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h~\ i F l L l T E -  lO- ’iA !hI I , ! l~ UVl  \ T h.\NSI lR \N I I  ( O \ ’ I R l i l .

i h~V l i )  ~l. hNli) l~R ari d l A b ’ l l i  B. C(ilrIlii R

t . i i r ~- e l n  r l t ’I -\ ’ r is~~.iC~~~i’ t t~ I n s t  i t n t  -

I x i  i i i ~ t ‘ ‘ i i , ‘-I i~- 5 . i C I i i l ~lI.’ t t  S

t r t ea~~r l v  e~ t . i t l i ~~h c r ’ l  s u i t  f i ,m t h e
- - — - ~r iin d t s r - - - i i i . i l i - I r i s - i t  i n g  . i t i g l  i- s i - 1-: i : i t u d

The L I h - r t  and -I I  s . t r i u l i t e s  r i - t i ’~~-~~~~ S 
he s m a l l  c , ’ r . j ’ i i t er u s i n g  sp ;i~- c c r . i t r den t II

~t . i h i t i : e d  i- . r t h ~ , rb 1t sp,  - S r , f t  i.t i ch p ro v ide  e i i t h  ‘ ‘t u t rig - C .  ~~t-

it i t i n n s  i t  tr i l l’  .iird I. ~t. .n i . I  fre ’quen cie — s w i t h  -

t h e  ~~i p i h I l i t i  ot -‘ i mu l l i- i l — - h  e s t a b l i s h i n g  and \ I i m I lii ~t . ’ i t i c a l l \ t i i i i t  I f l h t l i ’ Ii  K—hind  Sb — ~ S ;ll:I -

s . r t e ’ I l j t e ~ t i~~-i i t t - l u te d a r n  l i d  - \ , lr r I~ beam ( 1 hi- I t S — s  m d  —~ i s , t s n l l i r ~ - - — - i r e t h r e e  i s i s
. m n t e n r . i , i —i  ,i ‘ s o - ’ i _ I  is ’ h , s h  i r . - i - t ’ ’ r i t e  m t  — o , s l n  zed sp. ’ ._ s_’ r _ s t  .b s s e r _ - i . i . _’C ii i n t s i  vi - - -

i- s-f i n ,  t i i i v  ‘ I  1 ’ - - - f r  ~~~~ p o i n t  ing in  such  ,i miii > -li - t t n t i i - , n , u s ’ r t i i t  n ‘I r i - -4 , ~) . . sic h s , i t i - l-
t h  i t  -~l i 1’ n e z-I si r s - s v e . : i i i d s -  V ‘ t i r e  O i i i t s i i i  l i r e  pr ’ v i i i L - -. t i - t b  s - i n n  f l h s - , m t j m i n s  j 1-i t h e  n i l i t . i r ~
n - - t  n~~j i i r e t d . I’he 1 1 1 . - t i n  ‘i - i -~~~ . m r( ’ !i - - t r i n _ m  1 lv  11111 - - s n _ I  t l i r ’ , uv l r  a I i i ~ dg in  dp i - m e  ,o ’r . i ’  . i r i d

se— qi f t - r r t  l i l l y  os t~ - h i t r g  ,‘ f i — ~ - t  f e e dt i , r - r i i  K — h i n d  I -~~~ - d l :  ‘ ‘ .: ‘ mg h ii .~~— d B  z ; m i n  horn n t
‘r ’ . I r r ce - e r i  ‘r s i  i~ ii i i  f -r  C - t  L b  111g. 1 r h  s i - i  ce~ r i t  i r s -  I s i  ~

‘ h . i l ’ I e  ‘ 1 ’ s i m u l  t r is C .  1 >-
- C t  L I I  .i 1e i i s i t i o n  i s  .m s s i p l l s t r s ’ st h - ‘  d ig i t m i  i - ’ I . m h l i s h i t r s ~ ar i d  il t , t - t , t i n l i i v  r . t i r i t  in i n g  a
p m ’ u r i t i r i v  ~~~~~ i j  i s i i . -h Si sl i S t h e ’ I t i , i l  u f l , i r ’ — h i n d  s i t i ’ l l  i t e — !  - - s a t ,  i t ’ . da t . ,  j u l  ‘the
t a in t  w h i l e  in , : t i t r . i ’ .- k  r e v s - h e r c l i n t  l i t - -i i n t e r — s i - i - l i  -~~~ 1 t n  ‘ i i -  p s i  i n k ’  ex t e n d s  ti lt -
t r - e j i i -n~-v  ‘f t s  u s 1  dsn s~~l e r ,  L in k  m v - p u  i s  jon n t ? ,  c. - e n  ige  s - r l i t  di . Ir a s u r i i z  Ic sp , l ce ’.’r i t

i s  ic~- isp l i shed when t ~~~
- n t - - -. - 1 , r - ’ s  ,‘ h t  s r ’. c r 0  pr - -i ’  u , l s ’ - v  i l l  - i i  t h r  ‘ i t  , i l s n i j s Sj o n  t’

m l  i s t t i t - J  m d  t he- r i ’ . .. i i e s l  i g r i m l s  i - c in  t h e  u t - m i t  i i i  i n h  u n i t ’  ret ’ e r -ed t i  ‘ l i e ’ s. i t , - j j  I i

- eve  I ~ cr ‘.m sb,ind . rh - i - I - - i . m r i  -, i 1 , t , ’r t  .u .1 a ii t h e  .1 -is v l i n k  . ‘t ~ h i ’ - t  h e r  . t it u l ~~t - - I he
‘ I  10 or 11) 1) 

~~~~~ ! c F - e n , l r n _ ~ -n -~ i t c l I j t ~ ,t - , ’ s s l i n k  .. air sLi ~~I ’ ’r - r  .1 HI I r i t e  - t  .~ , t  t )  I i ~~i

~ e r ’ . i  n i t  i - n i  - 
- . t  I 1 e i’ m t  i n  L o g  . m n t , - i i i i  i h e m  - ‘ ii sb  le  pr - i t  n 1~ cvi r t  h - i- i ’ .~e ‘ r- t ‘ r ‘ u ~

m l  , t ’ : i ’ .- i t  - - r  i i ) l I s v !  - l u  f f i - re nces in nd d o wn i  i n k s  iii enr i l ‘ l i i i  H - tie- l u l l  id k - i ‘ i - i ,

~n . -~-~- n , f t  t i n i n i ~ ii i .1 t i t  - t i ’ , - , t s  u , - .m ccom— u n t s i n  i bin - w i d t h —  m o d i . . s i t ,  I I  i i ,  t i  — - - r e  l u t e
- - - t i l e d he in ‘ i l i s t  i t ’ s R i ’  r e z i - - te r  w h i c h  - ~ te n i t  sep V t  i m~is i ~~ p t o  1111- ‘1ev - s - —

i f l s , ’ r t  5 .1 v . m r i . m h l s - le t ii t i  i i  mi S S ’ fl, ir u l  = i t  i i i  x c i - L I Z  -

the ‘.‘r .,-i s l i n k  in ‘ni- I - i i i ’ nem i i i  1 ~I - ‘wir I in k
t’r .irie 50 t i . i t  P i mp le  t rn t c~— ’ - i i  p 1 - _ s u m s i l l  . i e ’ I ’ t

1 o i l  i i  c i t  I n b c  lx t - ; , r  - c l i n k  nd u p i  i n k  ~~ - - i , ’ - I ’

d , i t i - t r o m p .  . — _ . c
— — -‘- ‘ - - I  

i t u e• l i t e r — s i t ’  I I ’  . 1 - ’ ‘P r- ’ s s l t , k ’  ‘ t ’ . v k  _ —~~~ 
- . — — _ - -

he u - - i r t h  c i i - r i  ‘e ‘v ci’ - Ii i t  mi -h i di • i  S i  u~ I c  - — ‘ _ _ — - - ‘-‘ “
s . i t c l l  tIe c m  p r - i l  i d e  in st  u - u i  r i .’ s i, sw I - . 

.. -

‘ - ‘~ i i  0 m mcmli I I I ‘ ‘ i r s  , - - ‘ ,, in in t h,, n i  I i  - , - I I ,~ ~,
-,‘ .. 

- — ~s .
Is- I t  i t - ’ i t  I I i , ,- i• i ’ n I  - i  - I i n n s  Imp -me - .: iv - - n - i l s_ - /
mc i ii - . I ‘ - ‘ s 5 l u i n  - - t e f l n . i  r o t  rig i i u g l - s  h i v e
been ‘ ie, j  . m ~~ i r i - I i - r e  l v i ’ I ‘n t h e ’ \ t  ‘ i t  Ii-  ‘ u n  - I
S u ’ l ! e  t . ’  0 1  Ci t i i i  - i t ’ .  l i i  e- sj i . l t  1,1 1 in n I . .~~i r  i t  ion —

il l . ‘ i t  m l i v  n i n t h r e f . - i ’ c ’ t i -  i t s ,  t h e  l i t  r I ~~e
iri c l i d e s  c m i ’  d i  l i t ’ .  to r el.sv (, snunrti , i r nd inst  ‘.- i e : : l i - t  r e
SO t hat  ‘ i t t  r I  Ot Ii s p . L ’ . i’L i f t  n, ’t i - t i i i r i l i v  j~ -t in g e  m t  t o y  g r u u u r u l ~ t I t  ‘‘fl i me -h i e c - ed . I I .  -td 7 ‘ . 5 _ .t H 11 P-t ’ - f

The ~~per descr ibes  t h e  ‘p-  i t  ‘n and
ch ~ r i v t e n i  ~ t vs  if t h e  I - ‘  r i g  i ’ u t  - n ,  inst p o i n t i n g  I ach  n p - i c e - c r  u t  ‘ - - p 1 , 5mm s, ’ l i d  it  I i - p ‘ i i u . i t t

‘ uu r r o l  - the  s o l i d  t o . - t r  i u i s ’ i i t t .  u - . and m c i - i t - ’ in  r e d u n d an t  c ’ n f i i t i i r ’. i t  I is wh er ’~ v ’ . - r -  ‘. ‘s s i l ’ l e  t i - i

- t h e  n i t  ‘t r u _ I  r e s - s - i  ‘ i t ’  m od c —I -— t i c  s h i f t  e n h a n c e  -. m t  n i h  t e  m e l  i a b i  I i ’ s ’ si n , t  l i t  n i t . I n
r e g l - ~t e -r .  l i r i -nund ha~ est i l l _ I l ’ ’ ~~. t - l a u n c h  t e n t  b e e p i n g  w i t h  t h u s  - v u  l . ’n op !iv , l i i ’  s i l i c o n  Inr p i tt
m c x i i i  ts -I p e l u i t  I n i -i nd i- ’ ’ u l i i i u l u i i i  , i t  t i n  s ’- st e— ms i r e -  d i ’ , l . -s al- c . - nd’i i i , ’ - u n  I i ,  - i ’ - ’ ’ .t  t ’ t he K — h a n d

r i ’ -. i n i t . - . .  \ l s . . i m p s - n -  i ‘ ‘ t u t e d  - , t , ” . i s  cr , ’ — n l i n k  t u ’ i O ’ - ’ i U i • t ’s t - r , - h i . m t ’ I m  ‘.‘n n s ’ r u t c
desc r ibed  w h i c h .  1:1 mg - ‘ hi m r ‘ v i I l i V s 5 i l l is i i n IL hw,i tt m i nk  m o d u l . i t e d  s i g n  m l .  t h e  ~‘ r ’ s s h i n k

receivers each i i i - , ’ r ” ’ r : i t e  Ii. ‘ g a l l  h u r t s  .i r s en i d e
d i  rides iii a b l mtn ~’ e t  m i x e r  d e s i g n  wh i ch ‘r on ides
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a 7 - d B  f r o n t - e n d  noise  f i g u r e .  The des i red ‘ -
— t e’i I i  tn - t o - tn Iii t e  d a t a  nate of’ ltm ~iips 

are uSuti ily W i  t In  n 0 .5  stm -- ’gree s of antenna bones ight -

together w i th the .iv .iil.ihle transmitter output
o iler and rn-s e ’ . v er  n o i s e  f i gure d i c t a t e  c r o s sh i n k  Due to the many modes of LES-8/9 rind the

an tenn a  ga in s  of about 42-dB  for -i s a t e l l i t e -  la rge  number of p o t e n t i a l  u ser s , t h e  ba s i c  timing
t o - s a t e l l i t e  separa t ion  of 40 ,000 km. (See L i n k  was se lec ted  to run off real time , u- in IITC , so
i ’.mlc ul,,ti,i t i Fig . 2) that uplink and d own l i n k  s y n c h r o n i : a t i o r n  fo r

several modes can be achieved =~ith only a knowl-
ed ge of IJTC. ‘Ih e reception of cm osslink datum
from another satellite is therefore complicated

xi lO is ’ s m .  to— o r b ecau se the  i n s t , i n t . i n s -ou s  ,t:i t :m m i t ’ . ’  , - i v e r  t he
c r - n s - . l in ik  w i l l , i n  g i r r u . - m . m l , he s l i g h t l y  . l u f f i ’ r e r i t

O s - . , , ed  40W rc ie 40 ib p, ,oIu dB- H~~u f ront  the  d o w n h i n k  ‘ . I , s t . u  n , s t e  ‘f t ha t  same sat e l -
l i t e  due t o  the  v a r i a b l e  s u i t e l l i t e - t o - s . i t e l l i t e

‘ ‘ ~~~ 
5 r N , 6048-H, s e par a t i o n . ‘t o overcome t h i s  b a s i c  d i f f i c u l t y  we ’

have  employed an e l a s t i c  s h i f t  r e g i s t e r  I l - S g I  
P - C l  ‘2 5  dbn Wh i c h  i s  a v a r i a b l e  l en - c t h  b u f f e r  c . m p r m t i  l i t  ‘f

t s  I - I t . ,  o,’d x’Lx ..’ .-. I ~~~. - - 2  smo s l i g h t  1>- i i i  f f e ren t  i n p u t  and o u t p u t  n , t e n  - I’ r i  -

Pom, Los s 40 -,S’ s . s ’ - a: c- I’. - ~ u ,  ~m ’ v i s i o n  is made for  t h e  l o n g — t e r m  e f f e c t  ‘f h i g h t - i -
5. 5 , , , , ,  4 ps’ lo . io e r  I is,-. — i ~‘r lower  r e l a t i v e  c l o c k  r a t e s  It  i np u t  m o d i m i i t p i i t

he 1 l o w i n g  the  ESR to  d e l - t v  or r e t - i t- l i t  f m ; m n s - - . f
5 ‘.o x m’.’. e ‘ d i i  i6 Idb ~~-H, 50 h i t s .  U s i n g  e n t i r e  S O - b i t  f r ames  i n - , ad s

I ‘ , , u i ’  xi 24 4B Ht d i s tur b in g t h e  f rame sy nc  in  the  i t t .  - un ’ . l  t e r m i n a l s ,
5,. dod I - . , ~ a , ”  60 2 4 -  4 mo 

- w h i l e  in add i  t ion , 1 secu - i n sl  W a r m  i ng  ~S g i l  n - l i  ‘I
- mn  impe ’ns t  i ig f rame de le t  i , ‘ rn ‘ I n  n e-pet  it ion he

m o d i f i c a t  ion t  i f ’ a com m u n i c . I t  j o i n s  - I n t l c  i- s i t e . m n d  he

f~~ u~ 1’ 2 .  L) \’ K CALCu LAT I ON n le u uc tm v .

t h e  synchr orn i r e t  f - - l i  .nse i ng the-  t S R  C - - i t i i i  shes
- - - - - wher o  t o  t a p  the  b u f f e r  so t h a t  i c r - s d  m l  r r i ’I h e  . i r i t e n n i , i  c m i i i  i s  i’r- ’ . ’u ided by a p a r  ‘f - . ‘ . -

- - - - 
‘ - mi i ii c o i n c i d e  wit h ,m d ‘ m i i i  I i  r i b n I os - to a I I - seI S — i nch -, i m a h . ’ l i c d i s f u e -  l o u i s - u r n  n ; m i -es ’ r , i t t  I - - - - -

- - c a s t l e  demodu l ; i t ed  Fi~ i .  In  i t s  . i v i u i s i t  i i i  i 5 ’ sk’ •t h e  r e s e i l t  l og  n a r r ow  h e . m m i ,  i ‘ . l t h n  ( I  degree)  t he s v n ch r o n i  :s-r t e s t s  su h - .equent  h i t  ~~~‘5 i l l .
r e l i L i r e  the i l I ’ . i s  u l t  t t mnu t eunr i in r l . s t s i it I I f e w e r  tb -i n u i in n failur in x _ I i  mil l
ii in t he l i n e  I i~~I i t  bet  I I V I I  t l i , ,  I 5~ m ft \ hr n in1. this i t  som e p m t  t h e  1 t n t  i in I ,  i s

“.n te n n . m p o i n t i n g  is provided by c - I t t  r u l  1 i n g  the  a t t i r e d  w h i c h  nnu s t  f i nd fe -we-n t h i n  l i i )  - l i t  -f
.‘ n r  e n t i t  r oim ‘b u l i t  ret  I t -c t  i n g  p1 . t  es to  r e d i r e c t  

