h e r  than  t h e  coal igned p o s i t i o n ,  t h a t  d i s t a n c e  w a s  
t h e  o f f s e t  from S082B. 

The o f f s e t  between S082B and t h e  FSS w a s  g iven  by t h e  
va lues  of  N R L  BIAS appearing i n  te lemetry.  With BIAS I N ,  t h e  
y, and yy appearing t o  t h e  c r e w  (bu t  n o t  i n  t he  t e l eme t ry )  have 
been corrected by t h e  amount of t h e  N R L  b i a s e s  by s u b t r a c t i n g  
t h e  NRL up/down and l e f t / r i g h t  biases. With BIAS OUT, t h e  
y, and yy appearing t o  t h e  c r e w  (and i n  te lemetry)  are t h e  
r a w  va lues  o f  t h e  FSS wedge p o s i t i o n s .  

The 2-and 4 - l i m b  coalignments w e r e  performed by t h e  crew 
a t  i n t e r v a l s  throughout t h e  mission t o  determine t h e  NRL biases, 
determine t h e  l o c a t i o n  i n  t h e  SO55 raster t h a t  b e s t  a l i g n e d  t h e  
SO55 s l i t  wi th  t h e  S082B s l i t ,  and set  t h e  Ha 1 reticles a t  
t h i s  pos i t i on .  I n  t h e  4 - l i m b  coalignment procedure, t h e  a s t r o -  
naut  p laced  t h e  S082B s l i t  a t  t h e  l i m b ,  us ing  the S082B s l i t  
whi t e - l i gh t  d i s p l a y  on one monitor,  t h e  Ha 1 disp lay  on t h e  
o the r .  The FSS readings w e r e  e n t e r e d  i n t o  t h e  ATM d i g i t a l  com- 
p u t e r  (ATMDC) t o  determine t h e  NRI; b i a ses .  The Ha 1 reticle 
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w a s  set  a t  t h e  limb, and the SO55 mirror w a s  stepped from l i n e  
t o  l i n e  (or along t h e  l i n e )  while  t h e  s ignal  w a s  observed from 
t h e  zero-order d e t e c t o r  (with t h e  grat ing a t  o p t i c a l  reference)  
t h a t  i nd ica t ed  when t h e  limb w a s  crossed. A t  t h i s  po in t  the  
ATM po in t ing  con t ro l  w a s  used t o  s l e w  the point ing on and of f  
t h e  l i m b  t o  f i n d  a m o r e  p rec i se  locat ion of t he  SO55 s l i t  a t  
t h e  l i m b , ’  s i n c e  the  5 x 5 arc/sec s l i t  could be moved only i n  
5 arc sec increments i n  the  raster pat tern.  This l a s t  pos i t ion  
w a s  then used t o  ca l cu la t e  t h e  p rec i se  SO55 o f f s e t s  from the  
Ha reticles and t h e  S082B sl i t .  The posi t ion ( l i n e  and s t ep )  
i n  t h e  raster p a t t e r n  i s  c a l l e d  t h e  coalignment pos i t ion  and 
i s  t h e  p o s i t i o n  a t  which the  mir ror  stowed when not  r a s t e r i n g  
o r  l i n e  scanning. 

The 4-limb coalignment w a s  repeated a t  four  l imbs, 90° 

apa r t .  The 2-limb coalignment w a s  performed a t  only t w o  limbs, 
d i d  n o t  measure t h e  S082B b ia ses ,  and did no t  s l e w  the ATM 

poin t ing  on and o f f  t h e  limb t o  r e f i n e  the posi t ion of the  
SO55 sl i t .  The 2-limb coalignment w a s  therefore  a simpler 
procedure f o r  measuring changes between S055 ,  S082B, and H a ,  

b u t  n o t  between these  instruments and t h e  FSS. 

In  Figure 7 w e  have presented a composite t o  i l l u s t r a t e  
how t h e  po in t ing  information can be used t o  r e l a t e  an  element 
i n  t h e  raster d a t a  t o  t h e . s p e c t r a 1  microfiche data ,  and t o  the  
l o c a t i o n  i n  t h e  Ha at las  photograph. 

The f i g u r e  uses  da t a  on DOY 230 (25 August 19.73). A t  

18:55:37 GMT raster d a t a  w e r e  taken. Without a change i n  the  
po in t ing ,  s p e c t r a  w e r e  taken a t  19:02:15 following the raster. 
The series of  i l l u s t r a t i o n s  shown i n  the composite is  repeated 
on a larger scale indiv idua l ly  i n  Figures 7 (a )  through 7(g)  
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7. Composite of Ha p i c t u r e s  [ ( a )  and (b ) ,  raster t a b  ( c ) ,  raster grey-scale p i c t u r e  ( d ) ,  
s p e c t r a l  t a b  ( e ) ,  and c o r o l l a r y  d a t a  ( f )  and (g) . ]  (a) A page from t h e  H a  a t las  wi th  
t h e  SO55 over lay  superimposed; (b) A p r i n t  of t h e  same frame as ( a ) ,  b u t  enlarged t o  
inc lude  t h e  e n t i r e  frame, wi th  t h e  r o l l  over lay  superimposed; (c)  The raster t a b  and 
(d) t h e  grey-scale p i c t u r e ,  of t h e  area wi th in  the  raster i n  ( a ) ;  ( e )  The beginning 
po r t ion  of t h e  s p e c t r a l  t ab ;  ( f )  and (g) ,  r e s p e c t i v e l y ,  t h e  s p e c t r a l  and raster coro l -  
l a r y  da t a .  
ret icle a t  l i n e  9,  p o s i t i o n  32, and t h e  SO55 s l i t  l o c a t i o n  a t  l i n e  25, p o s i t i o n  31, 
d u r i n g t h e s p e c t r a l  scan  are shown i n  ( a ) ,  (b) and ( c ) .  

The SO55 and S082B coal igned p o s i t i o n  a t  the  i n t e r s e c t i o n  of t h e  Ha 1 
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7 ( a ) .  Page from Ha a t l a s  showing use of SO55 overlay. 
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(b) PR 

35 M M  

NT MADE FROM SAME FRAME OF Ha! 
F I L M  AS I N  ( a )  WITH R O L L  OVERLAY 

*NOT CORRECT 

OR I E NTAT I ON 
OF RASTER 

-0V E R L AY ROTAT ED 
UNTIL -10795 ARC 
MIN W A S  ON +Y 

AXIS OF ( 0 )  

7 (b) . Frame from H a  f i l m  showing use of r o l l  overlay.  
T h i s  i s  same frame used i n  7 ( a ) ,  enlarged t o  
same r e l a t i v e  s c a l e  a s  i n  full disc  a t l a s .  
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( C )  RASTER TAB MICROFICHE 

SO55 a S082B COALIGNED MIRROR X POSITION (F =31) 
POSITION WITH Ha CROSS HAIRS 1 [DURING SPECTRAL SCAN 

SLIT LOCAT'ION DURING 
SPECTRAL SCAN 

7 ( c ) .  Raster tab microfiche. Four pages of raster tab 
have been arranged to represent the fu l l  raster 
as shown i n  (a) and ( a ) .  
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( e )  SPECTRAL TAB MICROFICHE 

(d )  RASTER GRAY SCALE PICTURE M 

MIRROR Y POS 

DURING SPEC 
SCAN 

S L I  
SPE 

FSS 8 R O L L  
COOR D I N AT E S 

CROFICHE 

:OAL 
HCY 

-1GNED 
CROSS HAIRS 

7 ( e ) .  S p e c t r a l  t ab  microf iche ,  showing only  the  
beginning p o s i t i o n .  

7 (d) e Raster grey-sca le  p i c t u r e  microfiche. 
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( f )  SPECTRAL COROLLARY DATA MICROFICHE 
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I 
FSS a ROLL 
COORDINATES 

SO82 B X 8 Y BIASES 

I 
(g) RASTER COROLLARY DATA MICROFICHE 
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....... ...... GRATING POSITION 
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...... ... I.. ....... .... I.. 
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11.1 .I_. ....... .... -. ........ 
I.. .... 
.I.. 11.1 
Y .  I.. .. I .I.. 
I.. Y.. 
I .  m.. 
I .  .I., 
n .  .... 
I .  ... I .  I.. . 

I.. 

I. I I.. ........ ".. ". ...... 

SCAN ( I  STEP FROM 
OPTICAL REFERENCE) 

S 0 8 2 B  X a Y  BIASES 

7 ( f )  . 
7 (9). Corollary data microfiche for raster data. 

Corollary data microfiche for spectral data, 
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Figure 7(a) shows a page from t h e  Ha a t l a s  a t  19:07:00 
GMT. Although t h e  t i m e  i s  la ter  than t h e  r a s t e r  o r  t h e  s p e c t r a l  
d a t a  i n  our  i l l u s t r a t i o n ,  t h e  po in t ing  has  n o t  changed. The 
SO55 over lay  i s  superimposed on t h e  a t l a s  page. UP i s  up, 
and RIGHT i s  r i g h t ,  as  i n  (b) , (,c) , and (d) . The SO55 ove r l ay  
shows how t h e  raster is  o r i e n t e d  wi th  r e s p e c t  to  t h e  H a  cross- 
h a i r s .  The SO55 and S082B coal igned p o s i t i o n  is a t  t h e  i n t e r -  
s e c t i o n  of t h e  cross h a i r s .  The FSS coord ina tes  are loca ted  
from t h e  b i a s e s  appearing i n  t h e  H a  a t l a s  data-block and the 
t w o  coro l la ry-da ta  microf iche  (Figures  7 ( f )  and 7 (4) . The 
biases, y = 56 arc sec, x = 29 arc sec, i n d i c a t e  t h a t  t h e  FSS 
po in t ing  a x i s  i s  loca ted  56 arc sec up and 29 a r c  sec t o  t h e  
r i g h t  o f  t h e  c ros s -ha i r  i n t e r s e c t i o n .  

Figure 7 (b) shows how t o  use  t h e  roll. ove r l ay ,  which is 
included i n  t h e  Ha F i Z m  and At las  Guide, t o  f i n d  solar nor th .  
(Caution: do n o t  use t h e  over lay  t o  determine o r i e n t a t i o n  of 
t h e  raster.) I n  7'(b) t h e  s&e H a  frame as i n  7 ( a )  i s  used, 
en larged  t o  t h e  same scale as i n  t h e  f u l l  d i s c  atlas. The rol l  
over lay  i s  supe,rimposed. This  frame does n o t  appear i n  t h e  
f u l l  d i s c  a t las  because t h e  po in t ing  i s  n o t  sun-centered. The 
r o l l  overlay does n o t  show t h e  c o r r e c t  o r i e n t a t i o n  of t h e  
raster, because +y i n  t h e  raster i s  always up. I n  t h e  example, 

= -10795 arc min. The over lay  is  placed on t h e  H a  photo YRR 
w i th  +y po in t ing  up. The .negat ive  r o l l  va lues  are on t h e  i n s i d e  
o f  t h e  circle, so t h a t  t h e  over lay  must be r o t a t e d  u n t i l  -10795 
on t h e  i n s i d e  of  t h e  circle i s  a l igned  with t h e  up axis. W e  

see t h a t  no r th  i s  i n  t h e  down d i r e c t i o n .  The same,roll  over lay  
may also be used t o  f i n d  n o r t h  on a page i n  the  r e g u l a r  a t las ;  
b u t  no te  again (with t h e  cau t ion  aga in)  t h a t  the raster s i z e  
and o r i e n t a t i o n  w i l l  n o t  be c o r r e c t .  
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Figure 7 ( c )  shows the  four  pages from the raster t a b  
' microfiche,  rearranged t o  s p a t i a l l y  reconstruct  the  raster. 

Figure 7(d)  shows the.  grey-scale r a s t e r  microfiche p ic ture ,  
o r i en ted  t o  match t h e  Ha p i c t u r e s  and the  raster t ab  microfiche. 
Figure 7(e) shows t h e  beginning port ion of t h e  spec t r a l  t a b  
d a t a  f o r  t h e  scan  that  s t a r t e d  a t  19:02:15 GMT. Figure 7 ( f )  
shows t h e ' c o r o l l a r y  da t a  per ta in ing  t o  t h e  s p e c t r a l  data.  
Figure 7(g)  shows the  coro l la ry  da t a  per ta ining t o  the raster 
data .  

I n  ( c ) ,  (d) , and (9) it can be seen t h a t  the  gra t ing  
p o s i t i o n  during t h e  raster i s  1 s t e p  from o p t i c a l  reference.  
This  i s  the  f i r s t  polychromatic mode. 

The m i r r o r  pos i t i on  during spec t r a l  scan is  given i n  ( f )  
as y = 25.4 and x = 31.5. The decimals should be ignored, 
which means t h a t  t h e  spectral d a t a  were taken a t  l i n e  25, 
p o s i t i o n  31. 
p o s i t i o n  i s  poin ted  ou t  a t  l i n e  9,  posi t ion 32 i n  ( c ) ,  t he  
raster t a b u l a t i o n ,  and i n  ( a ) ,  the  grey-scale p ic ture .  The 

The loca t ion  of t h e  Ha r e t i c l e s  a t  the coaligned 

coal igned p o s i t i o n  appears i n  the  P o i n t i n g  Reference  Handbook, 
Table 5, page 26. The l a s t  coalignment w a s  a t  228:16:30 GMT, 

when t h e  sc ience  p i l o t  (SPT) performed a 4 - l i m b  coalignment. 
Pos i t i on  32 corresponds to  pos i t ion  6 4  i n  the  raster t a b  (c) 
because t h e r e  are 1 2 0  r a t h e r  than 60 da ta  samples on each l i n e .  
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3. PROGRAM DESCRIPTION 

3.1 ATM and SO55 Development 

The e a r l y  s t u d i e s  of ATOM (Astrono'mical Telescope Orienta-  
t i o n  Mount), which later became ATM (Apollo Telescope Mount) 
were conducted i n  1 9 6 5  a t  the  t i m e  when t h e  c a n c e l l a t i o n  of AOSO 

(Advanced Orb i t ing  Solar Observatory) was impending. The 
experiments and p r i n c i p a l  i n v e s t i g a t o r s  w e r e  t r a n s f e r r e d  as 
a group t o  t h e  new ATM program, which was be ing  planned as  a 
manned mission i n  t h e  Apollo Appl ica t ions  Program. 

