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S i n c e  W. G.  Cady c a r r i e d  h i s  p iezo  r e s o n a t o r  t o  seven l a b o r a t o r i e s  
i n  England,  F r a n c e ,  I t a l y  and t h e  Uni ted  S t a t e s  i n  1923,  tlle 
pr imary method of c o o r d i n a t i n g  t ime between i n t e r n a t i o n a l  s t a t i o n s  
h a s  i n v o l v e d  t h e  u s e  of t r a v e l i n g  c l o c k s .  Thesc were l i r s t  t r a n s -  
p o r t e d  by s h i p  and t r a i n ,  more r e c e n t l y  by a i r c r a f t .  P r o j e c t  TEllPUS 
a l s o  r e q u i r e s  t r a v e l i n g  c l o c k s  hu t  t h c s c  w i  11 r c v o l v e  tliousands of  
k i l o m e t e r s  abovc t h e  e a r t h  i n  a r t i f i c i a l  s a t e l l i t e s .  

S e v e r a l  methods of i n t e r n a t i o n a l  t i m e  t r a r l s i e r  a r e  ~low a v a i l a b l e  
and a conlparison of v a r i o ~ i s  concep t s  d e r i v e d  from d a t a  p u b l i s h e d  
by t h e  European S a t e l l i t e  Agency i s  shown b e l o w .  

Method Ac-curacy Renia r k  s  

VLRI ( p u l s a r s )  1 nsec  

TV r e l a y  v i a  satellite 1 0  nsec 

P o r t a b l e  c l o c k s  

NTS 

Loran-C 

30 nscc  

2 0 0 rls e  c. 

200 nsci :  

S l o w ,  e x p e n s i v e  
ground 
s t a t i o n s .  

Kequires  wide-band 
s a t e l l i t e  t r a n s -  
ponder with 
s a t e l l i t e  v i s i b l e .  
from a l l  s t a t i o n s .  

Slow, spasmodic ,  
exp ens  ivt.. 

H c t t e r  c l o c k s  and 
o r h i  t s  31-c needed. 

T , i m i  t e d  by p r n p a -  
g a t  i n n  pherlo~nena. 

I n  a d d i t t o n  t o  t h e s e  s y s t e m s ,  ESA i s  s c i ~ e d u l e d  t n  lauxick t h e  SIR10 
1 i n  1979  and  t h e  LASSO/SIRlO Z exper iment  i n  1981, SIR10 1 will 



employ tnicrowave t r a n s p o n d e r  time syr lchron iza t ion  and L A S S O I S  1 ~ 1 0  
2 w i l l  combine b o t h  microwave and o p t i c a l  t r a c k i n g  c a p a b i l i t i e s  
s i n c e  i t  w i l l  c a r r y  l a s e r  r e t r o r e f l e c t o r s .  B a s i c a l l y ,  t h e  system 
w i l l  a l l o w  f o r  t h e  comparison of a ground s t a t i o n  t i m i n g  s i g n a l  
w i t h  t h a t  of a s a t e l l i t e  t ime r e f e r e n c e  cloclc. L t  w i l l  be a n  
e x c e l l e n t  d e m o n s t r a t i o n  of s a t e l l i t e  c a p a b i l i t y  t o  s y n c h r o n i z e  
t i m e  and a t  t h e  same t i m e  f u r n i s h  a  s o u r c e  of d a t a  f o r  t h e  s t u d y  
of a t m o s p h e r i c  p a t h  t ime  d e l a y  e r r o r s  i n  t h e  e l e c t r o m a g n e t i c  
f requency  spectrum. The SIR10 s a t e l l i t e s  a r e  schedu led  t o  be p l a c e d  
i n  g e o s t a t i o n a r y  o r b i t s .  

S a t e l l i t e  exper iments  t o  p r o v i d e  t ime s y n c h r o n i z a t i o n  began w i t h  
t h e  l a u n c h  of Timation I1 i n  1969 by t h e  U.S. Naval Research 
Labora to ry .  The T imat ion  s e r i e s  were t h e  f o r e r u n n e r s  of t h e  p r e s e n t  
Naviga t ion  Technology S a t e l l i t e s  (NTS)  which NRL i s  p r o v i d i n g  t o  
s u p p o r t  t h e  NAVSTAR Globa l  P o s i t i o n i n g  System Program. F i g u r e  ( 1 )  
i l l u s t r a t e s  t h e  method used.  The s a t e l l i t e  c l o c k  i s  upda ted  by t i m e  
from t h e  U.S. Naval Observa to ry  and i s  used t o  c o r r e c t  t h e  t ime 
of remote c l o c k s .  The  a c c u r a c y  of t ime  c l o s u r e  i s  s e n s i t i v e  t o  
e r r o r s  caused by unknowns i n  the c lock  d r i f t  and s a t e l l i t e  p o s i t i o n  
(ephemer i s )  a s  w e l l  a s  r e f r a c t i v e  e r r o r s  i n  t h e  a tornospher ic  t r a n s -  
m i s s i o n  pa th .  