~~~ p - s -  i b l e  f r a m e’ snmc i n  i lu re- ’ .  t o  ma l o t  m i i i  t h i sthe  he in s . I b i s  te chn ie lue  has t h e  , m ’ . l m  . i n t . m g e ’ t a p  ‘iris i t ion. \ v e - r s g e  t i m e ’ to s i , m l i  I r e  f r ame  S V x i t
t h a t  no r t  r o t , m r  n ’  u r i t s  l i r e  need ed - Fhe p l a t e s  i t  l u l l  kb/n j-i ii . is m c c c  - \ f t e r  t’ r , i me — d l v  i s
i r e  U I i t  I bx c i  e~ it i n sen i n mo th  po it u n sh ed the  51st cm inu’-i t aeqI ITC  p i r  i t s  so
e rs is’li vii  I nc, ’r s ir  it C lO t egr ,m I ne . I t ens that L~f l t h e  l , ’ss r i t e  I 200 bps I , l , i t a  m u l t i  p ii’ i - i ’d i n t ’
h a - i- been a l  ig ined  t u ’  the s . m t e l  I it e physical .ixe s the crossl ink s’. t h a t  t , l  c o i l ru i t i , l  l w  r a t e
so t:r. it 

- 
t h e  a n t e n n a  beams ca n be i ’ t e _ i l u u l n i t e ’ . l  in  u p h i u i k  .1 , 1 .  re ceis’ s- , l isv the , i t l t e t  s i t s r l l i t c  i s

any  des i r ed  d i n e c t t  ru , ‘ i L -r  a r ’ Ti cs ’  C t - H su ic ’.’e- ; f , u I  I x  r u t s - mi t t xi ~ . l i i i  t wi r l i n k .
I _ in d e n  it ion mo d B I r e S ‘1 I n m i t t  In is t q i i  i ii t i m e  t r t h i  mi-ide i s I u t
Brushles s dc t ,i c !’.- = lc t c-i’ s and t .r quie lus’ t n -. ire 10 seconds -ux e d  in v -il l i m i u c t  con with wire i T O 5 S’ . \ 

p m — n u d e  d u i m p i r u g  and  point ing 101 ,105 - m :  flI n t
r , ,-- ., ’r t  i ng I ’  s l i p  n i t i g s . t he ~5 l i . I i n i g  c o u i t i - ’ l  Irn v i e -n. ‘i t h e  ,‘ n I - l e x  n i t : i r s -  ‘i t h e  cr 5 5 —
Ll ssn c c i t t - i t s  p o i n t  ii~ e r r o r  s i g n a l s  i r d u i c s - SI I v  I i n k  con nr t n un ic , m t i , ’i n s si  -it em in i~I S— B l i . a com p r e—

e l - i - c t  r i  v i  l i v  l , ’hed l es- df i . ’r i i x  r ind , .t  t r i c k  h e n s i v e . s e t  m a n a g e a b l e , ~- ‘  t i t ro l c.’ n i t m - r  fo r  these
m - c e l s ’ e m n  such th.it l i n k  . I v l i l i s i t  ‘ri i s  n s s m i r i - d  f u n c t i on s  se-i s a l i ’ g l i m l  r e s u l t  of a d e s i r e  to
if the antenn a boresr hts Im m i - w i t h i n  1 ”  h- I l’ s-e s f u l l y  uns tc ’r - ~t in d and i - n e r o  i se  the n - i n cus n i t -
‘f e a c h  ot her  rind t i l e  bores I . t lm t  P - ‘N > I i ,  dli  - c l i i  t e  l i n k - - - This has been n . m  Ii zest by i n t e —

it r u t  ing the- C, rn nn , i t i , l  m d  Telemet r y  sv st e u t o .  I l i t o  3

I f  the antenna h iretuight s ire nit within -nt of d i s p i n ’  p a n e l s  w h i c h  shu- is . the conf igu ra—
0 7  degrees of each other the p o i n t i n g  c . ’ i u t r - i l s  t i o n  of the c u n m m u n i c . m t h i ’ t r s modes of each s. i te l-
have .iv.milui h le (by l ,i rnm ,m i ud ) a SCAN mode whereby l ite, l i l di ca t l n g hu t ii rv switch positions , signal
the , m n tenna  b e an s  are a u t o m a t i c a l l y  stepped - ‘ce-n l e n d s  at various points in dR , r e a l  t ime c lock
-i sp rit i. il uncertainty of 2.1 degrees x ,S ru ’.xnit”ning , dish pointing angles , attitude con-
degr ees in 0.7 degree steps while the ,mur tu ’ t n ,m ck t r u i l corr ect i on s , and si milar functions. An
receivers sweep a frequency uncertainty of - s in t e g r a l  p a r t  of the d i s p l a y  panels  is the corn-
Kth - l i e  s p a t i a l  s c .u u  r .ingc was s i zed  t o  overcome sand g e n e r a t o r  which has push b u t t o n s  and d a t a
the ‘t - - u n c e r t i r i i t v  in  p h o t  i i i ,~ ‘ . I n r e c t i s i n  d u e  to  s w i t c h e s  loca ted  on the  pane l  a d j a c e n t  to  r e l a t e d
t o l e r a n ce s  so i t t  i toil s- ‘ou t m l , o rb i t  f i t  it is t

s p i c e - c r a f t  s t r u c t u r , m  1 def s . f  ions  w h i l e  the
fm e ’ i i i e n c v  sweep accomm o d , i t e s  dopp ls - r . - i i x i l  e-r y st . i l
osc i l l ~i t , m r  d r i f t  - Our s ’st  - l a u n c h  expe r i ence

been tha t  p r e — u m c q u  i s  h 11 sm p’ lot l ng  a n g l e s
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un.isit tier i e-,l cem ’ . u n , l i  t u g  .m n i s t  t ii ,’ cesiu m miii g v i l e - n . m  t , - r 

— 
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is designed so I h i t  only c t i t - -  i l l i c i t  m s ’ m L s — r e ’ l , m m  cii ,, ,~~ ~~ELEV ~ 1 . s  OttO
‘.- . u n n i , m u i s l s  can he ‘ l i t ‘ i t .  .
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n p \ l ~~1~~ .-\0l~ ) IS  I I I ir~ \ -.,,,,

N
l i n  - — r u l e r  tu s’s t ,mb l I si m t us s , , r  s u i t  i — t s r —  \

— st e l l it e c r s n - n ’ I i n i k , b o t h  ‘- - i t t ’ i l m m t ~ m u t i r i u i . i  h - re- — — 2 t D E G
S i g h t s  n n u s t  u i r — t  si’ S L O I s  i t  l I e - i - i s i s  I y i r m o u m t h n t  I , ’ \ ‘(
withi n 0.35 degrees ‘i the line of  sight I I.OS) \~ ‘. 

t~~ j~~he -twee -mn t h e -  s11 , m v e - c r s i t  s’. th r m t s p I m I l i l  po l l — i n
t i n  or ~ I i t s  

