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I n t r o d u c t i o n  

Out of t h e  wel ter  of o r b i t a l  d a t a  from a s a t e l l i t e  i t  i s  f r e q u e n t l y  

u s e f u l  t o  be a b l e  t o  i s o l a t e  and examine t h e  behavior  of one phenomena. 

We have been p a r t i c u l a r l y  i n t e r e s t e d  i n  knowing where p e r i g e e  i s  l o c a t e d  

a t  any p a r t i c u l a r  t i m e  i n  t h e  l i f e t i m e  of t h e  OGO-2 s a t e l l i t e ,  p a r t i c u l a r l y  

a s  a f u n c t i o n  of l o c a l  t ime .  

There a r e  s e v e r a l  r easons  f o r  t h i s .  F i r s t ,  t h e  o r b i t a l  p lane  of a 

p o l a r  s a t e l l i t e  moves very  s lowly  w i t h  r e s p e c t  t o  t h e  e a r t h  sun  l i n e ,  i . e .  

t h e  s a t e l l i t e  p o s i t i o n  v a r i e s  very  s lowly i n  l o c a l  t i m e .  Th i s  f a c t  is  

s i g n i f i c a n t  when a t t empt ing  t o  determine d i u r n a l  e f f e c t s  ( a s  t o  e l i m i n a t e  

such e f f e c t s )  from exper imenta l  s a t e l l i t e  d a t a .  S i m i l a r l y ,  most geophys ica l  

phenomena a r e  l a t i t u d e  dependent and some phenomena may o n l y  be observed 

a t  low o r  high l a t i t u d e s .  (For example, t h e  e q u a t o r i a l  e l e c t r o j e t  phenomena 

i n  magnet ic  f i e l d  s t u d i e s  i s  both l o c a l  time and l a t i t u d e  dependent ) .  It 

i s  t h e r e f o r e  important  f o r  t h e  experimenter t o  t a k e  o r b i t a l  f a c t o r s  i n t o  

account  i n  p lanning  h i s  experiment and i n  ana lyz ing  h i s  r e s u l t s ,  

I f  a s a t e l l i t e  were i n  o r b i t  about a p e r f e c t l y  s p h e r i c a l  e a r t h  w i t h  

no o u t s i d e  p e r t u r b a t i o n s ,  i t s  pe r igee  would ma in ta in  a f i x e d  l a t i t u d e  and 

t h e  l o c a l  t ime of t h e  o r b i t a l  p l ane  would depend o n l y  on t h e  r i g h t  a scens ion  

of t h e  sun.  I n  f a c t ,  however, t h e  e a r t h  i s  not s p h e r i c a l  and t h e  o r b i t  i s  

s u b j e c t  t o  many o u t s i d e  p e r t u r b a t i o n s .  

As a r e s u l t  of t h e s e  p e r t u r b a t i o n s ,  t h e  o r b i t a l  e lements  a r e  no longer  

c o n s t a n t .  By cons ide r ing  a f i r s t  approximation of t h o s e  o r b i t a l  changes 

which have t h e  major e f f e c t s  on t h e  l a t i t u d e  and l o c a l  t i m e  of p e r i g e e ,  w e  
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have dev i sed  a s imple c a l c u l a t i o n  g iv ing  r e s u l t s  which, f o r  a nine-month 

p e r i o d ,  check t o  w i t h i n  one degree i n  both l a t i t u d e  and l o c a l  t i m e  w i th  

a more s o p h i s t i c a t e d  computat ion.  

Met hod 

I f  we cons ider  t h r e e  coord ina te  systems (F igure  1) such t h a t  X ,  Y ,  Z 

a r e  t h e  g e o c e n t r i c  i n e r t i a l  system of some epoch wi th  X a long  t h e  equinox,  

X1, Yl, Z1 a r e  i n  t h e  p lane  of t h e  o r b i t  w i th  X1 toward pe r igee  and Z1 

chosen so  t h a t  i t s  ang le  w i t h  2 i s  l e s s  t han  90°, and X2, Ya, Z2 a r e  a 

r o t a t i o n  of X ,  Y ,  Z so t h a t  X2 l i e s  along t h e  p r o j e c t i o n  of t h e  ea r th - sun  

l i n e  i n  t h e  X ,  Y p l ane .  

