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t i n l c  i t  t a k e s  l a s e r  l ~ u l s e s  t o  t r a v e r s c  t h e  distance bc.tween t.hp space-. 
c r a L t  and t h e  t a r g e t  and back .  To measrlre baselines, a r a n g i n g  
s e q u e n c e  is  used  wllicll minimizes t h e  e I I e c t s  01 s p a c e c r a f t  mo t ion .  
l i a s e l i n e s  a r c  computed Lrom ~11e sccluexlcc of' r ange  rneasurenlents a n d  tlict 
e q u a i i o n s  of: motTon oli t h e  sp i i ce t : r a l t .  E r r o r  ana l .y s i s  i n d i . c a t e s  t h a t  
a r a n g i n g  s y s  tern h a v i n g  an  a c c u r a c y  o f  10  c e n t i m e t e r s  f o r  s i n g l e  
rneasurernents ant1 o p e r a t i n g  111 t h i s  mode can  i n d e e d  y i e l d  c c n t i r u e t e r  
p r e c i s i o n  w i t h  r e s p e c t  t o  i n t e r t a r g e t  rneasurernents, a s s u n ~ i r ~ g  t h a t  
s c v e r n l  thousarld r ange  o b s e r v a t i o n s  a r e  oh t a i n e d  p e r  t a r g e t .  

To s e e  how t h e  SGKS can  bc used f o r  [:ine t r a n s f e r ,  one t:iust l o o k  
c l o s e l y  a t  t h e  rarlgc sys tcnl  s ixice t h e  l a s c r  p u l s e  i s  t l lc  o n l y  s i g n a l  
which i s  corrlnlon t o  b o t h  t h e  SGRS and t h e  g round .  F i g u r e  2 s l~ows  a 
b l o c k  d i ag ram of' t h e  r a n g i n g  s u b s y s t e ~ n  as i t  is plannet l .  Thc s t ~ b s y s t e m  
1~i l . l  u s e  a f r e q u e n c y  doub led  neocl y m i  urn-YAG L a s c r  w i t h  a  p u l s e .  w i d t h  of 
a b o u t  1.2 n s  which is f i r e d  a t  a b o u t  a 1 0  pps  ra te .  Observe  t h a t  b o t h  
t l ie  t r a n s m i t t e d  a11d r e f l e c t e d  p u l s e s  w i l l  be  meastlrcd Lhrorlgh t h e  same 
c h a n n e l  t o  a v o i d  r a n g c  b i a s e s .  The r e a l - t i m e  c o r r c l a t o r  and peak tle- 
t e c t o r  w i l l  o p e r a t e  i n  a I a s l l i o n  s i m i l a r  t o  a c o r l s t a n t  f r a c t i o n  di.s-- 
c r i n i r l a t o r  t o  f i n d  the c e n t e r  of t h e  ptll-se independei l t  of  r e t u r n i n g  
p u l s e  anpli t i l d e .  T h i s  d i s c r i * r l i n a t o r  w i l l  have  a dynamic r a n g e  g r e a t e r  
t h a n  100: 1 t o  conlpensate f o r  a t n i o s p h t r i c  s c i . n t i l l a t i o n  a n d  o t  t ier  e f r c c t s .  
N n t i c c  t h a t  an  e v e n t  c l o c k  will r e p l a c e  t h e  usual  "tit:ic of  measurement:" 
and " r ange  t ime i n t e r v a l . "  u n i t s .  '1Slis e v e n t  c l o c k  w i l l  r e c o r d  t h c  
epoch of t r a n ~ r ~ l i t t c d  and rc l ' l e .c tcd  l a s e r  p u l s e s  w i t h  an a c c u r a c y  of 
g r e a t e r  tlian 40 p i c o s e c o ~ ~ d s .  'I'l-ius, t l ie  r a n g e  fiine i r l t c r v a l  t o  a 
t a r g e L  is t l lc  d i f I c r e n c e  i n  epvcll of t h e  Lido p u l s e s  and t l i t  t i m e  oli 
measurement is t l ~ c  a v e r a g e  epoch o f  t h e  t w o  p u l s e s .  The t ime of' 
mcasu r~ t i l en t ,  wliicll i s  a l s o  a n  estifilate of t l le  t i n e  01 a r r i v a l  of  t h e  
l a s e r  p u l s e  a t  t h e  t a r g c t ,  i s  s u f r i c i e n t l y  a c c u r a t e  f o r  r a n g i n g  pur-  
p o s e s .  When c o r r e c t e d .  f o r  r a n g e  ra te  e f f e c t s ,  t h i s  t ime i s  a l s o  
s u f f i c i e n t l y  a c c u r a t e  f o r  time t r a n s f e r  p u r p o s e s .  