. The o r i g i n a l  ATM concept [l], i n  which the c r e w  and 
experiments w e r e  t o  be i n  a command s e r v i c e  module, w a s  aban- 
doned i n  1966 i n  f avor  of  t he  expanded concept of a manned 
space s t a t i o n  having teams o f  a s t r o n a u t s  t o  v i s i t ,  dock, perform 
experiments, and l i v e  i n  o r b i t  f o r  t w o  o r  more weeks before 
r e tu rn ing  t o  earth, leav ing  t h e  space s ta t ion in a cond i t ion  
able t o  r ece ive  the v i s i t s  of subsequent crews.  The o r b i t a l  
work shop (OWS) w a s  t h e  main area for  c r e w  l i v i n g  and working. 

Under the " w e t  workshop" concept ,  t h e  OWS w a s  a Sa turn  
IBV s t age ,  used first as a launch vehicle for  the space s t a t i o n .  
A f t e r  i n s e r t i o n  i n t o  orbi t  t h e  c r e w  would arrive i n  a CSM 

launched on an S IVB, and conver t  t h e  OWS t o  aworkshop by 
d ra in ing  t h e  remaining l i q u i d  hydrogen, vent ing,  and a c t i v a t i n g  
t h e  equipment stored i n  closets wi th in  t h e  now empty f u e l  tank.  

Under t h e  "dry workshop" scheme, the S IVB s t a g e  w a s  com- 
p l e t e l y  equipped on the ground before  launch, and the  space 
s t a t i o n  w a s  launched on a two-stage Sa tu rn  V. More complex 
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equipment and f a c i l i t i e s  w e r e  possible with the  enlarged :: 

program. Earth-resources, corol lary,  and medical experiments 
w e r e  added t o  the  ATM s o l a r  experiments. 

In  the  i n i t i a l  ATM program of 1965, t h e  Harvard College 
Observatory w a s  t o  provide two experiments, S055A and S055B, 
and an H a  point ing reference telescope. The S055A instrument ,  
equipped with a polychromator and a rastering telescope mirror, 
covered the  W spectrum from 500-1350 A w i t h  1 0  open photo- 
m u l t i p l i e r  detectors. The S055B instrument, equipped with an 
Ebert spectrometer and a scanning grating, covered the W 
spectrum from 1400-2250 A with two sealed photomultipliers. 

0 

0 

By mid-1967, s ince  NASA had-scheduled a l a t e -1969  launch 
for  the  f i r s t  ATM, and a r e f l i g h t  w a s  planned, the HCO concept 
w a s  revised t o  provide a s ing le ,  simpler instrument on t h e  
f i r s t  ATM: an EUV scanning spectrometer (S083)', t h e  so-called 
S055C instrument, w i t h  t w o  channel electron mul t ip l ie rs  covering 
t h e  wavelength region 300-1300 A. The Hu telescope continued 
as a separate  instrument t o  be included i n  both missions, and 
development of the A and B instruments continued fo r  the second 
ATM. 

0 

By mid-1968, however, ' the f i r s t  ATM launch date had been 
postponed and a second ATM w a s  deleted. 
reverted t o  S055A, and work on S055B and,S083 w a s  stopped. 
S055A became a scanning spectrometer w i t h  seven detectors,  
covering 550 A t o  1335 A i n  the polychromatic mode, and 296 A 

to 1350 A i n  the  wavelength-scan mode. Grating single-step 

The HCO concept then 

0 0 0 

0 

capab i l i t y  provided o the r  polychromatic combinations, and 
m i r r o r  l i n e  scan w a s  added f o r  high t e m p o r a l  resolution. To 
s a t i s f y  coalignment requirements with S082B, the  mirror s tep  
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and mirror l i n e  select c a p a b i l i t i e s  w e r e  also added. 

The Ha telescope had a l s o  evolved during t h i s  per iod,  
because of i t s  importance i n  providing 'a continuous point ing 
record on f i l m  to  a l l  ATM .experimenters, and its use as a 
point ing te lescope by the c r e w .  A backup f o r  the l a t te r  
funct ion w a s  added t o  the complement of te lescopes on the  
spar ,  as H a  2. 

I n  la te  1968, remote-cormnand c a p a b i l i t i e s  w e r e  added for 
the s c i e n t i f i c  experiments, which made it possible  t o  obta in  
hundreds of addi t iona l  hours of solar observations during 
per iods of c r e w  s l eep  and rest, and between t h e  manned m i s s i o n s .  

I n  the H a  program, HCO provided s c i e n t i f i c  guidance, 
f i l t e r  development, and tes t  program support  a t  t he  Lockheed 
Solar  Observatory, Rye Canyon Research F a c i l i t y ,  Lockheed 
Cal i forn ia  Corp. 
E l m e r  Corporation under a NASA contract .  

The te lescopes w e r e  constructed by Perkin 

The S055A instrument w a s  designed, constructed,  and tested 

The spectrometer w a s  b u i l t  
by B a l l  Brothers Research Corporation 181 i n  conjunction with 
the s c i e n t i s t s  and engineers  of HCO. 

as a removable subsystem so t h a t  it could be tes ted and cal i -  
brated separately a t  HCO. 

detectors w e r e  provided by Bendix Research Corporation. 
The channel e lectron photomult ipl ier  

The 
high-voltage power 
Photoelectric, and 

Two complete 

suppl ies  w e r e  provided by Bendix and EMR 
the  primary m i r r o r  by Muffoletto' Opt ical  Co. 

instrument systems were b u i l t :  prototype,  
l a te r  refurbished to  become the  f l i g h t  backup; and a f l i g h t  
un i t .  Five spectrometers w e r e  b u i l t :  the  engineering model, 
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t h e  c a l i b r a t i o n  model, the prototype,  the f l i g h t  model, and the  
f l i g h t  spare .  The l a s t  w a s  i n s t a l l e d  i n  the prototype ins t ru-  
ment when it w a s  refurbished t o  become the  f l i g h t  backup. A 

thermal mechanical u n i t  of t h e  instrument w a s  b u i l t  t o  test 
thermal performance, and became p a r t  of t h e  ATM thermal un i t .  
The prototype instrument w a s  used f o r  qua l i f ica t ion :  funct ional  
and environmental  t e s t i n g .  

Photometric c a l i b r a t i o n  [9]  of the f l i g h t  and f l i g h t  
spare  spectrometers  w a s  performed a t  HCO with a hollow-cathode 
a r t i f i c i a l  UV source and a l i q u i d  helium cryosorption-pumped 
chamber. The UV func t iona l  performance of the instrument w a s  
measured [ l o ]  before  and a f t e r  del ivery t o  NASA with. a similar 
source and a Cassegrain o p t i c a l  system. 

3.2 Spacecraf t  In tegra t ion  and T e s t  

The f l i g h t  instrument '  w a s  del ivered t o  NASA/MSFC 9 Ju ly  
1971.  NASA i n t e g r a t i o n  and test  operations consis ted of i n s t a l -  
l a t i o n  and alignment on t h e  ATM spa r ,  checkout, and thermal 
vacuum tes t  of  ATM i n  chamber A a t  J S C  i n  the sun-end-up or ien-  
t a t i o n .  A f t e r  thermal vacuum test  i n  September 1972, the  SO55 
inst rument  w a s  subjected t o  a funct ional  W-vacuum tes t  i n  t h e  
sun-end-down configurat ion i n  chamber A w i t h  an a r t i f i c i a l  W 
source and a Cassegrain co l l imat ing  system. This t es t  v e r i f i e d  
t h a t  instrument  s e n s i t i v i t y  and detector  performance had n o t  
deteriorated s i n c e  pre-delivery t e s t ing .  

I n t e g r a t i o n  and checkout of ATM with Skylab w a s  performed 
a t  Kennedy Space Center (KSC) i n  the operations and checkout 
bui lding.  A dynamic dis turbance test was performed t o  measure 
t h e  e f f e c t  of ATM camera opera t ions  on the SO55 o p t i c a l  a l ign-  
ment; no s i g n i f i c a n t  dis turbance could be detected.  Skylab 
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w a s  assembled i n  t h e  v e h i c l e  assembly b u i l d i n g  by s t ack ing  the 
Apollo Telescope Mount, t h e  mul t ip l e  docking adapter,  and t h e  
o r b i t i n g  workshop. Skylab w a s  launched 1 4  May 1973. 

3.3 Ca l ib ra t ion  Rocket Program 

The'Calroc program [ll] w a s  undertaken t o  provide reliable 
i n - f l i g h t  c a l i b r a t i o n  data of the  SO55 instrument ,  because the 
l a s t  photometric c a l i b r a t i o n  w a s  performed 2.5 yea r s  be fo re  
launch, and t h e  l a s t  f u n c t i o n a l  test with W was done 9 months 
before  launch. The Calroc instrument  and SO55 measured the 
average i n t e n s i t y  from a q u i e t  area of t h e  sun with in  an o rb i t  
or two of each o the r .  The Calroc measured t h e  emission from 
a 4 x 4 (arc min) * area l y i n g  wi th in  t h e  5.5 x 5 (arc min) f i e l d  
of v i e w  of S055. Calroc w a s  photometr ical ly  c a l i b r a t e d  immedi- 
a t e l y  before  and immediately a f t e r  f l i g h t ,  and w a s  t hus  able 
t o  measure changes i n  s e n s i t i v i t y  of SO55 s i n c e  i t s  las t  Cali- 

b ra t ion .  The reg ion  observed w a s  a q u i e t  region free of c e n t e r s  
of a c t i v i t y ,  f i l amentary  s t r u c t u r e ,  and coronal  holes. 

The Calroc instrument  w a s  flown on a Black Brandt VC 

rocke t  f r o m  White Sands, N.M., t o  a peak a l t i t u d e  of 270 k m ,  
and the  s c i e n t i f i c  payload w a s  recovered. T h e  Calroc package 
w a s  equipped with a po in t ing  re ference  system, which used a 
Nikon-F 35 mm camera t o  photograph t h e  solar image i n  t h e  s l i t  
jaw mirror  a t  the  en t rance  slit  of  t h e  spectrometer.  Immedi- 
a t e l y  a f t e r  recovery t h e  f i l m  w a s  developed, and t h e  e x a c t  
po in t ing  coord ina tes  w e r e  used t o  v e r i f y  t h e  coincidence of 
ATM and Calroc poin t ing .  ATM observat ion commenced on t h e  o rb i t  
following t h e  success fu l  rocke t  launch, and extended over  t h r e e  
orbits.  
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Three Calroc f l i g h t s  w e r e  attempted. The first, day 155 
( 4  June 1 9 7 3 ) ,  w a s  destroyed by the range o f f i c e r  when the 
rocket s t a r t e d  t o  go of f  course because of  high winds and 
improper tower s e t t i n g .  The second, day 2 2 1  ( 9  August 19731, 
w a s  mostly successful.  (A f a i l u r e  of one of the two detectors  
caused a loss of data below 800 A, although it was possible t o  
observe second-order data with the remaining detector down t o  
499 i.) 
completely successful  and exce l len t  data w e r e  obtained from 

0 

The t h i r d  f l i g h t ,  day 344 (10  December 1973) , was 

both de t ec to r s  over t h e  f u l l  wavelength range. 

3 . 4 Ha Telescope Development 

The Ha 1 telescope provided a continuous record of ATM 

point ing on film. The two telescopes (Ha 1 and Ha 2 )  provided 
video d isp lays  f o r  use by t h e  c r e w  f o r  ATM pointing. Figures 
8 and 9 show the  Ha 1 and Ha 2 o p t i c a l  schematics. Figure 1 0  
describes the  f i l t e r ' s  op t i ca l  cha rac t e r i s t i c s ,  and Figure 11 
i l l u s t r a t e s  a page from the  Ha atlas.  

The Ha 1 and Ha 2 telescopes have the  same heat r e j ec t ion  
windows, 6.75-inch Cassegrain imaging sys t em,  reticle system, 
and Fabry-Perot f i l t e r  package, but  the Ha 1: telescope is  equip- 
ped with both f i lm and video cameras. Thus the Ha 1 telescope 
has a beamspli t ter ,  and a d i f f e r e n t  configuration behind the 
f i l t e r  oven i n  order t o  accommodate the r e l a y  lenses f o r  both 
f i lm and video imaging system, and the video zoom lenses.  

I n  t h e  Ha 1 telescope, the  f i e ld  of view on f i lm i s  35 
arc min. The f u l l  solar disc therefore  l i es  e n t i r e l y  within 
the  f i e l d  of view when ATM pointing is  within 1.5 arc min of 
sun center .  The f i e l d  of view on video i s  variable  w i t h  the  
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zoom l e n s  between 4 . 4  and 1 6  arc min. T h e  spa t ia l  r e s o l u t i o n  
is  1.5 arc sec on f i l m  and video a t  maximum zoom magnif icat ion.  

I n  t h e  Ha 2 t e lescope ,  t h e  f i e ld  of view of t h e  video 
d i sp lay  can be v a r i e d ,  between 7 and 35 arc sec a t  maximum 
zoom magnification. 

The reticle system on both telescopes, cons i s t ing  of a 
w i r e  reticle i n  t h e  Cassegrain f o c a l  p l a i n ,  could be moved over  
a range of - + 3.5 arc min by t h e  a s t r o n a u t ,  from a s w i t c h  on 
t h e  C and D panel.  The reticle on Ha 1 was coaligned through- 
o u t  t h e  mission wi th  the c e n t e r  of t h e  S082B s l i t  and t h e  
coal igned p o s i t i o n  of t h e  SO55 raster on l i n e  8, 9,  o r  10 
(see s e c t i o n s  2.2.2, 2.3, and t h e  P o i n t i n g  Reference Handbook, 
s e c t i o n  11). The reticle on Ha 2 w a s  coal igned w i t h  t h e  Ha 1 
reticle dur ing  the  first Skylab mission (SL 21, and wi th  l i n e  
25 of the  SO55 raster p a t t e r n  during SL 3 and SL 4 .  Both 
te lescopes  w e r e  used by the c r e w  i n  p o i n t i n g  SO55 and t h e  ATM 

instruments.  Ha 1 w a s  g e n e r a l l y  used when coalignment be tween 
SO55 and S082B w a s  cr i t ical .  Ha 2 w a s  used at  other t i m e s  when 
it w a s  desired t o  locate a p a r t i c u l a r  so la r  f ea tu re  n e a r e r  t o  
t h e  c e n t e r  of  t h e  raster. 