e t 
~~~~~~~ 

i t  n

lu m s bee -mi ‘m c s - o n sp Ii ‘115 , 1 - t ile~ t ’i m l  I , m i n t e i i r m , u  g.m in us ‘ i i
. i i m i  1 m b  I s ’ t i  e l i i i ; i i i s ’i’ t i e ’s iuit ’mls , n ’ ii ’i l iu i s i t ion. -i

’\
E A R T H

I l ie S cirte ss)n siI. ’i.ii i n I’ i spire u i i  sts’iljc ts i n s ’ 
-

t h e -  s p r m t  i i i  m I ld  in,’ i u s - n v s  i n v e r t  h i t  it ’ s ire ~~ • 5 S H ,  ‘~ - / -‘ LES$
re-s,ulv es l i i , t , , i : u , m t j c  il ly . ihs’ s i t e - I l  i t s -s i re  ~h on. -nu - V
with ;iiitennrm tn t— isis p r e — p s i  i nute d t - . ’ l i e  a long tine
c rm lc ’ .rl.mte - d LOS. Toler ,iu m cs-s m u  ,- i i h r t  f i t , \ t t i— / -

smit e l in t  r i  n i -u  defslrlru .it ion ‘f t ine  ii I t’l l  i t t’
s t r u c t u re due’ t o t i i i ’ r’i: . m l  m d ‘‘ :e r s - i —G ’ i t  m i s s
t , ’t  i i  1 - ’ :ihout — I deg t-ne  s’.’ t h u t  t l u e s e -  i n n  t i , i h
p r e—poi mit i ng l eO cr10 be i n  e r r o r  by t h a t  a m m - i n i n t  - t~ gu t , ’ 3. .c P AT TAL Au u ’iUl S I T h ( ’s ,’
r i - i ‘t’ erc ,xuie t h ese  er -r I m s - t b .  s , m t t ’ l  l i t  s’s in s-
v -in l lnau i s le -d t . u n e - g i n  in c r e -n n e n t  . m l l y  ss ’, m r c h  i pg rm 2.
x 3 .5  degree ir e- i ce-mitered u - u t  tire d i r e c t  i , ’i u of s i c r i u l s  r i m e  used in a c l o s e d  loop  f , i sh i o n  w i t I n  t h e
best  , i v , m j l , i i m l m ,’ i n f o r u n r a t  ion  i r l  1 . t i e - g r e - i t  - steju s - 

s i g n a l  I r n ,  t h e  o t h e r  s p i i - s- c r : m f t  as ii r e f e r en c e  t i n
The s~-i .i t i r m t  s c , i t r s  u -if b o t h  sp a c e c rr i f t  Ire r iot  i n n - i c  i sie s , s l i ’ l  t i t e — t o — s ; u t e l l i t e  a n i t ’ t r r u c b i t g  . ‘m i n p l i —
ss’nchroni  zed so t h a t  one c p , i c e cn . i f t  s c a n s  i t  i t l u s l s ~ tu sxilu i l i t  u .n  ‘f t h e  t r ans r n i t Si gri m I c a m i s e ’ d In c

v t  ~‘ SI S teen  t isles s lower  t h a n  the -  ‘ ‘t h i n t ,  a t  l , ’is h i  — p h ase  m d i i i  ,itsnr s-ffects mt t h e  t n a n o n u  i t  fr . —

the f i s t  sc. i n r  sn i t e l l i t e  to  c - ii uu i u i n t o  i t s  i s ~- i ’ . - i -~~ — qu er n c v  is  in ’ .1  St i i i gu i sh , i h l e  f r snm r e a l  mu n i s p o i n t  i m n g
t i on s5- .i n h e f , u r c  t h e  sl o i s  scr in s i t e - h i t s ’  l f l C l ’ s5 — i tt sl i s  i- I  i riu i nn~i t ed  by i i i c l s u d u m g u m o t c h  ( h ; m n s i — s t o p )
lie-ra ts to ri new p o s i t  ion . The f m - s t Scan , p n c e —  f i l t e r - i c  h et i - i i’en t in e  bi — p h a s e  m o d u l r i t o m s  and t h e
c r a f t  t , m k t - s 0 .5 seconds  to  re ich r i new in, ’ h o t  i ng  ‘1 I - ‘itt fe’eik -

1’.’sit itnn rind tunrm ’irn t a~ nms h i n t di rec t  ion f i r  2 . 3
seconds. In t h i s  w i n ’  r m d e q u r m t e  t i m e  i ’ m p n , i v i s h e d  h u e -  . i n t c n u r r , m  r i o t i n g  d i r e c t i o n  i s  c o n t r o l l e d
for tine rece ivers  to sweet -i the  f u l l  f r e q n u e n c v  h’ the -  p”~ i t  io n - i f  - i  f l i t  r e f l e c t  i n n g  p t . i t e  p l a c e d
u i n c c r t i i n t v  w i t h o u u t  s y n c h r o n i z i n g  the f r e q u e n c y  i n  f r o n t  of t h e  p . m r . i h o l i c ’  d i s h  to  r e - d i r e c t  t h e
Susie -p s t o  e i t h e r  s p . i t i , i l  sc ,m ri . Shou t s l  the- h - i n - c —  f ,n t - ,u se ’ .I ir e- r im ( F i g .  S I  - ‘li e f l a t  r v u ’ l e c t u ’r  i s
S i g t t  I’ /N shi ’g r u i de , h - ’th sp i c i - v i ’ f t  c i i i  be moun ted  to  - m cs- u n l e s s  m i  — i x i  m l  d r i v e  which
scanned tm ni t ’ h a l f  the  u rina l r a t e  i - i s -  C, ’ l u u l u u , , n s l I  u i t i l i : s - s res , ’ I ’ . ,- m s  is u-i r e f e rence  in t h e  l i n t  j og
- I I I  o il ing t i m e  t . ‘r tw ., -i f r e - i 1n i c n v v  lis t ’ 5’

~
- i 4  mu t i m  ii coin  m ’ . ’ I fec st ln ick  Los -u i t o p r c— p c i i n t  the r io t emirl -

mt’ s n i t t  i r i m z  i m p r i m v e n u e n t  u n  t i ue  ‘i ’ - ‘I ’  I i  1 i t s ’ s- i f Shr I f t  t ’que an i l  st am p i n g  i r e  p r ov ided  by h r n i s h —
5~~i i t i i i  nd f r e q m i e i n c y  u m c m i u l s i t  i ’-n . l i - n i l  dst t o r , u , i i ’nu ’t . r c  mi n d t , , ’ .  h , ’n u e t e r s wIn I c  t in

,i : i r t n s i t l r  i s i s  is n re cr, ’ s s - u n ’ s- i ’ e l i m i r u n m t e s  t he  nee-~I
Ci l i J S S ! .I N K  BLOCK IIIAO R ,BM f, u i  s l i p r i n g s . S in c e  the a n t e n n a  feed netwin nl ’ .

lees ns ’t ro ta  t i ’  w i t h  the  m s - f l e e t  ins p l a t e , t i r e
s impl  i f ie d  fs inc t  loo m 1 b l ock  s l i . m g r n i n n  ‘f t h e -  l i n l - i u i u i .t as-s c l i . i r i ge  i s i t h  p l n i t e  o n i e n t u m t i s M i  SO t h a t

c m . ’ - c s l i n k  s n - s t e m  i s  p r e sen t s - si in  I- ugu ms -  I I I  - Tire t h e  p . m i n t  log errs -in s i g n u i l s  must  he put th r i ru i g in ri
r e qu i red  t m n m r m s m i t / r e c e i v e  an tenna  g a i n  is  pro- c , r o r d i n r l t e  n i n t n m t  l i - in  to r e a l i g n  the  e l e c t r i c a l
vi s leel  by an 1 5 — i n c h  p n i r u m h - i - i I  IC r e - f l e c t , ’n  I I l u n r r i n —  l i r h i n g  m is - s ns’ i t h  t ine  n o n — r o t a t i n g  feed axes.  The
m l i i i  b y n i c i r c u l a r — p o l i m i  zest f eedh i - i rn  - The he , irn f u n ct  i - i - ins of s- m r , ’r si g n r i l  e l e c t r o n i c  m o t i t i o n ,
i s  e lect  n i nn ic a  11 y “ sqn i i  m ited ” IL 00  degrees by beam Pre -P ’.n  i n t l  n g ,  spr i t  I m l  scan cont  rol rind
sequent ‘ca l  l v  e n e r g i z i m i g  pa ir s  - if  b i — p h . m s s n  mcclii— ;iut ’t n i t  L i m i t  i n c  i l l  p rov ided  hi’ t h e  P o i n t  i n r g , ’
l i t - i r s  w h i c h  n mr e  connected  t” o f f ’ s - I feed s t h n i t  Sc-in con t r , ’l  -

h u m v e  20 dR co imp l in g  I ,  t he  mn j u l fee-el - the ins- mm
s q u i n t  ing impresses  n i m p l  i t u s h e  m n o d n i l , m t  i s - in  en the  I . m b i n ,& ! s ’e4 t
K—band  r e ce ived  s l g n . i I  f-in n s , i imncs - s o f f  I - i - i r e - s i g h t.
I ft er  m u x i t r g  s lmnn srt t ”  I F  (3 ‘ i l l ’ )  an Aid ’ amp l i f i e r  The f i v e  horn feed a s sembly  is show-n in F i g .
normn m I i  zes t u s- \~i s - . mn’ e f om ni  so t h i t  v :m r I mt  i s - ins  in I n - i l - The m e - c h i n  i cu l l  support iflsl m l  i gnme-n t  m e c h —
o i g n . m I level  due to the , i i l tem f i f , i  p i t  t e rn - i  inst u mn i  sm u t i l i z e s  sI m i t  inst s l ot t e s l  wr ys t o  a dj u s t
c r ,n s s l  i n k  range -  are ci i m i n a t i ” . I ,  ‘File \~I ii g n . m l i s  t h e  fen ” .h hmnrn  issemi’- i l v  t i n  w i t h i n  -i 1 . 002 inches
then hand p ass f i  lt e re s l  uun d d e t e c t s - st in sv nchro— l i t  en. ’ I l y  mist - I i , II )  degrees a n g u l u i r l v .  The
I l i u m  w i t h  t h e  n i s r d u l n i t o r  u r i n e - r i  t i - i  p roduce ce -n t e r  fe s ’d t e c h  cnn  im r c l - i r p i n r  i t e S  a crossed se ptn m m
u iz i m n i t i n  inst i - t e n  m t  ion error s i g n a ls .  The-se w h i c h  u n c r e n m s e c  t h e  1, -l u i ng error  s lope  1-v increas-
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P A R A B O L I C  DISH ing the coupling between the main and offset
feeds without reducing the antenna efficiency,- 

,. 
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The bi-ph ase modulators require 65 situ at  3 v o l t s
to provide 180 degrees RF phase shift and are

/ , ~~~~~~~
‘- ‘--‘- -—--,

~~~~ driv en by 100 liz square waves shifted by 90
‘ / / - 

“ 0” degrees to each other such thnm t 360 degrees ‘f
- 

, I F L A T  REFLECTOR a n t e n n a  lobing occurs in four steps at a 100 liz
-._.~~ ,, m i t e. The effect of energizing the ph n ise modu-

- 
,,, ‘ “

~~ FEE D l . m t ’ . ’r s  is shown clearly in tire - antenna patterns
- in F i g. (). Here opposite pairs of m o du lni t ’- ims

/ EL I V A T I O N  have  been energi  zest prior t o recording ni lxi i C
- i z i m u t h  p a t t e r n  w i t h  u n r e s u l t  i ng  “ ss lu i in t ” i n tine

- - p a t t e r n  u f  about  ‘I) .1i1 degrees . The a n t e n n a

- l o h i n g  c h a r a c t e r i s t i c s  are presented in Fig. I S ) .
- I TIn e’ c o n c e n t r i c  l i n e s  t Ire contours  of cons t an t
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m i t  . - t r i , - k p o i n t j i ’ , i u f , u m s u  , l  n , , u n  i n n  t i , ’ \ ‘ l  I l l u j i r c s s e - ’ .I
- n ‘ -‘i’ ’. i - - - -

‘ upon i t  by t mi ’ I - h i  l ug  l o s ’ il - tn \13 ’ . i l l m i n l  i f i  i - u ’ i s
- - a l  ~. n i n  ~~~~~~~~~~ ‘ S O’  -~ ,, ‘s , , ’- cinp l d s ’ ’.h t ’ . ’ e- l i , : u n u u . , t i ’ v , i m i u t m o i u s  in  r a s - i v e ’mt

5 ’ ~- . u~ ’ S i~~~ i i . I  I le n -el is - i t i t i n u t  i r I s - v t  m u i g  t I n e ‘i s i - m i  -
.

n ’ - .311
— 

40 (sf ~ 50 l u i t  t h e -  r e s u l t  i l l , )  u s u i v s ’ l I l r m  , t - i , , - , \ id ’
- i s  t i u i s o m u ’ l y  p n ’ ’ . I n l s i n — t n i - u n t i l to  , i n i g l s ’  - ‘ m u ’ I -  ~ s s m u ’ t u t -

i i i  , , r ’ ’.hi ,’i ’ t , ’  ‘it i v  w i  l i i i :  t ) n , ~ m l l o w . i h I e  i n - i l l i n s
‘ \‘s t s u ’ I  l f l t i ’n ’— , m s i ’ S  ‘. i — s  ‘ . - l u ) I u t i u , l im e’ \hi  i r i s

m u - i - i  i i i  I v  t .ii I resl l i - i  I u t r . ’ , ,  i ’ :m m i n i m u m i— h int ’
- lu i t t t - l l , . ~ m i m i  l i t .  t r n i c k i t i g ‘ n i g n n m l  l i m e  t .

u h u g s ’ s  i i i  n p - m i t I s -’: e’t s  I 311 t o  I’~I ‘O i lS m ’ i ’ s i i n f l  I
cit , . ‘ii i  u Ic s t i l l  u- -v ‘.1 i i , ’ - hum ’  ru - s I l l  i n i - ui St dli - n , u , u c

r . I ul m ) ’ . ’ i i i ‘ - , , >  s IB/ is - ’.’ ,, t u  ‘ us , i u ’c ’ .nunl t lu  ‘ii - i t , -  1 3 ’. -
m u t t - i o u , ,  c h r m r  , . ‘ .- t  i— r u -_ t  m’s t In 1 p m , ’ - . p 0 i i i  I m u !  I - i n

r i n d  r r  m m - k  n u u g ,  i ’Iue r u n - u s  , u r s - il s u i t u t - I t i r e -  . \Id ’
. m u u m j i l i t ’ i e - i ’  - i l  t h e  . i iu ’ . p l i t  i i i ’ mind  l u l l  m . i _ s in i t  - l ~
u ) , , - 1 110  I I :  p ,n i n t i t u g  m m - l I i s  s l m u ’ u s ’nn i n  h g .  i l l .
t i me - t  .11 ‘—i- u ’s- ’. - nim nu p i  i t  -i _ I s -  s u u s i n l s , m s -  i s p  - n i - s m —  ‘I ’

n u t ’ c u t  u ms  s r  ‘ ‘ - ‘ I  iril.  i t t .  t m  - i c ~ u~~ ’ - - m e - l u s t i n g
t i r e  p i’ s- — n  “t i c lu i ’ , - u m ’ ’ un- ,ls - t i ’v l  n m  h i l m i  u t  h u i m . i p , m s 1 .

- f i i t s ’ i ’ - .um d ‘ , ‘ — t ’ ’.l s t i ’c t ’ ’ r 3 . 5  II:  l o i s - p i n s  i l t i - r s
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- i i i ’ .) dc i’u ~ ’ I i t ’u s ’i’s I 5 ’ I u . - i ,u  r u  h i , , t m .  ~m~t , - - —
‘ a l I t i i i  ‘ I ’ I u m ~ -is , I i )  m m i i l I i ) i  u s  s i g u u i u ’ m . ,- mi t
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i ’ s -v . iu i ~ c t he ‘ . h u t f e r s ’n c e  in stability reducing stored in tire e-omniui n zurum l reg isters m d  is initiated
nui c uz h u im ris i nr s b ne twee -n the  APi loop and the rest of by t r a u i s n u i s ’s i sn n u  e-f t he  SCAN STAR t ceu mmand.  Four
t h e -  c r , i s s l u u u k  r ece ive r  is e v i d e n t .  The AGC loop scan ra tes  are , m v r m i l , i l i l e  from 2 . 5 t i - i  89 .6  seconds
re du i ne s  sy s t e m  s t a b i l i t y  by sh r f tnn g  the phase of per step. The cr iss l ink autotrack mode (TRACK)
tine ’ 100 ii: t n mc kiu u g signal and thereby introducing uses the  er rsnr  s i g n a l s  de r ived  by the autotrack
ciur mnne l vm ’ .- i ss _ mou - iuu im l in g prior to synchronous receiver t , I  control the position of the antenna .
d e t e v t  i s l i .  F lu . ’ receiver fil ters insert an ampli— The c s n o r d i n n i t e  ‘ n u t  i _ ni  required to uu ravel the
t i u d e  and ph n i s e  response iii ser ies  w i t h  the A z i -  c r o s n  - v s u p  I ini g v . i ’ . i s e - d  by h a v i n g  a feed sys tem
n nuuu t h .itid h e n  i t  ion chaurne l  servo loops l e a d i n g  to w h i c h  ‘.I ’ . - ie o no t  r o t n m t e  w i t h  the r u n t e n n n m  i s  g i v e n
a t i n s -c t  reduct ion in s t a b i l i t y  marg i n .  b rs’ t ime f o l  l u i w i  ni _it i b m  u t  i o m u s

Flue u n u t p u t s  from the cross l i n k  , i u i t o t ru i ck  11 u r n - i ’m = 1 c m m s  A: + :, s i n  .-‘s:
r e - c e - i r e-n i r s ’ dc i s ’ I t n i g e s  p r o p o r t i o n a l  to the -

tm nte ’ tm f l . i  he r e -n - i l h i s r i h i g nment  from the L.0.S. which
have  t h e  n i p p r o j m m i a t e  p o l u l r i t y  t o  c a u s e  the  I - I, s ’r r , ’r : ,, ‘.~~s ,t : - :

~ 
s in  A:

reflecting lm l. mte t’. mmnve and redu ce the misa li gn- -

‘- h e - n u t  t i  z e r o ,  where  1 at-id Z~ u i . -  tIre azimuth and ele’vcu t ioun
s’tn n u n r m e l  s- m r n g n u ’. I f rom this- h u t  - n t r n u c k  re-ce i o m ’ r ’ .

