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AN EVALUATION OF EARTH RESOURCES OBSERVATION OPPORTUNITIES 

FROM AN ORBITING SATELLITE 

SUMMARY 

The N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  i s  c u r r e n t l y  
engaged i n  i n t e g r a t i n g ,  on t h e  Skylab Workshop, a n  E a r t h  Resources 
Experiment Package (EREP) which w i l l  be  e x e r c i s e d  by e a c h  of t h r e e  
s e p a r a t e  f l i g h t  crews i n  t h e  1973 t ime  frame. Other  c o n t i n u o u s l y  rcanned 
m i s s i o n s  which i n c l u d e  a n  EREP a r e  i n  t h e  p l a n n i n g  phase .  For e f f e c t i v e  
m i s s i o n  p l a n n i n g ,  a  knowledge of t h e  o p p o r t u n i t i e s  f o r  exper iment  p e r -  
formance and of t h e  in te rdependence  of exper iment  r equ i rements  and 
s y s  tems c o n s t r a i n t s  i s  mandatory.  Th i s  r e p o r t  d i s c u s s e s  t h e  development 
and a p p l i c a t i o n  of a  new m i s s i o n  a n a l y s i s  s i m u l a t i o n  t echn ique  des igned 
t o  e v a l u a t e  and /o r  o p t i m i z e  t h e s e  o p p o r t u n i t i e s .  F a c t o r s  i n f l u e n c i n g  
a v a i l a b l e  o p p o r t u n i t i e s ,  s u c h  a s  o r b i t a l  p a r a m e t e r s ,  s o l a r  l i g h t i n g  a: 
t h e  t a r g e t ,  sys tem l i m i t a t i o n s ,  e t c . ,  a r e  i n c o r p o r a t e d  i n  t h e  s i r n u l e t i o n  
and ana lyzed  t o  de te rmine  t h e i r  e f f e c t .  The USA i s  c o n s i d e r e d  the prime 
t a r g e t  w i t h  e i t h e r  USA coverage  t ime o r  number of  p a s s e s  over  t h e  USA 
used a s  a  payoff  f u n c t i o n .  O p t i m i z a t i o n  f o r  v a r i o u s  m i s s i o n  pa ramete r s ,  
s u c h  a s  o r b i t a l  i n c l i n a t i o n ,  l aunch  t ime ,  and l aunch  d a t e ,  a r e  i n c l u d e d ,  
The 50" i n c l i n e d  c i r c u l a r  o r b i t  a t  435 km a l t i t u d e  i s  ana lyzed  i n  d e p t h ,  
USA coverage  t ime  and number o f  p a s s e s  f o r  m i s s i o n s  i n  t h i s  orbi; such  
a s  t h e  Skylab and p o s s i b l y  t h e  S h u t t l e  s o r t i e  m i s s i o n s ,  a r e  p rov ided ,  

T y p i c a l  r e s u l t s  show t h a t  when c o n s t r a i n t s ,  f o r  example, t a r g e t  
l i g h t i n g ,  a r e  imposed, a  s e n s i t i v i t y  t o  s u n  d e c l i n a t i o n  i s  evidenced a s  
a  f u n c t i o n  of  t h e  t a r g e t  l a t i t u d e ,  w i t h  t h e  h i g h e r  l a t i t u d e s  e x p e r ~ e n c i n g  
h i g h e r  s e n s i t i v i t y .  (This s e n s i t i v i t y  c a n  b e  c o n s i d e r e d  s e a s o n a l ,  and 
t h e r e f o r e  p r e f e r e n c e  i s  s e e n  f o r  summer m i s s i o n s  over  w i n t e r  miss ions  for 
viewing of n o r t h e r n  l a t i t u d e  t a r g e t s . )  Launch t ime of day i s  shown t o  he 
a major f a c t o r  f o r  s h o r t  d u r a t i o n  m i s s i o n s ,  i . e . ,  28 d a y s ,  but 1 e s s e n s  ir: 
importance  when t h e  m i s s  i o n  l e n g t h  approaches  o r  becomes a n  i n c e g r a i  
m u l t i p l e  of a n  o r b i t a l  r e g r e s s i o n  c y c l e  (-- 60 d a y s ) .  F i g u r e s  a r e  inc luded  
t o  de te rmine  USA coverage t ime  and number of p a s s e s  f o r  any miss ion  f r o m  
t h e  5 0 " - i n c l i n e d ,  435 km c i r c u l a r  o r b i t  of t h e  Skylab m i s s i e n .  



I. INTRODUCTION 

The c u r r e n t  NASA plan  i s  t o  i n t e g r a t e  earth-viewing experiments on 
board f u t u r e  manned e a r t h  o r b i t a l  miss ions ,  e .g . ,  Skylab and Space Sta-  
t i o n ,  The Ear th  Resources Experiment Package (EREP) f o r  Skylab includes 
s e v e r a l  s enso r s  s e I e c t e d  f o r  ga the r ing  d a t a  i n  ea r th -o r i en t ed  a reas  such 
as a g r i c u l t u r e ,  f o r e s t r y ,  oceanagraphy, geology, geography, and ecology. 
Data from these  senso r s  w i l l  be an a i d  toward the  goa ls  of r e spons ib l e  
management of e a r t h  resources  and t h e  human environment, weather pred ic-  
t i o n  and modi f ica t ion ,  and d e f i n i t i o n  of e a r t h  geometry and s u r f a c e  
c h a r a c t e r i s t i c s .  A knowledge of t h e  ea r th -o r i en t ed  d a t a  ga ther ing  
s p p o r t  unities a v a i l a b l e  during any mission is  necessary  f o r  e f f e c t i v e  
mission and f l i g h t  planning. However, t h e s e  oppor tun i t i e s  a r e  func t ions  
of many f a c t o r s ,  such a s  t r a j e c t o r y  parameters ,  experiment and system 
l i m i t a t i o n s ,  t a r g e t  l o c a t i o n  and s i z e ,  cloud cover ,  and crew time 
a v a i l a b l l i t i e s .  

This r e p o r t  d i scusses  the  development and the  r e s u l t s  of using a  
t o a h  f o r  opt imizing or  eva lua t ing  a  number of t hese  f a c t o r s  a s  they 
ayply t o  e a r t h  resources  experimentat ion.  Sect ion I1 d i scusses  t he  
development of t he  s imula t ion ,  and Sec t ion  I I I t h e  app l i ca t ion .  The 
e f f e c t s  of i n c l i n a t i o n ,  launch d a t e ,  launch time, and var ious  con- 
s t r a i n t s  upon the  a v a i l a b i l i t y  of e a r t h  resources  r e l a t e d  observa t ion  
oppor tun i t i e s  a r e  evaluated.  The a n a l y s i s  does not  i nco rpora t e  t he  
e f f e c t  of cloud cover on the  e a r t h  resources  oppor tun i t i e s .  A t reatment  
of t h i s  p a r t i c u l a r  a r e a  i s  covered i n  r e f e rences  1 and 2. 

Although any mission can be s imula ted ,  t h e  Skylab program is used 
a s  a  s p e c i f i c  example. This program has been e s t ab l i shed  as  a  s e r i e s  
of t h ree  long-durat ion,  manned missions i n  nea r - ea r th  o r b i t .  The f i r s t  
mission ( ca l l ed  Mission SL-l/SL-2) w i l l  begin wi th  the  launch i n t o  
o r b i t  of an unmanned l abo ra to ry ,  SL-1 SWS. This SWS l abora to ry  c o n s i s t s  
of an S-ITJB s t a g e  s h e l l  (empty LOX and LH;, tanks and t h r u s t  s t r u c t u r e  
wikhoe~t engine)  which w i l l  be  o u t f i t t e d  f o r  manned h a b i t a t i o n .  Attached 
to t h i s  s h e l l  a r e  an  Air lock  Module, Mul t ip l e  Docking Adapter,  Apollo 
Telescope Mount, and Instrument Unit.  This assembly w i l l  con ta in  
f a c i l i t i e s  f o r  conducting medical,  s o l a r  astronomy, e a r t h  resources ,  
and other t e chn ica l  experiments.  A second launch w i l l  t r a n s p o r t  a  
zhree-man crew t o  rendezvous wi th  t h e  SWS. The crew w i l l  dock t h e i r  
Commend Serv ice  Module (CSM) t o  t h e  SWS and w i l l  proceed t o  i n h a b i t  and 
opera te  the o r b i t a l  assembly (SWS plus CSM) f o r  approximately one month. 
To coriciude the  mission,  t he  crew w i l l  prepare t he  SWS f o r  o r b i t a l  
s to rage  and w i l l  r e t u r n  t o  e a r t h  v i a  the  CSM. A second crew w i l l  man 
the  orbital assembly f o r  up t o  two months on each of two r e v i s i t  mis- 
s  ions (Miss ions SL-3 and SL-4). 



The E a r t h  Resources  Experiment Package (EREP) t o  be used tbrough- 
o u t  t h i s  program i s  composed of a  number of e a r t h - o r i e n t e d  experi.ments 
i n c l u d i n g  a M u l t i s p e c t r a l  Photographic  F a c i l i t y ,  I n f r a r e d  Spec t romete r ,  
a  10-Band M u l t i s p e c t r a l  Scanner ,  a  Microwave Radiometer Sca t t e ro rne te r ,  
and a n  L-Band Radiometer.  These exper iments  a r e  f u l l y  d i s c u s s e d  i n  
r e f e r e n c e  3 ,  The EREP w i l l  be hard-mounted i n  t h e  M u l t i p l e  Docking 
Adapter  (MDA) of t h e  o r b i t i n g  assembly,  thus  r e q u i r i n g  t h e  e n t i r e  
c l u s t e r  t o  maneuver from t h e  prime m i s s i o n  a t t i t u d e  ( s o l a r  i n e r t i a l )  
t o  a l o c a l  h o r i z o n t a l  a t t i t u d e  f o r  e a r t h  viewing,  These a t t i t u d e s  
a r e  ske tched  i n  F i g u r e  13.  The a t t i t u d e  requ i rement ,  because  o f  
subsystem c o n s i d e r a t i o n s ,  l i m i t s  t h e  e a r t h  r e s o u r c e s  d a t a - t a k i n g  
o p p o r t u n i t i e s  i n  t e rms  o f  f requency,  l e n g t h ,  and t ime of  performance 
i n  t h e  miss ion .  Thus, a l l  of t h e  d a y l i g h t  USA o p p o r t u n i t i e s  which 
a r e  a v a i l a b l e  a r e  n o t  u s a b l e  i n  a p r a c t i c a l  s e n s e .  The t o t a l  number 
of d a y l i g h t  USA o p p o r t u n i t i e s  and t h e  p e n a l t y  i n c u r r e d  through 
a d d i n g  a t t i t u d e - d e p e n d e n t  c o n s t r a i n t s  a r e  provided.  

11. SIMULATION DEVELOPMENT 

I n  t h i s  s e c t i o n ,  a  method f o r  de te rmin ing  t h e  amount of p o t e n t i a l  
e x p e r i m e n t a t i o n  t ime s p e n t  by a s a t e l l i t e  over  any g e o g r a p h i c a l  a r e a  
on t h e  e a r t h  is  developed.  This  t ime w i l l  be  c a l l e d  t h e  o b s e r v a t i o n  
t ime. S i n c e  t h i s  c a l c u l a t i o n  w i l l  i n v o l v e  a  number of independent  
v a r i a b l e s ,  each  o f  which can have a  range  of v a l u e s ,  t h e  method s h o u l d  
be  a s  a n a l y t i c a l  a s  p o s s i b l e .  The approach t a k e n  is  t o  remap t h e  
p o i n t s  i n  t h e  g e o g r a p h i c a l  a r e a  o f  i n t e r e s t  i n t o  a  form which makes 
t h e  a r e a  of t h e  new map d i r e c t l y  p r o p o r t i o n a l  t o  t h e  o b s e r v a t i o n  t i m e .  
Geometr ical  c o n s t r a i n t s  on t h e  t imes  when s u c c e s s f u l  e a r t h  o b s e r v a t i o n s  
can  be  made a r e  t h e n  placed upon t h e  map. I n  g e n e r a l ,  t h e s e  a r e  func- 
t i o n s  of t ime.  The a r e a  on t h i s  map n o t  excluded by t h e  c o n s t r a i n t s  
(and thus  a v a i l a b l e  f o r  o b s e r v a t i o n )  i s  t h e n  determined and r e l a t e d  to 
t h e  o b s e r v a t i o n  t ime. 