Ry t h e  summer of 1978 t h e r e  was c o n s i d e r a b l e  world-wide i n t e r e s t  
i n  t i m e  t r a n s f e r  by means o f  sa te l l i t es ,  and s t a t i o n s  i n  England,  
F rance ,  Germany, Spa in ,  J a p a n ,  A u s t r a l i a  and Canada as w e l l  a s  
t h o s e  i n  t h e  U.S. were working w i t h  t h e  NTS s p a c e c r a f t s .  F i g u r e  
( 2 )  shows t h e  e x t e n s i v e  network invo lved .  

During 1978 a n  exper iment  was conducted t o  conlpare t h e  r e s u l t s  of 
t ime t r a n s f e r  v i a  p o r t a b l e  c l o c k  w i t h  t h a t  ach ieved  by t h e  u s e  of 
NTS t ime  r e c e i v e r s .  A s  can  be  s e e n  from f i g u r e  ( 3 1 ,  t h e  agreement  
i n  a l l  c a s e s  was w i t h i n  a microsecond. 

I n  1973, the NAVSTAR Globa l  P o s i t i o n i n g  System (GPS) program was 
e s t a b l i s h e d  by t h e  U.S. Department of Defense ,  and i t  combined 
NRL's Timat ion w i t h  t h e  1J.S. A i r  Forces '  621B s a t e l l i t e  n a v i g a t i o n  
p r o j e c t .  Th i s  a c t i o n  had a c o n s i d e r a b l e  impact not on ly  on t h e  
development of n a v i g a t i o n  s a t e l l i t e s ,  h u t  a l s o  on t h e  f u t u r e  of 
s a t e l l i t e  t ime  t r a n s f e r .  

S o l u t i o n  of t h e  n a v i g a t i o n  e q u a t i o n  by t h e  u s e  of s a t e l l i t e s  i s  
i n e x t r i c a b l y  t i e d  t o  s a t e l l i t e  time t r a n s f e r  s i n r e  b o t h  r e q t l i r e  
t h e  same fundamental  e l e m e n t s ;  e x c e l l e n t  c l o c k s  w i t h  h i g h l y  pre-  
d i c t a b l e  d r i f t  and a c c u r a t e  knowledge of t h e  s a t e l l i t c  ephemeris.  
I n  addition, i f  r e l i a b l e  c o n t i n u o u s l y  a v a i l a b l e  world-wide t i m e  
t r a n s f e r  i s  t o  be accomplished from s p a c e ,  a  m u l t i p l e  s a t e l l i t e  
sys tem w i l l  be r e q u i r e d  f o r  i t  i s  o n l y  by t h e  u s e  u f  a number o f  



o r b i t i n g  s a t e l l i t e s ,  cac!i h a v i n g  cx t :c - l lcn t  c l o c k s  and  w e l l  d e f i n e d  
o r b i t s ,  t h a t  a d e p e n d a b l e  on-demand t i m e  t r a n s f e r  sys te tn  c a n  he  
deve  1 oped . 
S i m i l a r  c h a r a c t e r i s t i c s  a r c  r cqu i . r cd  f o r  a s a t e l l - i t e  wh ich  c a n  be 
used  i n  con  j u n c t i o n  w i t h  e i t h e r  l a s e r s  o r  e1cc t ror i lagnet i . c  r c c - e i v e r s  
f o r  p r e c i s i o n  t r a c k i n g  p u r p o s e s  such  a s  t h c  d e t c r r n i n i l t i o n  of e a r t h  
p l a t e  movements and  t h e  refinefiiel-it  o f  o u r  know1ed;;c o f  the re la -  
t i v i  t y  and g r a v i t a t i  orla 1 c o n s t a n t s .  