One prototype model and one f l i g h t  model w e r e  b u i l t  of 
both t h e  Ha 1 and Ha 2 t e l e scopes ,  and an engineer ing model 
w a s  b u i l t  t o  provide a tes t  u n i t  fo r  eva lua t ion  of Fabry-Perot 
i n t e r f e romete r s  a t  Rye Canyon, Ca l i fo rn ia .  Filters w e r e  tested 
i n  t h e  engineer ing model of  t h e  t e l e scope  i n  sun l igh t ,  and also 
i n  a bench-mounted spectrograph,  t o  e v a l u a t e  uniformity,  s p e c t r a l  
d r i f t  of  bandpass, and t ransmission p r o f i l e  as a func t ion  of 
t i m e .  A Fabry-Perot i n t e r f e romete r  w a s  chosen as both  the block- 
i n g  f i l t e r  and t h e  narrow-band (0.7 A FWHM) element, because of 

0 
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t h e  need f o r  a compact, space-qual i f ied f i l t e r  package, with 
greater t r a n s m i s s i o n  than b i r e f r i n g e n t  filters. The Fabry- 
Perot f i l t e r  w a s  considered t o  be p a r t i c u l a r l y  u s e f u l  i n  f ind-  
i n g  flares and observing chromospheric s t r u c t u r e .  
development t h e r e w e r e  t w o  major problems: nonuniformit ies  
across t h e  f i l ter  a p e r t u r e ,  and s p e c t r a l  d r i f t  of t h e  c e n t e r  
o f  t h e  bandpass w i t h  t i m e .  

During f i l t e r  

Changes i n  coating procedures and thermal cur ing  made it 
0 

p o s s i b l e  t o  p rov ide  f i l ters  tha t  remained on-band a t  6563 A 

f r o m  t h e  t i m e  of acceptance t o  t h e  completion of SL 4.  The 
sealed f i l ter  oven, thermally con t ro l l ed ,  e l imina ted  t h e  pos- 
s ib ly  harmful  effects of vacuum i n  outer  space. A pulsed dye 
laser system a t  6563 A w a s  developed a t  HCO and used t o  measure 

0 

t e l e s c o p e  t r ansmiss ion ,  f i l t e r  p r o f i l e s ,  and t e l e scope  t r ans -  
miss ion  af ter  d e l i v e r y  t o  NASA, i n  order  t o  ensure t h a t  aging 
effects i n  t h e  f i l t e r  would remain within t o l e r a n c e  l i m i t s  
f o r  t h e  p r o j e c t e d  l i f e t i m e  of t h e  mission. These tests w e r e  
performed a t  r e g u l a r  i n t e r v a l s  dur ing  spacecraft i n t e g r a t i o n  
and test ,  a t  MSFC, JSC, and KSC. The last  f i l t e r  p r o f i l e  was 
t aken  a t  KSC before ATM w a s  moved to the V e h i c l e  Assembly 
b u i l d i n g  (VAB) f o r  s t a c k i n g  w i t h  Skylab. 

3.5 Mission Opera t ions  

The condensed mission p r o f i l e  i s  shown i n  Figure 12. 
During t h e  SL 2 ,  SL 3, and SL 4 manned Skylab missions,  t h e  
experiment  w a s  ope ra t ed  by an as t ronaut  a t  t h e  ATM c o n t r o l  
pane l  (described i n  the  SO55 Experiment Handbook) dur ing  
the c r e w  work-day, and by ground command from Houston during 
c r e w  s l e e p  or rest per iods .  Between t h e  Skylab 2 and Skylab 3 
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missions,  and the  Skylab 3 and Skylab 4 missions, '  when no c r e w  
w e r e  i n  o rb i t ,  more l i m i t e d  instrument operat ions (16 hours per  
day by r e m o t e  command. from Houston) w e r e  performed. 

. .  

A series of observat ions w a s  planned i n  the year  before  
launch, ,so that the s i x  ATM instruments,  which had var ied 
wavelength ranges, f i e l d s  of view, and scient i f ic  objec t ive ,  
would opera te  a t  maximum e f f i c i ency  w i t h  a m i n i m u m  of incom- 
p a t i b i l i t i e s  [12]  . The J o i n t  Observing Programs . ( J O P s )  w e r e  
made up of Building Blocks (BBs)  which spec i f ied  the detailed 
opera t ions  of each ATM experiment. The number of JOPs expanded 
from 1 4  a t  SL 2 l i f t o f f ,  t o  27 a t  SL 4 splashdown; they pro- 
vided a v a r i e t y  of coordinated observations of,  f o r  ex 'mple,  
solar. flares, active regions,  f i laments ,  chromospheric oscil-  
l a t i o n s ,  and synopt ic  observations.  Special J O P s  w e r e  wr i t t en  
during the  mission for  p a r t i c u l a r  events,  such as the  advent 
of Comet Kohoutek and t h e  solar ec l ip se  of 3 1  June 1973. 

J O P s  and BBs w e r e  selected each day during Skylab i n  a 
planning sess ion  by the ATM experimenters, who used the latest  
solar data and predic t ions  provided by the National Oceano- 
graphic and Atmospheric Administration (NOAA) and Skylab quick- 
look data. The J O P  summary sheets, developed during' c r e w  t r a i n -  
ing  and s imulat ions,  provided the  c r e w  w i t h '  step-by-step pro- 
cedures  and detailed i n s t r u c t i o n s  r e l a t i n g  t o  gra t ing  pos i t ions ,  
instrument  modes, and detector ac t iva t ion .  . The observing 
schedule for each day w a s  t ransmi t ted  the previous n igh t  t o  
the c r e w  by t e l e p r i n t e r ,  along w i t h  the  l a tes t  r epor t  of solar 
condi t ions.  Addit ional  i n s t r u c t i o n s  were given by voice commu- 
n i c a t i o n  and i n  weekly science conferences between one of the 
ATM p r i n c i p a l  i n v e s t i g a t o r s  and the crew. The crews w e r e  given 
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observing per iods without  'scheduled operat ions when they could 
exercise  t h e i r  own judgement as t o  what s c i e n t i f i c  data to  
take.. They w e r e  a l s o  given freedom t o  i n t e r r u p t  scheduled 
observations so as t o  take advantage of unexpected solar events.  
A s  the  mission progressed, these opportuni t ies  w e r e  increasingly 
e f fec t ive .  "Shopping l is t"  i t e m s ,  for  which scheduled time was 
provided, w e r e  an addi t iona l  set  of observing sequences t o  be 
performed by the  astronaut  a t  h i s  descret ion.  

The ATM Science Room w a s  s t a f f e d  by t h e  ATM "czar" and 
by a NASA f l i g h t  c o n t r o l l e r  known as ATM P l a n s ,  together  w i t h  
representat ives  from the  f i v e  ATM experiments a t  their  respec- 
t i v e  consoles. The c z a r  w a s  selected from among the  ATM prin- 
cipal, inves t iga tors  to  act, f o r  a per iod of up t o  f i v e  days, 
as a spokesman and a s i n g l e  voice f o r  ATM as l i a i s o n  with 
Mission Control. H i s  po in t  of contact  on t h e  NASA side w a s  
ATM P lans ,  who w a s  responsible  t o  the  ATM experiment o f f i c e r  
i n  the Mission Control Center across  t h e  h a l l .  The czar 's  
pr inc ipa l  du t i e s  w e r e  t o  ve r i fy  t h e  execution of the planned 
ATM observations,  deal w i t h  changes o r  problems i n  t h e i r  
execution, and settle c o n f l i c t s  between individual  ATM experi-  
ments. 

During the  manned missions the czars were scheduled on 
three  eight-hour s h i f t s  each day, designed t o  coincide approxi- 
mately with the  t h r e e  s h i f t s  of t he  NASA f l ight-control  .tdams. 
The "execute" s h i f t  (0800 - 1600 Houston time) covered the  
c r e w  work day when the  c r e w  operated ATM from the  con t ro l  and 
display panel. The "planning" s h i f t  (1600 - 2400 Houston t i m e )  
covered the  end of t he  crew workday, and the subsequent unat- 
tended operations.  The "summary"shift (2400 - 0800 Houston 
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t i m e )  covered the remaining unattended observat ions and the  
s t a r t  of  t h e  manned observat ions of the next  morning. 

The planning chairman, o r  czar of the  planning meeting, 
performed a s i m i l a r  duty i n  each of the d a i l y  planning m e e t -  
i ngs  and maintained r e spons ib i l i t y  f o r  and cognizance of t h e  
planned observing schedule u n t i l  it was . o f f i c i a l l y  accepted 
by t h e  ATM experiment o f f i c e r  and t ransmit ted t o  the  crew on 
t h e  program approval  document (PAD) scheduled f o r  execution 

' t h e  fol lowing day. The summary f l i g h t  plan,  generated during 
t h e  e a r l y  morning on the.  summary s h i f t ,  selected, among o ther  
t h ings ,  t h e  o r b i t  and blocks of t i m e  t h a t  would be ava i lab le  
f o r  ATM observa t ions ,  and formed the  b a s i s  for the  detailed 
schedule of ATM observat ions t h a t  w a s  prepared i n  the  after- 
noon 'p lanning sess ions .  

The HCO experiment console w a s  s t a f f e d  by engineers who 
maintained c o n t a c t  with t h a t  day's HCO duty s c i e n t i s t  i n  t he  
Mission Control Center  o r  remained on c a l l .  The HCO engineers 
and s c i e n t i s t s  w e r e  responsible  f o r  monitoring the  implemen- 
t a t i o n  of t h e  planned s c i e n t i f i c  program f r o m  real-time data 
appearing on t h e  console,  and f o r  ver i fying t h e  physical  opera- 
t i o n  of  t h e  instrument .  Other engineers i n  a nearby room 
made r eques t s  f o r  quick-look data batches a f t e r  each orb i t .  
The duty s c i e n t i s t  had o v e r a l l  r e spons ib i l i t y  for  the science 
or changes i n  t h e  scheduled observations fo r  the e n t i r e  day, 
and represented HCO i n  the  science planning meeting. 

3.6 Instrument A c t i v a t i o n ,  Anomalies and Malfunctions 

3.6.1 O r b i t a l  ac t iva t ion .  It  was o r i g i n a l l y  planned 
t h a t  an  a s t ronau t  would activate the  instrument i n  a pre- 
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planned sequence a t  the start of ATM operations. During the  
Skylab launch, however, the  loss of one Skylab s o l a r  panel 
and the f a i l u r e  of another to  deploy i n  o rb i t ,  p lus  the  loss 
of t he  meteoroid hea t  sh i e ld ,  caused a complete rev is ion  of 
a l l  ac t iva t ion  plans: as a r e s u l t ,  turn-on of the  instrument 
f o r  the f i r s t  t i m e  w a s  made by remote command from the  ground. 

On day 1 4 4  (24  May 1973) the c r e w  powered up the  C and 
D panels,  ac t iva t ed  instrument high vol tage and the  ATM experi-  
ment pointing-control system, and re leased  t h e  launch lock on 
the SO55 primary mirror. The thermal control system, with i t s  
own separate  power bus, w a s  ac t iva ted  by ground command on 
day 1 4 7  (May 27). 

Instrument ac t iva t ion  then continued on days 1 4 7  and 1 4 8  
(May 27 and 28) by turning on main power and energizing the  
gra t ing  dr ive ,  mirror  raster, and de tec to r  high vol tages .  
Each system's operat ion w a s  v e r i f i e d  before  proceeding t o  t h e  
next. Before high vol tage w a s  turned on, pressure i n  t h e  

spectrometer w a s  measured with a cold-cathode ion iza t ion  gauge. 
The first reading, door closed, on day 1 4 7  (May 27) w a s  
6 x Torr. The next day, 8 minutes af ter  the  door w a s  
opened, pressure w a s  3 x Torr. A few hours. later,.  before 
the .high vol tage w a s  turned on, the  pressure was 1 x Torr 

with t h e  door open. The de tec tors  w e r e  first turned on with 
ATM point ing off  the s o l a r  d i sc ,  where 0 counts w e r e  observed, 
as expected; then on the  d i s c ,  where 30 to 1200 counts p e r  
in tegra t ion  t i m e  w e r e  observed. Then the  f i r s t  raster and 
spec t r a l  da ta  w e r e  received and evaluated,  confirming a com- 
p l e  t e l y  s a t i s f a c t o r y  instrument performance. 
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3.6.2 Malfunctions and anomalies. There w e r e  t h ree  
s i g n i f i c a n t  and p o t e n t i a l l y  ser ious  malfunctions of t h e  ins t ru-  
ment, y e t  none had a l a s t i n g  impact on  t h e  q u a l i t y  of the  
s c i e n t i f i c  data. 

Aperture'  d o o r .  Each ATM instrument had i t s  own door, 
provided by NASA, located i n  the  ATM heat s h i e l d  and operated 
by a motor-driven lead-screw assembly (Figure 13)  . 

The purpose of  t h e  door w a s  t o  prevent ' the  en t ry  of 
contaminants during vent ing and waste dumps, t o  prevent l o s s  
of thermal energy a t  o rb i t  n ight ,  and to prevent  en t ry  of 

' s o l a r  energy a t  obl ique angles  during momentum dumps a t  high 

ma t i ca l ly  a t  o rb i ta l  sun r i se  and sunset on a s i g n a l  from the 
ATM d i g i t a l  computer. This  automatic operat ion could be over- 
r idden,  and t h e  door could also be operated by ground command 
or by a switch on the  con t ro l  panel i n  orbit .  

' beta angles.  The door w a s  designed t o  open and close auto- 

Each door w a s  equipped w i t h  a primary and secondary 
drive motor on a common sha f t .  Each motor could be used 
sepa ra t e ly ,  or both could be used together if added torque 
w a s  needed. On closing,  t he  door - f i t t e d  i n t o  a ramp-latch 
which held it t i g h t  aga ins t  the instrument ape r tu re ,  a fea ture  
t h a t  w a s  requi red  only for ground t e s t ing  i n  negat ive one G, 
b u t  w a s  n o t  removed before  launch. Each door w a s  also equip- . 

ped wi th  a p i n  which, when ex t r ac t ed  by an as t ronaut ,  disabled 
t h e  d r i v e  mechanism so that  the  ex is t ing  door pos i t i on  could 
n o t  be changed. 