I )  I 1NP, ’ Sh ’A\ s:Os I 10 1.
I i i g i t r m l i n t e - i c i r i t i o n i  is i n c l u d e d  in the -  pmn i m i t —

ti e , - i 1 - i e r i t  u i n g  mode ‘f t h e  P oin t  ing sys tem is ing c’.’nt m e l  t - b  c - i n - e r v h ’ I n i e -  f r i  Ct lou t  drnug m i  the  hi  ix
a’ I s v  t ed  h- tn u t r ’ r u u n d  C ’ .- immni nd and innp l e r t r c n t e d  by the rind n - i l  c o m p e n s a t e  f r  m e c h a n i c a l , m n igure ’t  i c , and
I’ .i u r n  ni _I ‘ - v i o l  C ’ . n u n t r o l  - -I s i m p l i f i e d  b lock  d i n i —  e l e c t r i c a l  h i  m cm’s  i n  t h e  ss ms ’nh , 350 IC ‘ -in n - s m u t  esl
grain - i i’ t h e  - \ : m m u u t h  a x i s  p o r t i o n - i  of the -  Con t ro l  on ltn m s u l t i l . i v e - r  I . C .  I - i ’ ’ , , r s h s  i n c  r equi res h  to  b u i l d
is ‘ ib u ” . s un in F i g .  ( 1 1 1 ,  In  the  A c q s u i s i t s , ) n n  Mode t h i s  equ i j nni ent - win ch , s h 5 u l  i n c l u d e s  b u i c k - n i l  m um d es ,
i ‘ s i .~ I e- l ’ .- i ss - sh I - r p  errm ’r si g n a l s  t .  p r e — p s - i i n t  the  t e h c - t u e - t u ’ y  I l - i  I n i t - s  , n m m nd h i  ax .-‘t’ er t em p e -m n i t u r e  s a fe t y
, u n t t ’ r u n b  5 i r e ’ d e r i v e d  frsnm the -  d i f f e r e n t- s’s h , etween  c i r c u i t s  niut d e t u m h l e’d in t h i n  paper .
the  d e s i r e - si p o i n t i m - i g  d i r e c t i s m n  and the  actu , i l
p o i n t u n n g  . m r m g l e s  provided h > r e s o l v e r s  located  in R I A X  D R I l l )
t h e  h i - m s  ‘ . l r u s s ’ . The ACQ mode is i n i t i a t e d  by
p 1 i v i n u g  t he  de s i r ed  p o i n t i n g  a n g l e s  i n t m n  t he  ‘s c ro s s  s e - v t  i o n  ‘f t I m e -  a z i m u t h  p o r t i o n  of the
uz’.nmriiruand r e S i s t e r s  v n , m  the Command sy s tem and h i a x  d r i v e -  is shi , -s ,o i in  F i g .  1 1 2 1 . Tine m e c h a n i c a l
venii ’v l n us t ,’ ’r r e - v t  r e c e p t i o n  v i a  T e l e m e t r y  and d e s i g n  a c c u n nmi , - i , l i t e s  orienting the tachometer and
e -s ’ .’ / r u t s ’ ,I b t r a n s m i s s i o n  - ‘f t he -i\CQ csnm nn nn i mmd . In  t o r q u u e m ot or  pe nmni n i nen t  n m n i g n e t s  t o  m i t n i un i cc t h e i r  net
tI re ‘SC.-’sN mode t i re  au r t e n n a  is spat  u r u l l y  scanned by magmue t  h e -  tnm unin e - n i t  so t h r i t  t h e  t - i - i r u i s ue  exe r t ed  on the
d i g  i tuil Iy ridd ing RUM ( r e ad e m i l y  m e m o r y )  genera ted spu icecrnuft due t i  t h e -  i r n t e r n m c t  u i - inn  w i t h  the  e u i r t h ’  s
po u n i t  u mg .im - igl es t -i the ‘\CQ m ute su  gnnu l s .  Tire m a g n e t i c  f i e l d  i s  sma 11 comp nired t n  ~~ne o t he r  d i s —
‘d IN i s  tin u o u v  ms - no t - o u t  i i  sp i r a l  , i h c ’ , u t  t h e  a n g l e s  t u r b n u n c e s  u f f e c t  i ng t I n s ’ -I t t  itud e - 0 - i - i n t ro! system ,
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t t i  u s e , lu— us ’ t , ‘ u ’’ . I b u t  ‘ 5  s t s’ : l n , t h ie  s l u n g  i t al ic l - i ’ ,i ’.l F

w i r e  hi,i u ’n ne-s-z c , m iiuu- - i t be I - e’r,u t s ’ul , the - w i r e
cr os ’ .’s s-n i s - i t l n n  i t s - s i n  , I I t I i ’ . t - i r  m l en ’ ics ’ win ch
j- i i’ ’mn ’ i d e s  e l e e - t r’ i v  i i  c , ’ u u l i s ’ u’t u s - i n n  t ! o i ’. ’ m u g l s  t h e  m c i  — Fu ’ e-s~sucn c v  u m I m c s - r t  u n i t i es  due 1, ’ n i r u g u l , u r
m u ut h sh nu t ’t and t .  t h i s ’ m n u s  n u n  - u  I n s  t ’r . ) u s ’ f i s h — se p n u r a t n - ’n u l i - i n n s’ .,I s -e - rn’ s -  -is- n ’ s l u r v i i i ’ s ’s ’  over ni n e
i o mn . ‘I’he s l e s i g u r  , ur rd  v - i - in n - u I c r  ‘ mu ‘f t i m e ’  s ’ l e v r , t  i - r u  K u  l o h e r t z  Im sn~nplc sr s h i f t  — m d  e c c e n t r ’ i c i t v  (n) . I i I
i s is  i s  s i m i l u r  t o  t h u s ’ m c i  ‘uuuth u’s/ s l it t t r , i t  1 w i r e -  s-~’ce n t n i c i t : v  s l u m s ’s ri l u o u ’ . ’ s t  ‘1 k i l i - i h e rmz Fimm ppler

c r , m s s u n v e r  is nu. n t  h eeded s i u n t e  t h e -  a m i g u l n i r  m n u n g e  s h i f t )  Irs’ ucc i im rn i - im du i t e d  b y un s 5  K!]: se-arch  r i n g s ’
i s  l ess  (10 ml s ’ gr ee - s  v s .  l u l l  m ls ’gr es-s i ,  -f m 2 Cii : v- 1 t m g s ’ — v ’ o u t r ~- i I l ed c n s ’ s t t m l o s c i l l , i t ’r

- h I  ‘ s I l l  - l ine -  ne-n i I t  I ru g P ~iH: I I - is  I in t l ted and
g ince ’  t h e  h u m s  n u s s e u r m l m l v  u s  l’s’ u i~, t u u u- -i - - i f  i t s  m i s s - I  down tin i’m s ’ .’h,mn,,l ininh Ise nun s! qsuti dr ’- u t r u r s

fu nc t  I .ini e - x t e rrmrm 1 t ’ - i  t Ime -  m u  I i i  s p I t ’ s-c r . i  f t  h - ’ m l y  , - m t’sn r r u pon enu t  s - l’he I n , x  l u b e - h  led ‘ ‘ I I I - h I C ’ l ’ IP R C’’ i n the
se I’ , m n r u t s ’ t he rm , i l  c, ’ u I t n r o  I s> ’sts ’ io u u s  ns ’ u l u m I med to  h I  ‘cl-i d i a g r n i m  ‘ . I s ’ t e m u o m i n e s  t i m e  prese n ce - i - i f  sv s t s -uuu

u- in- - n ’ s’r u t  e s c e - s s iv e  l u u b r i c r i t i o m u  d e p o u ’ t i n n n  by i u u t 5 r m s —  phase lock , u n rm ,n d u l n u t e s h  s i g n n i l  or o o ’ u h o i l s t c d
s i n g  rifle! 1 m i n i m i z e -  n I ~,- ‘-i -u -i I lv  i n u t m n e-e-st c - i I n l l l - i n i ( . t i t  carrier , The r ece ive r  i s  l ’nse ,h  as a -‘cc -n ih -

s t r e ° s .  l-i r s - i l n in i ’t i , n n u m l  s l u t  m u  h e u i t e’rs u L , i u u t r m i n  snnder  ph- i. m s s ’— I i s u K lo op w h i i -h h o l d s  l vi. f - i n  P ’ \
-Oil ’. t e - m p e - i - u u t u u r ’e ,t  • 10 °C ,l ’ .ur u i m g  55 u , I ss . us -hi m Ic  3’s d R — i l :  ,~~~‘sf t e n  s i d u m o  n m u m 5  f r e q u e n u c y  n in nd

t h s - n ’u o u u l  m - i ’ . I u , m t , - i r -  ire ‘ i t s - ’.I to l i m i t  t in ’ .’ u u m n u x h u r u u u m  ph.ise , the ‘‘BIT Cn N,. ‘H’’ u d i s u c t s  h i t  t i m i n g  in
t s ’ u i l - i e m u i t u i n c -  d u m n u n u g  s u u l , i r  h e m  m g  n . d-i ’I ’ . 1 / 3 m i c r , - i s e i’ ,~ i u ~I s t e - I ’ s  t o  -i~~t i m a l  I i ’  s i m p l e ’  t ine
Thermal c, ins u ir rd  m m u l t i  t u m s - e n  t t n s - m n u n i l  i l , u n u k s ’ t s  i r s ’  - i t - - i t - u  n a t e - b e d  b’i I t - i - n - ,
u t i l i z e d  s ’x t e i n s i v u ’ l ’ .  t o  n u i n i m u  cc t i m e ’ hs ’ ,m t e r  p -u se-n
re qu i r e m e n t s  and r u , I o , u t - ’r s u : r e - .  Si nce the  f i r s t  h i t  in  each  c n - i ’ s s l i n m k f r a m e

is  a oti s’ , fr ‘.me siR s’ i s  found b -is’ t e s t  l og su i s ’ce-’z —
S I u I N A I -I l ~,,I J !S I T W N  sive b i t  - i - i~~u t  i - i - i r i s  fu ’r the  pres ence  - i f  a predom-

inu ince  of oni m’s  in se - s l iment  i a l  f r a m e s ,  Two m mm d cc
- l ite r  su i t  i i !  u i c ’ . l i u i s i t i s r u i  of the -  c r o s s l i n k  zinc  used , acq u i s i t i o n  nind m o o n - i - i n .  In  t h e  i n i t i a l

m n t e n m r a s , the c m - s l u n k  u i g u i . u l  niust  ire ,u c q u i i r e d , a c q u i s i t i o n  mode , - m p o s i t  m i i i  i s  t e s t e d  in 3
l’he signal between l , I F S - d  , i i rs h l , I , S - o i  i s  ,m cnirrier successin’e f r , s u n e - s  - I f  sevenn or more posit ions

l I C K  ms ’e lu ln i t ed n t  con nn mn um ’ . I - s s - l e c t , u h l u,’ rites ‘-if are not ens’ s - t ire t i m i n g  -1 u p s  ‘Ire - h i t  and t e s t
either 10 sir 100 kb/s. Fine h u t  i t - i m m n u , u t  i s  the  i n g  m e - s n o r e s ,  i u n - e n t u a ! ly  f r m r n e  r u c q i u i s i t  ion  w i l l
s ums- f or  h - ithu n , u T e - s  z inc! t i n t l  t m g i s  sy n c h n u - i n i  :e’.i to s w i  t s ’hu t i ne  a s t er n  i n t o  the m n m i s n i t ~n r  mu - i d e ,  Tine
The  ‘y r—hoard  r e a l - I  i m e - c l e i c k .  [he fr,innc formnm t system still v - - i u u n t s  zeroes h u n t  w i l l  r e j e c t  t h e
i s d e s c r i b e d  in F i g .  (131 . time f i m - .t h i t  in  sync p o i n t  u - i n t o  i f  more t h t u n r  1 1 1 2  zeroes are
e v e ry  fr ame , . m l w r m y s  a - - i u l e  - i s  us ed f - n  i ’- .t u b l i s h i n g  fisind in - i  251, s - u s e - c u t  i n s ’  f r - m o r e s ,  t ics --if s v’rm c
frame synch - t i  -i s’ d c - i c  m m  l - i . ” .h li C e - n I t i r e  se e -u - in - id and swi t c l n i  ng t -i t h e  u c - i l u m  i s  i n  ion mode uses a
b i t  is t o w — m u t e  - l i t - u  w i m i  cli is v - r n u o u m n u m ! — s e -  l e c t a i r l e  c r i t e r i o n  -m l o u t  Ti ,  ice m s St  r i  v t  i s  th ,’it for
from - inur e  of f e m u r  -u - i - l i n e - c o t  t h u s ’  t i n  rd 1,1 t i s  m n i l t  i — e -u r t e r in g  tb - ic m o n i t o r  r n - i  Is ’ -

l l e 5 s ’d be tween  t i  Is’ ’ns’ t n -v .!i t , u inns! - I i s - i  s e ’ u l u m e ’ n u s ’ s’
u I , m t , i  ‘used in g r i n u m r n - i I  mcm l i t i n  r i g  of ’ cr oss I i m u k  “ v I n e ’
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2, ‘lhs I I 11/ i -iwn m I’.iun t ‘.‘r m o e - n .’ ‘— i ’ , u I -. ‘
\ S lsi mz k consists s-if t’ouir Low R a t e  D m u t u u  in Cs , in>’ cure at- id t’ u ’.ss’’u r i s c ’ -me - l e e - t o m  I ‘ rn- i - i n - c - ‘  s s r  m m m c ’