A r a n g e  p r e c i s i o n  of LO c e n t i m e t e r s  i r , lp l ics  a  r a n g c  timi.ng p r e c i s i o n  
of 667 p i cosecon t l s  and ,  il' i .ndepct~~dence  is  assumcd,  a  s i n g l e  p u l s e  
t i m i n g  p r e c i s i o n  of  471 p icoscc .onds .  Tlii s nu~nber  i n c l u d e s  a l l  e f  f  ec  1:: 

o f -  consequence  witl1i.n a  t ime  pe r io t l  cor:iparablc t o  ~11e r a n g e  t i m e  i n -  
t e r v a l ;  i. c . , up t o  7 m i l l i s e c o n d s  . Because of  t l l e  comniorl c h a n n e l ,  

it is p o s s i b l e  f o  compute t h e  t ime of a r r i v a l  of t h e  l a s e r  p u l s e s  at 

t l le  ground t a r g e t  wit11 r e s p e c t  t o  t h e  SGKS c lock .  from a knowletlge nf 
t h e  two e v e n t  t i m c s  and t h e  rani:e. r a t e .  T h e  e r r o r s  e x p e c t e d  a r e  

t h o s e  r e l a t e d  t o  p u l s e  tirrling a17~1 t v  no11-cnnl1~~11 c h a n n e l  e f f e c t s .  
T l ~ e r e L o r e ,  i f  t h e  pulse t i m i n g  p r e c i s i o n  on t h e  ground is  assunled t o  
1 , ~  t t lc  same as tl-ltit of t h e  SC:j:S, n t o t a l  one  s h o t  t j . ~ ~ i n p ,  p r c c i s i o l l  
a t  ground t a r g e t :  of 577 p i c o s e c o n d s  s11oul.d b e  expected. 
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~ T O I : ~  r i le s t : ~ t  ic111. S~lc i i  a s t ; ~ t i o i l  i s  d e p i c t ~ ( 1  i n  F i p i r i t  3 ,  7 ' 1 1 ~  way 
t h e s e  s t n ~ i u n s  ~ ~ o u l c i  bc ~ ~ s c d  Lo t r t lns1er .  ti.mt2 i s  si~o\.:n i n  Iti~:~re 4 .  
/is t h e  s l > [ ~ t L l e  flies o v e r  t~,:i) or -7mrr. rcmoLe c l u c . 1 ~  : ; i c e s  ec.luipped h i i th  
g r o u n d  s t i j L i o n s ,  i t  woiilil r a n g e  t o  thcr l .  ( : o n c u l - r e ~ ? l y  car11 groilntl 
s t a t i 0 n  woul(1 Z P . ( I C ) I - ~  the epoch  o f  l a s e r  p u i : i e s  a s  Llley i l i r  I;ile s t i j t i o n  
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c?lir;l-inatc t.he trarlt ;  l:cl- s l ' r o r  P :  *:!I)?. <j~i- l )~.) i l~-( j  Y I - c ~ ~ . I S : I ~ - . ~ ~  S ~ ~ I ~ I ~ ~ T T L !  'i'l1:i.s 
would ;ill(:)w n n e  Lu avcIma:;i< rian:7 ric-,~;il.lj:cl::erlCs to ~:er;i~i:.i? t ? i c  :)ne s11ciC 
i?leastlr~.111~17t e r r o r .   lo^.^ !11ui:il ti-I-is :an i ~ c  clone. is: r;c-!ternlinrcI hy t!ic 
1 i l : i i t s  -i~:posi?cl by ~ysI.er:~iiLic crri:lrs ol: s lo \ ; iy  ~~arr,!~l1j: t i ~ ~ ~ r l .  i i e l i 3 y s  

1 - el-Lt.ci in[; Gill-! irle.asllrtin:enC . Fi l s :  r e s t i l  ts ::i 7i1 <:l-cLi:i:.. b;+i;~n ia.sc.1- 
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measurcr :cn ts  and a n n l y s i  s o f  a ~ r : u s : . l e ~ . i i :  c?: :..:(::I 5 j:lc!i ~ L ~ L c  t l i ~ l  t h e  
1 ; 1 . 1  1 . I  I I 1 .  - 5  1 - 1  , i'lic t: , - T P ( : .  1s  of  