During prelaunch t e s t i n g ,  because of problems w i t h  
s t i c k i n g  doors, the mechanisms and controls w e r e  redesigned. 
Once i n  orb i t ,  most of t h e  experiment doors malfunctioned a t  
one t i m e  or another, pr imari ly  because of f r i c t i o n  on the 
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ramp-latch. 
day 1 6 4  (June 13) a t  07:30 GMT when nei ther  the door-open 
nor  door-closed indica t ion  w a s  received a t  o r b i t  sunrise.  
Inves t iga t ion  revealed t h a t  t he  door was j u s t  s l i g h t l y  open-- 
enough t o  prevent  t h e  microswitch from giving the door-closed 
s i g n a l  because it had f a i l e d  t o  close completely on the  
previous orb i t '  s sunset.  The preplanned malfunction procedure 
w a s  followed by using ground commands during unattended opera- 
t i o n s  t o  save c r e w  t i m e ,  and the  door was opened-on one motor. 
Automatic door operat ions were then resumed. The next m a l -  
funct ion w a s  a t  21:40 GMT on day 1 7 2  (June 2 1 )  ( the  day before 
t h e  c r e w  l e f t  Skylab),  when t h e  door again failed t o  close 
completely a t  o rb i t  sunset.  Since t h i s  was a t i m e  of high 
beta .angle  ( 6 7 O ) ,  it was decided no t  t o  i n h i b i t  au tomat ic  
opera t ions  b u t  t o  leave the  door open because momentum dumps 
w e r e  occurr ing i n  sunl ight .  The malfunction procedure w a s  
again used and t h e  door closed properly. 

The SO55 door f i r s t  malfunctioned i n  o rb i t  on 

Between day 1 6 4  (June 13) and day  185 (July 4 )  t he  door 
f a i l e d  i n  t h e  same way severa l  t i m e s .  Each t i m e  the malfunc- 
t i o n  procedure w a s  used and recovery was accomplished, bu t  the  
door-closing; which should have taken 8 t o  10 seconds, required 
a t i m e  up to 53 seconds. Additional t e s t ing  was done on t h e  
ground, with t h e  ATM f l i g h t  backup un i t  a t  MSFC. Two-motor 
opera t ion  w a s  considered, bu t  it w a s  feared t h a t  the  door 
would become jammed a f t e r  having been driven shut  by t w o  motors. 

During unmanned operations between the second'and t h i r d  . 

Skylab missions,  the  automatic door switch w a s  put i n  t h e  inh i -  
b i t  p o s i t i o n  and the door w a s  l e f t  open during the 16 hours of 
experiment observat ions each day. This could not  be considered 
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a s a t i s f a c t o r y  so lu t ion  f o r  manned ope ra t ions  because w a s t e  
dumps and momentum dumps a t  high b e t a  ang le s  could occur  during 
SL 3. 

On day 181 (Ju ly  30) (the day of p a r t i a l  s o l a r  e c l i p s e )  
both primary and secondary motors i nd iv idua l ly  malfunctioned, 
and two-motor door opera t ion  w a s  i n i t i a t e d .  
had already been made for  the  SL 3 crew t o  remove t h e  ramp- 
l a t c h  if necessary on t h e  first e x t r a  vehicu lar  a c t i v i t y  (EVA) 

of SL 3. Two-motor opera t ion  continued u n t i l  day 214 (August 2 )  

when the door again malfunctioned, and the  decis ion w a s  made 
t o  remove the ramp-latch a t  the earliest  opportunity.  During 
the  f irst  EVA of SL 3, on day 218 (August 6 ) ,  the c r e w  observed 
the  door i n  opera t ion  and v e r i f i e d  tha t  the  f a i l u r e  w a s  caused 
by f r i c t i o n  aga ins t  t h e  ramp-latch. The l a t c h  w a s  then removed 
by taking o u t  t w o  b o l t s  with a 7/16-inch open-end wrench, and 
the  l a t c h  w a s  re turned  t o  earth by t h e  c r e w  at t h e  end of SL 3. 
The door functioned p e r f e c t l y  f o r  t h e  rest of the mission..  

Preparat ions 

' Detector t r < p - o u t s .  Both t h e  OSO-2 and OSO-4 inst ruments  
constructed by HCO experienced electrical  f a i l u r e s  i n  o r b i t ,  
which w e r e  a t t r i b u t e d  t o  corona and high-voltage breakdown . 
These, and t h e  OSO-6 instrument,  used c rossed - f i e ld  open photo- 

m u l t i p l i e r s  w i t h  two-kV power suppl ies .  
' t he  OSO-6 instrument w a s  p ro tec ted  by a current-sensing over- 

load p ro tec t ion  r e l a y ,  which turned o f f  t h e  power supply i n  
the  event  of a rc ing .  

T h e  power supply i n  

In  t h e  ATM instrument each of the seven high-voltage 
power supp l i e s  w a s  equipped with a current-sensing c i r c u i t  
and a re lay .  Two of t h e  power supp l i e s  and a l l  seven d e t e c t o r s  
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w e r e  b u i l t  by Bendix Research Laboratories;  the remaining 
f ive power supp l i e s  w e r e  b u i l t  by EMR Photoelectr ic .  

A block 'diagram of t h e  t r i p  circuit  i n  the power supply 
i s  shown i n  Figure 1 4 .  Figure 15 i s  a cutaway schematic of 
detector and power supply. The t r i p  c i r c u i t  operated by 
tu rn ing  of f  t h e  vol tage r egu la to r  whenever it sensed a load 
c u r r e n t  of 2.5 t i m e s  i ts  nominal value. A 5-vol t  f a i l u r e  
s i g n a l  w a s  produced simultaneously, .which caused. the remaining 
s i x  power suppl ies  t o  be disabled i f  they were on and i f  t h e  

main high-voltage s w i t c h  on t h e  panel was act ivated.  

The Bendix and EMR power suppl ies  w e r e  bas i ca l ly  the 
same, b u t  s i g n i f i c a n t  d i f fe rences  exis ted.  The Bendix t r i p -  
c i r c u i t  w a s  m o r e  s e n s i t i v e  than the  EMR. Bendix sensed 
c u r r e n t  i n  t h e  t ransformer secondary; EMR sensed channel 
c u r r e n t  i n  t h e  ground re turn  l i ne .  The EMR supply w a s  fur-  
nished a reset pulse  when it w a s  turned on, and it issued a 
f a i l  s i g n a l  during turn-on. This d id  not a f f e c t  other EMR 
supp l i e s  because of their  fas t  rise t i m e  (l/sec), but  it 
caused Bendix supp l i e s  t o  t r i p .  They were therefore  turned 
on l a s t  i n  the  sequence. 

I n  normal opera t ions  the main high vol tage w a s  acti- 
vated,  which caused a l l  seven detectors  t o  tu rn  of f  i f  a s ing le  
one t r ipped ,  and caused high vol tage t o  t u r n  on and of f  w i t h  
the door ' s  opening and closing.  With main high voltage i n  
override, only the supply t h a t  t r i ppedwas  turned off, and 
high vol tage  remained on when t h e  door closed. 

During prelaunch t e s t i n g  there were severa l  f a i l u r e s  
of power suppl ies  and detectors because of  corona and,mal-  
funct ion of  t h e  t r i p  c i r c u i t s ,  mostly corrected by changing 
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t h e  po t t ing  compound and the  high-voltage connections,  and 
by redesigning the  t r i p  c i r c u i t .  High-pressure tests and 
corona tests w e r e  conducted with t h e  t r i p  c i r c u i t  d i sab led .  
Pressures  of l o W 2  Torr w e r e  requi red  t o  induce corona, causing 
l o s s  of ga in  af terwards but  no t  complete f a i l u r e .  During 
instrument acceptance tests the re  w e r e  s eve ra l  spur ious  t r ip -  
o u t s  a t t r i b u t e d  t o  corona a t  t he  high-voltage te rmina ls  of 
t h e  power suppl ies ,  r equ i r ing  replacement of detector and 
power supply. During ATM thermal-vacuum tests there w e r e  t r i p -  
o u t s  caused by 1) a misunderstanding of t he  necessary turn-on 
sequence, and 2 )  poss ib l e  effects of contamination f r o m  traces 
of argon i n  t h e  gas  being used i n  t h e  a r t i f i c i a l  W source. 
A t  t h e  t i m e  of launch there w a s  s t i l l  a c e r t a i n  amount of 
mystery regarding t r ip -ou t s ,  although very thorough t e s t i n g  
and ana lys i s  and been done. 

The f i r s t  t r i p -ou t  i n . o r b i t  occurred e a r l y  i n  SL 2 on 
day 150 (May 30), and t r ip -ou t s  recurred sporad ica l ly  through- 
o u t  t h e  e n t i r e  SL 2, 3, and 4 'missions.  During manned opera- 
t i o n s ,  data l o s s  w a s  i n s i g n i f i c a n t  because the  c r e w  w a s  alerted 
by a red  l i g h t  and immediately reset t h e  de t ec to r s .  During 
unattended and unmanned opera t ions ,  reset had t o  w a i t  f o r  a 
s t a t i o n  pass. 

Trip-outs w e r e  n o t  caused by pressure ,  and probably 
no t  by contamination. Spectrometer p re s su re ,  measured by a 
co ld  cathode ion iza t ion  gauge in s ide  the  spectrometer,  w a s  
always below 1 x Torr w i t h  door c losed ,  and 8 x Torr 

with door open. Inves t iga t ion  of de t ec to r  da t a  during t r i p -  
ou t s  i nd ica t e s  t h a t  d e t e c t o r  5 caused m o s t  of them. They 
f requent ly  occurred dur ing  passage through the  South A t l a n t i c  
Anomaly or the  horns of the e l ec t ron  b e l t s ,  although correla- 
t i o n  with the  r ad ia t ion  b e l t s  is  no t  s u f f i c i e n t l y  complete t o  
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be convincing, and no t h e o r e t i c a l  model ex i s t s .  There w a s  no 
inc rease  i n  dark counts  while  Skylab w a s  passing through t h e  
belts. 

A t  the  s t a r t  of SL 3, t he  c r e w  put  main high voltage i n  
override, so t h a t  i f  any s i n g l e  detector t r ipped it would not  
t u r n  o f f  the o thers .  Detector 5 t r i pped  frequent ly ,  and it 
w a s  soon l e f t  o f f  fo r  m o s t  of  SL 3. A t  t h e  end of SL 3 , ' o n  
day 264  (Sept. 2 1 )  d e t e c t o r  5 w a s  turned off  for a two-month 
per iod.  
t r i p -ou t s  occurr ing a t  ever- increasing frequency. 

N o  recovery w a s  noticeable a t  the end of t h i s  period, 

Other t r i p -ou t s  occurred t h a t  did not  involve detector 5, 
caused by high detector c u r r e n t  during f l a r e s ,  or when the 
g r a t i n g  zero-order image w a s  mistakenly allowed to  be inc ident  
on a detector, causing a high count rate.  

On days 251 and 252 (Sept. 8 and 9 ) ,  a series of tests 
w e r e  performed by t h e  c r e w  on detector 5 to evaluate  i ts  
behavior  with t h e  p ro tec t ion  c i r c u i t  disabled. In  the first 
sequence, detector 5 w a s  turned on by i t s e l f  with the  t r i p  
c i r c u i t  i n  override for four  20-second in t e rva l s .  Although 
t h e  other detectors w e r e  o f f ,  they r eg i s t e red  counts of up 
t o  225 pe r  sampling per iod (0.041 sec) during the  i n i t i a l  2.5 
seconds of turn-on. Addit ional  bu r s t s  of 2 t o  25 counts were 
also recorded during t h e  20-second period. In  the  subsequent 
20-second tests, there w e r e  only t w o  low-magnitude noise  bu r s t s  
on t h e  o the r  detectors. I n  a l l  o ther  respects detector 5 oper- 
ated normally during t h e  test. 

I n  t h e  second test  sequence, detector 5 w a s  turned on 
wi th  t h e  t r i p  c i r c u i t  again i n  override for  severa l  40-second 
per iods.  Only one no i se  b u r s t  w a s  recorded by the  o ther  detectors. 
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It w a s  concluded that ,  a l though de tec tor  5 opera t ed  
normally wi thout  t h e  p r o t e c t i o n  c i r c u i t ,  it caused spur ious  
counts on other detectors and could n o t  be used i n  t h i s  mode. 
The test also s t rong ly  i n d i c a t e d  t h e  ex is tence  of a r c i n g  on 
detector 5, al though of very short  du ra t ion .  

The t o t a l  data loss  from t r i p - o u t s  w a s  n o t  l a r g e ,  b u t  
i n  the  case of solar f l a r e s  it w a s  s i g n i f i c a n t .  And t r i p - o u t s  
w e r e  c e r t a i n l y  bothersome t o  t h e  c r e w  and groundTsupport 
personnel.  

Power transient anomaly. On day 277 (Oct. 4 )  during 
o r b i t  n i g h t ,  unmanned ope ra t ions ,  an e l e c t r i c a l  t r a n s i e n t  
caused a series of anomalies i n  t h e  instrument:  1) Detector 6 
t r i p p e d  o u t  and high counts appeared on a l l  other  detectors 
for  80 t o  120 mil l iseconds.  2 )  Pr imary mirror-stow p o s i t i o n  
changed f r o m  l i n e  30 s t e p  31 ( c e n t e r  of p a t t e r n ) ,  t o  l i n e  0 
s t e p  30 (edge of p a t t e r n ) ,  and cont inued t o  s t o w  t h e r e  u n t i l  
t h e  crew re tu rned  fo r  SL 4. 3) Gra t ing  pos i t i on  i n d i c a t i o n  
changed f r o m  0000 t o  0001 ( f i r s t  polychromatic p o s i t i o n ) .  