Where : 

h l =  r i g h t  a scens ion  of ascending node of t h e  s a t e l l i t e  

w = argument of pe r igee  

i = i n c l i n a t i o n  

RA = r i g h t  a scens ion  of t h e  mean sun 

The t r ans fo rma t ion  from t h e  X1 system t o  t h e  X system c o n s i s t s  of 

t h r e e  r o t a t i o n s  1 )  th rough w, 2 )  through i ,  and 3 )  through F2. The t r a n s -  

fo rma t ion  from t h e  X t o  t h e  X2 system is  a r o t a t i o n  through RA.  The 

r e s u l t i n g  t r a n s f o r m a t i o n  m a t r i x  from t h e  X1 t o  t h e  X2 system i s  t h e n  g iven  

by : 
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Where : 

A,, = 

Al, 

cos(w) cos(RA - n) + s in (w)  c o s ( i )  sin(RA - 0)  

= - s in(w)  cos(RA - hz) + cos(w) c o s ( i )  sin(RA - 0) 
- -  - s i n ( i )  sin(RA - hz) 

3 

- -  - C O S ( ~ )  sin(RA - a) + s in (w)  c o s ( i )  cos(RA - R) A2 1 

A,, = s in (w)  sin(RA - a) + cos(w) c o s ( i )  cos(RA - 0) 
A23 = - s i n ( i )  cos(RA - a) 

- - s i n ( i )  s in (w)  

4, = s i n ( i )  cos(w) 

b3 = c o s ( i )  

Now i f  a i s  t h e  e a r t h  c e n t r a l  d i s t a n c e  t o  t h e  s a t e l l i t e  a t  p e r i g e e  

1 

T h e r e f o r e ,  app ly ing  t h e  m a t r i x  A,  pe r igee  i n  t h e  X2 system i s  
[!I t h e n  i n  t h e  Y1 system p e r i g e e  i s  a t  

I-- I a cos w cos(RA - 0)  - s i n  w c o s ( i )  sin(RA - 0Y-J I 
a E cos(w) sin(RA - 0) + sin(w) c o s ( i )  cos(RA - 
a 1 s i n ( i >  sin(wjJ 

L 2 

Now i n  t h e  X2 system t h e  t angen t  of ( l o c a l  t ime - 180') e q u a l s  t h e  X2 

c o o r d i n a t e  of p e r i g e e  d iv ided  by t h e  Z2 c o o r d i n a t e  of p e r i g e e .  

o r  

s in(w) cos i cos(RA - a) - cos  w sin(RA - R 
TAN (L.T' - l 8 O 0 )  = s in (w)  cos i sin(RA - 0) + c o s  w cos(RA - R; 

Z2 coord ina te  of p e r i g e e  = s i n  i s i n  w a Also S I N  ( L a t i t u d e )  = 

and 

f ( l - s in2  i sin2w) 
s i n  i s i n  w 

TAN(Latitude) = 
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With t h e  above r e s u l t s ,  t h e n ,  we may e a s i l y  and e x a c t l y  compute both  

t h e  l a t i t u d e  and l o c a l  t ime of a s a t e l l i t e  i f  we know t h e  va lues  of hl, w, 

i ,  RAY and a .  Normally, however, one i s  g iven  t h e s e  va lues  a t  some epoch, 

a long  w i t h  va lues  of w and R. We have t h e n  used t h e  fo l lowing  approxima- 

t i o n s .  I f  w e  a r e  g iven  w,, G ,  Q,, %, i, RA,, and a a t  some i n i t i a l  

t ime,  t o ,  we have assumed i, a ,  %, and C& t o  remain cons t an t  and have 

D 

computed R, w, and RA a t  t ime t using:  

RA = 3 6 0 / 3 6 5 . 2 5 6  

R = & + & ( t - t o )  

w = q ) + ; , ( t - t o )  

RA = RA, + Go ( t  - t o )  

and t h e n  s u b s t i t u t i n g  i n  ( 3 )  and (5) above. 