To make t h i s  mapping, two a n g l e s ,  d e f i n e d  by f i g u r e  I ,  r e l a t e  a 
po ine  o n  t h e  e a r t h  t o  a  s a t e l l i t e  i n  o r b i t .  A s a t e l l i t e  which pzssee  
over  p o i n t  A  must have t r a v e l e d  th rough  one of two c e n t r a l  a n g l e s  
s i n c e  passgng t h e  e q u a t o r ,  o r  B2. The a n g l e s  between t h e  p r i m e  
m e r i d i a n  and t h e  p o i n t  where t h e  s a t e l l i t e  c r o s s e d  t h e  e q u a t o r  a r e  
Rel  and Re2. I n  Appendix A i t  i s  shown t h a t  t h e  8 ' s  and n e t s  are r e l a t e d  
t o  t h e  l a t i t u d e  and l o n g i t u d e  of t h e  p o i n t  by t h e  fo l lowing  e q u a t i o n s :  

s i n  l a t  e l  = sin- '  
s i n  i 



w + h  
e  

= l o n g i t u d e  + tanml(cos i t a n  €I1) - e  s w 8 I. (2)  
0 

W +i-l 
e  

= l o n g i t u d e  + tan- ' (cos i t a n  € I 2 )  - 
e  2 0 2 .  

wo 
(4  ) 

It shou ld  be noted from e q u a t i o n  (1)  t h a t  t h e  magnitude of  t h e  l a t i t u d e  
mGst Se l e s s  t h a n  t h e  i n c l i n a t i o n  i n  o r d e r  t o  m a i n t a i n  s i n  l a t / s i n  i 
Less than  one.  Using e q u a t i o n s  (1 )  th rough  ( 4 ) ,  any p o i n t  on t h e  e a r t h ,  
w i t h  a l a t i t u d e  between -i and +i, can  be  mapped i n t o  two p o i n t s  i n  
( ' I e , e >  s p a c e ,  one p o i n t  co r respond ing  t o  a n  ascend ing  pass  (Rel,€I1), 
t h e  o t h e r  c c r r e s p o n d i n g  t o  a  descend ing  pass  ( ae2 ,e2) .  F i g u r e  2 shows 
how rhe c o n t i n e n t a l  United S t a t e s  would map i n t o  t h i s  s p a c e .  The 
p o r t i o n  of t h e  map a t  t h e  lower l e f t  i s  c r e a t e d  by t h e  ascend ing  
p a s s e s ,  w h i l e  t h e  p o r t i o n  i n  t h e  upper r i g h t  i s  c r e a t e d  by descend ing  
p a s s e s ,  S a t e l l i t e  ground t r a c k s  on t h i s  map w i l l  be s t r a i g h t  v e r t i c a l  
l i n e s  s e p a r a t e d  by t h e  amount t h e  e a r t h  r o t a t e s  p l u s  t h e  amount t h e  
o r b i c a l  l i n e  of nodes r e g r e s s e s  d u r i n g  one o r b i t a l  ( n o d i c a l )  p e r i o d .  
This s e p a r a t i o n  i s  denoted by e q u a t i o n  (5) .  

The ground t r a c k s  a r e  t r a c e d  o u t  by t h e  s a t e l l i t e  one a t  a  t ime  s t a r t -  
i n g  a t  t h e  oottom of f i g u r e  2  and moving toward t h e  t o p .  The f i r s t  
t r eck  t o  be  t r a c e d  i s  t h e  one on t h e  ext reme l e f t .  The n e x t  t r a c k  i s  
just r,o t h e  r i g h t  of  i t , a n d  s o  on u n t i l  t h e  l a s t  t r a c k  on t h e  extreme 
r i g h t  ~ s  t r a c e d .  These t r a c k s  w i l l  be  r e p e a t e d  each day i n  t h i s  
f a s h i o n  (no t  n e c e s s a r i l y  having t h e  same s e t  of  R e ' s  e v e r y  day,  however) .  
An a r e a  on the new map can  b e  shown t o  be  p r o p o r t i o n a l  t o  t h e  obse rva-  
t i o n  time in t h e  f o l l o w i n g  manner. Take some conven ien t  r e c t a n g u l a r  a r e a  
a s  shown i n  f i g u r e  3. The t ime which t h e  s a t e l l i t e  w i l l  spend over  t h i s  
a r e a  71-11 be t h e  number of ground t r a c k s ,  n ,  a c r o s s  t h e  a r e a  m u l t i p l i e d  
by  t h e  amouct of t ime s p e n t  by each ground t r a c k ,  ti. 



Thus,  t h e  o b s e r v a t i o n  t ime over  t h e  a r e a  is  r e p r e s e n t e d  by 

S u b s t i t u t i n g  f o r  me from e q u a t i o n  (5) and r e c o g n i z i n g  A6W a s  t h e  a r e a ,  
A Y 

Each t ime t h e  e a r t h  makes one r e v o l u t i o n ,  t h e r e  w i l l  b e  n ground t r a c k s  
a c r o s s  A ,  and each  day a n  a d d i t i o n a l  to  w i l l  be  accumulated.  Thus, 
is  t h e  o b s e r v a t i o n  t ime  p e r  day. The a r e a  need n o t  be  r e c t a n g u l a r ,  An 
i r r e g u l a r  a r e a  can be though t  of a s  b e i n g  t h e  sum of  many small. 
r e c t a n g u l a r  p i e c e s  s i m i l a r  t o  t h e  d i f f e r e n t i a l  e lements  of  the calculus, 
Rigorous ly ,  to shou ld  be  c a l l e d  t h e  average  o b s e r v a t i o n  t ime per  d a y ,  
because ,  f o r  to t o  be  t h e  t r u e  o b s e r v a t i o n  t ime ,  n  i n  e q u a t i o n  (6 )  
shou ld  be  a n  i n t e g e r ;  i . e . ,  t h e  w i d t h  of a  r e c t a n g u l a r  a r e a ,  A ,  should  
c o n t a i n  e x a c t l y  a n  i n t e g r a l  number of  me's. I f  t h i s  is no t  true, and 
s a y  t h a t  t h e  w i d t h  of t h e  a r e a  was between n m ,  and (n+l)AQe, then  
sometimes t h e r e  would b e  n  ground t r a c k s  a c r o s s  A ,  and sometimes nfl, 
depending upon t h e  p o s i t i o n i n g  of  t h e  g r i d  of ground t r a c k s  r e l a t i v e  
t o  A.  Over a  long  p e r i o d  of  t ime,  however, t h e  number of ground t r a c k s  
w i l l  t end t o  a v e r a g e  t o  a  v a l u e  of  W/m Thus, t h e  a v e r a g e  o b s e r v a t i o n  e '  
t ime  i s  b e i n g  c a l c u l a t e d .  

I n  a c t u a l  p r a c t i c e ,  t h e  t o t a l  a r e a  on t h e  map may n o t  be available 
f o r  u s e f u l  o b s e r v a t i o n  because  of v a r i o u s  c o n s t r a i n t s  p laced  on t h e  
exper iment  o r  s a t e l l i t e  sys tems.  The f o l l o w i n g  i s  a n  example from t h e  
Skylab program o f  t h e  t y p e  of c o n s t r a i n t  which e x i s t s  f o r  e a r t h  
r e s o u r c e s  exper iments .  To o b t a i n  s u c c e s s f u l  photographs  of t h e  ground, 
t h e  s u n  must have a  s u n  e l e v a t i o n  a n g l e  g r e a t e r  t h a n  some c o n s t r a i n i n g  
v a l u e .  Sun e l e v a t i o n  a n g l e  i s  d e f i n e d  i n  f i g u r e  4 a s  t h e  a ~ g L e  between 
t h e  s o l a r  v e c t o r  and t h e  l o c a l  h o r i z o n t a l .  It can  be s e e n  t h a t  it i s  
t h e  complement of  t h e  s u n  i n c i d e n c e  a n g l e  a l s o  shown i n  t h e  f i g u r e ,  
For  t h e  subsequen t  d e r i v a t i o n s ,  i t  is  more c o n v e n i e n t  t o  express  t h e  
c o n s t r a i n t  i n  terms of t h e  s u n  i n c i d e n c e  a n g l e .  F i g u r e  5 shows t h a t  
t h e  s u n  i n c i d e n c e  a n g l e  a t  t h e  s u b - s a t e l l i t e  p o i n t  on t h e  e a r t h  i s  eeuaL 
t o  t h e  a n g l e  between t h e  s a t e l l i t e  p o s i t i o n  v e c t o r  and t h e  e a r t h - s u n  
l i n e  ( n e g l e c t i n g  t h e  s l i g h t  e r r o r  due t o  t h e  o b l a t e n e s s  of the e a r t h ) ,  
F i g u r e  6 shows t h z t  t h e r e  i s  a  c e r t a i n  segment of t h e  o r b i t  w i t h i n  
which t h e  s u n  i n c i d e n c e  a n g l e  is l e s s  t h a n  t h e  c o n s t r a i n t .  This  



segment i s  def ined by an  upper and lower l i m i t  of 8 ,  em, and BLL which 
l i e s  on e i t h e r  s i d e  of o r b i t a l  noon a s  shown i n  t h e  f i g u r e .  The values 
f o r  the  c o n s t r a i n t s  on 8  depends upon the  p o s i t i o n  of t he  s o l a r  vec to r  
r e l a t i v e  t o  the  o r b i t  which i n  t u r n  i s  determined by t h e  d e c l i n a t i o n  of 
the  sun, 6, and the  angle  between the  meridian of t he  sun  and the  ascend- 
ing node of t he  o r b i t  Rs. The equat ions f o r  %LL and a r e  der ived  i n  
Appendix B, During t h e  time i t  takes f o r  the ground t r a c k  p a t t e r n  t o  
b e  formed across  t he  map shown i n  f i g u r e  2 ,  t h e  va lues  of 6 and QS w i l l  
remain r e l a t i v e l y  cons tan t .  Thus ~ L L  and 8a w i l l  no t  change apprec iab ly  
during t h i s  time and, a s  shown i n  f i g u r e  7, t hese  c o n s t r a i n t s  a r e  placed 
on the map as  ho r i zon ta l  l i n e s  a t  8  = BLL and 8  = BUL. The a r e a  of t he  
United S t a t e s  remaining between these  two l i n e s  i s  then propor t iona l  t o  
the a v a i l a b l e  observa t ion  time which s a t i s f i e s  t he  sun e l e v a t i o n  angle  
cons t r a i n t ,  Since 6 and RS a r e  func t ions  of t ime, BLL and @UL and the  
observa t ion  t i m e  a r e  i m p l i c i t  func t ions  of time due t o  t h e i r  dependence 
upon 6 and Rs ,  I n  the  s imula t ion  the  values of 6 ,  Rs,  BLL, 8uL and the  
observa t ion  time a r e  updated d a i l y .  

ALSO shown i n  f i g u r e  6 i s  an angle ,  designated @, which is the  
angle  between the  ear th-sun  l i n e  and the  p ro j ec t ion  of t he  ear th-sun 
line on t h e  o r b i t  plane ( o r b i t a l  noon). For t he  Skylab program t h e r e  
will be a c o n s t r a i n t  placed on t h i s  B angle  i n  t h a t  no observa t ions  can 
Re made when i t s  magnitude exceeds some va lue  determined by such 
r e s t r i c t i o n s  as  thermal environment and power requirements from s o l a r  
a r r a y s ,  

I n  o rde r  t o  demonstrate how the  above parameters change wi th  t ime, 
cons ider  the fol lowing example. The e a r t h  resources s a t e l l i t e  i s  
launched ( i n  a n o r t h e a s t e r l y  d i r e c t i o n )  i n t o  a  50" i n c l i n a t i o n ,  
435 km (235 n,mi.) c i r c u l a r  o r b i t  on June 1 a t  5:30 p.m. EST. Experi- 
ment and s a t e l l i t e  systems c o n s t r a i n t s  d i c t a t e  t h a t  measurements cannot 
b e  made unless  the  sun e l e v a t i o n  angle is g r e a t e r  than  30" and @ l i e s  
x i t h i n  the  range from -30' t o  +30°. Figure 8 shows the  time h i s t o r y  of 
3, OS, and 5 and the  r e s u l t i n g  values of %LL and 8 u ~ .  NOW cons ider  how 
the  changing values of BUL and eLL a f f e c t  t he  a v a i l a b l e  observa t ion  time 
over the c o n t i n e n t a l  United S t a t e s  by r e f e r r i n g  t o  f i g u r e s  7  and 8. 
I n i t i a l i y ,  8.111, i s  below the  United S t a t e s ,  and thus ,  no observa t ion  time 
is  a v a i i a b l e ,  But a s  begins t o  i nc rease  above 33", observa t ion  time 
becomes a v a i l a b l e  f o r  t he  ascending passes.  Eventual ly the  descending 
Dasses a l s o  become a v a i l a b l e  and BLL begins t o  e l imina te  a  po r t ion  of 
the ascending passes .  F i n a l l y ,  BUL is completely above the po r t ion  of 
the map corresponding t o  descending passes ,  and the inc reas ing  BLL 
causes the observa t ion  time t o  cont inue  t o  decrease.  Figure 9 shows a  
 lot of the  h i s t o r y  of t h i s  observa t ion  time. The v e r t i c a l  l i n e s  a t  
June 5 and July 14 i n d i c a t e  the  period of days during which the  f3 
angle  does not exceed a  c o n s t r a i n t  of +30°. What has been shown i s  
c a l l e d  one observa t ion  time, o r  coverage cyc le .  This cyc l e  w i l l  be 
repeated each time RS goes from 0  t o  360". Each cyc le  w i l l  appear 
somewhat d i f f e r e n t  because of the  changing s o l a r  dec l ina t ion .  