A t  s u n r i s e  of t h e  next  o r b i t  a l l  func t ions  came back 
on and the raster w a s  w i th in  t h e  nominal requirements. 
Detector 6 w a s  reset by t h e  door-open s i g n a l .  Later i n  t h a t  
cyc le  t h e  + 20-volt  monitors b r i e f l y  read +7.5 and -16 vol ts  
r e spec t ive ly .  Ground c o n t r o l  n o t i c e d  t h a t  some of t h e  h igh  
vol tages  w e r e  reading 50 t o  60 vol t s  low. Detectors  4 and 7 

then t r i p p e d  while  po in ted  a t  a subnormal s o l a r  flare. They 
w e r e  reset b u t  a l l  high vo l t age  w a s  then  commanded o f f ,  t o  
allow t i m e  t o  s tudy  the problem. The raster was turned  o f f  
and the mirror again stowed i n c o r r e c t l y .  The main power O F F  

command w a s  s e n t  and verified t w i c e ,  b u t  power remained on. 
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A f t e r  a s tudy  of the data, it was  decided t o  resume 
exper iment  o p e r a t i o n s ,  b u t  from then  u n t i l  the end of SL 4 

t h e  in s t rumen t  power could  n o t  be turned o f f  by ground command, 
a p p a r e n t l y  because of a r e l a y  f a i l u r e  i n  t he  ATM experiment 
power-bus. The change i n  high vo l t ages  was appa ren t ly  caused 
by a switch-over f r o m  primary to secondary main power supply 
d u r i n g  t h e  t r a n s i e n t  . 

When t h e  SL 4 c r e w  a c t i v a t e d  t h e  experiment they reset 
the m i r r o r  s t o w  p o s i t i o n  and a l l  opera t ions  were'normal f r o m  
t h e n  on. The o r i g i n  o f  t h e  t r a n s i e n t  is n o t  known. 

ATM/Skytab probtems. The problems experienced by Skylab 1 
a t  launch,  which produced extremely high temperatures  i n  t h e  
workshop, d id  n o t  affect t h e  ATM f i l m  because it w a s  stored i n  
the MDA. The Harvard ins t rument ,  being photoelectric, could 
have o p e r a t e d  by ground command i f  the  crew had vis i ted Skylab 
o n l y  long  enough t o  activate t h e  experiment p o i n t i n g  system 
and  t h e  ATM power buses ,  and t o  unlock the primary mirror 
launch-lock. 

Other  problems i n  ATM had a d e f i n i t e  p o t e n t i a l  f o r  
deg rad ing  o r  t e r m i n a t i n g  experiment data-taking: The f a i l u r e s  
of t h e  charger-battery-regulator module (CBRM) and of the 
c o n t r o l  moment gyro ,  par t  of t h e  a t t i t u d e  c o n t r o l  system. 
Other  problems w e r e  star-tracker f a i l u r e ,  caus ing  loss  of pre- 
cise r o l l - c o n t r o l ;  f a i l u r e  of t h e  f i n e  sun s e n s o r ,  r e q u i r i n g  
use of .  t h e  backup: and malfunct ion of t h e  ATM gimbal a c t u a t o r s .  
These problems, p o t e n t i a l l y  d i s a s t r o u s  to ATM, w e r e  overcome 
by miss ion  c o n t r o l  and the c r e w  w i t h  r e l a t i v e l y  s m a l l  loss 
of data. 
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4 .  NASA DATA PROCESSING SYSTEMS 

During a Skylab pass  over a remote si te,  a l l  d a t a  t h a t  
were received a t  t h e  ground s t a t i o n  w e r e  recorded i n  r a w  
form on analog data tapes .  A t  t h e  same t i m e ,  real-time data 
were compressed and t r ansmi t t ed  t o  J S C  through t h e  NASCOM/GSFC 

d a t a  network, w h i l e  being recorded on s t a t i o n  ADDT t apes .  
Auxil iary s to rage  and playback (ASAP) data were recorded on 
board Skylab, t ransmi t ted  to t h e  ground during s t a t i o n  passes ,  
d i g i t i z e d ,  recorded on s t a t i o n  ADDT t apes  along with real-time 
data, and then t r ansmi t t ed  t o  J S C  after the pass w a s  completed. 
The o r i g i n a l  analog t apes ,  wi th  d a t a  i n  r a w  form, w e r e  s t o r e d  
a t  t he  remote ground-station si tes for  poss ib le  use later.  
The data processed a t  t h e  remote sites before  t ransmiss ion  
t o  J S C  after t h e  pass  are r e f e r r e d  t o  as ADDT. A t  JSC, dur ing  
t h e  mission, real-time data w e r e  combined w i t h  ASAP data t o  
form a data bank from which ' t he  quick-look data w e r e  drawn. 
ADDT d a t a  t a p e s  were t o  be produced as required t o  form inc lu -  
s i v e  batches containing s i x  hours of da ta .  These ADDT t a p e s  
were t o  be t r ansmi t t ed  t o  MSFC for  production of f i n a l  data 
t apes  . 

A s  it developed, however, t h e  f i n a l  data  t a p e s  w e r e  n o t  
produced u n t i l  w e l l  a f ter  t h e  mission. Analog d a t a  t a p e s  w e r e  
used for a l l  SUT's produced a t  JSC, and f o r  SUT's produced a t  
MSFC p r i o r  t o  day 275 (Aug. 2 2 ,  1973) because of excessive 
noise  and dropouts i n  ADDT data e a r l y  i n  the  mission. See 

s e c t i o n  4.3 f o r  a f u l l e r  d e s c r i p t i o n  of t h e  da ta  systems t h a t  
w e r e  used a t  MSFC and J S C  t o  produce f i n a l  data. 
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The 13  ground s t a t i o n s  i n  t h e  NASA Manned Space F l ight  
Network t h a t  operated during Skylab a re  given on t h e  summary 
f l i g h t  p lan  for  each day, with t h e  approximate t i m e s  of t h e  
s t a t i o n  passes.  The exact  t i m e s  of s t a t i o n  contac t  are recorded 
i n  t h e  console working logs.  Because of the constant ly  changing 
ground-trace of Skylab, t h e  s t a t i o n s  and the t i m e s  of s . ta t ion 
con tac t s  are d i f f e r e n t  for every o r b i t .  

HCO experiment data w e r e  recorded i n  real t i m e  by the  
ATM t ape  recorders for every orb i t .  During a s t a t i o n  pass  the 
t ape  recorders  w e r e  played back a t  18 t i m e s  real t i m e  and were 
recorded by t h e  ground s t a t i o n .  Thus 90 minutes of data 
(1 o r b i t )  could be dumped t o  t h e  ground i n  5 minutes. 

As previously descr ibed,  the  real-time and dump data 
w e r e  recorded a t  t h e  remote s i te  on analog range tapes  for  
p o s s i b l e  la ter  use,  and they w e r e  also processed for  t rans-  
mission t o  J S C  a f t e r  the pass. 

The flow of data from Skylab to  JSC is  i l l u s t r a t e d  i n  
Figure 16.  R e a l - t i m e  da ta  processing is i l l u s t r a t e d  i n  
Figure 17. R e a l - t i m e  da t a  w e r e  ava i lab le  during Skylab 
s t a t i o n  passes  a t  t h e  experiment consoles i n  the  ATM Science 
Room. The Harvard team s t a f f e d  a console 24 hours a day during 
t h e  SL 2,  SL 3, and SL 4 manned m i s s i o n s ,  and 1 6  hours a day 
during t h e  unmanned i n t e r v a l s  between t h e  manned missions. The 
console  w a s  equipped with a cathode-ray data d isp lay  (with 
copying c a p a b i l i t y )  and t h e  a b i l i t y  t o  s e l e c t  any data channel 
i n  t h e  Mission Control  Center. D a t a  sampling rates were once/ 
sec for  engineer ing data  and once/l5 sec fo r  detector counts, 
s u f f i c i e n t  only t o  v e r i f y  t h a t  t he  experiment w a s  operat ing 

-72- 



DATA TRANSMISSION FROM SKYLAB TO J S C  
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1 6 .  Data t r a n s m i s s i o n  f r o m  Skylab to JSC. 
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as planned and wi thout  g r o s s  malfunction. Evaluat ion o f  
s c i e n t i f i c  data or  d e t e c t i o n  of s u b t l e t i e s  i n  performance 
w a s  n o t  p o s s i b l e  f r o m  real-time data d i s p l a y s .  L i m i t e d  voice 
communication w a s  used p r imar i ly  t o  communicate wi th  o t h e r  
solar  experimenters and NASA f l i g h t  c o n t r o l l e r s .  The room , 

n e x t  to  t h e  ATM Science Room contained the NASA experiment 
support  team, video recorders, a d d i t i o n a l  console and moni- 
t o r i n g  c a p a b i l i t i e s ,  and t h e  keyboard f o r  formulating and 
sending remote commands t o  t h e  experiment. 

Any video d i s p l a y  ( H a  1 and H a  2, SO52 whi te- l igh t  
coronagraph, S082B X W  s l i t ,  and XUV monitor) appearing on 
one of the t w o  on-board monitors could be recorded by t h e  
c r e w  o r  t r ansmi t t ed  t o  t h e  ground i n  r e a l  t i m e  dur ing  c e r t a i n  
s t a t i o n  passes  over t h e  United States. A t  t imes,  by t h i s  

means, ground suppor t  personnel  could observe and e v a l u a t e  t h e  
same solar d i s p l a y s  that  the c r e w  w e r e  s ee ing  i n  performing 
t h e i r  observat ions.  

4.2 Quick-Look D a t a  

S c i e n t i f i c  and engineer ing  data from the experiment (see 
Figure 1 7 )  w e r e  processed by NASA through computers i n  t h e  
real-time computer complex a t  JSC with in  a f e w  hours  o f  every  
s t a t i o n  pass  (see s e c t i o n  1) and stored i n  t h e  data bank fo r  
approximately 24 hours.  HCO support  personnel  selected 
15-minute p o r t i o n s  o f .  s c i e n t i f i c  data f r o m  every orb i t , .  t o  be 
extracted from t h e  d a t a  bank and produced i n  t h e  fo l lowing  
formats : 

1) Tabulated s p e c t r a l  or raster d a t a  ( r e f e r r e d  t o  as 
"tab") on paper  and on microfiche. 

2) 64-level grey-scale  raster p i c t u r e s  on microf iche.  
3)  S p e c t r a l  or  raster data on magnetic tape,  2 orb i t s /day .  
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The l a s t  received f u r t h e r  process ing  by t h e  computer program 
f o r  W p r o f i l e  a n a l y s i s  (PROAT), t o  eva lua te  changes i n  
in s t rumen t  s e n s i t i v i t y ,  t h e  correspondence of wavelength t o  
s t e p  number, and spectrometer  W p r o f i l e s .  Data w e r e  ob ta ined  
on t a p e  f o r  e n t i r e  o rb i t s  dur ing  s p e c i a l  sequences: Calroc 
J O P  1 2 ,  Bui ld ing  Block 2 6 ,  and t r a n s i t  o f  Mercury, for example. 

Engineer ing  parameters  ( temperatures  and vo l t ages )  ' and 
detector coun t s  w e r e  a lso available i n  near real-time through 
t h e  mis s ion  data re t r ieval  system (MDRS) and i ts  t e rmina l s  i n  
t h e  Mission Con t ro l  Center. S p e c i a l l y  designed d i s p l a y s  and 
ha rd  copy formats w e r e  a v a i l a b l e  wi th  t i m e  i n t e r v a l s  and 
sampling rates to  be s p e c i f i e d  by t h e  r eques t ing  engineer.  
This  c a p a b i l i t y  w a s  i nd i spensab le  for i n v e s t i g a t i n g  malfunc- 
t i o n s ,  as t h e  necessa ry  data w e r e  u sua l ly  a v a i l a b l e  wi th in  
one hour of t h e  data dump a t  a r e m o t e  s i te .  

4.3 F i n a l  D a t a  

F i n a l  s c i e n t i f i c  and engineer ing  data w e r e  processed by 
NASA and received a t  HCO throughout most of 1974,  and t h e  first 
h a l f  of 1975. 

The p r i n c i p a l  f i n a l  data are: 
S c i e n t i f i c  u s e r  tapes: 
t h a n  housekeeping. 
Tabulated d a t a  ( tab) on microfiche.  
64-level  grey-scale  raster p i c t u r e s  and l ine-scan 
data on microf iche.  
Engineer ing d a t a  t apes :  Spacecraf t  engineer ing d a t a  
and HCO ins t rument  d a t a  o ther  than  d e t e c t o r  counts.  
Engineer ing  d a t a  books : t apes  of orb i t -by-orb i t  
i n s t rumen t  modes and opera t ions .  

a l l  instrument  data other 

-76- 



The s c i e n t i f i c  user  t apes  (SUT) of MSFC are i d e n t i f i e d  
by day, batch,  and tape  number, a ba t ch  being 6 hours and 
comprising one, t w o ,  or  t h r e e  tapes .  Those of JSC are i d e n t i -  
f i e d  by day and t ape  number. The f i n a l  s c i e n t i f i c  microf iche  
are produced by running t h e  t a p e s  (backcoated) through a CDC 

6400 o r  a Cyber 73 t o  produce an i n p u t  t a p e  for  t h e  FR80 
microf iche machine. The FR80 ou tpu t  is f i l m .  From each SUT 
t h e r e  i s  one f i l m  fo r  grey-scale p i c t u r e s ,  and another  f o r  
t abu la t ed  d a t a ,  inc luding  s p e c t r a l  s cans ,  rasters, and mirror 
l i n e  scans.  The FR80 output  i s  t h e  o r i g i n a l  and is s t o r e d  i n  
a warehouse. Copies made from it are used a t  HCO and NSSDC 
for  d a t a  a n a l y s i s  and photographic reproduction. 

F igures  18  and 1 9  i l l u s t r a t e  the data processing systems 
used by NASA t o  extract f i n a l  SO55 data and convert  them i n t o  
t h e  formats r equ i r ed  by HCO. A l l  microf iche  output w a s  pro- 
duced a t  JSC. S c i e n t i f i c  u s e r  t a p e s  fo r  days 197-202 ( J u l y  
16-21, 1973) and 234-290 (Aug. 22 - O c t .  17, 1973) w e r e  pro- 
duced a t  JSC f r o m  analog data. A l l  o t h e r  SUTs w e r e  produced 
a t  MSFC; a l l - d i g i t a l  d a t a  t apes  (ADDT) w e r e  used a f t e r  day 
275 ( O c t .  2 ,  1973) ,  and analog range t a p e s  p r i o r  t o  day 275. 
The analog range t a p e s  w e r e  used for  t h e  earlier data because 
of t h e  excessive drop-outs (both q u a n t i t y  and du ra t ion )  i n  
t h e  ADDT. HCO engineer ing d a t a  t a p e s  and o ther  ATM experiment 
d a t a  were produced from ADDT a f t e r  day 234 (Aug. 22,  1973) and 
f r o m  analog range t a p e s  before  then. 