ur. -i ts~sI m i  F i g ,  ( 13L nic cu mnu l uited from four  conSe u zu — h i t , e . g . ,  i f  the  sd s v t ’ m  m , s o i  “ e l e c t  mug Q35, it
t i v e  fr , i u r m e s .  B l o c k  se-n c is es~ zm b t ished by identi — is n - lw se l s ’v t i n g  u m S m .
f y u u u u t  th e- ‘ u n i t s ’  h i t  ec - i r res pond im u g  to the three
l-i t’e -~ m - u s  u t , u t n u  hits. lime crossl ink frame syu c proc— It should be h 1 ’ 1 1 . i ni ’ i it  thi n th ere is nil  net
eum s i r s - ra in - -s 2 , 3  secsun d s  in  t h e  tO Kb/s  ms-ide chnunge  in  ti - ic b u t , ,  u i u , r 1 i u n t  us  a r e s m u l t  of the
i O , U S ‘- e e - u ’ m n m l s in  100 H- i  s ) ,  w h i l e  b l o c k  syn c takes  l u r p u t  I ’ l , v k  Inulse , i s ’ . , , s s r s t i  i h i b e r u l I t m t i n n  m i t
S t - i ’ 10 s e m m m n d s .  m o v e s  down th w  ‘- it m i f t  R e g i s t e r , the  s e l ec to r  moves

w i t h  i t , keep i n g  ths I I a u . i  h b u u t l s u t  c ’ . u n s t , u n t ,
I ru  ‘m u l e - n  t t . i t  t i m e dat um hit stream frsum the

v m s - s o  I hunk  can he u i m t s ’ n l t ’ m n  s’ st with the datni bit u Se -r i urn I r u u t p m m t  C l o c k  -m u se i s  m c c c i  n e d  - it
ot r en u nu f u ’-i - i io i t Ine s a t e l l i t e ’ s own u p l i n k  , sync h i - o— de e - me - one-nut s t i m . ’  I l l i l  i ,n-’ni u - n u t  s ir m y  on -ic and t h u s

t i n r e q s m m n s - s b u f f e r i n g  the  c r o s sl i n k  d t u t a  c z u u s e - s  t he  s e l e c t  ‘ - i - t - i - i  nmo v e one h - n t  T I  t he  l.’f t  -
st ne,mm , In niddi t iou , the bu ffering wn 11 not be a s- - g . ,  i f  t he  -‘ &-i l s ’vt  ur  w u m  s el s-vt I nug Q3u- i  - i t  i s
v o r u s t u r u t  s l e l r m v  due to  r e l a t i v e  u ns n t i on  of t h e  now- s e l e c t i ng  Q55 w h i c h - i  cou l t a in s  ti - ic next  i n f m u n —
n i t s i l  i te s .  -ild~~ii s t i h - i l t ’ b u f f e r i n g  is pmovis ted  by u n i t  io m m h i t  - I t  ml - i , e - s n u u ’t .s f f s ’v t  u n i v  i r n f o m m n u t i o r m
an ‘‘ u i  i - u t ic s h i f t  r e g i - ’t ’ .’r ’ ’ i n t u  which c r o s s l i n k  — t I - m s ’s in  t h u - i c  “l u i f t  Re g i s t e r .
‘.1 i t s  i - i t s  a r t ’ i m n om er tem !  I t  a t i m e  v m n v i n m g  m a t e
‘.It’Is’t’ :’ iinus ’ut 1-i c t ime i’m- i - s d l  r u k m I . u t . i  r a te  r ind  t ine \ , b t  cc’ t h u i t  t 1 u cI’ s’ u s  no n u m b  t i ’n h ’ .’u i t  t h a t t h e
c ro s sl  i n k  del n m y  n- m d f r - i -u’ , w h i c h  ‘ . I , m t , m  lii t o  are I np i mt  and Ii u m ~~- i u ’ . t  C h i n e - k ‘ l u b e- s m l t s ’ n r u , u t e  and tinni t -
t n t  n v  t ed at  the n d sM..r-i 1 n u n k  n i t  c - i gnu ’ m u  rug  f - i n  t h e  rns n u c n u t  t i n e  i - i t _ -i l - i l  ems ‘ - i f end—

r m u n o v e r  z inc!  t I ’ , u e — / O h  ti -c m h e - n i c e -  f’ I n r l n u u t  t imid O l u u t  r u t
1-1 ‘ s — I l l  S h i l l  F Rfl I -s F I R  I 1 K p u l s e s  t o  n o  u rid u t  I hi  t e r tn mn m l  5 ime

cs nuru p l e t e - l v  I o u j - i ’ r - i e n u m i e n t  u r i c !  m a r  b—c ‘ .mp e -ra ted  u s e - n —
I b l o c k , h i , ~~ n u m  s - I

’ the e - l m s t  ic  s h i f t  r e g i s t e r  v t i n o n i - i v o s I s ’  i t  , h u  f t ’e - n e n t  f r e s 4 u e - n c i e s .
i s  sli ,- i ’ .son in F i g .  ( I - I l ,  l’he lI p -  h - wnm Cu n s in t e r
v - i ’ ro t r - i ’ l s  w h i c h  b i t  - if  t h e  64 m i t  shift register the- t i u u u e - v s n i n r c i ’ . l e t n c e  p r s n h l e m  is t r u n d l e d  by
i s  ‘t’ l s ’vt  s’~h t - i - i  z i ppe - nur n u t  t h e  F C u t u  Ouitpmit - For ‘ s - m i m i  i ng t i re  I n p u u t  C i  - cF  pu lse  t h r o u gh a speci  n i l
e xam p le , i f  the  n u n n l s e n  un  t he h p/m own I, n uurut c m is ss ’r r s n hronr  z en  i sh i ch  .ls ’ l , u v o  i t  i f  necessa ry  to
35 , t h e -u n  135 is s e l e c ted  fom thus ’  ‘ i t , ’ .  - l o u t p h u t  - i n  ol m I e - O i t i u  i d e -n e - c  w i  t i n  t h e -  1 h s m t p s u t  I ’ l v i .  ru l  s e ,
ikt-i e u n e - v e r  nun I npu t  Clo n e - Is pi ll  s. u s  r e - c e’ ived , t i m - i n
t l n i t n s s h u l n l l t n u Ol n n ’ i i n s u o l v  - i f  t h e  I n p r u t  C l - - i c k  ru i te  exceeds

t F O s ’ I i ~ it ~ - i i u t  C F - - c l  r i t e , uu r , - i r ’ s’ i n f - i ’ r n i , i t ion u s - i l l  he
I, The Inp u t I I . m t t u  b i t  is s h i f t e d  i n t o  QO t n r s s - mt e,l i n n , ’ the  i - S R  t h a n  is e’ x t r i v n e d  and n u

r od a l l  ‘ ‘t h e m  b i t s  in t h e  Cli i f t  Re g is t s ’ r nn ov e-  s i n n -  , f  ‘ ‘ d i i u ’ u 1 - i i t n g ’’ t i - ic e xce s s  i n f o r m n u t i o n  is
s-i s’ s-n ’ eri e- h - i l  t , e . g .  - t h e  o u r  l r ’ n , I t n o n  bit stored in r e m 3 o u i  red.  S im i  l a r l y  i f  t h e -  s u m t l n u i t  r a t e  n - se- ce -O s
Q35 ni -vs’s to QSn - i , t b - i c  l i u l u r u t  n i t  e- t in s -  t SR us- i l l  b - i c ‘ .h mn i ined of i n f o m —

64 BIT S S I F T  R E G I S T E R
- - -

6 B I T S  t BIT  50 B i T S  t B I T  P B i T S

LOWER E N D  LOWER DEAD C E N T E R  ZONE UPPER DEAD UPPER END
ZONE ZONE ZONE ZONE

C R O S S L I N K  - ‘ ‘ I - -

INPUT 0 - 
~0~~ -i ~2 

03 2405 ‘~~~ ~~~~ ~, ~~e 
09 0mo 

~
- ‘ 

~52 %3 054 ~55 ~
‘
~~~

‘ “
~~ ~58 

0
59 ~60 

053 °62 063 
-

DATA X ‘—~~-i I [

l l JTL~~~~~~~~~HW ’

~~ H J W
- -- 

1 OF 64 D E M U L T I P L E X E R  

- ) -
~I fl t t OUTPUT

INPUT ,_ COUNT UP~ UP/ DOWN 1 ~
COUNT DOWN

CLOCK i OUTPUT

- 

COUNTER 
~~~-i I, CLOCK

F/ qurn e 13 . ELASTIC SHIFT REG IST ER

‘- - “-- . - -‘ - -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



__ — ‘ - ~~ ‘ ~~~~~~~~~, - -~~~~~~~~~~~~~~~~ --- ‘~~~~~~~~~~~~~~~ ‘~~~~~~~~~~~~

n u t  t b - i t - i  t im i d , m rune - u r n s  l I f e -  n’ s -n i t mug ’’ mmnre  i u m l ’ ’ n ’u ’u i t  i s m u  I h l u i i t i ,’r - I t  t h e  t S R  i s  in , e i t l , u ’u sie nid : - i I u i m t -  the
i s  uue - e -ded , I i i  u n - O s - I  i o  m u - n d  d u ’ n u n h i i u g  time - jnim C- uim iln g is inhibited , If a s l i t ’  i n n m n n i m n g
f n , m ruue syn c ‘us n t e m  ‘I  g n  ‘ u m n u d  t m ,inr r u i n r , i l s , i -nu t  u m s 50 niessnige hu m n I - i s - s - mi  ‘ut ’ l u t l i e - I l l - i tS i - i u r p h i e s  t h n u t  t ine -  tSR
h i t  fn ’ . Oi ls ’S i r e del  -i - u e’.l - T - ci u s - i’ t nu ‘‘dsumln I b i g ’’  , ‘  b’ i s in tim - i end :0 - i r i s -  u tuie m ini load lung is en ni b I i’d m mmd

I u n f , - i r ’ u , ,  i t  n o n , -i - i n  re - 1 s t e d  - t - - t’t b ’u’v 0 t h e  c r 5 - m t  u -i n ” the’ tSR is fuunce -si I ‘-i t h e -  cs - r o t  u - n  zone.  I f  t h e
-i f l u m f u i r u n u a t  i , m n m  . \ a lc l e t  j our  i s  a c c o m p l i s h e d  by n n s l s ’ nu i s  i l  n - i -  i s I s  -u s ’ r u s i l u n ’ r ,  u :esl - the lu St  i n s  m ci - h

,t s ’ v n e u n b t ’ n u t  iu ig t i r e -  1I 1h , 1 s , n I  b , u u i i t  s n  by SI) whi  s-h f r , ’ , u ,  s e - I - i - c t  i ng a ‘u v n u c  h i t  in  t h e  end zone to  -u
uu, ,u ke s t h u s ’ se l e c t s - i n  -‘K L I - i n s r  50 ‘ i t s  w h i c h  s r i -  

~~s’~-ie -  b i t  in - i  t h e ’  v s - n - i t e m  :m r n e  - u s - b i l e - i n  i s  , m j u u o r , ~ - i t

— ,n ’ -ia’- i 1 ,,, ’ui t l v  1-i- -u t n - i r s’s - i ’ , - , I ns ’,-i e u u t u - iu u u 5 caucU s’ 50 b i t s .  Tlrus ,m s l i p -f So t- i i t ~ u s
, m c e - , - i u ’u p l i s h u z s l  m v  i n cr s -’ u os ’ u r t  u l ug  t 1 1e hl p/I lsius’n I , - iu mrm t u,-n- nu e- in ie v s’d situ tine nnu odu lu ’—5 0 l-n l p s r n  v - u n t o - i ’- cr1 . ’
-iv S u l  w h i c i n  n n n t m k s ’s t i n s ’ se- l u - - i t t  inn n o -n - .’ 50 hu t’, t ’  v - i - i , u r u t  n - n — — m nc u u’ s 1’ h l s - i t  n usimb it i _in u - i n ’  u ’ t n ct u s — n  sub’

tiu t’ n u g tu t - l i i  t h u s  s - b u s ’ t im e  ss’t s ’ c t - i n r  juuu ru ps buic k so t i - i  t i , ,  v - i  r o t s  O n t  , - i f  t h e  h I p/ l l ~’ie -nr ml u u : t e - r  i s
,‘v ei ’ the 50 b i t s  Sh i  ci , m m ml bee-in -ms -n ’ io ius l s ’  0lt t~)Ut r e q u i r e d . I f  n i u - i - sr-u n cu- n i s  nsn t p r e s ’ l  mit-s ly  s i n - i ,  u n -

,un m l  s i n e -u s i l l  n i - u s  l’s ’ , - i u m t l u u u t  t i n .  n i z e d , t ime t S R  i s ’  n i h l  h’ - n v s ’,l u , ’ - s  p - s i I i - - i o u

I vh r e ln r e s s ’u u t  5 t u e  sine- c s - h u n t  s - i n ’ s I e l u t a t  i l s ’
l i t h e - n  u ’ \ ” t t ’ I u’ , I h l S i , k ’ i ’ s t  i - i r i s  h i c t  i t s ’ t h u s t  t l ~~’ u ’ t  u n , , ’. t s ’ - - i t  w ine -re  t I m e  s i - n o v  ‘ i t  is, I m u u , - i :  t ’ uu ’ oi ’ ’nu c

trSR g u n ’ s- t h i s -i g n , m u t r m m !  t e m u l u n u n u l s  s, — uu l s’ w u r n u i n u g  ‘i ,ifl v ’ : u o : t e - n  s i l t  n ” t m - I - i ’  u c h u s ’ns- s s n n u c h i t - ’ t b u ‘n i t  i s - i l )  t he
o r , o e u u , l  u n g  m i e l u _’t lo in - i n ’  ms - I - i s’ t u t u - i l m u .  Ihe u s i n n u i m i g  h SR w i l l  u i  s i  bus ’ se -ne - Sm -- r u i t e — si nut t h e  r o t - n  - ‘ I n s ’ —

c ’ .n t i v e r mt ion i d - i - i - i t s - s i  u s  t i n t the b SR u- m ull scnnd nm -us’ u’ ’ ’ t i j  t i c k ,  Bee- ,io i ’u s’ t h u e I Cli i s  u n ; - i , I , , t e d  ‘ m u u l  -i
,,r reps- u t  ms , sn ’nu u i ig ‘ : r e n s I g t -  t h r n s u u u g b n  Is-l u- -i_ -I i v  one - se c, - n u - i l  r o u t  i n ’ , s i s , t h e ’  tSR n ’ } m s ’ u e  n s - l i -rnu e t r ’ -i ’ i s

nuns! t F u r ’ - l i e - l u t i n e -  t i n i  nO I’n n m u n e  f - - u’ t h i s ,’ - i i n ns ’_ s c ’ i ’ , nu, l  l b , - t  un  , u , h i ’ - i 1 u u , u t  s’ m e , m u m u m — e  -if t h u  s’ I nn -i g m ’s-ss n t he -
iti tu ,t ’~ ,u 1  u u : u u : u s ’ s l o - i t s’ l s  i - i r e - i’ s - s h i n  tIe ’ , u u ’ t i i , i t  . i e l c t n -n n e - n ’ s t u -Iu:  in -i u c u h u u i n i r r g  s,\’lnuI.