S i m i l a r l y ,  r e f e r r i n g  t o  f i g u r e s  2 and 7 ,  t h e  b e h a v i o r  of t h e  
i n d i v i d u a l  o r b i t  p a s s e s  d u r i n g  a n  o b s e r v a t i o n  t ime c y c l e  can  be 
d e s c r i b e d .  I n i t i a l l y  when eUL i s  below t h e  lower boundary s f  t h e  
Uni ted S t a t e s  ( f i g u r e  7),  even though t h e  s a t e l l i t e  i s  c r e a t i n g  
ground t r a c k s  a c r o s s  t h e  map ( f i g u r e  2), t h e  l i g h t i n g  c o n s t r a i n t  w i l l  
n o t  be  s a t i s f i e d .  As eUL proceeds  t o  i n c r e a s e  and f a l l  a c r o s s  the 
ascend ing  p o r t i o n  of t h e  United S t a t e s  map, t h e  f i r s t  a scend ing  pass  
o r  two ( t h e  ones which occur  on t h e  extreme l e f t  of  f i g u r e  2 )  have 
a c c e p t a b l e  l i g h t i n g .  A s  8uL c o n t i n u e s  t o  i n c r e a s e ,  e v e n t u a l l y  sorne 
of t h e  descending passes  become a c c e p t a b l e  ( t h o s e  c r o s s i n g  t h e  deseend- 
i n g  p o r t i o n  of t h e  map.) As 0~~  moves up f i g u r e  7 ,  i t  w i l l  f i r s t  
e l i m i n a t e  t h e  f i r s t  a scend ing  passes  of each  day. A f t e r  BLL has  
i n c r e a s e d  t o  8 0 ° ,  o n l y  t h e  descend ing  passes  a r e  a c c e p t a b l e ,  E v e n t u a l l y  
eLL w i l l  i n c r e a s e  s o  t h a t  t h e r e  w i l l  no l o n g e r  be  any a c c e p t a b l e  passes  
u n t i l  t h e  n e x t  o b s e r v a t i o n  c y c l e .  

The above c a l c u l a t i o n s  have been inc luded  i n  a  s m a l l  computer 
program which was used i n  t h e  a n a l y s i s  o f  t h e  e f f e c t s  of i n c l i n a t i o n ,  
l aunch  d a t e ,  l aunch  t ime,  and v a r i o u s  c o n s t r a i n t s  upon t h e  a v a i l a b % l i t y  
of e a r t h  r e s o u r c e s  o p p o r t u n i t i e s .  This a n a l y s i s  is  p resen ted  i n  the  
f o l l o w i n g  s e c t i o n .  

111. ANALYSIS 

I n  t h i s  s e c t i o n  f a c t o r s  which i n f l u e n c e  a v a i l a b l e  e a r t h  r e s o u r c e s  
o p p o r t u n i t i e s ,  s u c h  as s o l a r  l i g h t i n g  a t  t h e  t a r g e t ,  sys tem l i m i t a t i o n s ,  
and o r b i t a l  pa ramete rs  a r e  ana lyzed .  The USA is  cons idered  t h e  prime 
t a r g e t  ( a l t h o u g h  o t h e r  r e p r e s e n t a t i v e  t a r g e t s  a r e  i n c l u d e d ) ,  Optimiza- 
t i o n  of USA coverage over  v a r i o u s  m i s s i o n  parameters  such  as o r b i t a l  
i n c l i n a t i o n ,  l aunch  t ime ,  and l aunch  d a t e  is  performed. USA coverage 
t ime and number of passes  f o r  miss ions  (such as Skylab and p o s s i b l y  
t h e  S h u t t l e  s o r t i e  m i s s i o n s )  i n  t h e  r e f e r e n c e  50" i n c l i n e d  c i r c u l a r  
o r b i t  a t  435 km (235 n.mi.) a l t i t u d e  a r e  p rov ided ,  

A. I n f l u e n c e  of L i g h t i n g  C o n s t r a i n t  

The average  t ime t h a t  a  s a t e l l i t e  i n  a 50" i n c l i n a t i o n ,  L35 krn 
o r b i t ,  spends over  t h e  USA each day is  a  c o n s t a n t  = 38 m i n u t e s ,  From 
f i g u r e  2, i t  can be  s e e n  t h a t  t h i s  t ime i s  s p r e a d  over  = 6 passes  per  
day. Each pass  on t h i s  s p e c i a l  map i s  s e p a r a t e d  i n  t ime by t h e  o r b i t a l  
p e r i o d  (= 93 minu tes )  and by me i n  ground t r a c e .  The passes  beg in  a t  
t h e  l e f t  of  t h e  map and s t e p  a c r o s s  t o  t h e  r i g h t ,  normal ly  r e s u l t i n g  
i n  t h r e e  ascend ing  passes  fol lowed by t h r e e  descending passes  per  day,  
A l l ,  some, o r  none of t h e  s i x  p a s s e s  each day w i l l  occur  over  t h e  USA i n  
t h e  d a y l i g h t .  A  c o n s t r a i n t  imposed i n  t h i s  a n a l y s i s  is  t h a t  t h e  USA 



t a r g e t  be a d e q u a t e l y  i l l u m i n a t e d ,  a l t h o u g h  i t  is  r e a l i z e d  t h a t  d a t a -  
taking d u r i n g  some d a r k  p o r t i o n s  of a n  o r b i t  is  d e s i r a b l e  f o r  any compre- 
h e n s i v e  e a r t h  r e s o u r c e s  miss ion .  I n  t h i s  s t u d y ,  a  l i g h t i n g  c o n s t r a i n t  is 
impcsed through a  r equ i rement  t h a t  t h e  s o l a r  e l e v a t i o n  a n g l e  a t  t h e  space-  
c r a f t  s u b p o i n t ,  o r  t a r g e t ,  be  g r e a t e r  t h a n  a s p e c i f i e d  a n g l e .  Th i s  a n g l e ,  
c a l l e d  the  s u n  e l e v a t i o n  a n g l e ,  was d e f i n e d  i n  f i g u r e  4. This  c o n s t r a i n t  
d e f i c e s  t h e  degree  of i l l u m i n a t i o n  r e q u i r e d  a t  t h e  t a r g e t  f o r  a c c e p t a b l e  
o b s e r v a t i o n ,  

F i g u r e s  7 and 8 can be used t o  v e r i f y  t h a t  imposing a  s u n  e l e v a t i o n  
angle c o n s t r a i n t  of 2 30" a t  t h e  t a r g e t  l i m i t s  n o t  o n l y  t h e  amount of 
o b s e r v a t i o n  t ime b u t  a l s o  t h e  coverage  t o  a  maximum of  = 44 days o u t  of  
the  68-day c y c l e .  A  s u n  e l e v a t i o n  a n g l e  c o n s t r a i n t  g r e a t e r  than  30" 
d e c r e a s e s  f u r t h e r  t h e  number of a c c e p t a b l e  days of coverage  pe r  c y c l e .  

The average  number of p a s s e s  p e r  day (n )  a s s o c i a t e d  w i t h  a  l i g h t i n g -  
c o n s ~ r a i n e d  coverage  c y c l e  can  b e  e s t i m a t e d  by d i v i d i n g  t h e  e x t e n t  of 
t h e  l o n g i t u d e  range  of t h e  map which l i e s  w i t h i n  t h e  t h e t a  bounds by t h e  
d e l t a  Longitude t r a n s g r e s s e d  i n  one o r b i t ,  n  = W/TN(we + h ) .  For example, 
i c  f i g u r e  7 ,  " W ' b o u l d  be  from 112" t o  237" f o r  a  t o t a l  l o n g i t u d e  range  of 
125"- Because t h e  t h e t a  upper and lower l i m i t s  which de te rmine  W v a r y  
d a i l y ,  t h e  number of a c c e p t a b l e  p a s s e s  p e r  day is  n o t  a  c o n s t a n t .  

F i g u r e  10  r e p r e s e n t s  a  t y p i c a l  d a y l i g h t  coverage t ime h i s t o r y  f o r  
t h e  USA, The a v e r a g e  t ime pe r  day f o r  t h e  50"  i n c l i n e d  o r b i t  i s  p l o t t e d  
vezsus  d a t e ,  USA coverage can be  s e e n  t o  occur  i n  60-day c y c l e s  w i t h  
g r e a t e r  t o t a l  t ime  pe r  c y c l e  i n  t h e  summer months t h a n  i n  t h e  w i n t e r .  
T I - i s  e E f e c t  i s  due t o  t h e  changing d e c l i n a t i o n  of  t h e  sun  p l u s  t h e  
i x i s t e n c e  of a  l i g h t i n g  c o n s t r a i n t .  Less d a y l i g h t  coverage t ime i s  
provided i n  t h e  w i n t e r  when t h e  s u n  is w e l l  below t h e  e q u a t o r .  (The 
x i n t e r  p o s i t i o n  of t h e  s u n  maximizes d a y l i g h t  coverage  f o r  t a r g e t s  i n  
t h e  Lower hemisphere s u c h  a s  A u s t r a l i a ,  b u t  minimizes USA d a y l i g h t  cover -  
a g e , )  A s  was shown i n  f i g u r e  6 ,  t h e  l i g h t i n g  c o n s t r a i n t  imposed i s  n o t  
s i n p l y  an  a n g u l a r  f u n c t i o n  abou t  t h e  noon m e r i d i a n ,  s u c h  a s  r e q u i r i n g  a  
USA pass  t o  occur  when t h e  s u n  is  w i t h i n  60" of t h e  m e r i d i a n  of t h e  t a r g e t  
(- 8:GO a.m, t o  4 :00  p.m.). It is  imposed a s  a  f u n c t i o n  of  t h e  a n g l e  
becween r h e  sun  v e c t o r  and t a r g e t ,  which,  i n  t h i s  c a s e ,  must be l e s s  
than 60" and thus  would a l s o  b e  a  f u n c t i o n  of t h e  d e c l i n a t i o n  of t h e  
sun  and t h e  l a t i t u d e  of t h e  t a r g e t .  Near a  summer s o l s t i c e ,  when t h e  
sdn  i s  ai a  +23" l a t i t u d e ,  f o r  a  t a r g e t  a t  48"N l a t i t u d e  a t  l o c a l  noon, 
che r a y s  of t h e  s u n  would be  f a l l i n g  on t h e  t a r g e t  s u r f a c e  making a  25" 
a n g l e  v i t h  t h e  v e r t i c a l  (sun e l e v a t i o n  a n g l e  of 65" ) .  Th i s  a n g l e  is  
w e l l  within t h e  l i g h t i n g  c o n s t r a i n t .  However, n e a r  a  w i n t e r  s o l s t i c e ,  
when t h e  s u n  is  a t  -23" l a t i t u d e ,  t h e  r a y s  of t h e  s u n  would be f a l l i n g  
on t h e  same t a r g e t  s u r f a c e  making a  71" a n g l e  w i t h  t h e  v e r t i c a l  (sun 
e l e v a t i o n  a n g l e  of  1 9 " ) ,  and would t h u s  be o u t s i d e  t h e  l i g h t i n g  con- 
straint. For  t h i s  r e a s o n ,  breaks occur  i n  t h e  coverage  t ime  w i t h i n  a  



c y c l e  d u r i n g  t h e  w i n t e r  because  no segment of t h e  o r b i t a l  p lave  l i e s  
w i t h i n  a  60" cone a b o u t  t h e  e a r t h - s u n  v e c t o r .  

F i g u r e  11 g i v e s  t h e  e f f e c t  of t h e  l i g h t i n g  c o n s t r a i n t  on the 
envelope of t h e  coverage c y c l e  peaks (each 60-day coverage c y c l e  would 
f a l l  under t h e s e  enve lopes ) .  This f i g u r e  shows t h e  r e l a t i v e  p e n a l r y  
due t o  t h e  l i g h t i n g  c o n s t r a i n t  d u r i n g  t h e  w i n t e r  months. During rhe 
w i n t e r ,  t h e  sun  e l e v a t i o n  a n g l e ,  f o r  t h e  USA a s  a  t a r g e t ,  i s  g e n e r a l l y  
l e s s  t h a n  30° ,  which r e s u l t s  i n  poor w i n t e r  coverage.  Coverage a t  
e l e v a t i o n  a n g l e s  above 60" is  p o s s i b l e  o n l y  d u r i n g  t h e  months when t h e  
sun  is  i n  t h e  upper hemisphere.  

It is  g e n e r a l l y  d e s i r a b l e  t h a t  t h e  t a r g e t  have a  s u n  e l e v a t i o n  
a n g l e  g r e a t e r  t h a n  30". However, i n  t h e  w i n t e r  (when t h e  sun i s  i n  
t h e  lower hemisphere ) ,  t h e  upper l a t i t u d e s  o f  t h e  USA a r e  n o t  v e r y  
w e l l  i l l u m i n a t e d .  T h e r e f o r e ,  a  r e l a x a t i o n  o f  t h e  c o n s t r a i n t  i s  neces- 
s a r y .  The t a r g e t  l i g h t i n g  c o n s t r a i n t  d e s i r e d  f o r  a t  l e a s t  one of che 
EREP exper iments  (S190 - M u l t i s p e c t r a l  Pho tograph ic  F a c i l i t y )  r e q u i r e s  
t h a t  t h e  s o l a r  e l e v a t i o n  a n g l e  a t  t h e  t a r g e t  be 2 30" i n  t h e  summer 
hemisphere  and 2 20" i n  t h e  w i n t e r  hemisphere.  To p rov ide  a smooth 
c o n s t r a i n t  r e l a x a t i o n  and t o  p reven t  a d i s c o n t i n u i t y  a t  t h e  c o n s t r a i n t  
r e l a x a t i o n  t ime,  t h e  s u n  e l e v a t i o n  a n g l e  c o n s t r a i n t  was r e l a x e d  f o r  
w i n t e r  v iewing (of a t a r g e t  i n  t h e  n o r t h e r n  hemisphere)  through t h e  
f o l l o w i n g  procedure:  

Sun D e c l i n a t i o n  Sun E l e v a t i o n  Angle C o n s t r a i n t  

A l l  p o s i t i v e  d e c l i n a t i o n s  2 30" 

From 0  t o  -10' L i n e a r  i n t e r p o l a t i o n  from 2 30" t o  2 20"  

Less t h a n  -10" 2 20" 

For a  s o u t h e r n  hemisphere t a r g e t ,  t h e  l i g h t i n g  c o n s t r a i n t  would he 
m i r r o r e d ;  i . e . ,  t h e  l i g h t i n g  r e l a x a t i o n  t o  2 20" would begin  a t  a  sun 
d e c l i n a t i o n  of + l o 0 .  H e r e a f t e r ,  t h e  above procedure  i s  used as the s u n  
e l e v a t i o n  c o n s t r a i n t ;  i t  is  i d e n t i f i e d  as "sun e l e v a t i o n  2 30°/20"," 
The term " d a y l i g h t "  i n  t h i s  r e p o r t  (as i n  d a y l i g h t  coverage)  impLtes 
s a t i s f a c t i o n  of t h e  l i g h t i n g  c o n s t r a i n t .  