4 .4  Microfiche 

The microf iche  i s  available i n  grey-scale p i c t u r e s  and 
t a b u l a r  format,  e i t h e r  i n  r o l l  form or cut up f o r  use. The 
microf iche o r i g i n a l s  and copies  and t h e i r  l oca t ions  are l i s t e d  
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FINAL DATA PROCESSING, MSFC 

ADDT TAPES 'Q ANALOG TAPES 
FROM GSFC 0 

SDS 
GROUND 
STAT1 ON 
DIG1 T I  Z E 

FROM JSC 

DDP 224  
DDP 116 

EDIT 
MERGE 

I 
UNIVAC 

I I O 8  
AND/OR 

IBM 7 0 9 4 7  I 1 

L ENGINEERING 
DATA BOOK 

DARD 
PRINTOUT: 

HOLD AT MSFC 

COMPLETE, THEN 
SHIP TO HCO 

BACK 
COATED 

TO JSC 

TAPES 
81 FILM 
SHIP TO 

HOLD AT MSFC UNTIL 
P I ET EVALUATION 

COMPLETE,THEN ERASE 

L 

TO BBRC 
FOR Ha ATLAS, 
POINTING, AND 

ATM LOG 
PRODUCTION, 

THEN SHIPTO HCO 

18. Final  data processing, MSFC. 
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UNIVAC 494 STANDARD 
. DECOM/DI G I TI2 E 

S PRODUCE TIME 
CONTINUOUS TAPE 

COATED BACK @ 

SHIP TAPES S 
FILM TO H C O  - WHEN PIET 
EVA LU AT ION 
COMPLETE 

- EVALUATION 
COMPLETE 

A - 

I I I 

PlET SUT 
E VA L U AT I ON 

IF PlET ACCEPTS 

AFTER CYBER 

CDC 6400 

GREY 

FR-80 INPUT 

HOLD 60 DAYS 
AT JSC 

MICROFICHE 
TAB AND GREY SCALE 

I JSC PHOTO LAB I 
1 I 1 

PlET MICROFICHE 
EVALUATION 

19. Final  data processing, JSC. 
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i n  t h e  appendix. The following sect ions (4.4.1-4.4.10) pre- 
s e n t  a desc r ip t ion  of t h e  microfiche and i t s  formats. The 
tab microf iche i s  i l l u s t r a t e d  i n  Figure 20, and the  grey-scale 
microf iche i n  Figure 29. Figures 2 1  through 28, 30 and 31, 
i l l u s t r a t e  t h e  var ious microfiche formats i n  d e t a i l .  

4 . 4 . 1  R a s t e r  t a b  (Figure 2 1 ) .  One t a b  f o r  each de tec tor  

Lines 1-30, d a t a  samples 1-60 
t h a t  i s  on. The t a b  i s  i n  four  p a r t s :  

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

The f i r s t  6 and l a s t  6 d a t a  samples on each raster l i n e ,  which 
appear on t h e  SUT, do n o t  appear on the tab. The heading in-  
formation i n d i c a t e s  t h e  following: 
GMT: Doy and t i m e  of start of raster. 
SO55 RASTER TAB P-1: Page 1 of t h e  4-page tabula t ion .  
DET 1: Detector number one. 
FSSUD 153: ATM f i n e  sun sensor  up/down poin t ing  coordinate,  

i n  arc sec, a t  t i m e  of s tar t  of raster. 
GAMRR-8090: ATM ro l l  coordinate ,  i n  arc  min, a t  t i m e  of s ta r t  

CYCLE 325: The number of day/night cycles s ince  the  l a s t  launch. 
REF SEL OPT: The g r a t i n g  reference selected a t  t i m e  of start 

OPT OUT: The o p t i c a l  reference-bi t  indicat ion i s  o f f .  
MECH OUT: The mechanical reference-bi t  i nd ica t ion  i s  o f f .  

SAMPLE NO. 1: The f i r s t  of the set of points  used t o  create 

MODE/MAR: The mode se l ec t ed  a t  s ta r t  of t h e  raster is t h e  mirror 

FSSLR 406: The ATM f i n e  sun sensor  l e f t / r i g h t  coordinate ,  

of raster. 

of  the  raster. 

t h i s  f i l e  i s  the  first da ta  sample belonging t o  t h i s  f i l e .  

au to- ras te r  . 
arc sec, a t  t i m e  of s ta r t  of raster. 
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20. Tab microfiche. 



21. Raster tab. 
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GRT POS 1 4 2 0 :  The number o f  s t e p s  t h e  g r a t i n g  w a s  moved from 
t h e  s e l e c t e d  re ference  a t  t i m e  of start of  t h e  
raster. 

N 7200: The number of  good d a t a  samples i n  t h e  raster. 
IBAR 105: The average of t h e  good d a t a  samples i n  t h e  raster. 
ISQR 25989: The average of t h e  squares  of t h e  good data samples 

i n  t h e  raster. 

I n  Figure 21 ,  t h e  heading runs across t h e  t o p  of t h e  page: 
t h e  raster l i n e  numbers 1 through 30 run from l e f t  t o  r i g h t  
under t h e  heading. The data sample numbers 61 through 120 
run f r o m  bottom t o  t o p  a long  t h e  lef t -hand s i d e  o f  t h e  page. 
The remaining 1800 numbers i n  Figure 2 1  are t h e  i n d i v i d u a l  
d a t a  va lues  f o r  l i n e s  1 through 30 and d a t a  samples 6 1  through 
120  along t h e  l i n e .  I f  t h e  d e t e c t o r  was o f f  a "-1" is  used. 
When f i l l e d  d a t a  e x i s t ,  a "-0" is  used. For  each d a t a  va lue  
t h e r e  i s  a l e f tmos t  c h a r a c t e r  i n d i c a t i n g  order  of  magnitude, 
as follows: 

va lue  - 999 blank 
9 9 9 ~  value < 9999 - 
value > 9999 

- 
- 

4.4 .2  Line t a b  (Figure 22)  . There i s  one t a b u l a t i o n  
f o r  each d e t e c t o r  t h a t  is  on. The t a b  i s  i n  four p a r t s  and 
con ta ins  up t o  60 l i n e  scans  of t h e  mirror: 

Page 1 l i n e s  1-60, d a t a  samples 1-30 
Page 2 l i n e s  1-60 31-60 
Page 3 l i n e s  1-60 61-90 
Page 4 l i n e s  1-60 91-120 

As i n  t h e  raster t ab ,  t h e  f i r s t  6 and l a s t  6 da t a  samples on 
each l i n e  scan, which appear  on t h e  SUT, do not  appear  on t h e  
tab. The heading information h a s  t h e  same meaning as f o r  t h e  
raster tab (see s e c t i o n  4 . 4 . 1 1 ,  except  for t h e  fol lowing:  
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22. Line tab. 
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MECH I N :  The mechanical re ference-b i t  i n d i c a t i o n  i s  on, meaning 
t h a t  t h e  g r a t i n g  i s  a t  o r  near  mechanical re ference .  

GRT POS 1: The g r a t i n g  i s  one s t e p  from t h e  reference selected 
(mechanical r e fe rence )  . 

I n  Figure 2 2 ,  where t h e  heading runs across t h e  t o p  of t h e  
page, t h e  d a t a  sample numbers 9 1  through 120 (because t h i s  i s  
page 4 )  run from l e f t  t o  r i g h t  under t h e  heading. The m i r r o r  Y 
p o s i t i o n  i n  terms of l i n e  number runs along t h e  lef t -hand s i d e  
of t h e  page. 

4.4.3 Line scan JBAR/COL t a b  (F igure  23) .  This  
t a b u l a t i o n  using s c i e n t i f i c  no ta t ion  c o n s i s t s  of t h e  average 
of up t o  60 d a t a  va lues  f o r  each of 7 d e t e c t o r s  having t h e  
same p o s i t i o n  along t h e  l i n e  scan,  i .e. , t h e  average of up 
t o  60 d a t a  samples. The tab is  i n  t w o  p a r t s :  

P a r t  1 d a t a  samples 1 - 60 
P a r t  2 d a t a  samples 61  - 120 

Theheadinginformation has  t h e  same meaning as i n  s e c t i o n  4 .4 .1 .  

I n  Figure 21,  wi th t h e  heading running across t h e  t o p  
of t h e  page, t h e  detector numbers 1 through 7 run from l e f t  t o  
r i g h t  under t h e  heading. The d a t a  sample numbers 6 1  through 
120  (because t h i s  i s  page 2 )  run along t h e  lef t -hand side of 
t h e  page under t h e  des igna t ion  COL (column). 

4.4.4 Line scan JBAR/COL p l o t  (F igure  2 4 ) .  Th i s  out- 
p u t  i s  a p r i n t e r  p l o t  of each JBAR/COL wi th  respec t  t o  t h e  mean 
(average of 120  va lues  of  JBAR/COL) f o r  each  detector. The 
absc i s sae  are data samples 1 - 120 ;  t h e  o r d i n a t e s  are ratios 
of values  of JBAR/COL ( t abu la t ed  as i n  F igure  23) t o  t h e  m e a n .  
The heading information has  t h e  same meaning as i n  s e c t i o n  4 .4 .1 ,  
wi th  one except ion:  
MEAN J 1956.5: The average of 120 JBAR/COL values  f o r  up t o  

60 l i n e  scans.  
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24. Line scan JBAR/COL p l o t .  
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4 . 4 . 5  Line scan  CHISQ/COL p l o t  (Figure 25) .  A p r i n t e r  
p l o t  o f  e a c h  CHISQ/COL with r e s p e c t  t o  t h e  mean (average of 
120 v a l u e s  of CHISO/COL) f o r  each d e t e c t o r  t h a t  i s  on for  up 
t o  60 l i n e  scans .  CHISQ/COL (a measure o f  t h e d e v i a t i o n  of 
JBAR/COL from t h e  expected)  is ca lcu la t ed  from: 

JTEMP - N (JBAR) 
JBAR CHISQ/COL = 

where 

j = N  

j= l  
JBAR = C A j  

N i s  t h e  number of  l i n e s ,  w i th  a max imum of 60, used i n  t h e  f i l e  
of l i ne - scan  d a t a .  The heading information has  been expla ined  
above (see s e c t i o n s  5.5.1 - 4 . 4 . 4 ) .  

. 4 . 4 . 6  Line  scan  SQI/LINE p l o t  (Figure 26) .  A p r i n t e r  
p l o t  of e a c h  SQI/LINE wi th  r e s p e c t  t o  the mean (average of up 
t o  6 0  v a l u e s  of SQI/LINE) f o r  each  de tec to r  t h a t  is  on f o r  up 
t o  60 l i n e  scans .  SQI/LINE ( t h e  sum of t h e  squares  of t h e  
i n d i v i d u a l  i n t e n s i t y  values on t h e  l i n e )  i s  c a l c u l a t e d  from: 

120 * 
SQI/LINE = 2 A j  

j =1 

The abscissaeare l i n e s  1-60; o r d i n a t e s  a r e  ratios of va lues  of  
SQI/LINE t o  t h e  mean. 
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25. Line scan CHISQ/COL p lo t .  

-89- 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I .  
I 
I 
I. 

.IO I--- 

00.1 

-0.01 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

v 

. . .* 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-.--. 

I 
I 
I 
I 
I 
I 
I 
I .  
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 1  . I 

__.__-___-___._____. 

I 
I 
: 

I 
I 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

_.. __. .__._ 

2 6 .  L i n e  scan SQI/LINE p lot .  
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4.4.7 S p e c t r a l  scan t a b  (Figure 2 7 ) .  The s p e c t r a l  
scan  d a t a  are presented  i n  a combination of t abu la t ion  and 
logar i thmic  p l o t .  With t h e  heading a t  t h e  top of t h e  page, 
t h e  t a b u l a t i o n  i s  on t h e  lef t -hand s i d e  and t h e  l oga r i thmic  
p l o t  i s  on t h e  r i g h t .  The header information w a s  expla ined  
i n  s e c t i o n  4 .4 .1 .  

I n  t h e  t a b  p o r t i o n  on t h e  l e f t ,  t h e  g ra t ing  p o s i t i o n  
(number of s t e p s  from t h e  re ference  selected) i s  d i sp layed  
along t h e  le f t -hand  s i d e ,  running from t o p  to bottom i n  
inc reas ing  va lues  (decreasing wavelength a t  de t ec to r  .1) . 
Only every 24th g r a t i n g  p o s i t i o n  i s  d isp layed ,  and it is  
displayed t w i c e .  To t h e  r i g h t  of each d i sp lay  of g r a t i n g  
p o s i t i o n  appears t h e  mode (GAS, REF). To  t h e  r i g h t  o f  t h e  
mode appear 1 2  va lues  of d e t e c t o r  i n t e n s i t y ,  which correspond 
t o  g r a t i n g  p o s i t i o n s  

where n is  t h e  g r a t i n g  p o s i t i o n  d i sp layed  on the l e f t .  
B e l o w  them are 1 2  more va lues  of d e t e c t o r  i n t e n s i t y  corre- 
sponding t o  g r a t i n g  p o s i t i o n s  

To t h e  l e f t  of each value of d e t e c t o r  i n t e n s i t y  a symbol 
appears which i n d i c a t e s  whether t h e r e  a r e  f i v e  d i g i t s ,  o r  
less than  f i v e ,  i n  t h e  value of d e t e c t o r  i n t e n s i t y .  The 
symbol also' i n d i c a t e s  whether MR i s  on, OR i s  on, or n e i t h e r  
is  on, as fol lows:  

n ,  n + 1, ..., n + 11, 

n + 1 2 ,  n + 1 3 , '  ..., n + 23. 