P e r h a p s  t h e  most  o b v i o u s  and p r a c t i c a l  s a t - e l l i t ?  ilal~rii  d a t e s  f o r  
suck1 a  sys t em a r e  a s e l e c t e d  ar~il !-r:ocli ficc! v e r s i o l ~  of :I riumber of 
t h e  NAVSTAR GPS s p a c e c r a f t  will c h  a r e  riow i n  development. T h e s e  
w i l l  b ~ c o m c  o p e r a t i o n a l  w i t h i n  t h c  nexf decade .  T t  i s  n o t  
n e c e s s a r y  t h a t  all o f  t h e s e  s p a c t ? c r a f t  h e  c o n f i g u r e d  a s  TEMPUS 
s a t e l l i t e s .  T h e  f u l l  NAVSTAR s y s t e ~ ! ~  w i l l  c o n t a i n  2 4  b i r d s  
a r r a n g e d  i n  t h r e e  p l a n e s ,  e a c h  a t  a n  i n c l i t l a t i o n  of  LrS d e g r e e s .  
They wi.11 h e  s p a c e d  i n  s u c h  a m n u c r  t h a t  a t  l e a s t  f o u r  s a t e l l i . t c s  
w i l l  he  i n  v iew anywhere  o n  t h e  g l o b e  a t  a1 I. t i m e s .  Each  w i l l  
c a r r y  a n  u p d a t e d  e p h e m e r i s  and f o u r  o r  Inore w i l . 1  p r o v i d e  u s e r s  
w i t h  t h e  e l e m e n t s  of a t h r e e  d i m e n s i o n a l  n a v i g a t i o n  f i x  p l u s  a 
t i m e  u p d a t c .  The f u l l  NAVSTAR c o n s t e l l a t i o n  i s  shown j n  f i g u r e  
( 4 ) .  The s y s t e m  w i l l  o r h i  t the. e a r t h  a t  17,300 k i l - o n i e t c r s ,  e a s i l y  
w i t h i n  l a s e r  r a n e e  i.f a d e q u a t e  r c t r o r c f l c c t o r s  a r e  c a r r i e d .  

The  t h r e e  d i m e n s i o n a l  ~ l a v i g a t i c - ) n  accuracy  a v a i l a b l e  from t h e  
NAVSTAR s a t e l l i t e s  w i l l  be  e x t r e m e l y  h i g h  by t o d a y ' s  s t a n d a r d s .  
I n i t i a l  t e s t s  a t  Yuma, A r i z o n a ,  c o n d u c t e d  u n d e r  c o n t r o l l e d  con- 
d i t i o n s ,  have r e p o r t e d  p o s i t i o n  f i x i n g  t o  b e t t e r  t h a n  1 0  m e t e r s .  
However, t h i s  a c c u r a c y  i s  p r o b a b l y  n o t  good enough f o r  nlany 
p r e c i s e  s c i e n t i f i c  r e s e a r c h  p r o j e c - t s  i n  geodynarnics  and r e l a t i v i t y  
t heo ry .  For t h e s e  and  s i m i l a r  p u r p o s e s  a c c u r a c i e s  i n  t h e  c e n t i m e t e r  
range a r e  n e c e s s a r y .  

F o r  t h i s  r e a s o n  i t  h a s  been interesting t o  d c s i g n  a TEMPUS package  
wt-lich, when added  t o  a s a t e l  l i t c  s i m i l a r  t o  ?IAVSTAR would p r o v i d e  
a p r e c i s i o n  s c i e n t i f i c  t o o l  c a p a b l e  of m e e t i n g  the s t r i n g e n t  
r e q u i r e m e n t  of  t h e  s c i e n t i f i c  corrirnuni t y ,  w h i l e  a t  t h e  same t i m e  
not i n t e r f e r i n g  w i t h  t h e  b a s i c  CPS o p e r a t i o n a l  m i s s i o n .  This 
package should be d e s i g n e d  t o  have  minimum i m p a c t  upon t h e  b a s i c  
NAVSTAR c o n f i g u r a t i o n  and s l iou l  d bc a b l e  t o  f u n c t  i.on n o r m a l l y  i n  
t h e  GPS o p e r a t i o n a l  c o n s t e l l a t i o n ,  An i n i t i a l  e s t i m a t e  o f  t h e  
number r e q u i r e d  t o  p r o v i d e  wor ldwide  t i m e  s y n c h r o n i z a t l i o n  as  w e l l  
as a p r e c i s e  t o o l  f o r  r e s e a r c h  e x p e r i m e n t s  n e c d i n g  s u c h  a 
c a p a b i l i t y  i s  two TEllPUS s a t e l l i t e s  i n  e a c h  p la r le  f o r  n t o t a l  o f  
s i x ,  P r o p e r l y  s p a c e d ,  t h i s  number shot i ld  p r o v i d e  a c o n s t e l l a t i o n  
of f o u r  i n  v i e w  f o r  a l m o s t  a l l  p a r t - s  of  t h e  wor ld  o n  a p e r i o d i c  
b a s i s .  P r o p e r l y  conf i g u r c d  t h e  TEbIPUS pack-age wi 11 d e f i n e  p o s i t i o n  