F i g u r e  12 p r e s e n t s  a  d a i l y  USA coverage h i s t o r y  us ing  t h e  3OG/20' 
l i g h t i n g  c o n s t r a i n t  phi losophy.  Launch is assumed t o  be 9:30 a.m, E S T ,  
November 9 ,  i n t o  a  50"  i n c l i n e d  c i r c u l a r  o r b i t  a t  435 km (235 n . m i , )  
a l t i t u d e .  This p a r t i c u l a r  launch t ime and d a t e  were a t  one time con- 
s i d e r e d  f o r  t h e  Skylab miss ion .  I n  t h i s  m i s s i o n ,  t h e  EREP will be hard-  
mounted i n  t h e  MDA p o r t i o n  of t h e  o r b i t i n g  assembly,  r e q u i r i n g  the 
e n t i r e  c l u s t e r  t o  be maneuvered t o ,  and mainta ined i n ,  t h e  n e c e s s a r y  



Z-local. v e r t i c a l  (Z-LV(E)) a t t i t u d e  ( f igu re  13) requi red  f o r  e a r t h  view- 
i n g ,  This a t t i t u d e  requirement l i m i t s  t he  e a r t h  resources  da ta - tak ing  
oppor tun i t i e s  i n  terms of frequency, length ,  and time of performance 
during the  mission. Thus, a l l  of t he  time shown i n  f i g u r e  12 i s  no t ,  i n  
a pract ical .  sense ,  usable .  However, i t  does r ep re sen t  t he  t o t a l i t y  of 
oppor tun i t i e s  a v a i l a b l e  from which s e l e c t i o n s  can be made. The penal ty  
incurred a s  a consequence of adding the  a t t i tude-dependent  c o n s t r a i n t s  
will be discussed l a t e r .  

ii l i g h t i n g  c o n s t r a i n t  is a c t i v e  i n  another  a r e a ,  namely, adequate 
I i g h t l c g  for the  recovery of the  manned command module. Overlaid on the  
absc i s sa  of f i g u r e  12 a r e  the  acceptab le  d a y l i g h t  recovery windows. 
Acceptable s p a c e c r a f t  recovery l i g h t i n g  is  defined a s  recovery no 
e a r l i e r  than two hours before  s u n r i s e  and no l a t e r  than two hours before  
sunse t  a t  the  prime recovery l a t i t u d e  (3Z0N). Days when t h i s  l i g h t i n g  
is  s a t i s f i e d  f o r  o r b i t s  ascending from sou th  t o  n o r t h  i n t o  t h e  recovery 
a r e a  a r e  i d e n t i f i e d  by the  ho r i zon ta l  bar  above t h e  a x i s .  Descending 
o r b i t  recovery windows a r e  loca ted  below the  a x i s .  These recovery 
windoeas a r e  func t ions  of launch d a t e  and time i n  t h e  same way as  USA 
day l igh t  viewing oppor tun i t i e s ;  i . e . ,  the  recovery windows a r e  cor re-  
l a t e d  t o  the USA day l igh t  coverage cyc les .  Regardless of the  launch 
time and d a t e  of t he  experiment package c a r r i e r ,  recovery windows f o r  
both the  ascending and descending o r b i t s  occur during the middle of a 
coverage cyc le .  The opening of t he  ascending recovery window begins 
almost simuEtaneously wi th  the  beginning of a  coverage cyc le ,  and the  
d e s c e r ~ d r n g  o r b i t  recovery window c loses  -- 8 days beyond i t s  assoc ia ted  
coverage cyc le ,  Thus, i t  can be seen t h a t  on any day i n  which day l igh t  
USA coverage i s  poss ib l e ,  t h e  1 igh t ing  c o n s t r a i n t s  f o r  recovery on t h a t  
day are simultaneously s a t i s f i e d .  Lowering the recovery l a t i t u d e  t o  
-- 20" i nc reases  t h e  recovery window l eng th  by -- 2 days on each end, or  
four  days, and decreases  the  overlap period i n  t h e  middle of t he  cyc l e  
by -- 3 days, Since day l igh t  USA coverage implies  recovery oppor tun i t i e s ,  
the recovery windows a r e  not  shown i n  subsequent f i g u r e s .  

B. I n f luence  of Launch Time 

Launch time of the  o r b i t i n g  workshop, l abo ra to ry ,  o r  space s t a t i o n  
af Fecals the p o i n t  i n  a  coverage cyc le  where the  mission begins.  Fig- 
ure  12 r ep re sen t s  a  9:30 a.m. launch on November 9. Launching a t  times 
e a r i i e r  i n  t he  day s h i f t s  the  coverage cyc le s  t o  t he  l e f t  wi th  r e s p e c t  
t o  the days-from-launch s c a l e .  Launches l a t e r  i n  t h e  day s h i f t  t he  
coverage cyc le s  t o  the  r i g h t .  For example, a  5:00 p.m. EST n o r t h e a s t e r l y  
l aucch  f rom the  Cape places day 1 near t he  beginning of a  coverage cyc le  
and a midnight launch p laces  day 1 a t  the  end of a  cyc l e  where a t  l e a s t  
14 days must pass before  day l igh t  USA coverage i s  aga in  e s t ab l i shed .  A 
cwo-hour change i n  launch time i s  equiva len t  t o  a  coverage cyc le  s h i f t  



of z 5 days. A 24-hour change l ikewise  equates  i n t o  a  60-day (or e n t i r e  
cyc l e )  s h i f t  which p laces  the  day 1 p o s i t i o n  back i n  the same r e l a t i v e  
pos i t i on .  However, when the  cyc l e  i s  s h i f t e d ,  i t s  maximum and i t s  shape 
change correspondingly t o  f a l l  w i th in  the  dashed envelope shorn i m  f i g -  
ures  10, 11, and 12. These envelopes a r e  a  func t ion  of the  l i g h t i n g  con- 
s t r a i n t  only. The launch time e f f e c t  i s  shown i n  f i g u r e  14 f a r  a 
r e p r e s e n t a t i v e  summer coverage cyc le .  Day 1 can be seen  t o  f a l l  
f a r t h e r  i n t o  the  day l igh t  coverage cyc le  a s  launch time becomes e a r l i e r ,  
s t a r t i n g  a t  = 5:00 p.m. The launch time of = 2 p.m. EST places day L 
s h o r t l y  a f t e r  the  beginning of a  day l igh t  coverage cyc le .  An - 8:00 a,m, 
EST launch p laces  day 1 i n  the  middle of t he  cyc l e  where i n  the  summer 
a l l  t he  USA passes ,  both ascending and descending, a r e  i n  the d a y l i g h t ,  
A 2:00 a.m. EST launch begins the  mission near t he  end of the  period of 
d a i l y  day l igh t  oppor tun i t i e s .  Coverage cyc les  r e p e a t  every 60 days, 
al though the  cyc l e  s i z e  and du ra t ion  v a r i e s  wi th  season. Regardless 
of season,  however, an 8:00 a.m. launch always places day 1 a t  t h e  
c e n t e r  of a  coverage cyc le .  

C. In f luence  of a  Beta Angle Cons t ra in t  

Overlaid on f i g u r e  10 a r e  those  i n t e r v a l s  when I @ \  exceeds 30" and  
50". The s t i p p l e d  a reas  r ep re sen t  days when I @ I  i s  g r e a t e r  than 30"- 
These days i n  t he  s t i p p l e d  a reas  a r e  not  a v a i l a b l e  a s  EREP e a r t h  view- 
ing oppor tun i t i e s  i f  t he  maneuver t o  Z-LV(E) i s  cons t ra ined  to times 
when B l i e s  between +30°. Likewise, days when I i s  g r e a t e r  than 50" 
a r e  represented  by the  s o l i d  s t r i p s  wi th in  the  s t i p p l e d  a r e a ,  These 
a r eas  a r e  extended below the  d a t e  s c a l e  t o  inc lude  days when no coverage 
time i s  a v a i l a b l e .  During the  summer months, the  @ c o n s t r a i n t  e f f e c t  on 
USA coverage i s  n e g l i g i b l e ,  b u t  i n  t he  remainder of t he  year ( for  a 30" 
b e t a  c o n s t r a i n t ) ,  t he  con t r a ry  i s  t rue .  Relaxing the  @ c o n s t r a i n t  t o  50" 
almost e l imina te s  f3 a s  a  cons t r a in ing  f a c t o r  on USA day l igh t  coverage 
time. Relaxing the  l i g h t i n g  c o n s t r a i n t  increases  the  average time per 
day during the  win ter  cyc l e s ;  whereas, r e l ax ing  the  @ c o n s t r a i n t  increases  
t he  number of days a v a i l a b l e  f o r  e a r t h  resources  experiment opera-fion, 
I t  w i l l  be shown t h a t  i n  t he  f a l l  and sp r ing ,  r e l a x a t i o n  of the be t a  
c o n s t r a i n t  (from 30") produces s i g n i f i c a n t  improvement i n  coverage time, 

Each ind iv idua l  coverage cyc le  can be in t eg ra t ed  t o  ob ta in  t o t a l  
average USA d a y l i g h t  coverage time per cyc l e .  Since, a t  most, 44 d a y s  
of each 60-day cyc le  con ta in  day l igh t  USA coverage time, a  cyc l e  can 
r ep re sen t  missions wi th  du ra t ions  a s  s h o r t  a s  44 days o r  a s  long as 
60 days. 



F i g u r e  15 p r e s e n t s  t h e  be ta - induced  v a r i a t i o n  i n  d a y l i g h t  USA 
coverage t ime ,  p e r  r e g r e s s i o n  c y c l e ,  t h a t  c a n  be  o b t a i n e d  i n  a  44- t o  
60-day m i s s i o n  th roughout  t h e  y e a r .  A  r e g r e s s i o n  c y c l e  i s  d e f i n e d  a s  
t h e  t ime n e c e s s a r y  f o r  t h e  ascend ing  node of t h e  o r b i t a l  p l a n e  t o  r e g r e s s  
360" r e l a t i v e  t o  t h e  e a r t h - s u n  l i n e ;  i t  i s  synonymous w i t h  coverage  o r  
o b s e r v a t i o n  c y c l e .  The l aunch  t ime used f o r  t h e  o b s e r v a t i o n  c y c l e s  which 
make up  f i g u r e  15 i s  6: 00 p.m. EST which p l a c e s  day 1 n e a r  t h e  beg inn ing  
sf a  c q c l e  of d a y l i g h t  o p p o r t u n i t i e s  over  t h e  USA. USA coverage t ime  on 
days when t h e  (3 a n g l e  i s  g r e a t e r  i n  magnitude t h a n  t h e  c o n s t r a i n e d  v a l u e  
is exc luded ;  t h u s ,  t h e  (3 p e n a l t y  can  b e  s e e n ,  p a r t i c u l a r l y  d u r i n g  e a r l y  
s p r i n g  and f a l l  m i s s i o n s .  Winter  m i s s i o n s  a l s o  a r e  p e n a l i z e d  th rough  a  
/3 c o n s t r a i n t ,  b u t  coverage  t ime  then  is  a l r e a d y  s e v e r e l y  p e n a l i z e d  (up t o  
64 p e r c e n t )  by t h e  l i g h t i n g  c o n s t r a i n t .  