-91- 



Om I l B i l l i ~ i O 9 ~ ~ l  8OSS 
Qlul W R L  NO. I 
C o c m  
IVH I l l 4  

-0 -0 -0 -0 -0 

-0 ?C CO C7 17 

am me CI cc 20 17 

R C  CO IS C 1  IO 
aa N C  C l  IO CO IS 
a C o . l l t c  n I 9  w IS 
ZWi? Nt IS I 1  I7 IO 
ZSzC R e  IO I1 CO IO 
m6 Nf IS I1 IS I O  

-0 N F  IO IC I O  0 

a 7 0  N C  Ii! I1 IO IS 

a 7 0  N C  SS 70 1 1 1  ICC 
a a R C  II a e m a i ?  
m N C  I) 60 PS I 6  

=IO mf IO IO I 6  IC 
=IO N C  li? CI I( B 

c e t C N C  7 I I  e 0 

ZWC l l c C  I J  0 IS IO 
' &?Me R F  IO I I  7 IO 
ZMo N C  IO C1 Y 51 
ZSWNf 0 IO 6 IO 
i?wo R e  e 9 IS 44 

2715 R C  ZS I O  IO IO 
C f l C  N C  CO I1 IC 
a m  l i e  IO 0 IS IO' 
Fllo(IEf 9 I 0 0 

= e m f  !l I1 IC 
27aZ l i f  IC 7 I7 IC 

a m l i e  0 7 S S 
mmRC IC z 0 4 

Z O I O N F  0 I 1  6 0 

nlomr 5 7 S S 

C I I I N C  0 0 5 

ZOII R C  IO 0 I1 C 

~ e w a r  7 7 I 

z m o l i c  C S 0 

C U N C  7 6 0 1 
CIClit S 7 0 0 
C S O O R C  4 C 1 0 

C S O O R C  9 7 I I 

Y C C T M L  SCAN K1 I CSSUD -600 f%LR -I?20- -5l60 C E L L  ?40 NLC SCL: W1 ... R 01 ... 
0 i z 1 4 5 0 

S 9 7 0 0 1 0 1 1 I C O  0 0 0 0 0 0 

a CO 8 0  IO 19 IS I I  19 ' 
20 CI CI CO IS I I  IO a 
17 16 I7 IO CI I? IO I 6  
CC IO ?o IC La? I O  i?I I1 
IO n IC I5 E l  ?C 20 I1 
I 6  I I  IS PO 6 0 I O  CI 
li? IO 19 C1 IO CO IO IO 
IC ?I I1 CO I I  ZS IO IS 
IO IC I1 le IO IO 6 IO 
I I  15 14 14 el I I  0 17 

IO IO IC I1 I I  IS IO IO 
IC1 I P S  SO 125 7C 40 20 I 4  

74 m n 79 (R % l a  11 
I I  I1 I 6  I1 IO I7 0 0 

I 4  I I  I1 IS IO IO @ I I  

m ~ n z z w i o  e i r  
5. s 0 0 IO I1 0 I I  

I O  3 7 I 5  14 I 1  17 IO 
9 14 IS IS I1 I7 7 IC 

a 5C 41 49 aZ 4C IO I I  

S 7 S O  7 I E I C  0 

01 a Z 6 4 M M W 5 9 C 7  

0 I I  I I  IS 7 IC IO IC 

24 1 1  SI CC IO I7 i?i! I !  

6 9 0 5 1 4  I I  0 

0 1 1  S 1 I O  S I 0  

S I I  0 e 0 5 7 0 

CO 0 I1 I1 I1 IO I 4  I I  

O e S 6 0 0 6 @  

4 1 1 1 0 7 7 C 1 1  

0 1 6 7 7 C C S  
S s s l O o C 7  

5 IO I O  I1 17 Ii? IC I I  

9 I I  s 4 1 1  s 
0 6 S l O O S O  

7 S S e 7 r r a  
4 e C s C O o C  

s 4 s C 4 1 IO 
C 9 7 0 1 4 5 6  

0 0 la i?7 i?l IO IO I7 

2 7 .  Spectral scan tab. 
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KO253 (MR) 
0 

0 
1 
1 
0 
0 
1 
1 

KO245 (OR) 
0 
1 
0 
1 
0 
1 
0 
1 

Value (V) 

L 9999 

I 9999 

L 9999 

5 9999 

> 9999 

> 9999 

> 9999 

> 9999 

Symbol 
blank 

Z 
M 
*. 
I 
Y 
N 
? 

A "-0" f o r  g r a t i n g  p o s i t i o n  or  value of d e t e c t o r  i n t e n -  
s i t y  i n d i c a t e s  t h a t  no d a t a  are a v a i l a b l e ,  or t h a t  a l l  15 
b i t s  = 1. A "-1" i n d i c a t e s  t h a t  t h e  m o s t  s i g n i f i c a n t  b i t  = 1. 

I n  t h e  p l o t  ou tput ,  each of  t h e  1 2  samples  of d e t e c t o r  
ou tput  is  p l o t t e d  s e q u e n t i a l l y ,  t o p  t o  bottom, and evenly 
spaced wi th  a l i n e  drawn between ad jacen t  po in ts .  The l i n e  
i s  n o t  drawn across i n v a l i d  samples. The value p l o t t e d  is  
r e s t r i c t e d  t o  a maximum of 60,  according t o  t h e  equat ion  

x = 610ge (1 + value)  

where x = number p l o t t e d ,  and va lue  = de tec to r  i n t e n s i t y .  

4.4.8 Corol lary d a t a  (F igure  28) .  The c o r o l l a r y  tab 
is  a s t a t u s  r e p o r t  of engineer ing  d a t a ,  sampled once p e r  5 

seconds. With t h e  heading running across t h e  t o p  of t h e  page, 
t h e r e  are 1 4  columns of d a t a  running from left t o  ' r i g h t ,  as 
fol lows : 
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GMT: T i m e ,  samples every 5 seconds. 

FSSUD: 
GAMY ATM f i n e  sun sensor  up/down coordinate ,  i n  arc sec. 

FSSLR: 
GAMX ATM f i n e  sun sensor  l e f t / r i g h t  coordinate;  i n  arc sec. 

RoLLRR= 
GAMRR . ATM r o l l  coord ina te ,  i n  arc min. 

UDBIA* 
GMYBI . Up/down po in t ing  bias ( N R L ) ,  i n  arc sec. 

LRBIA- 
GMXBI L e f t / r i g h t  po in t ing  b i a s  ( N R L )  , i n  arc sec. 

Mirror mode (MAR, M3R, MLS, STP) K0252: 

GRAT Gra t ing  mode (GAS; KO256 : 

Grat ing  r e fe rence  KO254 . 
OPTREF= O p t i c a l  r e fe rence  KO245 

G3S, REF, SS, STOP).  

s e l e c t e d  (OPT, MECH) . 
I N  o r  OUT. 

MCHmF- 
KO253 Mechanical r e fe rence  I N  or OUT. 

GRTPoS* Number of g r a t i n g  KO255 . 
y-pos- Mirror Y p o s i t i o n ,  GO04 0 .  

x-pos= Mirror Y p o s i t i o n ,  G O 0 4 1  

s t e p s  from reference  selected. 

l i n e  number.* 

s t e p  number along l i n e . *  

* The decimal n o t a t i o n  r e s u l t s  f r o m  the formula used t o  convert  
t h e  o u t p u t  v o l t a g e  of the t r ansduce r  on the  mi r ro r  gimbal t o  
l i n e  number and s t e p  number. The value should be t runca ted  t o  
t h e  n e a r e s t  whole number. 
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336 
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336 
3FD 
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3% 
336 
331) 
336 
SUI 

0 

33s 

COROLLARY GAIA CVC1.C ' 9 5  

ROLRR UWlA LRBlA HlRR GRAl W1S.L OPlIEEF WW.F GRlPOC Y.POS Y-PO5 
G A M  Gm8l GW91 YO2W KOPcd KO255 K I R 5  1(0253 KCC55 GO040 GOES1 

55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
% 
55 
55 
55 
55 
55 
I 5  
w 
w 
s5 
55 
55 
55 
55 

0 

20 S1P 
20 S1P 
23 S1Y 
20 S1P 
20 SIP 
?O S1P 
20 S1P 
20 SIP 
20 51P 
20 S IP  
20 S1P 
80 SIP 
PO S1P 
20 61P 
20 SIP 
20 SIP 
20 S1P 
20 S1P 
26 STP 
20 STP 
20 S1P 
20 STP 
20 SlP 
20 S1P 
20 S1P 
20 51P 
20 S1P 
20 s:P 
20 S1P 

0 STP 

Slop OP1 
Slop OPl 
Slop OP1 
Slop OPT 
Slop OP1 
Slop OP1 
SlOP OP1 
Slop oP1 
Slop OP1 
51OP OP1 
SlOP OPT 
SlOP O P T  
Slop CPl 
Slop OP1 
Clop OP1 
SlOP OP1 
610P OP1 
Slop oP1 
Slop w1 
slop OP1 
SlOP OP1 
SlOP OPY 
Slop oP1 
Slop oP1 
slop OP1 
51OP OP1 
Slop OP1 
Slop OP1 
Slop OP1 
STOP mrcn 

W.1 
w1 
ou1 
ov1 
ou1 
W1 
W l  
ou1 
ou1 
001 
ou1 
OVT 
ou1 
OU1 
OU1 
OU1 
WI  
OU1 
ou1 
w1 
W l  
w1 
w1 
OU1 
OUI 
OUl 
ou1 
w1 
Wl 
w1 

615 
615 
615 
615 
615 
6:s 
615 
615 
615 
615 
615 
615 
615 
615 
615 
615 
615 
915 
615 
615 
615 
615 
615 
615 

' 615 
615 
615 
615 
615 

0 

8.3  11.7 
B.4 31.5 
8.S 31.5 
8.5 31.4 
8.4 31.7 
8.4 x . 7  
8.5 31.7 

9.4 31.5 
8.3 31.5 

e.- 31.4 

8.3 31.5 
a.3 31.5 
9.3 31.4 
8.3 31.5 
8.5 '  31.5 
8.3 31.5 
8.4 31.7 
8.3 31.5 
8.3 31.5 
8.4 31.4 
8.3 31.4 
8.3 31.5 
8.5 31.- 
8.3 31.5 
8.4 SI.'? 
8.3 31.4 
8.3 31.5 
9.3 31.9 
8.3 31.5 
0.0 0.0 

28.  Corollary data tab. 
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4.4 .9  Grey-scale microf iche  (Figure 2 9 ) .  The grey- 
scale mic ro f i che  d i s p l a y s  var iab le-dens i ty  p l o t s  of rasters 
and mirror  l i n e .  s cans  f o r  each d e t e c t o r  t h a t  i s  on dur ing  t h e  
cyc le .  T h e  heading d i s p l a y s  day/night c y c l e  number, ca l enda r  
d a t e ,  and GMT. With t h e  heading a t  the  top  of t h e  page, t h e r e  
are up t o  77 grey-sca le  p i c t u r e s  arranged i n  a matrix of 11 
across f r o m  l e f t  t o  r i g h t  w i th  t i m e  increas ing ,  and 7 down, 
w i t h  detector number i n c r e a s i n g  from 1 t o  7. I f  a d e t e c t o r  
i s  t u r n e d  of f ,  t h e  space reserved f o r  i t s  grey-scale  p i c t u r e  
i s  l e f t  blank.  I n  t h e  heading, t h e  s t a r t  and s t o p  GMTs are 
t h e o r e t i c a l  t i m e s  o f  orbit  midnight,  before  and a f t e r  t h i s  
day c y c l e .  The "NO." (which is blank i n  Figure 29)  g i v e s  
t h e  number of microf iche  for  t h e  c y c l e  and i s  blank u n l e s s  
greater t h a n  one. 

The raster p i c t u r e  (Figure 30) i s  made i n  64  l e v e l s  o f  
g rey ,  and h a s  up t o  7200 p i c t u r e  e l e m e n t s ,  c o n s i s t i n g  of 60 
l i n e s  and 120 e lements  on a l i n e .  The l i n e s  are 5 arc sec 
a p a r t  and t h e  e lements  are i n  columns 2 . 5  arc sec a p a r t  t o  
produce a s q u a r e  p i c t u r e ,  5 arc min x 5 arc min. The va lues  
of t h e  7200 data samples, ranging from 1 t o  16,393 (see sec- 
t i o n  2) are d i v i d e d  i n t o  6 4  grey  levels, by t h e  fol lowing 
equa t ion  : 

L O G i o I  - LOGIOIBAR ' 

INT + MLvL, DLOG LEVEL0-63 = (  

where 

N 

1 i j  I = any one of  t h e  7200 data samples :  IBAR = A 
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29. Grey-scale microfiche. 



30.  Grey-scale  raster p i c t u r e .  
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= average of a l l  v a l i d  data samples i n  t h e  raster; DLOG=0.035, 
I N T  = t ake  i n t e g e r  value and t r u n c a t e ,  and MLVL = 32 (midpoint 
of 64 grey levels).  

The heading information i s  as explained i n  s e c t i o n  4 .4 .1 .  
With t h e  heading a t  t h e  t o p  of  t h e  p i c t u r e ,  t h e  series of 
numbers from 1 to  60 i n d i c a t e  l o c a t i o n  along t h e  raster l i n e  
of d a t a  samples 1 to  120. Mirror Y p o s i t i o n ,  c o n v e r t e d ' t o  
l i n e  number, appears on t h e  lef t -hand edge of t h e  p i c t u r e  and 
i n c r e a s e s  from t o p  t o  bottom (see Figure 4 ) .  
YPOS t h e  le t ter  M i n d i c a t e s  mode. The series of 60 le t ters  
A under t h e  M i n d i c a t e s  mirror au to - ra s t e r  (MAR). 

TO t h e  l e f t  of 

The t ape  conta in ing  t h e  64 l e v e l s  of grey i s  generated 
on t h e  Cyber 73 from t h e  SUT. The Cyber ou tpu t  t a p e  is  i n p u t  
t o  t h e  FR80 t o  produce t h e  images on f i l m ,  and another  t ape  
i s  i n p u t  to  produce t h e  tab microfiche.  

I n  some grey-scale  p i c t u r e s ,  such as t h e  super  raster, 
a composite h a s  been cons t ruc t ed  of t h e  f u l l  sun; t h e  midpoint 
and t h e  grey l e v e l s  w e r e  he ld  cons tan t  over  a l l  t h e  rasters 
i n  t h e  series. I n  o t h e r s  such as limb r a s t e r s ,  IBAR i s  s m a l l  
and it w a s  poss ib l e  t o  change t h e s e  va lues  t o  prevent  d i s t o r -  
t i o n  o r  t o  enhance f e a t u r e s  o f f  t h e  l i m b .  I n  such cases, 
d i f f e r e n t  values  f o r  MLVL, IBAR, and DLOG w e r e  en t e red  by card, 
and t h e  program used them i n  t h e  above equat ion  t o  c a l c u l a t e .  
t h e  level of each p i c t u r e  element. 