, . tile ~ I - C J ~ ~ I ~ J  r e c ~ i \ ~ e r  L I I ~  ~ ~ ~ l - ~ i x ~ ~ . ~ ~ ~  ~.L$.:(:I.:I-;>,.;~: ;::!-? 8.~::;c !c.::.-t..fl i ~ : ~  L ~ I C :  ! I P Y L  

scc t i o n  , 

A llloclr diilgram of' t h e  Lasor- t l . m c  I r ~ n t ~ s t c : -  i:rc : , i . ,  ~+ ,~ . i l . r . i i~r l  i s  sil:)wl-1 .i.n 

r e  5 l'l;e groulic! s i a t i o 1 1  has  i'nr.11- b , ~ s i , .  ,~.iL.:.!~tJ::.l -; : ci  ?.ii t:rorr:f let- [.or. 
reccivcr-,  a c o ~ l s t a n t  f r a c . t i o n  d i s c ~ i r ! l i n a t - c ) ~ - ,  r-1:id c:.?/elli c..~(:)c:IT, ; i l l r i  ii 

da ta  l o g g e r .  'Lhe rct~.rc;reIlcr:~o~'-:t~.i:e.i.~v'r.~~ ~ c c i l l ~ i  c o r l n l ~ i t  of r-i c ~ l h c  
c o r n e r  a r r ay  t o  reileci; Lllv 1~ : ; i ' ~  I)l~].~i 's and ;i l ) t i i ) l o ~ : ~ u l t i ~ > l i ~ ~ '  t-1.1bi. oi- 
a p \ l o ~ o t i i o d c  t o  detect Lllc a r1- i~~r3 i .  :)I l a s ~ ; -  pi l l  si:s 



For t h e  d e t e c t o r ,  r e l a t i v e l y  i n e x p e n s i v e  p h o t o n u . l t i p l i e r  t u b e s  a r e  
a v a i l a b l e 3  w i t h  t r a n s i t  t imes  of 1 0  t o  30 n s ,  r i s e  t i n e s  of  1 t o  3 n s ,  
and f o r  t h e  p u l s e  anipl i tudes  of concern  h ~ r e ,  ~ i t t e r ~  of l e s s  t l ~ a r l  100 

ps .  P:rrors caused by d e l a y  changes due t o  tenl1)erature o r  o t h e r  v a r i a -  
t i o n s  occur  p r i n c i p a l l y  through changes i n  power supp ly  v o l t a g e .  With 
a t o t a l  power s u p p l y  s t a b i l i t y  of 0.1%, v a r i a t i o n s  i n  t r a n s i t  t ime a r e  
l e s s  t h a n  20 p s .  Any d i r e c t  e f f e c t s  on t h e  p h o t o a i ~ l l t i p l i e r  i t s e l f  call 
he e l i m i n a t e d  by s h i e l d i n g  and t e m p e r a t u r e  c o n t r o l  01 t h e  Lube, though 
t h i s  w i l l  p robah ly  n o t  b e  n e c e s s a r y .  

The c o n s t a n t  f r a c t i o n  d i s c r i , m i n a t o r  is  n e c e s s a r y  t o  compensate f o r  re- 
ce ived  p u l s e  anipl.itudc v a r i a t i - o n s  caused by a n g u l a r  eLfec t s  and 
s c i n t i l l a t i . u n .  The d i s c r i m i n a t o r  would b e  s c t  t o  t r i g g e r  t y p i c a l l y  on 
ttic h a l f  a111pli tude  p o i n t  t o  minimize arnpli tude  t o  tirylc c o n v e r s i o n  
e f f e c t s .  C:onstant f r a c t i o n  d i7sc r in i ina to r s  a r e  a v a i l a b l e  w i t h  a  t i m e  
walk of  l e s s  than  120 ps over  a 1 0 0 : l  change i n  p u l s e  a m p l i t u d c . 5  
'This i s  more than s u f f i c i e n t  t o  compensate f o r  p u l s e  amplitude v a r i a -  
t i o n s  t o  be s e c n  by t h e  tirrle t r a n s f e r  r e c e i v e r .  Temperature c o e f i c i -  
e n t s  a r e  such t o  keep t o t a l  t i ~ i i e  s t a b i l i t y  b e t t e r  t h a n  120 p s .  I n  any 
c a s e ,  s i n c e  c o n s t a ~ ~ t  f r a c t i o n  d i s c r i m i n a t o r s  w i t h  s u i f i c i e n t  accuracy  
can b e  b u i l t  i n t o  a  p l l o t o m u l t i p l i e r  t u h e  house ,  i f  n e c e s s a r y ,  one  can  
renlove t empera tu re  e L f e c t s  w i t h  a t e m p e r a t u r e  c o n t r o l l e d  shroud 
around tile p h o t o m u l t i p l i e r  a s s e d ) l y .  