a c c u r a c i e s  i n  t h e  c e n t i m e t e r  r ange  f o r  s t a t i o n a r y  l o c a t i o n s  
on t h e  e a r t h ' s  s u r f a c e  i n  a d d i t i o n  t o  i n t e r n a t i o n a l  t i m e  
s y n c h r o n i z a t i o n  t o  abou t  one nanosecond. 

I n  o r d e r  t o  p r o v i d e  t h e  frequency s t a b i l i t y  n e c e s s a r y  f o r  s u c h  
a c c u r a c i e s ,  t h e  TEMPUS s a t e l l i t e  must take advan tage  of a nav i -  
g a t i o n  package s i m i l a r  t o  t h a t  a l r e a d y  a v i l a b l c  i n  t h e  NAVSTAR 
systetn.  Using t h e  NAVSTAR p r i n c i p l e ,  t h e  c l o c k  i n  t h e  s a t e l l i t e  
i s  s y n c h r o n i z e d  w i t h  t h a t  of t h e  u s e r .  The s a t e l l i t e s  s i g n a l  i s  
t i m e  coded t h u s  a l l o w i n g  a c c u r a t e  measurement of t h e  d i s t a n c e  
f rom s a t e l l i t e  t o  o b s e r v e r .  I n  t h e  c a s e  of a  s t a t i o n  whose p o s i t i o n  
i s  known, t h e  s i g n a l  from one s a t e l l i t e  on ly  i s  r e q u i r e d  t o  e f f e c t  
t i m e  t r a n s f e r .  

I t  c a n  he r e a d i l y  s e e n  t h a t  t t ie  h e a r t  of stich a  sys tem i s  a n  
a c c r i r a t e  and v e r y  s t a b l e  c l o c k .  Tkc f i r s t  c l o c k s  f lown i n  T imat ions  
I and I1 were  q u a r t z  and had s t a h i l j t i e s  of a b o u t  10-l1 p a r t s  p e r  
day.  NTS- c o n t a i n e d  a  rubirlium a t o m i c  c l o c k  wfiose s t a b i l i t y  was 

113 
abou t  10 p a r t s  p e r  d a y  w h i l e  NTS-2, l aunched  i n  June +376 ,  had 
a ccsiuln s t a n d a r d  wliose s t a b i l  i t y  i s  on t h e  o r d e r  of 10- NTS-3 
which i s  s c l - ~ e d u l ~ d  f o r  f l i g h t -  i n  1982 and tlke o p e r a t i o n a l  NAVSTAR 
sys tem a r e  d e s i g n e d  t o  c o n t a i n  advanced c ~ ~ t ~ ~ m  o r  hydrogen maser 
cloclcs whose s t a b i l i t y  s h o u l d  approach 10 p e r  day.  Accuracy of 
t h i s  o r d e r  i s  r e q u i r e d  t o  p r o v i d e  i n t e r n a t i o i l a l  nanosccond time 
s y n c h r o n i z a t i o n  and p o s i t i o n i  rig i n  t h e  c e n t i m e t e r  range.  F i g u r e  
( 5 )  i s  a dingrarrl of MTS-I and f i g u r e  ( 6 )  shows NTS-2. Tlic 
c o n f i g u r a t i o n  nf TITS-3 w i l l  b e  q u i t c  s i m i l a r .  