4 .4 .10  Grey-scale l ine-scan p i c t u r e  (Figure 31) .  
The mirror l ine-scan p i c t u r e  w a s  made t h e  same way as t h e  
raster p i c t u r e .  I t  c o n t a i n s  up t o  60 l i n e s  f o r  a m a x i m u m  of 
7200 d a t a  samples, w i th  success ive  mirror l ine-scans d i sp laced  
v e r t i c a l l y .  The heading information i s  explained i n  s e c t i o n s  
4 . 4 . 1  and 4.4.9.  The l e t te r  L on t h e  lef t -hand edge o f  t h e  
frame s t ands  f o r  mi r ro r  l ine-scan.  
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, 

31. Grey-scale line-scan picture. 
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4 .5  Tape Storage 

The analog range t a p e s  w i l l  be s t o r e d  at Marshall  Space 
F l i g h t  Center through June 31, 1979, by t h e  Computation Labora- 
t o r y ,  i n  a temperature-and humidi ty-control led environment. 
ADDT t apes  are s t o r e d  only when they  f i l l  gaps i n  t h e  analog 
d a t a  o r  t h e  analog t ape  has been e ra sed .  The remaining ADDT 

t apes  w e r e  destroyed during 1975, as the d a t a  batches w e r e  
processed and accepted by ATM experimenters .  

. The FR80 and Ear th  Resources I n t e r a c t i v e  Process ing  
S t a t i o n  (ERIPS) i n p u t  t apes  w e r e  s t o r e d  a t  Johnson Space 
Center f o r  a pe r iod  of 6 0  days a f t e r  t h e i r  use ,  and w e r e  then  
destroyed. New t a p e s  f o r  process ing  on t h e  FR80 may be gener- 
a t e d  a t  HCO on t h e  CDC 6400  a t  t h e  Computation Center  of t h e  
Smithsonian Astrophysical  Observatory and s e n t  t o  JSC if re- 
runs are requi red .  Back-coated t ape  i s  required.  
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5. SUPPORTING DOCUMENTS 

The following support ing documents for t h i s  HCO d a t a  
handbook have been or are being prepared,  a v a i l a b l e  under 
sepa ra t e  cover ,  t o  supplement t h e  SO55 s c i e n t i f i c  d a t a  and 
are i n  t h e i r  use. 

5.1 Microf iche  and Hardcopy Guide 

This con ta ins  d e t a i l e d  i n s t r u c t i o n s  i n  t h e  use and 
i n t e r p r e t a t i o n  of quick-look and f i n a l  microf iche (grey- 
scale and t a b )  and p r i n t o u t s .  It  g i v e s  an explanat ion of 
t h e  formats,  t h e  d i f f e r e n c e s  between negat ive  o r i g i n a l ,  1st 
genera t ion  p o s i t i v e ,  2nd genera t ion  nega t ive ,  and 3rd gd.nera- 
t i o n  pos i t i ve .  

5.2 S c i e n t i f i c - U s e r  Tape Guide 

This  g ives  in s t r . uc t ions  i n  t h e  use and i n t e r p r e t a t i o n  
of t h e  s c i e n t i f i c  u s e r  t apes ,  and d e s c r i b e s  t h e i r  format. 

5.3 SO55 Miss ion L o g  Guide 

T h i s  provides  a d e s c r i p t i o n  of t h e  SO55 mission log, 
and i n s t r u c t i o n s  f o r  i t s  use,  inc luding  a d e s c r i p t i o n  of 
search  r o u t i n e s  a v a i l a b l e .  The guide w i l l  be p e r i o d i c a l l y  
updated. 
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5.4 Ha FiZm and A t l a s  Guide ( Ju ly  1975)  

Th i s  gives a d e s c r i p t i o n  of  t h e  Ha a t las  and t h e  Ha 1 
f i l m s .  I t  i n c l u d e s  a d e s c r i p t i o n  of t h e  Ha t e lescope  wi th  
i t s  f i l t e r  c h a r a c t e r i s t i c s ,  a summary o f  f i l m  processing 
procedures ,  i n s t r u c t i o n s  f o r  use of the  atlas and t h e  f u l l  
sun.atlas,  i n s t r u c t i o n s  f o r  use of  t h e  ove r l ays ,  an explana- 
t i o n  of  t h e  ATM p o i n t i n g  coord ina te  system, a summary of 
Ha a t las  coverage, t i m e l i n e ,  anomalies, and cri teria f o r  
a t las  p r i n t  s e l e c t i o n .  

5 . 5  Ha AtZas  ( June  1975) 

Th i s  i n c l u d e s  a continuous series o f  Ha photographs 
f r o m  each  cycle of Skylab when t h e  Ha 1 te l e scope  w a s  oper-.a 

.akfng,madefrom o r i g i n a l  f l i g h t  f i lms .  The p r i n t s ,  s i z e  
8 x 8 i n c h e s ,  16  x 1 6  (arc min)2,  show reticles. 
g i v e  t h e  p r e c i s e  l o c a t i o n  of SO55 and S082B slits. Frame 
s e l e c t i o n  cr i ter ia :  1 p r i n t  p e r  15-minute t i m e  o r  each 
s i g n i f i c a n t  p o i n t i n g  change, a t  sun r i se  and a t  sunse t .  
D a t a  Block gives p o i n t i n g  coord ina te s ,  SO52 PES coord ina te s ,  
SO82 biases, SO55 modes, mirror and g r a t i n g  p o s i t i o n s ,  DOY, 
GMT, sun remaining t i m e ,  and cyc le .  Bound i n  volumes 8% x 11 
inches .  100 p r i n t s  each. F u l l  d i s c  a t l a s ,  i n  2 s epa ra t e  
volumes, h a s  one p r i n t  w i th  sun centered po in t ing  from each 
day when Ha 1 t e l e s c o p e  w a s  opera t ing .  

Overlays 

5.6 C a Z i b r a t i o n  Handbook 

This  comprehensive r e p o r t  of SO55 c a l i b r a t i o n  inc ludes  
s p a t i a l  r e s o l u t i o n ,  r a y  trace p r e d i c t i o n s ,  t e l e scope  focus,  
scattered l i g h t ,  and thermally induced variatons i n  t h e  tele- 
scope. Wavelength c a l i b r a t i o n  includes detector W p r o f i l e s  
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correspondence of wavelength t o  s t e p  number, scan repea ta-  
b i l i t y ,  d e t e c t o r  performance, l i n e a r i t y ,  changes i n  i n s t r u -  
ment s e n s i t i v i t y ,  dark count.  There i s  also a d e s c r i p t i o n  of 
pre-launch photometric c a l i b r a t i o n  i n  t h e  labora tory ,  o rb i t a l  
c a l i b r a t i o n ,  and Calroc r e s u l t s .  

5.7 C o r o l l a r y  Data Guide 

L i s t s  and desc r ibes  a l l  suppor t ing  d a t a ,  s c i e n t i f i c  
pub l i ca t ions  der ived  from d a t a ,  instrument  co ro l l a ry  r e p o r t s ,  
NOAA solar d a t a ,  console log ,  andmiss ionsplanning  documents. 
P e r i o d i c a l l y  updated. 

5.8 SO55 Experiment Handbook ( Ju ly  1972) 

Gives a d e t a i l e d  d e s c r i p t i o n  of  t h e  instrument hardware, 
ground support  equipment, and i n t e r f a c e s ,  w i t h  c o r r e c t i o n s .  

5.9 P o i n t i n g  Reference Handbook ( B B R C  TN 7 4 - 2 7 )  

A d e s c r i p t i o n  of S055, ATM, and Skylab point ing coordi-  
n a t e s  and po in t ing  c o n t r o l  system; d i s c u s s e s  e r r o r s  and biases, 
coalignment procedures,  po in t ing  h i s t o r y ,  and f i n e  sun s e n s o r  
d r i f t  and r o l l  e r r o r s  between s t a r  t r a c k e r  updates. Descrip- 
t i o n  and use o f  SO52 poin t ing  error senso r  data.  
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Appendix I 

LIST O F  F I N A L  EXPERIMENT 

A. SO55 Data 

1. S c i e n t i f i c  U s e r  Tapes (SUT) 
N o .  1 o r i g i n a l ,  back-coated 

2 o r i g i n a l ,  s tandard  
Computer-Cen ter copy 

2. Grey-Level Microfiche 
Or ig ina l ,  r o l l ,  p o s i t i v e *  
2nd genera t ion ,  r o l l ,  nega t ive  

. 3rd gene ra t ion ,  r o l l ,  p o s i t i v e  
N o .  1 2 n d  gene ra t ion ,  c u t ,  nega t ive  

2 2nd genera t ion ,  c u t ,  nega t ive  
N o .  1 3rd genera t ion ,  c u t ,  p o s i t i v e  

Or ig ina l ,  r o l l ,  nega t ive  
2nd genera t ion ,  r o l l ,  nega t ive  
N o .  1 2nd genera t ion ,  c u t ,  nega t ive  

2 2nd gene ra t ion ,  c u t ,  nega t ive  

3. Tabular Microfiche 

DATA 

Location 

HCO Data Bank 
NSSDC 
SA0 Computer Center 

4 .  SO55 D i a i t a l  Mission Loa  
Or ig ina l  t ape  
N o .  1 copy, t ape  

2 copy, t ape  
N o .  1 P r i n t o u t  

2 P r i n t o u t  
3 P r i n t o u t  

5. Engineering Tapes(Compressed U s e r  
Tapes, CUT) 
Or ig ina l  

6. Engineering D a t a  Book 
Tapes 
16-mm microf i lm 
P r i n t o u t s  

*Note: Posit ive has 
i s  l i g h t e r .  

HCO Warehouse 
HCO Warehouse 
NSSDC 
HCO Data Bank 
HCO D a t a  Bank 
HCO Data Bank 

HCO Warehouse 
NSSDC 
HCO D a t a  Bank 
HCO Data Bank 

HCO D a t a  Bank 
NSSDC 
SA0 Computer Center  
HCO Data Bank 
HCO D a t a  Bank 
NSSDC 

HCO Warehouse 

HCO Data 
HCO D a t a  
HCO D a t a  

dark letters on clear background. 
Negative i s  r eve r se .  

Bank 
Bank 
Bank 

High i n t e n s i t :  
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LIST OF FINAL EXPERIMENT DATA ( con t . )  

B. 

C. 

Location 
7. D a t a  Book S i x  (SO55 and Ha 

Enuineer ina  D a t a )  
P lo t s  
P r i n t o u t s  

HCO D a t a  Bank 
HCO D a t a  Bank 

8. Super R a s t e r  (I bar cons t an t )  
( 4  SUTs pe r  set)  

No.  1 O r i g i n a l  
No .  2 Copy 
N o .  3 Copy 
Grey-level mic ro f i che :  
O r i g i n a l ,  r o l l ,  nega t ive  
2nd g e n e r a t i o n ,  r o l l ,  nega t ive  
3rd  g e n e r a t i o n ,  r o l l ,  p o s i t i v e  
N o .  1 2nd g e n e r a t i o n ,  c u t ,  negative 
N o .  2 2nd g e n e r a t i o n ,  c u t ,  negative 
No.  1 3rd  g e n e r a t i o n ,  c u t ,  pos i t i ve  

- N o .  2 3rd g e n e r a t i o n ,  c u t ,  pos i t i ve  

C a l i b r a t i o n  Rocket D a t a  

1. F l i g h t  D a t a  Tapes 
O r i g i n a l s ,  2nd and 3rd  Calroc 

2. Scan Tapes 
N o .  1 Scan t a p e s  ( i n  process)  
No .  2 Scan t a p e s  ( i n  process.) 
N o .  3 Scan t a p e s  ( i n  process)  

H a  Telescope Data 

1. O r i g i n a l  Film, 35-mm, negat ive** 
SL 2 ,  1 reel I 
SL 3,. 2 reels 
SL 4 ,  2 reels i. 

2 .  Second Generat ion Master, 35-mm, 
D a t a  Block Decoded, Posit ive 

SL 2 ,  1 reel ( l i m b  and disc 
SL 3,  2 reels s k i p  p r i n t e d )  
SL 4 ,  2 reels 

HCO D a t a  Bank 
NSSDC 
SA0 .Computer Center 

HCO Warehouse 
HCO Warehouse 
NSSDC 
HCO D a t a  Bank 
HCO Data Bank 
HCO D a t a  Bank 
HCO D a t a  Bank 

HCO D a t a  Bank 

HCO D a t a  Bank 
SA0 Computer C e n t e r  
NSSDC 

HCO D a t a  Bank 

HCO, Harvard Trus t  
Company 

* * N o t e :  Negative h a s  d a r k  sun on clear background. Higher i n t e n s i t y  
i s  da rke r .  P o s i t i v e  i s  reverse. 
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LIST OF F I N A L  EXPERIMENT DATA (cont . )  
Lo ca t  i o n  

3. 3rd Generation Copies, Negative 
SL 2 l i m b ,  1 reel, p o s i t i v e ,  16-mm 1 

HCO 
NSSDC 
Pr inc ipa l  I n v e s t i g a t o r  

d i s c ,  1 reel, p o s i t i v e ,  16-mm 
SL 2 l i m b ,  1 reel, nega t ive ,  35-mm 

d i s c ,  1 reel, nega t ive ,  35-mm 
SL 3 l i m b ,  2 reels, nega t ive ,  35-mm 

d i s c ,  2 reels, nega t ive ,  35-mm 
SL 4 l i m b ,  2 reels, nega t ive ,  '35-m 

d i s c ,  2 reels, nega t ive ,  35-mm 

4 .  Contact .Copies of Or iq ina l  
SL 4 ,  2 reels, . p o s i t i v e ,  35-mm HCO Data Bank 

2 8 x 8 (arc min) 
SL 2 ,  7 volumes 
SL 3, 20 volumes 
SL 4 ,  20 volumes 

5. A t l a s  
at las:  

1 
F u l l  sun atlas:  
SL 2 ,  3, 4 ,  i n  t w o  volumes 

6. Video Recordings 
TV t ransmiss ion  downlink from Skvlab 

HCO D a t a  Bank 
NSSDC 
P r i n c i p a l  I n v e s t i g a t o r  

recorded a t  J S C  (1 /2  inch  video HCO Data Bank 
t ape  1 
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