Tlie even t  cl.ock wi l l .  run  o f f  5 MHz and 1 pps s u p p l i e d  by t h e  1.ocal 
c l o c k .  T n t e r p o l a t o r s  w11ich measure in terva1.s  of 100 ns t o  500 n s  i n  
l e n g t h  t o  a r e s o l u f . i o n  of 100 ps t o  500 p s  arc  a v a i l a b l e  a s  s t a n d a r d  
CAMAC modules. This incans t h a t  an even t  cl.ock w i t h  on ly  a 101) n s  t o  
500 11s rcso l .u t ion  wol~ ld  llavc t o  be c o n s t r u c t e d  which co11l.d e a s i l y  
be accomplished wit11 s t a n d a r d  'I'TT, l o g i c .  O f  c o u r s e  c a r e  wo1.1l.d have 
t o  be  e x e r c i s e d  i n  r e l a t i n g  t h e  1 pps i n p u t  t o  t h e  i n t e r p o l a t i o n  
measurernent. Th i s  can be  accomplished w i t h o u t  too  nl~ich di f l : ' icul t -y  
17rovi.d:ing t h e  1 pps i n p u t  has  a  r e l - a t i v c l y  f a s t  r i s e  t i n e .  TL' t h i s  i.s 
a  problem, a sctieme s i n i . l a r  t o  t h a t  or1 t.he s h u t t l e  i n  wh4.ch a  l a s e r  
d iode  a t  t h e  r e c - e i v e r  i n p u t  is t r i g g e r e d  by t h e  1 pps  i n p u t  can be  used 
t o  r ecord  t h e  epoch of t h c  ground c l o c k .  J u s t  a s  i n  t h e  s h u t t l e  sys tem,  
t h i s  wollld c a n c e l  mosL s y s t e m a t i c  d e l a y  e f f e c t s  i n  t h e  t ime t r a n s f e r  
ground s t a t i o n .  

S ince  t h e  pul.scs t o  b e  nicasurcd wi.l.1. occur  on ly  a t  a 10 pps r a t e  l o r  
30 seconds o r  s o ,  t h e  d a t a  l u g g e r  need  no^ hc co111pli.cated. At t l lesc  
speeds  a  simp1.e p a r a l l e l  p r i n t e r  CaJ1 hand le  t h e  d a t a .  i i l t e r n a t i v e l y  

n c a l c u l a L o r  can be used t o  c o l l e c t  t h e  dat.a and s t o r e  i t  on a t a p e  
c a s s e t t e .  

S1luttl.e Time T r a n s f e r  k'crdsibil i t y  S tucly 

For  tinle t r a n s f e r  t o  b c  f e a s i b l e  v i a  t h e  s l l u t l l e  l a s e r  r a n g i n g  syster.) 



n o t  on1.y rrlust t h e  1.ascr F;yster:l be c a p a b l e  01 t i r ~ i c  t r a n s r e r ,  h u t  t l lc  
s11utLle o r b i t  n u s t  a l s o  a l l o w  tir:e t r a n s f e r s  kctwccn r e a s o n a b l e  
s i t e  l o c a t i o n s .  To dc Lcri-line wilet.her t h e  s l l u t t l e  o r h i t  woul(1 a l l o w  
such r c i i s o n a b l c  t i r ~ l e  ~ r a n s f c r s ,  ii s t u d y  o f  s h ~ ~ t t l c  p a s s e s  ove-I- s e l e c t c d  
s i tes  d u r i n g  a 1 2  day  o r k i t  was ma.dc. Tlic s i tes  a r e  l i s t e d  i n  F i g u r e  7 .  
The s i t e s  were  se l .ec . ted  f o r  u s c  i n  a  v a l i d a t i n 1 1  exper i f i lcn t ;  t l ley e i t h e r  
liad VIAIi l  c a p a b i l i t y  o r  hncl c:loclts a t r a i l a b l e  w i t h  nat~ost.c:ond pc.r day 
s t a b i l i t i e s .  