To p r o v i d e  t h e  c a p a b i l i t i e s  d e s i r e d  f o r  t h e  TEMPUS s a t e l l i t e s ,  
more t h a n  t h e  NAVSTAR n a v i g n t i  on package and a n  a c c u r a t e  c l o c k  i s  
needed.  For  a d d i t i o n a l  p r e c i s e  t r = l c k i n g ,  l a s e r  r c t r o - r e f l e c t o r s  
a r e  d c s i r a h l e .  Thc?se were c a r r i e d  on MTS-1 and a g a i n  on NTS-2 
which h a s  4 4  c o r n e r  r e f l e c t o r s  on t h e  bottom of t h e  s a t e l l i t e .  
These were successfully t r a c k e d  w i t h  t h e  S m i t h s o r ~ i a n  A s t r o p l ~ y s i c a l  
O b s e r v a t o r y ' s  l a s e r  on M t .  H o p k i n s ,  Arizoria. F i g u r e  ( 7 )  s l~ows  a  
p i c t u r e  of  tlte l a s e r  c o r n c r  r e f  l e c t o r s  and f i g ~ i r e  (8)  i n d i c a t  e s  
r h e  r c s ~ ~ l t s  of t h e  I l t .  Tlopkins l a s e r  t racb. ing ~ x p c r i m c n t  which 
j,ror111ced e r r o r c ;  whnse sigma was 1t.s.; t l i i l r l  two mete r s  iri t h i s  f i r s t  
a t  r rmpt .  

Ir-I ~ r ! ( ? i t i o n  t o  l a s e r  r e t  ro r r? f l ec . to r s ,  t l lc  TEMPUS pac:lcage shoi.ild 
c n n t ; t i : ~  i l ccc - l c ro~ne tc r s  t:o rnwisure  e x t e r n a l  f u r r e s  or! the. s a t e l l i t e  
I + I ~ c ? ~  21:; s c ~ l a r  p r e s s u r e  si.nce th i . s  i s  p r o b a h l y  the l a r g e s t  s.i.ny,lc 
snurr.!? of t:pl~erneris e r r o r .  A11 e v e n t  t i ~ n e r  s t ~ o u l  cl a l s o  br! .added tc:) 
record si . ( ;nlf  ir:ant. I-iappenings aboard  t h e  s p a c e c r a f t .  Hcca~ ise  of  
t-lhc d~:?>/~'X.o~)me.nt of v e r y  long  basc1i l - r~ .  i n t ~ r f e r o m c t r y  rccc!iver 
ca. l )a ' r : i i i ! -y, ,  ; 3 i l ( l  t h e  mc;i:illrernent. precisto11 av;lilahle w i t 1 1  thi.; tr.>ol., 



t h e  TEMPUS package  s h o u l d  a l s o  p r o v i d e  a s i g n a l  f o r  VLKI r e c e p t i o n .  

S ince  the n a v i g a t i o n  package w i l l  a l r e a d y  be a b o a r d  t h e  NAVSTAK 
s a t e l l i t e s ,  t h e  m o d i f i e d  TEMPUS s p a c e c r a f t s  s h o u l d  c o n t a i n  a t  least  
t h e  f o l l o w i n g  e x t r a  u n i t s :  

o  I?ydrogen nlaser/advancctl  ces ium c1oc.k , 

o L a s e r  r e t r o r c f l e c t o r s ,  

o  A c c e l e r o m e t e r s ,  

o  Event t i m e r ,  

o  V1,BI t r ansmi  t tr e r .  

A r e l a t i v e l y  s i m p l e  TCWIJS pa rkage  can  be cqesijincd t o  p r o v i d e  a l l  
t h e s e  components  a t  r e l a t i v e l y  s m a l l  r u s t  i n  w e i g h t ,  s p a c e  axid 
power.  Tn a d d i t i o n  t o  p r n v i d i n f ;  niucli g r e a t e r  a c c u r a c y  t h i s  package  
w i l l  a l s o  a l l o w  improved r e s o l u t i o n  of t h e  ephemeris e r r o r  budge t  
components  and  t h u s  a  S e t t e r  ~1111er;ie r i  s p r e d i  r t i o n  nodcl . The NTS-'3 
s a t e l l i t e  c a n  p r o v i d e  a l l  t h e s c  capabilities. Sir lce t h i s  s n t ~ l l j t e  
j s  s c h e d u l e d  f o r  l a u n c h  i n  1 9 8 2 ,  i t  w i l l  be  at1 e x c e l l e n t  p r o t o t y p e  
TEMPUS s a t e l l i t e ,  p a r t i c u l a r l y  s i n c e  i t  i s  t o  a c t  a s  a r e p l e n i s h -  
ment s p a c e c r a f t  i n  t h e  NAVSTAR c o n s t e l l a t i o n .  