The be ta - induced  v a r i a t i o n  i n  t h e  t o t a l  number of  a c c e p t a b l e  d a y l i g h t  
p a s s e s  aver  t h e  USA i s  g i v e n  i n  f i g u r e  16.  The same f a c t o r s  which r e s t r i c t  
d a y l i g h t  coverage  t ime o v e r  t h e  USA a l s o  de te rmine  t h e  number of d a y l i g h t  
passes  over  t h e  USA. The t ime and number-of-passes curves  a r e  thus  v e r y  
s i m i l a r  , 

D, T o t a l  USA Coverage f o r  any Miss ion Length  from 

a  50" I n c l i n a t i o n ,  435 km C i r c u l a r  O r b i t  

The t o t a l  d a y l i g h t  coverage  t ime and t o t a l  number of c a n d i d a t e  
pzsses  f o r  any m i s s i o n  from t h i s  r e f e r e n c e  o r b i t  can be rough ly  e s t i m a t e d  
by u s  i i lg f i g o r e s  15 and 16.  The v a l u e s  (as  a  f u n c t i o n  of t h e  (3 con- 
s t r a i n t )  which a r e  shown above any s p e c i f i c  d a t e  on t h e s e  f i g u r e s  r e p r e -  
s e n t  USA coverage t ime  o r  passes  t h a t  c a n  be o b t a i n e d  from a  44- t o  60-day 
miss  i o n  launched a t  - 6: 00 p.m. on t h a t  d a t e .  (A r e g r e s s  i o n  c y c l e  i s  
60  days i n  l e n g t h ,  b u t  w i t h  t h e  6:00 p.m. l aunch ,  t h e  l a s t  16  days pro-  
due, P O  d a y l i g h t  USA coverage . )  Knowing l aunch  d a t e  and miss ion  l e n g t h ,  
one can J s e  rhe v a l u e s  a s  p l o t t e d  on t h e  c u r v e s  ( o r  a  p e r c e n t a g e  of them). 
For example, e s t i m a t i o n s  f o r  a  60-day m i s s i o n  can be read d i r e c t l y  o f f  
the  c u r v e  above t h e  a p p r o p r i a t e  l aunch  d a t e .  E s t i m a t i o n  o f  a  120-day 
m i s s i o n  w o u l d  c o n t a i n  t h e  sum from two 60-day coverage c y c l e s ,  t h e  f i r s t  
v a l d e  read above t h e  i n i t i a l  l aunch  d a t e ,  and t h e  second v a l u e  f o r  t h e  
s~ lcceec ' ing  c y c l e  r ead  above t h e  d a t e  60 days l a t e r .  For  longer  m i s s i o n s ,  
this procedure  c o n t i n u e s ,  summing each 60 days ,  a s  long a s  t h e  m i s s i o n  
i e ~ g t h  i s  a n  even m u l t i p l e  of  t h e  r e g r e s s i o n  c y c l e .  For m i s s i o n s  l e s s  
t h a n  4 L  d a y s ,  o r  f o r  t h e  remainder  of m i s s i o n s  n o t  an  i n t e g r a l  m u l t i p l e  
3f t h e  60-day r e g r e s s i o n  c y c l e  ( i . e . ,  t h e  l a s t  30 days i n  150-day m i s -  
s i o n ) ,  some p e r c e n t a g e  of t h e  v a l u e s  from t h e  curves  would be  n e c e s s a r y .  

These e s t i m a t i o n s  from f i g u r e s  15 and 16 a r e  rough,  s i n c e  d i f f e r e n t  
i a u ~ i c h  t imes and n o n - i n t e g r a l  m u l t i p l e s  of t h e  r e g r e s s i o n  c y c l e  i n t r o d u c e  
e r r o r s ,  p a r t i c u l a r l y  w i t h  t h e  combinat ion of  s h o r t e r  m i s s i o n s  ( o r  r emainders )  



and e a r l y  morning l aunch  t imes .  For example, a  30-day miss ion  launched 
a t  6:00 p.m. EST produces -- 65 p e r c e n t  of t h e  t o t a l  coverage c y c l e  v a l u e s  
of f i g u r e s  15 and 16 because  a lmos t  a l l  of  t h e  30 days produce daylight 
coverage .  However, t h e  same m i s s i o n  launched a t  2 :00  a.m. EST w o u l d  
produce o n l y  -- 35 p e r c e n t  of t h e  coverage  c y c l e  v a l u e s  because  i t  would 
b e g i n  n e a r  t h e  end of t h e  c y c l e  and a t  l e a s t  16  days of t h e  rn i s s io r  
would a c q u i r e  no d a y l i g h t  coverage .  

For b e t t e r  e s t i m a t e s  , t h e  v a r i a t i o n s  i n  m i s s i o n  l e n g t h  and Launch 
t ime a r e  accounted f o r  i n  f i g u r e s  17a th rough  17h.  From t h e s e  curves  
t h e  t o t a l  USA coverage t ime and t o t a l  number of  p a s s e s  over  che USA 
f o r  any l e n g t h  m i s s i o n ,  any l aunch  d a t e  and t ime c a n  b e  de te rmined .  
No c o n s t r a i n t s  o t h e r  than  t h e  30° /200  l i g h t i n g  c o n s t r a i n t  a r e  i m p o s e d ,  

E s t i m a t e s  u s i n g  t h e s e  f i g u r e s  a r e  g i v e n  f o r  t h e  f o l l o w i n g  Sky Lab 
m i s s i o n  d e f i n i t i o n :  l aunch  on November 9  a t  9:30 a.m. EST w i t h  sub- 
s e q u e n t  l aunches  on days 1, 71, and 173.  Given t h e  i n i t i a l  SL-l launch 
d a t e  and t ime ,  t h e  l aunch  t imes  of day f o r  t h e  s u b s e q u e n t  SL-2, S;,-3, 
and SL-4 m i s s i o n s  a r e  d e r i v e d  u s i n g  a  p rocedure  found i n  Appendix C, 

Launch 
Launch Mis - Launch D u r a t i o n  Time+: T o t a l  USA 

Date  (days Coverage s i o n  Day 
(EST) Time ( h r )  

Passes  

Nov. 9 SL- 1 0 - - 9:30 a.m. - - "- - 

Nov. 1 0  SL-2 1 2 8  9: 06 a.m. 4 . 5  6 6 

J a n .  19 SL-3 7 1 5 6  4:42 a.m. 8.5 125 

M a y 1  SL-4 173 56  11:06 a.m. 13.4 E 68 - -- 
TOTAL 26.4 35 9 

-1. 

Assumes p l a n a r  l aunches .  

The a p p r o p r i a t e  c u r v e s  t o  use  f o r  t h e  SL-2 m i s s i o n  would be those  
of  f i g u r e  17c (9:OO a.m. l a u n c h ) .  Reading above t h e  d a t e  of November L O ,  
and i n t e r p o l a t i n g  when n e c e s s a r y ,  t h e  v a l u e s  of  4 .5  hours  of totaL USA 
coverage and 66 t o t a l  p a s s e s  over  t h e  USA c a n  be  r e a d .  T o t a l s  f o r  t h e  
SL-3 m i s s i o n  a r e  e s t i m a t e d  by i n t e r p o l a t i n g  between t h e  50- and SO-day 
c u r v e s  of f i g u r e  17b above t h e  d a t e  of  J a n u a r y  19. Likewise:   he SL-4 
e s t i m a t e s  come from f i g u r e  17d. 



Any con t inuous  m i s s i o n  can  be  read  from one a p p r o p r i a t e  f i g u r e ,  
summing the  60-day v a l u e s  u n t i l  m i s s i o n  comple t ion  o r  t o  t h e  l a s t  even 
m u l t i p l e  of 60 days .  I n t e r p o l a t i o n  between t h e  g i v e n  l aunch  t ime 
i n t e r v a l s  can a l s o  b e  made i f  s u c h  a c c u r a c y  i s  d e s i r e d  (e .g . ,  f o r  a  
19~30 a,m, l a u n c h ) .  M i s s i o n  l e n g t h s  which a r e  a  f r a c t i o n  of t h e  r e g r e s -  
s i o n  c y c l e  would b e  read  from t h e  same f i g u r e ,  b u t  from a  c u r v e  o r  i n t e r p o -  
l a t i o n  of  c u r v e s  r e p r e s e n t i n g  l e s s  t h a n  60 days l e n g t h .  Hence, l aunch  
t imes   orre responding t o  any l aunch  i n t e r v a l  c a n  be  determined,  and t o t a l  
coverage  t imes ,  f o r  any l e n g t h  m i s s i o n  (wi th  no c o n s t r a i n t  o t h e r  t h a n  
l i g h t i n g ) ,  can be read  from t h e  a p p r o p r i a t e  c u r v e s .  

These curves  can i n d i c a t e  t h e  optimum p o s i t i o n i n g  of  i n d i v i d u a l  m i s -  
s i o n s  which rendezvous w i t h  t h e  exper iment  c a r r i e r .  Assume t h a t  t h r e e  
60-day m i s s i o n s  were p lanned.  Cons ide r ing  no o t h e r  l i m i t a t i o n s ,  l aunch ing  
i n  Yay o r  e a r l y  June  f o r  t h r e e  c o n s e c u t i v e  y e a r s  would o p t i m i z e  e a r t h  
r e s o u r c e s  d a y l i g h t  USA coverage.  For  t o t a l  d u r a t i o n s  l e s s  t h a n  two y e a r s ,  
t h e  optimum would be  one m i s s i o n  ( f i r s t  o r  l a s t )  c e n t e r e d  over  one summer 
and t h e  o t h e r  two s h a r e d  over  t h e  o t h e r  summer. For  d u r a t i o n s  l e s s  than 
a  y e a r ,  a t  b e a s t  one m i s s i o n  is  p e n a l i z e d  by poore r  l i g h t i n g .  Depending 
upon  m r a i m u m  l aunch  i n t e r v a l  and t ime between r e c o v e r y  of one m i s s i o n  and 
l a u n c h  o f  the  n e x t ,  t h e  midd le  m i s s i o n  would be  p laced  o p t i m a l l y  over  t h e  
summer with t h e  o t h e r  two on each s i d e  a s  c l o s e  a s  p o s s i b l e ;  o r  two of 
t h e  miss ions  would s h a r e  t h e  b e t t e r  l i g h t i n g  pe r iod  w i t h  t h e  remaining 
m i s s i o n  f a l l i n g  a s  c l o s e  a s  c o n s t r a i n t s  a l low.  

E. D e f i n i t i o n  of O r b i t  S e l e c t i o n  C r i t e r i a  

The p reced ing  d i s c u s s i o n  and f i g u r e s  concerned t o t a l  d a y l i g h t  USA 
a v a i l a b i l i t i e s  c o n s i d e r i n g  no c o n s t r a i n t s .  I f  a n  e a r t h  r e s o u r c e s  
package were on a  s t e e r a b l e  p l a t f o r m  o r  i n  a " f r e e - f l y i n g "  mode inde-  
pendent of the o r b i t a l  assembly a t t i t u d e ,  t h e s e  numbers a r e  a p p l i c a b l e .  
However, ~f t h e  exper iment  package i s  r i g i d l y  mounted i n  t h e  o r b i t a l  
assembly a s  i t  i s  i n  t h e  Skylab program, t h e  e n t i r e  assembly must b e  
maneuvered each  d a t a - t a k i n g  p e r i o d  t o  t h e  ea r th -v iewing  a t t i t u d e  Z-LV(E) .  
Th i s  ea r th -v iewing  a t t i t u d e  is  u s u a l l y  l i m i t e d  i n  terms of f r equency ,  
d u r a t i o n ,  and t ime of performance d u r i n g  t h e  m i s s i o n  due t o  s u c h  con- 
s i d e r a t i o n s  a s  power, the rmal ,  p o i n t i n g  a c c u r a c y ,  and a t t i t u d e  c o n t r o l .  
I n  t h e  Skylsb program, t h e s e  c o n s i d e r a t i o n s  a r e  r e l e v a n t  because  of t h e  
n o n - s t e e r a b l e  s o l a r  a r r a y  sys tem used t o  power t h e  o r b i t a l  assembly.  
I n  t h e  Z-LV(E) a t t i t u d e ,  f i g u r e  13 ,  d e s i g n a t e d  f o r  Skylab e a r t h  v iewing,  
t h e  s o l a r  a r r a y s  e x p e r i e n c e  a  v a r y i n g  s u n  i n c i d e n t  a n g l e  ( ang le  between 
normal t o  s o l a r  a r r a y s  and t h e  s u n  l i n e ) .  The l a r g e r  t h e  s u n  i n c i d e n t  
a n g l e  on t h e  s o l a r  a r r a y s ,  t h e  s m a l l e r  t h e  amount of e l e c t r i c a l  power 
g e n e r a t e d  by t h e  s o l a r  c e l l s .  Depending upon t h e  e l e c t r i c a l  load d u r i n g  
t h e  Z-LV(E)  a t t i t u d e ,  t h i s  reduced e l e c t r i c a l  power g e n e r a t i o n  c a p a b i l i t y  
can r e s u l t  i n  e x c e s s i v e  d i s c h a r g e  of  t h e  SWS b a t t e r i e s .  Cor respond ing ly ,  



during t h i s  a t t i t u d e  hold ,  a r eas  t h a t  a r e  no t  normally exposed r ece ive  
d i r e c t  s u n l i g h t  and thus experience a  more severe  thermal environment, 
The acceptab le  frequency of using the  Z-LV(E) a t t i t u d e  i s  r e l a t e d  i n  
t h i s  s tudy  t o  t he  be t a  angle  (@). The l a r g e r  t he  magnitude of f3 a t  the 
time a  maneuver i s  made t o  Z-LV(E), t he  l e s s  d i r e c t  t he  sun ' s  rays w i l l  
be on the  s o l a r  panels while  t he  c l u s t e r  i s  i n  t h i s  a t t i t u d e ,  and thus, 
reduced power genera t ion  c a p a b i l i t y .  