F o r  t h i s  s t u d y ,  a t w c l v c  day 50" i n c l i n a t i o n  o r h i t  \gas i lscd.  A p a s s  
w a s  de i i r l ed  as l l a v k n ~  a t  l e a s t  a 20" i11c.lil latior.i  i n  t i ) ( ?  r a n g e  v e c t o r  
b c t ~ ~ . c e n  t i le  s t l u t t l e  atld ~ l l c  s i t e .  F a r  Cilis s t u d y ,  tile s i t c s  ;:ere giver1 
code numl~e r s  a s  l i s t e d  i n  h ' i g ~ l r c  7 .  A f t e r  a l i s t  of p a s s e s  wcyre corn- 
p l i e d  and t i m e  o r d e r e d ,  t l ic  l i s ~  was s e a r c h e d  f o r  p a i r s  o f  passe-s  a t  
s e l e c t e d  s i t c s  w i l h i n  t i m e  i n t e l - v i i l s  Tram (iO sccot lds  t:o l o 5  s e c o n d s .  
The r e s u l t s  of t l i e se  p a s s e s  a r e  sll~olirl-1 i n  F i g u r e s  8 t l l rough 1 5 .  Thesc  
charts  c0ntai.n t h c  r e s u l t s  of  R coinputer  seiircti  i n  \ /h i  ch  tlle c.omputer 
tvren~ s e q u e n t i a l l y  down t h e  mastel- l i s t  t o  clrf j l le  Lllc f k l - s t  s i t e  ol- a 
pair arid the11 coun t c d  t h e  nuniher o.E tirrics tl-le secorld s i t e  a p p e a r e d  
w i t h i n  t h c  s p e c i f i e d  p e r i o d  aftcr - t l~e  t ime of  the f i r s t  s i t e  p a s s .  
'1%~ resu1 t . s  were sunxiled as t h e  tor;-iputer went do~,rti t h e  1 i s t  s c q u c n t i a l l y  
_For t:he f i r s t  s i L e .  T h i s  i:leiiic)il oi: c o u n t i n g  y i c l d s  v e r y  l a r g e  nutrll~ers 
i'or lnrlg t ime i n t c l : v ~ . l s ,  b u t  c a ; ~  bc useful -in t-.nrlh i-ning w e a l h c r  da t a  
where multiple.-. o c c u r e n c c s  of a : ~ E ' C I I I I ~  s i t e  i n c r e a s i .  t h e  p r o b a b i l i t y  oi' 
n b t a i r l i n g  a cl .ear  s h o t .  Li1 an s r  c ; ~ : ; e ,  t h e  rp . l a t . i ve  ~ ; i ~ e s  of  t h e  
numbers can  be u scd  i r i  sitc se1i ic t : ion .  iln e;icEi ni' t l1 t . i  c h a r t s  Llie 
f i r s t  colunln a n d  f i r s t :  row arc t l ~ c  code r~urnbcrs of  tile s i t e s .  h o t i c e  
t h a t  p a s s  p a i  rs Tor t h e  same s i t e  a r e  i r lc luded  r w i  ce. 

i)nc ccan q1 .1a l i ta t i .ve ly  i ~ i l d c r s t a n d  Ltle d a t a  by l o o k i n g  a t  F i g u r e  1 7  wl l ic :h  
sliows a  one day s h u t t l e  o r b i t  :iuper-imposecl o v e r  Llle s i t e s .  Oi. colirst! 
t h e  extrcrrle l a t i t u d e  oil c )n sa ln  aalicis it a P ~ O I -  ~ a i l d i ( l ; 3 L ~  1 : ~ ) ~  d s i r e  
a s  v c l - i f i c d  by Lhe d a t a .  Howexrcr, b c c a u s e  t i le  20" ini.l.i.nati~111 all.ows 
t i le  s l iut t1.e  t o  h i t  axlything 'c,:itt~i 11 . +lo00  . b:~ of  Lhe a r b i t  l)c>si t i o n ,  cven 
01lsal.a IWS p a s s e s  dul- ing t h e  ~ I ~ ~ ~ V C I  pe~. i l . ld .  Siric:c t i l e  o r h i t .  i s  
nnn- rcpea t i l rg  o v e r  t h e  c a r t h ,  iirly t w r ~  s i t e s  v i t h  i.n - +3;7' 1::) i i t i ~ t i c  w i l l  
be c o n n e c t e d  . 'T'he cia t ; 3  sho~v's t l l i i t  1g.i. t h i n  104  ~~tl-.col-~ds :i!i)s t o f t:he 
siLes a r e  cunrlecled anrl r17itllin 3 s 1u4 sccul-lds ~111 oi- [lic site::: a r e  
con l l ec t ed .  F o r  s l lo r t  tiirie i n t e r v a l s  s i L c s  c l o s c  t o g c t i ~ e ? '  xzerii 0:: 
c o u r s e  c o ~ l n e c t c d .  -4s can 1.1c v e r i f i e d  114' ti-ie c!ata, s i L c s  a l o n g  o r b i L  
p a t h s  a r c  f a v o r a b l e  f o r  s h o r t  terrn ~ r a n s f e r s  even  wilel: scparatc2d by 
l a r g e  d i s t a n c e s .  An especially i a v o r a b l c  s i t e  i s  X c s t f o r d  s i n c e  i t  
s i ts  on  many orbit p a t h s  i n .  con;Inon wit11 o t h e r  s i t e s .  
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QUESTIONS AND ANSWERS 