I f  b and h a r e  unknown, they  may be approximated r e a d i l y ,  

From (1)  page 32:  

3kN ( 2  - 2 . 5  S i n a i )  
a2 (1  - w =  

-3kN c o s ( i )  
a Z ( l  - n =  

Where : 
k = ,606546 

N = GM/a3/2 

G = Universal  g r a v i t a t i o n  cons t an t  

M = Mass of t h e  e a r t h  

a = Semi-major axis of o r b i t  

e = E c c e n t r i c i t y  
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I n s e r t i n g  t h e  c o n s t a n t s  g ives  

3kN 
a2 (1 - e')' 

- 20.8158 - 
a 3 q 1  - e 2 l 2  

where a i s  i n  k i l o m e t e r s .  

D i scuss ion  

Conrath (Reference 1) c l a s s i f i e s  p e r t u r b a t i o n s  a s  e i t h e r  s e c u l a r  or  

p e r i o d i c  and s t a t e s  (Pg. 1 2 ) :  "In cons ide r ing  t h e  behavior  of t h e  o r b i t  

a s  a whole, t h e  s e c u l a r  p e r t u r b a t i o n s  provides  t h e  b e s t  p i c t u r e ,  and t h e  

p e r i o d i c  te rms  can  be neg lec t ed .  However, i f  t h e  c a l c u l a t i o n s  of an 

ephemeris i s  d e s i r e d ,  t h e  p e r i o d i c  p e r t u r b a t i o n s  must be cons idered ."  Since 

we wish t o  c o n s t r u c t  a p i c t u r e  of how t h e  o r b i t  i s  s i t u a t e d  wi th  r e s p e c t  t o  

l o c a l  t i m e ,  we have cons idered  t h a t  a f i r s t  approximation t o  t h e  s e c u l a r  

terms (m and 0) i s  s u f f i c i e n t l y  a c c u r a t e .  These two v a r i a t i o n s  p r i m a r i l y  

r e s u l t  from t h e  R'3 t e rm i n  t h e  p o t e n t i a l  expansion of t h e  e a r t h ' s  g r a v i t a -  

t i o n a l  f i e l d  and, t h e r e f o r e ,  from t h e  n o n - s p h e r i c i t y  of t h e  e a r t h .  From 

t h e  approximate expres s ions  g iven  i n  ( 7 )  i t  may be seen t h a t  t h e  p o s i t i o n  

of t h e  ascending  node r e g r e s s e s  i n  p ropor t ion  t o  t h e  c o s i n e  of t h e  i n c l i n a -  

t i o n s ,  and i s  t h e r e f o r e  q u i t e  sma l l  f o r  a po la r  s a t e l l i t e ,  and t h a t  t h e  

motion of arguments of pe r igee  depends upon t h e  s i g n  of (2 - 2 . 5  s i n 2 i ) .  It 

i s  t h u s  cons t an t  f o r  i = 63' 2 6 ' .  

a n g l e s  of a f u n c t i o n  of i may be found i n  Reference  1, pages 42-48. 

For our computations we have used t h e  r i g h t  a scens ion  of t h e  ( f i c t i t i o u s )  

P l o t s  of t h e  r a t e  of change of t h e s e  

mean sun (Ref .  4 ,  Pg. 139-141).  T h i s  b r i n g s  our computations i n t o  agreement 

w i t h  t h e  computation of Universa l  Time where t h e  mean sun i s  a l s o  used 
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(Ref .  3, Pg. 139-141, Ref .  4 ,  Pg. 73-76). The a c t u a l  sun may d i f f e r  from 

t h e  mean sun by a maximum of approximately 3' o r  12 minutes  of l o c a l  t i m e .  