The Skylab r e fe rence  o r b i t  produces a  @ h i s t o r y  which i s  a  60-day 
c y c l i c  func t ion  ranging between f73.5" t o  -26.5" a t  t he  summer s o l s t i c e  
(June 22) ,  '50" during the  f a l l  and sp r ing  equinoxes, and +26,5" tc 
-73.5" a t  the win ter  s o l s t i c e  (December 22). The @ magnitude ranges 
between these  bounds i n  a  s i n u s o i d a l  fash ion  every 60 days. The USA 
day l igh t  coverage cyc les  a r e ,  i n  f a c t ,  d i r e c t l y  r e l a t e d  t o  the @ c y c l e s ,  
The f3 curve reaches a  minimum every 60 days, and a t  t h i s  t ime, t h e  middle 
of a  day l igh t  USA coverage cyc le  occurs .  

Up t o  s i x  day l igh t  passes per day over t he  USA a r e  poss ib l e .  How- 
ever ,  wi th  r i g i d l y  mounted e a r t h  resources s enso r s ,  t h e  number of passes 
t h a t  can a c t u a l l y  be used a r e  fewer because of system l i m i t a t i o n s ,  
C r i t e r i a  f o r  t he  Z-LV(E) a t t i t u d e  a r e  t h a t  i t  can be a t t a i n e d  every 
o the r  o r b i t ,  o r  held f o r  two consecut ive o r b i t s  i f  @ i s  between k5C0 
and i f  followed by a t  l e a s t  4  o r b i t s  i n  t h e  s o l a r  i n e r t i a l  mode, There- 
f o r e ,  on a  given day when @ is between 5 0 "  and when f i v e  passes over  
t h e  USA s a t i s f y  the  l i g h t i n g  c o n s t r a i n t ,  passes 1, 3 ,  4 ,  o r  2 ,  4 ,  and 
5 ,  o r  1, 3 ,  and 5  may be chosen f o r  a  t o t a l  of t h r e e  usable  passes 
possFble on t h a t  day. Likewise, i f  s i x  passes were i n  d a y l i g h t ,  as 
many a s  four  passes a r e  poss ib l e  using the  combination 1, 3, 5 ,  and 6 
followed by four  o r b i t s  i n  t he  s o l a r  i n e r t i a l  mode. A maximum 06 one 
pass i s  assumed poss ib l e  ( i f  a v a i l a b l e )  on days when 8 i s  g r e a t e r  than 
50". To analyze the  e f f e c t  of t h i s  p a r t i c u l a r  system l i m i t a t i o n ,  the 
maximum number of o r b i t s  poss ib l e  t o  s e l e c t  on any given mission day was 
r e l a t e d  t o  both @ angle  magnitude and the  t o t a l  number of day l igh t  passes 
a v a i l a b l e  t h a t  day. A l l  adequately i l luminated  passes a v a i l a b l e  each day 
a r e  f i l t e r e d  through the o r b i t  s e l e c t i o n  c r i t e r i a  def ined i n  t a b l e  1, 

Table 1. Orb i t  S e l e c t i o n  C r i t e r i a  



F i g u r e s  18 and 19 show t h e  p e n a l t y  p e r  r e g r e s s i o n  c y c l e  ( i n  terms 
of USA e a r t h  r e s o u r c e s  o p p o r t u n i t i e s )  of  c o n s t r a i n i n g  a v a i l a b l e  oppor- 
t u n i t i e s  through t h e  o r b i t  s e l e c t i o n  f i l t e r .  Coverage t imes  and p a s s e s  
f o r  e a r t h  r e s o u r c e s  exper iments  which a r e  on a  s t e e r a b l e  p l a t f o r m  o r  
indepeccienk module a r e  r e p r e s e n t e d  by t h e  t o t a l  t ime  and p a s s e s  c u r v e s  
which are c o n s t r a i n e d  by l i g h t i n g  on ly .  Hard-mounted d e s i g n s  a r e  
p c n a l i ~ e d  a s  i n d i c a t e d  by t h e  c u r v e s  which have been f i l t e r e d  through 
t h e  p r e v i o u s l y  i d e n t i f i e d  o r b i t  s e l e c t i o n  c r i t e r i a .  

F, USA Coverage Cons t ra ined  by O r b i t  S e l e c t i o n  C r i t e r i a  

T o t a l  coverage  t ime and p a s s e s ,  i n c l u d i n g  b o t h  t h e  3 0 ° / 2 0 0  l i g h t i n g  
c o n s t r a i n t  and t h e  o r b i t  s e l e c t i o n  c r i t e r i a ,  can a l s o  be  e s t i m a t e d  f o r  
any m i s s i o n  l e n g t h .  F i g u r e s  20a th rough  20h p r e s e n t  t h e s e  c o n s t r a i n e d  
v a l u e s  f o r  d i f f e r e n t  l aunch  t imes  and v a r i o u s  m i s s i o n  d u r a t i o n s  f o r  any 
l aunch  d a t e .  Again u s i n g  a  Skylab m i s s i o n  d e f i n i t i o n  w i t h  a  9:30 a.m. 
EST l aunch  on November 9  a s  a n  example, t h e  f o l l o w i n g  e s t i m a t i o n  is 
d e r i v ~ d  f o r  USA coverage:  

Cons t r a i n e d  Time ( h r s  ) Cons t r a i n e d  Passes  

SL- 2 2.0 34 

SL- 3 4.8 7 6 

SL-4 8.5 

TOTAL 15.3 

The t o t a l  of  219 p a s s e s  would b e  f u r t h e r  reduced by crew a v a i l a b i l i t y  and 
t a r g e t  c loud cover  c o n s t r a i n t s .  However, t h e  p r e s e n t  Skylab requ i rements  
o f  45 passes  would be  expec ted  t o  be  met.  

Tocal  t ime p e r  day f o r  a  9:30 a.m. EST launch  on November 9 ,  Skylab 
m i s s i o n ,  i s  shown i n  f i g u r e  21. Days when t h e  B a n g l e  is  > 50" a r e  r e p r e -  
s e n t e d  by t h e  s t r i p e d  a r e a s .  Here t h e  r e l a t i v e  p o s i t i o n  of t h e  manned 
p o r t i o n  of t h e  i n d i v i d u a l  SL-112, 3, and 4 m i s s i o n s  can  be s e e n .  Miss ion  
t o t a l s  a r z  c l o s e  t o  t h o s e  which can  be  e s t i m a t e d  from t h e  p rev ious  f i g u r e s .  
In t h e  d e t e r m i n a t i o n  of t h e s e  t o t a l s ,  t h e  f i r s t  and l a s t  days of e a c h  
manned m i s s i o n  a r e  assumed t o  b e  u n a v a i l a b l e  f o r  e a r t h  r e s o u r c e s  d a t a -  
caking, From t h e  p e r s p e c t i v e  of f i g u r e  21, moving t h e  l aunch  d a t e  of SL-1 
l a t e r  i s  advantageous  t o  e a r t h  r e s o u r c e s .  Launching l a t e r  i n  t h e  day 
can  a l s o  h e l p .  



The e f f e c t  of l aunch  d a t e  on a  r e p r e s e n t a t i v e  Skylab m i s s i o n  i s  
shown i n  f i g u r e  22 f o r  v a r i o u s  SL-1 l aunch  t i m e s .  The launch i n e e r v a l s  
a r e  h e l d  c o n s t a n t  w i t h  CSM launches  o c c u r r i n g  on days 1, 71, and 173, 
March appears  t o  be  t h e  optimum launch  month. This  d a t e  p l a c e s  t h e  SL-3 
m i s s i o n  over  t h e  b e t t e r  summer c y c l e s ,  and t h e  Skylab miss ion  i s  over 
b e f o r e  t h e  w i n t e r  p e r i o d  of poor USA viewing.  Throughout t h e  y e a r ,  
a f t e r n o o n  launches  between -- 1:00 and 3:30 produce optimum USA d a y l l g h t  
coverage .  (Optimum coverage d e f i n e d  a s  be ing  w i t h i n  one hour  of themaximum 
t o t a l  m i s s i o n  USA d a y l i g h t c o v e r a g e  t ime c o n s t r a i n e d  by t h e  o r b i t  s e l e c -  
t i o n  c r i t e r i a . )  However, wider  windows a r e  a v a i l a b l e  on any given launch 
day ,  p a r t i c u l a r l y  i n  t h e  w i n t e r  where t h e  s m a l l e s t  coverage  c y c l e  of  
t h e  y e a r  f a l l s  d u r i n g  t h e  s h o r t e s t  (28-day SL-2) m i s s i o n .  

A  p r e s e n t  c a n d i d a t e  l aunch  t ime  f o r  t h e  Skylab m i s s i o n  i s  A p r i l  30 
a t  12:30 a.m. EST, w i t h  launches  on days 0 ,  1, 85,  and 181,  The e s t i -  
mates d e r i v e d  from t h i s  r e p o r t  a r e  a s  f o l l o w s :  

Miss ion  Approximate USA USA Daylight Cons t r a i n e d  Cons t ra r r ied  

(day) 
Launch 

Launch Time Coverage 
Passes  USA Dayl ight  USA Daql~ghr 

Date (hrs Coverage T i n e  Passes 

SL-1 (0) 4/30 12:30 p.m. - - -- - - - - 

SL-2 (1) 5 / 1  12:00 noon 10.7 128 7 -0 8 5 

SL-3 (85) 7/24 2 :30a .m.  10.7 144 7.4 L O 3  

SL-4 (181) 10/28 11:15 a.m. 7.2 - 110 -- 3.4 
P 

5 7 
7 

28.6 38 2 17.8 245 

6. I n f l u e n c e  of O r b i t a l  I n c l i n a t i o n  

The e f f e c t  of  o t h e r  i n c l i n a t i o n s  on d a y l i g h t  USA coverage i s  shown 
i n  f i g u r e s  23, 24, and 25. These c u r v e s  g i v e  t h e  a v e r a g e  o b s e r v a t i o n  
t ime/day over  t h e  y e a r  f o r  v a r i o u s  i n c l i n a t i o n s ,  a g a i n  w i t h  30°/23" 
l i g h t i n g  and 435 km a l t i t u d e .  With i n c l i n a t i o n s  l e s s  t h a n  49" ( t h e  
upper l a t i t u d e  boundary of t h e  USA), t h e  s h o u l d e r s  on t h e  d a y l i g h t  
coverage  c y c l e s  d i s a p p e a r .  The coverage  c y c l e  s h o u l d e r s  p r o d u c e d  by 
t h e  50" i n c l i n e d  o r b i t s  a r e  caused by t h e  e x c l u s i o n  ( a s  coverage t i m e )  
of  t h a t  p a r t  of  t h e  o r b i t  which ex tends  above t h e  USA and i n t o  Canada, 
At t h e  lower i n c l i n a t i o n s ,  a  g r e a t e r  p e r c e n t a g e  of t h e  o r b i t ,  p a r t i c u l a r l y  
t h e  upper l a t i t u d e  p o r t i o n ,  p a s s e s  over  t h e  USA. Hence, t h e  t i m e  ovzr t h e  
USA p e r  pass  is  l o n g e r .  The l i g h t i n g  and @ c o n s t r a i n t s  a r e  a l s o  l e s s  
p e n a l i z i n g  because  t h e  maximum a n g l e  between t h e  uppermost l a t i t u d e  of  
t h e  o r b i t  and t h e  e a r t h - s u n  l i n e  i s  s m a l l e r .  (With t h e  earth-sezn l i n e  
r a n g i n g  between k23.5" t o  t h e  e q u a t o r ,  a  50"  i n c l i n e d  o r b i t  produces 
b e t a  a n g l e s  up t o  '73.5"; whereas ,  a  46"  i n c l i n e d  o r b i t  produces e x t r e a e  



p a n g l e s  sf 169.5O.) G r e a t e r  maximum average  t imelday  over  t h e  USA t h e n  
i s  the r e s u l t  o f  lower i n c l i n a t i o n s .  This  is  o n l y  t r u e  up t o  a  p o i n t .  
The advantages  of lower i n c l i n a t i o n s  a r e  o f f s e t  by t h e  f a c t  t h a t  USA 
coverage can cover  on ly  up t o  l a t i t u d e s  e q u a l  t o  t h e  o r b i t  i n c l i n a t i o n .  
A s  a n  exsreme example, a  25" i n c l i n e d  o r b i t  would n o t  cover  any of t h e  
c o n t i n e n t a l  USA, For a  435 km a l t i t u d e  c i r c u l a r  o r b i t ,  d a y l i g h t  USA 
coverage t ime is  maximized a t  an  i n c l i n a t i o n  of 46"-48" o r b i t .  This  
produces an  i n c r e a s e  of approx imate ly  15 p e r c e n t  i n  t o t a l  USA coverage 
cirne, With t h e  46" i n c l i n a t i o n ,  however, USA a r e a s  above 46" l a t i t u d e  
a c c r u e  no coverage  t ime,  a  f a c t  which must b e  cons idered  i f  t a r g e t s  above 
a 46" l a t i t u d e  a r e  d e s i r e d .  An a d d i t i o n a l  f a c t o r  i s  t h a t ,  a l t h o u g h  t h e  
t o t a l  coverage t i m e  pe r  c y c l e  i n c r e a s e s  w i t h  somewhat lower i n c l i n a t i o n s  
( s e e  f i g u r e  261 ,  t h e  t o t a l  number of d a y l i g h t  p a s s e s  p o s s i b l e  per  c y c l e  
d e c r e a s e s  ( f i g u r e  27) .  Th i s  is  due t o  t h e  reduced d u r a t i o n  of t h e  
r e g r e s s  i o n  c y c l e .  