DR. DERRAL MULHOLLAND, U n i v e r s i t y  o f  Texas : 

D o n ' t  you  have t o  know n o t  o n l y  t h e  o r b i t  o f  t h e  s p a c e c r a f t  t o  15 
c e n t i m e t e r s ,  b u t  a l s o  t h e  p o s i t i o n  o f  t h e  ground s t a t i o n  w i t h  
r e s p e c t  t o  t h e  geocen te r  t o  15 c e n t i m e t e r s  and t h e  p o s i t i o n  o f  t h e  
c l o c k  w i t h  r e s p e c t  t o  t h e  CG o f  t h e  s p a c e c r a f t  t o  15 c e n t i m e t e r s ?  

DR. REINHARDT: 

No. L e t  rrle e x p l a i n  t h a t  a l i t t l e  b e t t e r .  T h i s  i s  two-way t r a n s f e r .  
Because t h e  s h u t t l e  i t s e l f  i s  r a n g i n g ,  you  have t h e  t i m e  t h a t  t h e  
p u l s e  l eaves  t h e  s p a c e c r a f t  t o  t h e  t i m e  t h e  p u l s e  a r r i v e s .  You can 
compute t h e  t i m e  t h a t  i t  a r r i v e s  on t h e  graph.  You d o n ' t  have t o  
know t h e  l o c a t i o n  a t  a l l .  The o r b i t  i s  o n l y  a  h i g h - o r d e r  f r a c t i o n .  
The f i r s t  o r d e r ,  t h e  t i m e  t h a t  t h e  p u l s e  h i t s  t h e  ground,  i s  j u s t  
t h e  average o f  t h e  t r a n s m i t - t o - r e c e i v e  t ime .  There  i s  a  v e r y  s m a l l  
c o r r e c t i o n  due t o  t h e  m o t i o n  o f  t h e  s p a c e c r a f t - - a b o u t  25 nanoseconds. 
I t  i s  so  s m a l l ,  i n  f a c t ,  t h a t  a l l  p a t h  c o n s i d e r a t i o n s  j u s t  d rop  o u t  
i n  terms o f  accu racy .  Does t h a t  answer y o u r  q u e s t i o n ?  

DR. MULHOLLAND: 

I t  answers i t, b u t  i t  d o e s n ' t  conv ince  me. 

DR. REINHARDT: 

I t  i s  j u s t  a two-way t i m e  f rame. I t  i s  t h e  same as i f  you  had two 
s t a t i o n s  on t h e  ground u s i n g  a s a t e l l i t e  and beaming back and f o r t h  
o v e r  t h e  same p a t h .  Don Prerno, maybe you can h e l p  me. 

MR. DON PREMO, NASA Goddard Space F l i g h t  Cen te r :  

Yes. The reason why we d o n ' t  have t o  concern  o u r s e l v e s  w i t h  t h e  
o r b i t  c a l c u l a t i o n s  o r  p o s i t i o n  o f  the i n s t r u m e n t  r u n n i n g  t h r o u g h  t o  
t h e  c e n t e r  o f  g r a v i t y  i s  t h a t  we have measured t h e  p a t h  i t s e l f .  
S i n c e  we measured t h a t ,  we d o n ' t  need t o  make any c a l c u l a t i o n s  o f  
t h e  p a t h ,  We measured t h e  t i m e  i t  takes  f o r  t h e  p u l s e  t o  t r a v e l  
down t o  t h e  r e c e i v e r  and t o  r e t u r n .  