- n  n e - m i s - t i n  u u nn u w i m i e - b u  , - e - e - h i~’S ‘ l u  t i n t  - - l i e - s i c - - n j
‘ t u c k ’ ’  of t h e’ m m ’ ’ . I  t i - t i e c l s s e - k .  I u n i t i : m l l v . n 1 s e - i c — v a u n t e r  I i ’  n i , t i u s t s ’ sl t o

u m l t i o o u , i t c l y  v - O u t n u r Se r ’ si t ienm on ’ t h i s ’ syn c  i - s i n
TIre u - i l  h i  u - u  s - f  t h e  h - n - i l l  s u m s ’  b s ’ e - - i - i u i c e l m t u u , i l t v  hv n o , i h u n n g  i t  g i l - - n - ’ ,i — i n u g l e  c l -c F  p u l l - n e wh e n e v e r

d i v  ide - mI  r i m - i  u s  shsnms ’ur t i n h - n  -~ I 1 I I  . I f  t i n t ’ s t I e s -  t , - i n  t i n e  se-in c os ’n’t i - u : c - ‘nov lushes th u t  t h e  s - i r i s -  c ’ ’ u n t e r
is I’, ’, ’ .uid  - i - i  o u t  m u g  t i - i  n u h - u t  in  tine uujuper—e - nud c ore- i d ’s’s uu, - n cu - n  h u n  e tine c- r n ’ s - v t  p- i —s i t  i - inn - - i t  t i n e
at  the  u - r i d  of -i , , nis ’ — see -oni sh i - i u r e r ’ c l , n i l s - l e t i ’ se-TI e- h i t ,  ‘this i ’ f b ’ , u u n i v e - l’.’ decrem e n t s  t i u s - s y m u c
u surr ni ng lois - so ge i s  u n i t  u n t i l  ntis! it t I m e  eat ‘f . - i u I r u n e - r  hr  ,-i n u s - ,  whic h i -- i- u i - u tin t t h i s~ se-n e- csssunter ’
t h e  o n e — s e e - - i-m ush  u~, u n - mi u u u g ,  t I r e  I l l-i l m u , u s n b  I ‘ b u r u t s - r  i s  est iu n t i t e  ‘n ’ t I c  p -i - s i  - ion - i - i ’ t h e  sm -ru e- b i t  is inns -ed
di’cns ’noi ’Ii ts’,I Sm SIi , while - h u- l u’ -- t i r e  ss’ l s ’ ,’ t m  h i c k  inn - i c b i t  n - -i t h e  H - r h  in  n t , .  I SIt . -n i n ‘th i s-n
tm - i i but i s i i  u s - ti us , i - i  ru t s o-s i n  y , u - un  t he ce - in te l ’  s - r - ,is - i t  i n n ~-i - i i s t n - i- i  n u .~ ,u k n i t  - -i -is it is -ru ish le-ti Is
c -in s’. Si m i l , m n i - i  whsz r tire sele ct - i- i n i s  t’-i ’ m u m n ml in  l I n e r  in - i time. lVbi s’ri ss’ni re -h ing f-i -in n t u s ~ s n uv  - i t -
t bie I , -i m ss - n—e - n u i cs - m i s - , n u r e - l i e - a t  w a r n l u i m i  u l l s ’ s s , u m m e i s  i t  15  Ions -it - n ‘b le  t o  ‘-t’uur v h f - e a r l s ’  t o  , I n c  smn
i n u u t n , m t c d  ,uf ts ’r us- i- inch -i thr s~ I m n / l ’ , - i m.’t u u o i u m r t e r  i s  t i l t  ge uo u ’r u l lv t h e  a n n e -  m i t  i s  e-nc - ’’u ni t s’ nn d rind
i l i v  n u ’n : u s ’ n l t  s’ ,t Sm’ SI ) - us- tH e-hi  n b , -i v e s  the  - - s e l e c t  - i - i n  m u c k  I t - i - u t cut  ‘ i t ’- - nt- i in -i>- - - f t u e  I ‘us-n , t e n i ts - which

o u r - - i  t h e  ci’ u l t e n ’  : - r e ,  blu e’ s i t d e n u s t  zone is  ni sl ded urn C i t  p e - u s i b l  s’ c u r - i t s in -- p n cps -n s l e r ,mni c s ’  , l  l ’ s tind
a t c i  Hi -i - n  enn d ‘i ’ n t - i - i  s— e n t e r  a w e  n - i ’ p u ’s-s’s-n t t h e  -i , i u u ” s’ a fals e s-ins- e - m n n d i t  i - i o u .
I SR f rom im nu mec s’s-n , m n i  l v  n’ s - p e l t  i ng u n - I  d e l s ’t i m u g
t r  mu tes  u rn  i L r  l o m  I ) n p p  l e n  n b i t  u - i - i r i s  1 t i h i  5 t ‘I l\ I I  31 1 \ u  \ \ u ~ C O \ F R O L L I \ I  Till I ‘— I  I
t he d i s c r e t e  n n u t u u n s ’ of t h e  ‘ ‘ t i l l ’  SY\ l ’ r l , I , - ’ t h -
c i ’, u s s l i m n k  c l ock  u s  , i . l n n i o t s ’ , t 1 m m 1 - 3 r u l u v r , - s s - u’ I - i u i sI h u r l s ’ l ur his -i den-el -n ~::’ u ’-- iut ‘‘I ’ l i - S - S ’9 i t
I m-is,-r e!unen t s .  m e - s - t i m e  i , - e - u r , - 0 0 0  T 1 0 1 s ir s- I - n i c t  u c u - i l  s u s  ‘f k e e p i n g

r n c k  of t h u  v n u n i , ’u i s  u t  -i t es n the ‘ u s t s’ l l i te” was
11w 00 I n n  of t h e  1:511 v - ‘ : u t r - i l n s ’ st e m  u s  a needesi , h u m s  u s , i 5  r i - - i t  s-r n ” , , - i 1 - i, m m ’ e n n t w i t h  sin gle - -

si u v n u h s ’ — h n v — S I i  m i - w i t s - n  whos e -  c - l i m i t  u r i s  fn -om I’ t - ’  s i t e - I l  i t s -  t e — l  5 , ‘ - u r n  se- I - is’,1 i u : u p i ’r’ i t i n - c  w i t h  d u a l —
S n -i m u r s t s ’ i,h f (1 1 ’  l o u , t h i s  r u n , ’ , - mi f mn u m n r m h c n  s , u r e h l i t e  t e - u t s  i n v - i l v i n g  t ! b c  v n - ’ s s l i n k .  -\

c - i ’n n e s~-i - i - i m n u I s t m - i  t h i s ’  v , ’ n i t  en c - urn s ’ -o  t h u s - i n S R .  IVh re n i s y s t e m  des-e lop e d  I - i n  usu c  t he  t o - j u t  b u g  eo n i rnrnmunsI  m u ,1
thus ’ sv nt s ’ n - i is s n u i v h n - ’ i u u : - i ’ ,i , t m s , e - e n m t e n t s  - - i f  t i n s t e l e - u n u e t r y  l i n k s  n , -i t he a t e l l i t e  ‘u -

_
I nn  pn u nv ed  to

cou n t e r  w i l l  i n s h i c ’ u i t e  t he -  I - i l - i s  i t  l in n u - i t  t h e  ov r r c  he m i  s p e n s u b - i l e  in  s- i n n  -i ’r u — i v e  e x e r c i s e  of tui e
‘ u t  in t h e  center c - - i r i s ’  f t h u s ’ t Cli I s i r u c e  t h e  e - o m m u n - i i v n i t i on s  ‘.I n i - o n - -  - - u  of L b u S _ S ’ s,i ,
center cs -mi s’ hnis 51) hits - t i m e - n e  i s  . m t w , u y s  “m u -  symn c
hi t in nt ), -\u ’c~-ir ’uh r u i g l v , t h i s  m’ , - i u m m n t e - m  ‘I- s-u’ h u e s  ‘i p b n - - s t o g r ’ ip h n n t ’ t h o u ’ m u i i - i’u’ poun d d i - u n - i l n m ” i o u g
off the Irup iut ( I n - k , i . e .  - win s-n un input s l ’ u t , i  I S  c - lo ’ l I ’ u l u u r l c , a t i o n s  ci -i mnnm nn : ind ,m nd t e l s ’o t’t n v  is si - i un us’n i n
unsente mb into t h e -  I SR . a ll  the hits in t h e  s h i f t  F i g .  I l5~~. This pnmmue l l i n k s  a “ l - 5 k  d i a g r n m n m  - i f
ns-g t otem move u-is’ s-n - ‘tue m i t  - t lu ’ 11p/Ii own I ‘ ‘Ouli ts’r thus - sui te - h 1 i te c o n n u u n n u i n i c . m t  i - ins  ‘u \ -u t e nmi  i s l  thu ,mlnpr ’-i - i —
uric n - i,’ I u Is ’ I l l s  b- i s- - - i nn s- , m d  t i m e -  s e - i n c  u’’- u u rbtcr i n c r e m en t s  - i l - i t s -  commzunsl s u-in , i telemetr y so tbrn m t a li ss n can
in- one. °mt one—see - t im id  u r u t  cm ii I- ’ tb-ic contents ‘f , I~~~e s inus - cbn ,’unge t h i t  is required - pu sh a ‘si t I - i ’ l l
t h us’ sync c - i - u n t e m  a re  j t im 1 ’  islesi i n r t , i  t h e -  h I p / I l l s_a-u m o flip a re-I ,mv , - in  Se t  a , h i t u i  s, u u m n v e  f - i - i n  i n s t - u n i t e ,
cou n t e r .  Th is  m e - i n s  t h a t  t i -ic  - i m p  mi m e - ru  v - l i m i t e r  , o b d  t i me nu n - a t e -  the  v a n u f i r m i n g  t e l  s b u s ’  I n ’  f t  s-n t Ine
and . cons c sluen t  l v , t i ne -  - i t  ‘ t , s e l s - c t - - i n  r i m e  f u - i r c~~s! c u n u n u m , u n d  has  bee-n re ce i ve -u i  i n  t ime  s i t  s’I lu te m d
to select .u s n e -  i- m u  t t ine - ime - g  i n n i n g  f n i - i - i r i s ’- t h re t e l s’u :’ i ’t n ’ hn u s  n e - t u r n e d  to  the -  gro mund ‘ u t , i t i
se-cenr .h l u l l  m m v i I - , u t n s i  t h i s  I s o  tu men m mns  t h u i t t h e  m u  i ln is  o’ - i m n i n u ’m t ime  mise r  can  n o te  p u - i s s i b l e  s’ f fs ’ct
heg i n n i m n g o f -i  f n  m o o - - i ’  c , n  rue - tde -s wi t in  t in e  he -g i n n i n g  - i i  c i n r n m n i n d s  h n e f s n r e  u m  t i , u l  ly sending the -n . since a

a - i  m s—second tnt m ’m ’v ,i 1 - hi su c k  d i n m g r n i m  i s  t h e -me  to f u i n c t  i , m n , u i t  v m nil m c  u I ,

h I n t ‘n ct  ions  us -hi s -h  uni v ‘an t  ,i ls . . m y  he ‘h o- n u - i n - u ’ - , I t
If the I SR a,is lures’ s u m s  I y - i j ’ s - n  - I -i mug in tIre is nil so n - inn -ip cn .in ing cs-nunenie ne-e u -i h av e  ni I i  glut

center lim e , tinere - us nu change inn tine I l l- i / l I , wnu s - h i n g e  s t , u t c  shor t  I v  n u f t e n  s end ing  um comm and to  

- 
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E l I - i n C  I S .  C€’a l thh I i J l C - I T IOIJS  CC ii1AR V TE L E M E T R Y  PANEL

e -u - i n f u n- i t s  i n - i l p s~ n ms ’cs -I - t i - i l l  - The s o - i t  ire set if s ’s -j o l t  cml p- i m t  ung display to sen fy Correct data
1,1 5 - C u -i ll L , - imouuoI ,unn i v, it 1 , -mi s s ’ - -- ’u ru onmm i , h rind I - : 1cm t m y  d i s —  I m u n i s f e r .  Pu sh ing  the EXECUTE button trunn sfer
;n l ,uv v ir us-is is ~hreis ’mu in Fi g , (IS), l’his m rm nunge- th is unigle dn mt, i to the d i s h  which moves to the new
-- c u l t  10 pnim ti c u l n mnlv well ~uu it e d n the e s t a b u l i s h —  a n g l e ,  I f  t h e -  ,m tb ne n dish is rilso pointed correctly
‘ti ’nr t  m md - u m , m i n t e - n , u n s - s ,- -i - f  ,i cr,’ s s l uu nb S i n ce ‘-i’oss- the energy l i s - b 1 st i l l  s-sync on and amatmo-trae-’mc can he
link mu, - i i nti ng tingles ire cs -in n s’mts’ ,h fm ’s-nm n ,mus ti -hem- s’ n l n l , i u ’ s -m l , The I r i s h  P o i n t i n g  and COM”IAND D E S I G N - I l l
s,~~u, t - ,hs-c i om i,u 1 degrees . n u l u ’ m i g  w i t b  ,m t l  i t i n d e  con— lit ‘.II 5H ,m n m g l e s  ins -  i n d e p e n d e n t  in a u n t o t m a c k  and a
o n - i l  se-stem r , i l  rind pite - hu io n f - i m o : n u t  1,- i n t o  a l l o w  o u s t -n  5 , m n u  n o te  tIme reasons  for t h i s  on the  same
q u i c k  I m u t e r p m e t t m t  is-in.  -\ s s - i c m  s - t ed e- ’ o o o o o s u n m l s u n s ’ p a i n e - I  -