The l e n g t h ,  i n  days ,  of a  r e g r e s s i o n  c y c l e  v a r i e s  w i t h  i n c l i n a t i o n .  
Far orbits i n c l i n e d  from 50' t o  44O, t h e  l e n g t h  of t h e  r e g r e s s i o n  c y c l e  
v a r i e s  by -- -1 day p e r  d e g r e e  of lower i n c l i n a t i o n .  The ad jus tment  f o r  
l aunch  t ime of day i n c r e a s e s  a s  i n c l i n a t i o n  d e c l i n e s  f rom 50"  t o  44"  by 

- 4  minutes  p e r  degree  of i n c l i n a t i o n .  For  example, t h e  50"  i n c l i n a t i o n  
produces r e g r e s s i o n  c y c l e s  e v e r y  -- 60 days (wi th  p l a n a r  launches  p o s s i b l e  
24 minutes  e a r l i e r  each  day t h e r e a f t e r ) ,  and a  48"  i n c l i n a t i o n  completes  
a r e g r e s s i o n  c y c l e  e v e r y  .= 58  days (wi th  rendezvous compat ib le  launch 
t ime  r e g r e s s i n g  24.8 minu tes  p e r  day) ,  S i m i l a r l y ,  t h e  c y c l e  l e n g t h s  f o r  
46" and 44" i n c l i n a t i o n s  a r e  - 56 and 54 days ,  r e s p e c t i v e l y .  

H. I n f l u e n c e  of O r b i t a l  A l t i t u d e  

Xrthhn t h e  a l t i t u d e  range  of 370 km (200 n.mi.) t o  556 km (300 n.mi.)  
f o r  t h e  50" i n c l i n a t i o n ,  t h e  t o t a l  USA d a y l i g h t  coverage  t ime p e r  r e g r e s -  
s i o n  c y c l e  i n c r e a s e d  = 112 hour  p e r  92.6 km (50 n.mi.) i n c r e a s e  i n  o r b i t a l  
a l t i t u d e .  Coverage t ime  t h e n  can  be i n c r e a s e d  through t h e  use  of h i g h e r  
o r b i t s  (about 1 112 p e r c e n t  i n c r e a s e  i n  t i m e  p e r  50  km i n c r e a s e  i n  a l t i -  
t u d e ) ,  Nigher a l t i t u d e  o r b i t s  produce fewer  b u t  l o n g e r  passes  pe r  day. 
The viewing swath w i d t h  is a l s o  wider  w i t h  t h e  h i g h e r  a l t i t u d e .  However, 
h i g h e r  a l t i t u d e  b r i n g s - w i t h  i t  lower r e s o l u t i o n  f o r  t h e  s a m e  s e n s o r  and 
c a u s e s  the o r b i t i n g  assembly t o  f l y  t h o u g h  h i g h e r  p r o t o n  l e v e l s  a£ t h e  
Van Al ' lew r a d i a t i o n  b e l t ,  

I. Coverage w i t h  Respect  t o  T a r g e t  L a t i t u d e  

Lstitude ( i n  t h e  c o n t e x t  of t h i s  s e c t i o n )  i m p l i e s  a c e r t a i n  s o l a r  
l i g h t i n g  h i s t o r y  and is  t h e r e f o r e  a prime f a c t o r  i n  t h e  coverage a c c e s s i -  
b i l i t y  of t a r g e t s .  C e r t a i n  l a t i t u d e s  (as  evidenced by months of con t inu-  
ous darkness  o r  d a y l i g h t  a t  t h e  p o l a r  l a t i t u d e s )  e x p e r i e n c e ,  d u r i n g  



var ious  times of t he  year ,  l i t t l e  o r  no s u n l i g h t .  The higher  t he  l a t i -  
tude,  t he  more a p t  t h e  t a r g e t  w i l l  be t o  have inadequate  i l lremination 
a t  some time during the year  (e.g., high nor thern  l a t i t u d e s  during l a t e  
f a l l  and e a r l y  w in te r ) .  Since the  target-viewing oppor tun i t i e s  a r e  
r e s t r i c t e d  t o  being contained wi th in  the  f l i g h t  p lane ,  those t a r g e t s  
t h a t  a r e  h igher  i n  l a t i t u d e  than the  i n c l i n a t i o n  of the  o r b i t  are 
e f f e c t i v e l y  inaccess  i b l e ,  These two f a c t o r s  ( s o l a r  l i g h t i n g  h i s  t o r y  
and t a r g e t  viewing oppor tun i t i e s )  po in t  up the  d i f f i c u l t y  of viewing 
extreme l a t i t u d e  t a r g e t s .  O f f s e t t i n g  t h i s  is the  f a c t  t h a t ,  when 
compared t o  coverage near the  equator ,  a  l a r g e  po r t ion  of the  o r b i t  
is near t he  nor thern  and southern  l a t i t u d e s  equal  t o  the  o r b i t a l  
i n c l i n a t i o n ;  i . e . ,  a  50" inc l ined  o r b i t  r e s u l t s  i n  a  d i sp ropor t iona te  
amount of time i n  t h e  49" t o  50" l a t i t u d e  range. F igure  28 dep ic t s  
t he  t ime/cycle  spen t  i n  bands up t o  the 50" l a t i t u d e .  Canada is 
included a s  a  t a r g e t  i n  t h i s  f i g u r e .  These coverage times per cyc l e  
can be broken i n t o  percentages of t he  cyc l e  above s p e c i f i c  l a t i t u d e s ,  
Since these  percentages vary wi th  season,  t h r e e  curves r ep re sen t ing  
cyc le s  centered  over sun dec l ina t ions  near -23" (win te r ) ,  0" ( spr ing  
and f a l l )  and +23" (summer) a r e  shown on f i g u r e  29. 

The percentage of day l igh t  coverage time per  cyc l e  between any 
USA l a t i t u d e  band can be derived from f i g u r e  29 by tak ing  the  d e l t a  
percentage between the  two l a t i t u d e s .  For example, 50 percent  of a 
summer coverage c y c l e  is a t  l a t i t u d e s  above 45". Twenty-three percent  
of the  coverage time occurs over Lat i tudes  between 40" and 45", 13 per  - 
c e n t  between l a t i t u d e s  35" and 40°, and 14 percent  over l a t i t u d e s  l e s s  
than 35". These percentages a r e  shown i n  f i g u r e  30 i n  l a t i t u d e  bands 
of 5".  The po r t ion  of t h e  cyc l e  over Canada i n  t he  45" t o  50" Lat i tude  
band is s o  ind ica t ed .  In  the  summer, over 30 percent  of a  combined 
t a r g e t  coverage time cyc le  r ep re sen t s  time over Canada, thus inc reas ing  
t h e  day l igh t  coverage time per cyc le  from x 14.2 hours f o r  onby USA 
coverage t o  20.2 hours ( f i g u r e  28) f o r  t he  combined t a r g e t .  

J .  Coverage of Other Target  Areas 

It: is expected t h a t  o ther  a r eas  bes ides  the  USA w i l l  be targets i n  
any ear th resources  mission. Because USA i s  of prime i n t e r e s t ,  m o s t  o f  
t h i s  ana Iys i s  cons idered  the  c o n t i n e n t a l  USA only. Dayllghr coverage of 
Braz i l  and Aus t r a l i a  is Lncluded t o  r ep re sen t  b r i e f l y  o the r  porer l t ia l  
t a r g e t s  of i n t e r  es t . 

Figure 31 gives  t he  average time over Braz i l  per 60-day cycle over 
t he  year .  For approximately 50 days out  of each cyc le ,  two day l igh t  
passes per day a r e  poss ib l e  wi th  occas iona l ly  a  s h o r t ,  l e s s  than 2-minute, 
t h i r d  pass .  An average of = 12 minutes of day l igh t  coverage per day i s  
obtained except  when broken by days wi th  dark  passes only. Being  c l o s e  



r o  the e q u a t o r ,  B r a z i l  a s  a  t a r g e t  is a lmos t  i n s e n s i t i v e  t o  t h e  s e a s o n a l  
changes with t h e  30°/200 e l e v a t i o n  a n g l e  c o n s t r a i n t ,  

Cioverage t ime per  c y c l e  f o r  A u s t r a l i a  is  shown i n  f i g u r e  32. Cover- 
age over  A u s t r a l i a ,  excep t  d u r i n g  i t s  summer, is  v e r y  s i m i l a r  t o  t h a t  of 
B r a z i l ,  A pe r iod  of days (= 20 c o n s e c u t i v e  days )  i n  which two o r  t h r e e  
descending passes  s a t i s f y  t h e  l i g h t i n g  c o n s t r a i n t  is fol lowed by a  
comparable per iod  i n  which o n l y  t h e  ascend ing  p a s s e s  a r e  i n  d a y l i g h t .  
A u s t r a l i a  i s  more s e n s i t i v e  t o  s e a s o n a l  changes t h a n  B r a z i l ,  b u t  t h e  
3 0 " / 2 0 "  l i g h t i n g  c o n s t r a i n t  a lmos t  evens o u t  t h e  coverage  t ime over  t h e  
y e a r ,  

A composi te  of USA, B r a z i l ,  and A u s t r a l i a  coverage t ime/day is  shown 
i n  f i g m e  33 f o r  t h e  November 9 ,  9:30 a.m. launch.  Dayl igh t  coverage  of 
a t  Least  one of t h e  t h r e e  t a r g e t s  is s e e n  t o  be a v a i l a b l e  a lmos t  every  
day,  The B r a z i l  coverage c y c l e s  b e g i n  w i t h  a  25-day per iod  of d a y l i g h t  
descerid ing p a s s e s  which a r e  t h e  ex tens  ions  of descending passes  over  
t h e  USA, For approx imate ly  t h e  f i r s t  h a l f  of t h i s  p e r i o d ,  d a y l i g h t  
passes  over  t h e  USA a r e  a l s o  p o s s i b l e  (days 10 through 24, 70 through 80,  
e t c , ,  on f i g u r e  33) .  The USA/Brazil d a y l i g h t  coverage  o v e r l a p s  d u r i n g  
ascend ing  passes  (days 46-60, 106-120, e t c . )  a r e  produced from s e p a r a t e  
o r b i t s ,  

K . Conclus i o n s  

C e r t a i n  c o n c l u s i o n s  have become e v i d e n t  w i t h  r e s p e c t  t o  e a r t h  
r e s o u r c e s  o p p o r t u n i t i e s  from a n  o r b i t i n g  assembly: 

1, The i m p o s i t i o n  of a  t a r g e t  l i g h t i n g  c o n s t r a i n t  c r e a t e s  a  s e n s i -  
iivity of t h e  t a r g e t  t o  s e a s o n ,  o r  more s p e c i f i c a l l y ,  t o  t h e  sun  d e c l i n a -  
t i o n ,  Th is  s e n s i t i v i t y  i n c r e a s e s  w i t h  magnitude of t h e  t a r g e t  l a t i t u d e  
and with i n c r e a s e  i n  t h e  l i g h t i n g  c o n s t r a i n t  (implemented through a  
sequi-red sun  e l e v a t i o n  a n g l e  a t  t h e  t a r g e t ) .  The USA a s  a  t a r g e t ,  w i t h  
l a t i c ~ ~ l d e s  up t o  4 g 0 ,  is  q u i t e  s e n s i t i v e  t o  season .  Even w i t h  t h e  minimum 
s ~ n  e l e v a t i o n  a n g l e  a t  t h e  t a r g e t  r e l a x e d  from 30" t o  20° i n  t h e  "win te r , "  
d a y l i g h t  coverage i n  t h e  summer i s  more t h a n  double  t h e  d a y l i g h t  coverage 
t ime p o s s i b l e  i n  t h e  w i n t e r .  The c o n t i n e n t  of A u s t r a l i a ,  w i t h  s o u t h e r n  
l a t i t u d e s  t o  = -3g0 is  thus  l e s s  s e n s i t i v e  t o  season.  The w i n t e r  l i g h t i n g  
c o n s t r a i n t  r e l a x a t i o n  a lmos t  e l i m i n a t e s  t h e  s e a s o n a l  s e n s i t i v i t y .  B r a z i l ,  
on t h e  e q u a t o r ,  i s  e s s e n t i a l l y  i n s e n s i t i v e  t o  t h e  season .  

2 ,  C o n s t r a i n i n g  a c c e p t a b l e  coverage  t ime t o  days when p is  l e s s  t h a n  
some ,geomet r ica l ly  o b t a i n a b l e  v a l u e  d e c r e a s e s  USA coverage t ime. The lower 
t h e  magnitude of a c c e p t a b l e  @ a n g l e s ,  t h e  g r e a t e r  t h e  p e n a l t y .  



3 .  Cons t r a i n i n g  t h e  d a i l y  number of viewing o p p o r t u n i t i e s  th rough  
o r b i t  s e l e c t i o n  c r i t e r i a  l e s s e n s  t h e  s e a s o n a l  e f f e c t ,  p e n a l i z i n g  summer 
coverage  more than  w i n t e r  coverage .  I n  t h e  summer, more p a s s e s  are 
c a n d i d a t e s  f o r  s e l e c t i o n  t h a n  can  b e  chosen.  The w i n t e r  y i e l d s  f ~ e w e r  
c a n d i d a t e s .  