I n  o rde r  t o  compute t h e  "ac tua l"  l o c a l  t i m e  t h e  apparent  r i g h t  a scens ion  

of t h e  ( r e a l )  sun  should be s u b s t i t u t e d  f o r  our r i g h t  a scens ion  of t h e  

mean sun .  The apparent  r i g h t  ascens ion  of t h e  r e a l  sun may be found i n  

t h e  American Ephemeris and Nau t i ca l  Almanac, Pages 18-33; t h e  r i g h t  ascen-  

s i o n  of t h e  mean sun i s  equiva len t  t o  t h e  long i tude  of t h e  mean sun  (Ref.  3 ,  

Page 140)  t a b u l a t e d  on Pg. 50 of t h e  Almanac. 

R e s u l t s  

The OGO-2 s a t e l l i t e  was launched October 14,  1965 i n t o  a low po la r  

o r b i t  w i th  t h e  fo l lowing  c h a r a c t e r i s t i c s  (OGO-2 o p e r a t i o n s  c e n t e r ,  Nov. 23, 

1965) a t  epoch October 24th,  0 h r s . ,  0 min . ,  0 sec. : 

a = 7340.5 km 

i = 87.359 degrees  

RAo = 208.26 degrees  

= 280.49 degrees  

ro, = 144.211 degrees  

fl = -.2839'/day 

h = -3.0476'1day 

Using t h e s e  f i g u r e s ,  w e  have produced t h e  p l o t  shown i n  F i g u r e  2 .  

Each dot  r e p r e s e n t s  p e r i g e e  p o s i t i o n  a t  z e r o  hour s  on a p a r t i c u l a r  day 

w i t h  t h e  f i r s t  day of each month l a b e l e d .  The b l ack  d o t s  i n d i c a t e  p e r i g e e  

i n  t h e  sou the rn  hemisphere and t h e  open d o t s  i n d i c a t e  p e r i g e e  i n  t h e  

n o r t h e r n  hemisphere.  The p l o t  i s  polar  w i t h  8 r e p r e s e n t i n g  l o c a l  t i m e  

and r r e p r e s e n t i n g  l a t i t u d e .  A comparison of our r e s u l t s  f o r  t h e  OGO-2 
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s a t e l l i t e  w i th  t h e  ORB-1 p r i n t o u t  from t h e  GSFC Theory and Analys is  Of f i ce  

showed agreement i n  both l a t i t u d e  and l o c a l  t ime w i t h i n  one degree f o r  a 

pe r iod  of n ine  months. 

Summary and Conclusions 

We have developed a procedure fo r  a g raph ic  d i s p l a y  of one s p e c i a l i z e d  

f e a t u r e  of a s a t e l l i t e  o r b i t ,  t h e  r e l a t i o n s h i p  of t h e  p e r i g e e  of t h e  o r b i t  

t o  l a t i t u d e  and t o  l o c a l  t ime.  From such a p l o t  (e .g .  F i g .  2 )  i t  i s  a ve ry  

s imple  ma t t e r  t o  s e e  e x a c t l y  when i n  a s a t e l l i t e  l i f e t i m e  it w i l l  encounter  

a p a r t i c u l a r  s u n l i g h t  c o n f i g u r a t i o n .  One may a l s o  r e a d i l y  s e e  a t  what 

l a t i t u d e  t h e  s a t e l l i t e  approaches c l o s e s t  t o  t h e  e a r t h .  Obvious a p p l i c a t i o n s  

a r e  p r e d i c t i o n s  of e c l i p s e  t i m e s  and pe r iods  of maximum drag .  From a geo- 

phys i ca l  viewpoint ,  one may p r e d i c t  when s a t e l l i t e  da t a  should be examined 

f o r  e f f e c t s  which a r e  l o c a l  t ime and/or l a t i t u d e  dependent.  
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