- i t s - i m  i n t e r l e a v e d  w i t h  t c l s ’ns’ t m s ‘ ‘ mm t h e  p u n u s - l~ so
0 0 1  i t  l - i - i g  i s - - i l  su p e r tu t  ion s - m n  s - c e - b u m  - I e - l i n s e — u u p  -f  lOin I c  t he se  p a n e l s  do not set up a 1 j u n k  ‘n
t h e  c m ’ s  s l i n k  p a i n t i n g  

~ 
m i s - i is  shi ne -ri in  F i g .  I IT  i ’  O s - f u ~~s- in c x p e r im e r r t a l  mode by t h emse lves , t hey  do

F In  u s i n g  t h i s  p a n e l  t o  s ’ s t u l u I  i s h  n u cm , s s l i u r k , the  p r e s e r m t  t Ime o p e r a t - i o - n  w i t h  a c l ea r  p i c t u r e  of the
u i - u s - n  f i r s t  i t i i t i , m l i : e s  ui m m u i - n i _ c o m n r l n n l t e r , p n i m n u r i l v  m n u n y  mosles of tlnese satellites and offer a
u s e d  be- t h e  e-_’” ’muni m ’ - i t  u , - i n ’ s - - i  - i S i s - l Ob , with n ut tits u de stra uutl itt ’orwnimd way to interact with the s umt ehl ites,

‘- i itm , - iI references as di spt y e - mi  urn um p ane l  bn e l i --iw I t  s h o u l d  he no ted  t h a t  some a d d i t i o n a l  f l e x i b i l i t y
the cn - i - is s iin k pusn”l . The n n i n i - e - o m p u t t e r  now can b u s  been ine-imrporated in telemetry display h prus-
send cr oss l i n k pointing e- ,nu m m , - i m n ~I dnuta bytes ta - i the v iding r t i n d o m l v  selectable “probes ’ in to the tel-
commn m nd s - i - s t e n o  i n p u t  s t o m m g c  in each rack. This e-me~try stream which can access any of the 400 tel-
t r n i n s f e r  is i n i t i a t e d  by the  user  nuns l ennch corn- c m e t r y  us - -i - i rd s  and d i s p l a y  these 12-bit b ina ry  words
o n , m n n , l  input accepts only pointing inf e-- im mn it ion fur in a nu mber - - i f  fs r m a t s , a “ rule ” t a k i n g  the form
th e sn ut ell ite it is t gomin iand . This stmured data of ‘l\ B where N is the raw telemetry value,
is tIne - rn converted us it wun u ld be u f  n - r u t  to the Using this tool , we can monitor oscillator tempera-
o ut eili te nund disp lnu yed in lw -u windows lab elled t i uns ’s in ul egmees (Tent igrn ide , K-band power in m i h l i -
A :I i -II J TII  ni mnd  ELEVATION , Computes l  P u n i n t i n g ,  ‘u us I t s , or c - i ’n v e r t e n  gusit p sits ~fl Volts or amps , just
t - - i e - - i t l e  sw i t ch  cnnn s e t s ’s-I e i t h e r  t h i s  i s - t n  n m s i n -  t n  g i v e  e x a m p l e s  - i - i f  t h i s  u s e f u l  feature,

- ii i t  - which in the s-use ‘- i f  c om pu m t cr  f i n  lu r e ,
f - i n  i n s t n m n e - c , can be sent by p t u s h i n g  e i t h e r  tIme As an m i d  in s e t t i n g  up a cros s l i nk , for
, m z  ‘um i u th  - - i n  d ee-n t ion push ‘o ’ u i t t , ’in c - i imm nu mud  load e ,iooh ple , this system allows ni crosslink t o  be es—
in t h , -  b l o c k  s h i m g n m n ~u , The next  set  of windows  t n  t , m h l i s h  i n  l e s s  t h a n  15 minutes , even for non-z ero
t h e  l e f t  - I I i M \ l - i \ ’Cb l  1 1:5 IGNAIL ME MORY , is  a t e l e m e t r y  n - i - I  I mi d p i t c h .  S i m p l e  mode changes  take a few
d i s p l i m , s u i t a b l y  e - i m n v e n t c d  I - i - i  dec imal  de gr ee s , of s e- c s- mn - i s .  l i - I emetr v  i s  a lways  at hand to a l l o w
t h e  n ’ s - - i - l y e - s I  m i n g l e  co mmn u n d i r n  the  ‘- u t u ’ l b i t e  il ust n u , ’I i n g  ‘n- stem c o n f i g u r a ti o n s  as qu ick ly  as p o s s i b l e ,
bn i ’ f , n n s -  i t  w i l l  he used t o  p o inu t IF - i s -  , m m m t e n n n i  in  the  Inn  t h e  s - u s e -  of a h ar d w a r e  f ailure , a single rack

u e - q u u u s l t i u n n  ox - ide - .  T h i s  sl i s p l m y  shou ld  m a t c h  the  c u r t  he u sed w i t h  e i t h e r  LE S-8 or LES-9 by th row ing
ni single switch.
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t - - t - m l  e - s m um m nn ia m m d I i _ I  u~ i n  cb i s - i s i.’u i s- s’ s tl u mmg t o  tb - i c  eum er gy t h r e s h o l d  s _ i s  enabled 1. -i u I  1 m w u b i t o n l - i , u t  m m
u s - i ’ t u m h n u s ’s ’. ‘I ’ - u c s - nu nu nm ; m nmd i n  s - s t ; i b l i ’ . h u u i n g  nu s h e - s i r e d  s w i t c h i n g  t m - i - n I l  Sm -IN n - - i  I s - l u  i f  thus’ energy -iIs’ts’v tor
.‘ - - i bub ru uu un  m , s t  i m i s  uum , u s i s ’ - u n  t u s ’ S s t e - I l l  t e -  it - i.e -if , a in the autsmt ra ck ru- c s- i s - i cr  exceeded i t s  threshsn Id
v - i - uiouuu, m mm, l s- in n eit i er -i - r u l e - i ’  - i l - i t  -i u, mut o 1 h s m l d i m u g  v n i l m i e - . The r e s s m l t i n g  r e m i t  i onsh i p shown in
ms - s - u  u- t s r ’ , s’ s s - v b u t t ’  t h n i t  i s s u e - u  i t s - s i  d , i t . m  , cht ium ge a I ° i g - ( l 9 t i )  is t h e r e f u re de te rmined  by the  t h r e s —
ms - l u ” . sum ~ n sum hu c y .u t hi s - u t ,m 1 pu l se  ni t  si -- inc i n p u t ,  h o l d  s e t t i n g  of the  energy d e t u -c t o r  in the
lIe -v m u ss’ ‘f t I ne  p o o s i h i  l i t  is ’s f- u’ ,u d , u t , u  r e c e i v e r  phnuse l i - m e - k  is o - su p and m m, nt buy t he  I s s m i n t  in g
u’ - i u ’ -, o i , umrd , t h i s  s- sn mm mr n i nd s’; u ni  - i - i - i - il -i inc 7 u m t i s - t  i s - i l  l v  s-sh l i ip m e -nt  - Tine curve  l . ih ~~l les i  I ’S m u l e - a t e ’ s  the
i ’ -i -i mortne -d us i t i m  nu I s - i g i c u  1 s - i  m s - m u m  t u s h m i c h u  i n n p u u t o  t h e  i mp r u m s - e d  pil l 1 — i n  p c r f - i n n m n u . u n m c e  t h n i t  iS  O i V  I i  I n i l n l e
,l s -s ir e - d  , h , m t , i  n i m d i u mut psut the  n ’3 b i t s  s _ h i s - h - i  o u i , u k u ’  f r urn a sept lrnmte s- nun n is’ n detector  in  the aut sn t rack
up a c m m n n n m n u u d .  O t h e r  e-su r m n n n u u d s  i n c  S t - i - m s - -il in t h e i r  receiver  i f  the l i n k  degrades for t iny reason - I t
m ’ o u i  I ns’t in i l5 l i s b ~ m u d  o u u t 1 u b u l  i s  m s ’- i h b i s’ste-d b- ~ thne is es-ide -nt t’rum m l u ig.  (191 - i l t hn i t t h e -  im l unmusue m u . n t
s ’ j 5 t ’ n u t - i ’ m .  in  P 

- - ‘N 
- 

d ime t - i -i psi I l —  in i s  ad es~u;u t e- to  ens u re
p m ” i 4 n  ~ n m v k  i r i s - .

I , - n ’e - mb o i s - s’ 5- , u n i t ’u u o i o u i  s _ ’ b uIchm e-s u ihd c,iu n se - ’ u n t i s —
I k s - u i  c u - i u o n u u u , u u u d  t i - i  ins ’ se -nit  - t i m e -  s e l e c t i o n - i  i f  csnrn — I s t e n s  in-’ m u ’ s’ ‘ - i f  the  sa t e l  1 ite—to—snit e l liEs-
nu au n - i s  is decided buy pnislr m rng a ‘out t , n u  I - c m ted iun nu d a t a  l i n k  s i n c e  i n u s u n c h  hn as  demn nons t  m i t e - s b  c om p le t e
l ’l ~ - s -k  d i , m g m ’, u m u  n e - o u r  t I m e  f iu m t’t h u n  t s  i s  c , i u u i o o - i , i m n m l s’, l .  u e l  l a b i l i t y  i n  m l  1 s-ni- S e -s Ninth 10 Kb - i ’ s nu n d
N - i  t m ’ u m n - l , u t  i s - mm fr onu f u i u u e - t  i s - mu  t , s m inni e -  t ’ u  n u u n o : u b u s ’ u  100 K b — / s  1 i r u k s  n i n e  n i - - i r e - n i l  I - i l n s’ n u t s ’ml in  nu reg ion

o n d  the - u -u s - i- i c  b u t t ’.l l o t  t h u - - i - i s -  l i s t  u i - i t  - i s  n e - m i n i  i red.  s _ h e - r e  b i t  e-r~ on S d un,’ to random no i se  is less  t I n n s - n
As , u u s ’o u t  u , - m m e s b bnu’f - i - i n e  . a s- -rrf u m o : u u  bo il t s -  l enne t  my .u p ar t  in  11) - I n  com lname p r e s e n t  pe r f un rn na ne - e  w i t h
d i a l - i l l s’ is 1-i - c u t s’,t nms - , i rb n v t i  make d sm uh l ~ — s u r e -  t h a t  p r i o r  to ln i u u n e - h . each d i s h  w a s po in te s h  I - i ’
t i i u t  t ine -  u- i t c h  li t e i s i s  b - i u ’ - i b r s - m’l v ‘ o o u i u t - i u i d s -’ ml , t’ , u m ’th  m m d  a e - n , u s s l  u r n k m e - i s  e s t n u h l  i shesh  I setween o-

Si t s ’ l l i t e -  am-id nu ground st ,mti on simulating ins-thu-n
T h i n  im np ls -u :it’o i t - i t ion bnn is  a l o - ’ u Si - i h u’ l - i - s s i b l e  o u t s - l u t e .  P a t t i  gni themed in - i t h i s  i s - i  is s-u-imp .uns’ui

5110: 1 - i l i f  u e- ,mt is-in th ,mt us m un u n n u n n u n t ’ t  I c .  ‘S-i -onus - I - i ’ pre— 1_ munch d n u t a  m d  shown in I’ i gs - (2hlni , b - i l
i u s o i c t  u - - i r i s  r e - m l uu i  re uuu , ns- th n umm this ’ h- i - i - u s- 12—hit data f- i- in b u S— P . i’he e-ross l ink m i s  now been ni se-d n - i - i

c, ’nnmu u m , ind t , -i properly change- . l’he s - usu mm nrmn m nd  i umu l n l e _  u ’ e - l n u v  e - omnun n ua mnst s , t e l e m e t r y , l o w - m u t e  m d  h i g h - r a t e
s-t ’ lr t m t  i t - inn sised kmnm u s _ s  w h i c h  p ni sbm n u m b  r i o - mrs  meq uu i  re e - o m m m m m m i c a t  ions s i m u m l t a n e s n s u s  l v  in  i , t h  d i r e c t  ion - i s ,
1 , 2 or oonu -ns ’  d n u t . u  t r a m t s f e r s , t’, u r u u u , - i t s t I m e  t a t , i
fr - i - mm the -  pan e - i  n u p p n m u p r  runt e- t y . m mm l sends  mo mn unv
s- c’smn,nm un ind s us  n e e - e s s n u m y , ‘I ’ I n i s a b i l i t y  t i - i  i npu t
s b u t ,i fn,-iiou tIne panel mind trn uu n sl nit e - i t  t u  smi te - i ii te
u m s n t ’ l e  d a t a  u s  ,uns i then  I m O O S - — n i l  b r g  f e - u t  mire

u s  i i  l , i h i e  in t h i s  s y st e m .  The sv s l s ’uii d e s c r i b e d
is  s’ i s l l v  lenmr ne d  -is new io~s- m s 0’ i ’ S - S tl . I t  is
ni c - i -n e - c n n  i s ’n t t  i s i s -  u - i f  d e s c r i b u i n g  v sn l u n u m s  s - o m m u u n i c a —
issns modes , buy n o - i t  m i l l  sw i  Es -h  p s s  i t  ions  ‘m ind da t a

in ned on s-mi m ics ‘f thus’ p unc Is - ‘I’hese s-s-pies \CK N Ot c l  r l - i l ; i  ‘hi \ S
t h e n  ser-’.’e to  ‘ - i h n l s u e p r i m - i t ’ ’  t he  .-p c n . m  I ion u n n , b  n u l l s - m w

I ck r e f e r ence  I - i -  pa s t  s u j n s ’ n n m t  i - i - i l - i s , -I k ey  I - i - s - k  ‘l i me  des i gn , i n t e g r nnt ion , and t e s t i n g  s- i’ the
sw i t c h  s - . i n i  , i i s  u h l e  t i r e  cin unu rrunum i d  f m m m u s - t  m , n i o  - i f  t h e  s y s t e m s  d e s c r i b e d  in this ptmper s-ru ssed many
sy s te oo o  when used is .u t e l e m e t m - i’ — - - n u I v  p u l l s - i  - t e c h n u i s - , m l d i s c i p l  h n e s  m h n i r i n g  t he  p a s t  flu e years -