4. Launch t ime of  day l e s s e n s  a s  a  coverage  t ime p a r a n e t e r  as  t he  
m i s s i o n  l e n g t h  approaches  o r  becomes a  m u l t i p l e  of  t h e  r e g r e s s i o n  cycle 

5.  Lowering t h e  o r b i t a l  i n c l i n a t i o n  from 50' t o  a s  low as 46" 
i n c r e a s e s  t o t a l  USA d a y l i g h t  coverage  t ime p e r  r e g r e s s i o n  c y c l e  but 
d e c r e a s e s  t h e  t o t a l  number of  p a s s e s  p e r  c y c l e .  

6. For m i s s i o n s  approaching o r  exceeding one y e a r  i n  duration, 
a  uniform d i s t r i b u t i o n  of t a r g e t s  i n  terms of l a t i t u d e  y i e l d s  t h e  bes: 
i n  e a r t h  r e s o u r c e s  o p p o r t u n i t i e s .  

7.  The optimum t ime of y e a r  f o r  USA e a r t h  r e s o u r c e s  opportunities 
is  t h a t  d a t e  which c e n t e r s  t h e  g r e a t e s t  p o r t i o n  of t h e  m i s s i o n  over the  
b e t t e r  summer coverage  c y c l e s ,  and i f  p o s s i b l e ,  e l i m i n a t i n g  t h e  w o r s t  
w i n t e r  c y c l e  o r  c y c l e s .  

8. The q u a n t i t y  of o b s e r v a t i o n  t ime a v a i l a b l e  pe r  y e a r  i n c r e a s e s  
w i t h  t h e  magni tude o f  t h e  t a r g e t  l a t i t u d e  w h i l e  t h e  q u a l i t y ,  i n  terms 
of adequa te  l i g h t i n g ,  d e c r e a s e s .  
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I n c l i n a t i o n  = 5 0 "  
A l t i t u d e  = 4 3 5  k rn  ( 235 n. m i . )  
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I N I T I A L  POSITION OF USA COVERAGE 
C X C E  















lLLJ LA- 
X~ -- 



I 
-- 

5
0

" 
L

a
u

n
ch

 
T

im
e

: 
61

00
 P

.M
. 

S
un

 
E

le
va

ti
o

n
. 
2
 3

6
)"

/2
0

" 
M

is
si

o
n

 
A

lt
il

u
d

e
 

- 435
 k

rn
 

(2
3

5
 n

.m
i.1

 

M
is

si
o

n
 L

e
n

g
th

 (
D

a
ys

) 

6 
0 

La
un

ch
 

D
a

te
 

La
un

ch
 

D
at

e 

F
IG

. 
+

In
r.

 TO
T

A
L

 
U

S
A

 
C

O
V

E
R

A
G

E
 

T
IM

E
 

A
N

D
 

P
A

S
S

E
S

 
(P

E
R

 
M

IS
S

IO
N

 
L

E
M

G
W

H
) 

A
S

 
A

 
F

U
N

C
T

IO
N

 
O

F
 L

A
U

N
C

H
 

D
A

T
E

 
(

6
 P

.M
. 

L
A

U
N

C
H

) 





U) Lrl 
bJ I- 
0 < 
a 

Q 
a P 
0 

C)z 
Z =) 

Q Q 
4 

Wlr. 
s o  - 
I--z 















a 
$ 4 1 4  

W e  
z u  
- A  

as- 









I 
= 
5
0
°
 

A
lt

it
u

d
e:

 4
3
5
 k

m
 (
2
3
5
 n

.m
i.

1 

~
I

P
I

 50' 
M

ay
 

Ja
n

 
19
 1 
5 It
45
 

P
.M

. A.
 

0 
30
 

60
 

90
 

12
0 

15
0 

18
0 

21
0 

24
0 

27
0 

30
0 

33
0 

36
0 

39
0 

4
2
0
 

4
5
0
 

D
ay

s 
fr

om
 L

au
nc

h 
(9
:3
0 

a.
m

. 
E

.S
.T

. 
La

un
ch

) 

IN
o

v
l 

1 
Ja

n 
I 

F
eb

 
I 

M
a:

 
1 A

p
f 

I 
M

ay
 

I J
un

 
I 

Ju
i 

I 
W

u
g

 
I 

S
e

p
 

I O
c

t 
I 

N
ov

 
I 

B
ee

 
I 

$e
n 

I 

F
IG

. 
2

1
, 

S
K

Y
L

A
B

 
A 

M
IS

S
IO

N
 -
 D

A
lL

Y
 

V
A

R
IA

T
1

8
N

S
 

IN
 

U
.S

. 
A

. 
C

O
V

E
R

A
G

E
 

T
I

M
E

 
B

A
Y

 



m 
= 

so
" 

A
lt

it
u

d
e

 =
 4

3
5

 k
m

 (
2
3
5
 n.

m
i.1

 
La

un
ch

 T
im

e 
S

un
 E

le
va

ti
o

n
 

1 
30

'/2
0'

 

La
un

ch
 D

at
e 

3
:0

0
 P

.M
. 

N
oo

n 
9:

00
 A

.M
. 

6:
00

 A
.M

. 

F
IG

. 
2

2
. 

C
O

N
S

T
R

A
IN

E
D

 
C

O
V

E
R

A
G

E
 

T
IM

E
 

F
O

R
 

S
K

Y
L

A
B

 
A

 M
IS

S
IO

N
 

A
S

 
A 

F
U

N
C

T
IO

N
 

O
F

 L
A

U
N

C
H

 
D

A
T

E
 







z 
I;? 
-0 

2 5  











s p u o g  a p n + ! + o i  p a ! j ! a a d s  u! 
a 1 3 1 3  / a w ! l  a 6 o l a b o g  40 % 











APPENDIX A 

Trans fo rmat ion  t o  (R 0 )  Space 
e  ' 

F i g u r e  A1 shows t h e  s p h e r i c a l  t r i a n g l e  n e c e s s a r y  f o r  t h e  calculation 
of 8 1  and Rel.  Arc AB r e p r e s e n t s  a  p o r t i o n  of  t h e  o r b i t .  Arc BC r ep r e -  
s e n t s  a  p o r t i o n  of t h e  e q u a t o r .  The s a t e l l i t e  i s  a t  p o i n t  A, P o r n t  D 
i s  a  p o i n t  f i x e d  t o  t h e  r o t a t i n g  e a r t h  which was d i r e c t l y  beneath the  
s a t e l l i t e  a s  i t  c r o s s e d  t h e  e q u a t o r .  Using N a p i e r ' s  r u l e s ,  i t  i s  found 
t h a t  

and X = tan-'  [ cos  i t a n  e l ] .  

The amount of t ime i t  t a k e s  t h e  s a t e l l i t e  t o  t r a v e l  from t h e  
e q u a t o r  t o  p o i n t  A  is  e l / w 0 .  S ince  t h e  a n g u l a r  r a t e  of t h e  earth with 
r e s p e c t  t o  t h e  descend ing  node i s  we + h,  t h e  a r c  BD i s  (we + 6)81/3,, 
Thus, t h e  a n g l e  from t h e  prime m e r i d i a n  t o  p o i n t  D is  

S u b s t i t u t i n g  f o r  X ,  
w +fl 

e  
'e 1 

= l o n g i t u d e  + tan-'[cos i t a n  e l ]  - 0 1 
wo 

By i n s p e c t i o n  of  F i g u r e  1, i t  can  be  s e e n  t h a t  O 2  i s  merely  t h e  s u p p l e -  
ment of el: 

Re2 c a n  b e  o b t a i n e d  by s u b s t i t u t i n g  e 2  f o r  i n  t h e  e q u a t i o n  f o r  

w + h  
e  

'e2 
= l o n g i t u d e  + tan- ' [cos i t a n  e2]  - a, 

wo 

itwhere l o n g i t u d e  i s  l o n g i t u d e  of s u b p o i n t  A.  



Fd6. Age CALCULATION O f  8, AND a,, 



APPENDIX B 

C a l c u l a t i o n  of 8 and 8 
LL UL 

C o n s t r u c t  an  o r thogona l  c o o r d i n a t e  sys tem c e n t e r e d  i n  the  e a r t h  
w i t h  t h e  X a x i s  o u t  t h e  ascend ing  node of t h e  o r b i t ,  t h e  Z axis o u t  
t h e  n o r t h  p o l e  o f  t h e  e a r t h  and t h e  Y a x i s  forming a  r igh t -handed  s y s t e n  
F i g u r e  B 1 .  A u n i t  v e c t o r  normal t o  t h e  o r b i t  i n  t h i s  c o o r d i n a t e  system 
i s  

cos  i/ 

A 

I n  F igure  B 1  t h e  d i r e c t i o n  of a  u n i t  v e c t o r ,  S t o  t h e  sun  i s  d e s c r i b e d  
by two a n g l e s ,  QS and 6. It can  be shown t h a t  

A 

The p r o j e c t i o n  of S on t h e  o r b i t   lane w i l l  d e f i n e  t h e  l o c a t i o n  o f  
o r b i t a l  noon. The a n g l e  between S and i t s  p r o j e c t i o n  on t h e  orbit i s  
t h e  @ a n g l e .  f3 would be n e g a t i v ~  a s  skown i n  F i g u r e  B 1 .  S ince  ? is the  
complement o f  t h e  a n g l e  between S and N 

I n  o r d e r  t o  f i n d  t h e  l o c a t i o n  of o r b i t a l  noon i e f i n e A a  v e c t o r  V which 
l i e s  i n  t h e  o r b i t  p l a n e  p e r p e n d i c u l a r  t o  b o t h  N and S,  





The a n g l e  between t h e  X a x i s  and z r b i t a l  noon, @ON i s  t h e  complement of 
t h e  a n g l e  between t h e  X a x i s  and V. T h e r e f o r e ,  

A 

where VX i s  t h e  X component of V. 

The r e g i o n ,  Ae,,about o r b i t a l  noon f o r  which t h e  s u n  i n c i d e n c e  angle 
c o n s t r a i n t ,  cpc, is  s a t i s f i e d  can  now be c a l c u l a t e d  from F i g u r e  B2. Since  
p r o j e c t i n g  t h e  s o l a r  v e c t o r  o n t o  t h e  o r b i t  p l a n e  forms a  r i g h t  s p h e r i c a l  
t r i a n g l e ,  N a p i e r ' s  r u l e s  c a n  be used t o  c a l c u l a t e  A@: 

Thus,  t h e  lower and upper l i m i t s  on 0  c a n  be  c a l c u l a t e d :  



O r b i t a l  Noon 

E q u a t o r  

FIG. B2 .  CALCULATION OF d8, 



APPENDIX C 

De te rmina t ion  o f  Subsequent Miss ion  Launch Times 
i n t o  a  5 0 "  I n c l i n a t i o n ,  4 3 5  km C i r c u l a r  O r b i t  

Once t h e  i n i t i a l  l aunch  d a t e  and t ime  a r e  e s t a b l i s h e d ,  t h e  Launch 
t ime  f o r  any subsequen t  i n - p l a n e  l aunch  in tended  f o r  rendezvous w i t h  t h e  
o r b i t i n g  assembly c a n  a l s o  be  de te rmined .  The s p a c e - f i x e d  o r b i t a l  p lane  
f o r  a  5 0 "  i n c l i n a t i o n ,  4 3 5  km o r b i t  r e g r e s s e s  x 6"  e a c h  day r e l a t i v e  t o  
t h e  s u n ,  p a s s i n g  th rough  Cape Kennedy x.4 hour  o r  24  minutes  e a r l i e r  each 
day.  (This assumes t h a t  any o r b i t a l  decay i s  i n s i g n i f i c a n t  which i s  
v a l i d  f o r  a  nominal decay of  t h e  Skylab a t  4 3 5  km a l t i t u d e . )  Launch t i m e  
f o r  any subsequen t  m i s s i o n  ( u t i l i z i n g  t h e  same l aunch  d i r e c t i o n )  is  
e s t a b l i s h e d  by s u b t r a c t i n g  t h e  p roduc t  o f  .4 hours  t imes  t h e  number of  
days from t h e  i n i t i a l  l aunch  of t h e  o r b i t i n g  assembly.  Each 60 days 
t h i s  p roduc t  e q u a t e s  t o  24 hours .  Hence, t h e  l aunch  t ime  would be t h e  
same a s  t h e  i n i t i a l  l aunch  t ime b u t  24 hours  e a r l i e r ,  o r  on day 5 9 ,  
(S ince  l aunch  o p p o r t u n i t i e s  occur  each  x 23.6 h o u r s ,  one day out of 
approx imate ly  e v e r y  5 9  c o n t a i n s  two l aunch  o p p o r t u n i t i e s . )  To l aunch  
on day 6 0  t h e n ,  a n o t h e r  s u b t r a c t i o n  of .4 hours  ( 1  day)  i s  n e c e s s a r y ,  
Thus, each  m u l t i p l e  of  6 0  days from launch  r e p r e s e n t s  .4 hours  e a r l i e r  
l aunch  t ime.  Th i s  c u r s o r y  e v a l u a t i o n  of  subsequen t  m i s s i o n  l aunch  
t ime d e t e r m i n a t i o n  is  a  r e a s o n a b l y  a c c u r a t e  approx imat ion .  A thorough 
d i s c u s s i o n  on d e t e r m i n i n g  l aunch  t ime  of day i s  beyond t h e  scope  of t h i s  
document. 
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