Am u - i n t h n e r  k e -y o s ,  i t s - i n  s - i s - i - i  o s - m c i’s t - ‘ d i n  u t - i l  e- v u : : : : ,  u u u u l s  - l’he ,i sut hors  s_ i  sIn I b  u s -k n , u s _ ’l s - b g s’ t ine-  e f f - i  n t  and
such us s e t t i n g  the , u m m i ’ s u i r , i  rca I — t i  nrc c l ’ s - k , v - i o - b ’ j l s’ m u u t  i - inn i f  bin - R . l i m i e r , i n .  I) . I’m’terson
s _ h i s - h  arc  s e m s i t  ly e  t m  most  , u u u u n u u u  I - , t  u ru s-s o i s ’ n i _  t ,  H ,s i lS , l , u t n  , nuns! I . ‘sl ime - h f - inn i n t c g n . m t  ion m d
n u n s - n u t s  s-nd i re  not sent  me-it l u - i - m t strict ku is -is_ l s’ul gs- -icce j’ t s-mice test in ng i - i f  the crossl ink syst s’nn
s-f how they  are to be m u s s - - i l ,  I . Suit h i u a u n  fisn the i n h e r e n t l y  s i m p l e  u i - i s  d r u v e ,

I i , N , u t i m n i n s ’ i u  fo r  t h e  hi  m x  t h e - m I I c - - t n t  n - i - i l  sy s t s ’ns ’,
Iox luer i en ce  w i t h  these p a n n e l o  h nm ’ m shown - i t h n m t  Dr .  \ , Sm i t b  f - i - i n  e l c ’ c t r o - u o n e - e - h u n u n r i c n m t  de s i gn  nu nd

t h r e e -  htuu’ c hnmd t he  she s in s - sb resmu it - i f  oil Iso-wi mu g the  :unn i li’s is , n-in-id Dr. -I . Di on f- i -in c-i- i nns -u’ iv ing nm nd
- i m n b o u c  t o m - n - i - i l’ e - - i n r n m mm n i c n m t  i suns s- s~~o’. n I u u s ’ o i t  -u m u  uhe l i v e n i n g  the -  I s ib i n g  feed .

iun tc m t i s -t c 1 . - i n t ’ l - u- w i t h  t h e  s i t e - l I  i t e s  mi t h u n i u t
i m i s - c m o n s - i v  a f f e c t ing  s - t h e - n  5 0 5 1 - i ’s--; -i n t h u s -  5 , u t e l —

I i t e s .

‘sib - 1-s -bI D P 515 s - t M  P b RI- i O R M,-\Nsl h

The c r o s s l i n k  p o i n t i n g  , n c i l m m i s i t i o n  ansI
I n i c b i t m g  s , ’n t e - o u n  performance - i s  s s m m t n n n n n i z s ’ ul in
F i g s .  ( I t s - i , h , c )  - ‘rhe p~’e— l n i sm ne - h r  u n c n i s - i m n e m e n t s
w e-ni’ .-ht ,m m e-sI by mounting 1,1:5 -oh s -mush LES— 9 s-in two
i s i s  ~u - u s i t i - - i n e r s  separated by s i x t y  f e e t ,  T h i s

n u l l - - n i  was considenes h t I m e  m i n i m u m  n e c e s sar y
1 - i - i  -bus s - - r y e  c r e d i b l e  f u n  f i e l d n u t l  s - mnl n nu p e r fu o -m nn ance .

TIne d a t a  shown in b - m g .  I I s - m o  s _ n u t  - o l - i t , u j n e - d
by p n e — p i m i n t  i ng  the  n i n t e n u n n u  h mu o - r s- ’n I s- b u t  t s - i  s - s u m s - m u t e
s_ - i nst case an t e n n n i  a l i g n m e m n t s  s l i m i n g  ‘D ’ \ \ . l I n e

— ‘ -
. . 

_
..-,-,:

-iS 

• — - — --- -—-— -——-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-- ‘ - — - -- - -

mo .000p ”- — - - - -

9999 “ - 7 ’ ’  -

CW , 3O K P4 z IFBW / -

/
- I / MEAN TIME TO BREAK LOCK

- / / 0 
- VS

/ / P, /N 0

/ / 1
/ /

~~~~9O / / -
I 0 -

z / I -J

/ /
A s_i

i;~ - - I
5- is - - 0 00 lo~~~sw -

- /
‘is

5- - ,- 5- 0 10 KBPS ‘~~ - 100 KBPS
I,- I z/ -

/ _
o I

~ uo ~ - 
0 

-

~ V
I — 10KBPS tOO KBPS 

mm- 

~~~~ 
~~~~~~~~~~ 2

on - 100 KBPS DATA POINTS 
74  SEC

o om , 
10 5BPS DATA

40 411 Se- ‘.‘ 6c L . -
5:- 4, ~ u s_u

P s , l s - S  -s~-- P / N b d B - I ’ I z b

F i s o , ’ 7 5 r , ~~~~~~ -i - i h s - T - i 4T~ AL - ‘ ° I I I S b T ? O ~ l u , , - ’. I s - I - i, ‘4~ 4iJ T I P  Tc’ R R U A K l - i’-i ’K

eu . f ici  POE ‘~ --

-‘-S 
-S

F m p s ’u c  19c.  I ’RACKP ’JG AC CU RA Cy 



- ‘ ‘

_
_

_

PC 

~~~~~~~~~~~~~~ 
Ft 

_______

-
~~\ ‘PRE LA UNCH - -\\ - ‘

lb i 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1 

p 
~~~~~~~~~~~~~~~~~~~~ 2 1

~~~~ - -  , ‘

~~ 

- “ - j ’m~t m n ~rmj fl h rr1pmp , ~~~~~~~~~~~ 
-

~
- - - - - l~~ n Jf ~~rJT - POST LAUNCH - - - - ‘

, ‘ 
T~~;p t I L .  ~~~~~~~~~~~~ 

- 
- I l ” ’~~” - 

,
“

~~~~
- 1’ -

UI 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ 

•‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I

S • • ~~~~ • • atm . 5ai W Ce’ • r • ii~ S E.~ C •• • SS

PR/NB PR/NB

Fu, luul -i /On . CRO SSLIhJK LChs RATE 8ER s - u i  m ’s-’ ~‘/ I  - Cl~c S S l I 5 ., s i r  to 
~~~~~~ 8UR

14

• - _ ‘ i so .
~~ 5: -

•

- i s  ‘-
~~~~~~~

-. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— —
~~~~~~~

—- -



r ‘ -  __~~~~~~~~ ‘ ‘~~~ ‘~~~~~ - - - ‘ —

I ‘ ,\m - l , , -\ S - - i t  I l l - h  I 
——

S m , C U R u m S  C L A  C A t i ON O f  u f i m s  P A I , E  4~ , , - i u  i - i s i s  V ’ s i , - i . d

REPORT DOCUMENTATI ON PAGE 
RI AD ix~~Ikil( Th u i ’u~~

f ’ ,‘- ..l,,,—B44~’4)Bs P4 M B E R  
- 

2 , G O V T  A C C E S S I O N  No . 3 R E C I P i E N T ’ S  C A T A 1  Os - N U M B E R

I /~ ~~~~~ J~- 2-2.~i 
_ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _________

4- T I T L E  ‘ si-id o h a b i i ,“‘ ‘T ..S , .IY?~ O F R E P O R T  & P E R I O D  C O V E R E D
_______ - ‘ ‘~~~~~~~~~ - - ‘ n / r -  ‘ “ -‘ -

0

1 
S , i t e I l l n s ’ - n - i i - S , u u u ’ l l m n u ’  D am ,  I m ’, m i u u ’ I - n ’ , m u i s b Csum n t r sml , (~~ Iu u hun i u u ,m l N - - n t

~~~~~ ~f~i’~~ Th ~~~RG REP O Rt  N OJM BE B
I s-cl mni is - .ml “ i - i t s -  I m7 7 4 ,—~ “

7 . A L u t I ’ $ O R - i s ’  8 C O N T R A C T  OR G R A N T  NUM BI  R u ’  -

D~~~u I \ l  ~ t u u I l  I~~ v~~~I t ~~ u~~ /~ _

—

~~~~~~~~~~~~~~~~~~~

‘
—

~~~~~ 

J
Ph u ’ - i s - ’ s U I N , -  C1 R GA N u Z A i I O N  NAME AND A D D R E S S  10, P R O G R A M  E L E N t N T , P R O J E CT , T A S

A R E A  K i s O R S  UNuT NUMBERS
L i n m c u u l u u  s - _ , m l - i i u u ’, m l m u i ’ s’ , NI .  I I
P , O. h o w  ‘7.1 ,,,_ , ~~~\ j ,~L - i - i~~n u u u : ,  ‘, [u ,’ m r ~ il _,~~ . 1- 14 i l l -
Lexinngtsuun , NIA b i f l  I’ .i ~~ Pt~~i~~e-r / i l .t~ (

i i , c m s N r w o L L r , - I G O F F m C E  NAME AND ADDRESS 
~~~

“ ‘T77~”Bt’~~1F~
”OAt E 

—.

L’ Sy u - l t ’ u m i u -  k ’u m i n m n t u I u i s l , I ‘SAl-  I ~ -ii J unM-ft~n,-i LtTT

L Washlngtmm , lX  211.131 -

I 
~ MONi rOBING A ,, i  N , ’ F N A M E  A A D O R 1  x i  - - - i s -i ’-

”1L
,~~s_~~ 5 ’ i s - i g I u I ~ i - i ’ ’  15, S E C LI11 I T n  cm 555  u h s , ’ ,-1’ , ‘i  -

Ele et r u n uni c S e - u - t u n i s  I i m v n u ” m - i  mu / ~ J ___ ~~ I n i t  h , m u - u ’ m n m u ’ u ,

I I s - un - i - s - - m u m  u \ i ’ I i  - 
. I

- — / ISa- DEl I A S S i F c A T m ( l N D O W N G R A D I N G
II,cd i i u r t h , \1~~ I I I - 11 / — —  - SCH D L I I  F

t o ,  O I S T R u B u  l I O N  S T A t E M E N t  - - i  tS~, V i -

App ru m v s- - i t ’ - i i’ p u m i u h m u _ u . I - l  - s b i i — n r i l u m i t m - i  - In u m m n l u m m n u ’ -i , -

~~~~~

-

, ~~~ : 
F’7 ’ ~~~~~~~~

-i

_ _ _ _ _ _ _ _ _

D 1 S T R ’ i i n ’ T - i O N  S I B t E M F I s t - 5, U i - s t  ~‘,u,- ’,- -i s / i l -  l S , s - u ’ ’ ,- - ~~ ’, ,., k~ m - - ’ n

8 SUPPL E M E N T A R Y  NOTES -
Lout s ’

19, x Es WORDS u ’o - i ’u ss , - - s ’ , , , ’ s , e  uu de i n  and , , I , ” u i s O  b ) -l - S ns, ,n S , - i

satellite s - uuu - i m n n u u m m u l i s , u t j i u m u s  g lobal c u m m n n u m n m m n m c a m m - i ’ i n i —  LI  5~~mi

pi i l n l i l ig  co n m r u ml  LE S— bh h-i s - u u rn  po inting

\

70. AE8 STRAC T oi ’ , ’ - iu i u - i iue  -i ’s , - e - i , , ’ suu i p u J -,“, -~ .nao im,, d us i e n t .f ’, b y bloc0 ,u us , , u b e r - i

The I.E’s-B and -9 m i a t e l t u m , ’ s  i re  uburee— as ms sta lsilmz ed ea rtln —us mb it spacecraft wh Ich p ruuv mde un uun sm unm c , , nm , sn s  un u i l l  insl IS -hand
frequencie s wurts  the s ,i ms ,i u , u l u n v  u i  52/UJt aneOU y e st ain lmsl u ing and aut o n ia tus u u,l ly n iam nu sim n i ng ,u IS -ban ,b - - i n -  its u s - b u s -  ,- ,,u e l t ume —t o- san e l imte
data link, rtme mn n i ’ r - ’ m a m n - l l u t e  u l , i l u i  cru-issliumk me-ends the earth coverage -yen that which -n ‘- mn1_’hi’ ’,uU’ I I ~~n - can p riuv iuk ’ inst denuon-
stra nes how i glu-iha l i, m s m u m n u s - i i n - i u  it nI, - i v - i - i t , ’ mu, mig ht i-n real Ized wmt hoi.a the res t ni ctiu sm s u u n - i u s u - i t s u ’ - i - i u -is - gmusminul relay ,

I his rem--i-n ulrscrilw’s the operation and characterist i cs ui ihe loSing antenna and p u s h ing , - n , m r - i -h , the ssn t - i d  st ate transmitters and
receivers . rh, -uu to t r ,ck rec euvi ’  r ansi elast Ic shift register c;round based and pos t - l u s u i u i s  O u I s ’s-  o’-,us ln - i - b p u u u n n m n g  and cu nnn nuinlca t Ion
syst ems -ire p nenent eut . -‘/ t s ’ u . u s-se r —or ient es l system Is described wh ich, arnuung - i l l - i c r bu ’ , i t - i u r - ’, , uI l- i ’u s ’s an , , ~s ru ts - in IC eas il y estab lish
a cr uns s lm n k fr -urn nbc ground te r tnnmn al usIng po inting angles calculated by a som al I computer t m ’ n m  - i s u - i u , ,s’ , n ft sienuve il eart h pointing
para meters ,

DO 1473 
‘
~~DIlI0N OF I NOV 6 1 I S  OBSOLE T E I NCLASS II’ l l nI )

SECURITY  C L A S S I F I C A T I O N  OF THIS  P A G E  lAo s  l ial a F ,u ere dl 

~~~~~~~ - - _- i_,~~
__ —- -~~~’ _ _ i__ _ ’, _ 

- - -  ~~~~~~~ -~~~~~~~~~~~~~~~ -
- ‘