Cost and  t i m e s c a l e  i n f o r m a t i o n  f o r  TEMPUS w i l l  depend upon r e q r i i r c -  
men t s  and f u t u r e  wor ld  economic c o n d i t i o n s ,  liowever t h e  b a s i c  
t e c h n o l o g y  i s  c u r r e n t l y  a v a i l a b l e  a n d  will  be t e s t e d  in NTS-3. Ry 
t h e  1982 t imef rame  t h e  s p a c e  s t i u t t l e  s h o u l d  g r e a t l y  r e d u c e  l a u n c h  
cos t s .  

I t  s h o u l d  h e  emphas ized  t h a t  t h e  development  of  a t ime synchro -  
n i z a t i o n  and p r e c i s i o n  t r a c k i n g  s a t e l l i t e  pac-kage s u c h  as TEMPUS 
f o r  i r l s t a l l a t i o n  a b o a r d  s e l . e c t  ed NAVSTAR s a t c l 1 . i  tes o r  some o t h e r  
s y s t e m  w i t h  similar c h a r a c t e r i s t i c s  s h o u l d  he a t r u l y  i n t e r n a t j o n a l  
program w i t h  t h e  p a r t i c i p a t i o n  of many c o u n t r i e s  i f  wc a r e  t o  
d e r i v e  maximum s c i e n t i f i c  r e s e a r c h  b e n e f i t s  from i t s  u s e .  

I f  t h e  need  f o r  s u c h  a  c a p a b i l i t y  i n  spac-c i s  v i s u a l i z e d  f o r  t h e  
p e r i o d  b e g i n n i n g  i n  1.983, now i s  t h e  t ime t o  h e g i n  t h e  p l a n n i n g .  
I t  i s  s u g g e s t e d  that: t h o s e  s c i e n t i f i c  g r o u p s  who f o r e s e e  a  r e q u i r e -  
ment f o r  s u c h  a p r e c i s e  t i m e  s y n c h r o n i z a t i o n  and t r a c k i n g  s y s t e m  
c a k e  t h e  l e a d  i n  e s t a b l i s h i n g  t h e  s y s t e m  p a r a m e t e r s ,  



NAVSTAR GPS 
N>.'dIGATION TECHNOLOGY SEGMENT 

STATION SYNCHRONIZATION 
BY 

TIME TRANSFER 

SATELLITE 
NTS 

UPDATE \ SATELLITE 

S 
30 

f C L O C K  

/ 

CENTRAL 

F i g u r e  1 
STATION 





SUMMARY OF 
PORTABLE CLOCK CLOSURES 
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STATION DAY PORTABLE CLOCK 
(1978) NTS TIME TRANSFER 

(US) 

B I H  1 2 4  -.57 

CERGA 11 7 .70 

IFAG 199 .o 3 

NBS 2 2 1  .19 

RGO 115 .44 

RRL 30 3 .13 
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DIAMETER 48 IN. 
HEIGHT 22 l N. 
WEIGHT 650 LB 
BOOM LENGTHS (EACH) 60 FT 
SOLAR CELL POWER 1 2 0 W  









QUESTIONS AND ANSWERS 

DR. GERNOT M. R. WINKLER, U.S. Naval Observatory: 

I t h i n k  I am very  much i n  agreement w i t h  the  o v e r a l l  concept. How- 
ever,  I t h i n k  t h a t  your  t i m i n g  est imate i s  conserva t ive  a t  l e a s t  by 
a f a c t o r  o f  10. 

Laser ranging,  two-way ranging,  i f  i t  i s  executed from two s ta-  
t i o n s  w i t h i n  s h o r t  i n t e r v a l s ,  does n o t  r e a l l y  r e q u i r e  a g rea t  s ta -  
b i l i t y  o f  t he  c lock ;  and the  experiments a t  t h e  U n i v e r s i t y  o f  
Maryland and o f  t he  l u n a r  l a s e r  rang ing  and o thers ,  t h e  NASA exper i -  
ments w i t h  the  geodet ic  s a t e l l i t e s ,  have i n d i c a t e d  t h a t  nanosecond 
and f r a c t i o n a l  nanosecond t ime p r e c i s i o n s  can be expected. 

So I t h i n k  you probably a re  t a l k i n g  about a  c a p a b i l i t y  which 
w i l l  be as fa r - reach ing  and o f  as h igh  p r e c i s i o n  as we can env i s ion  
can p o s s i b l y  be used by anyone, and w i l l  be a v a i l a b l e  du r ing  the  
foreseeable f u t u r e .  And t h i s  makes, o f  course, such a proposal very  
i n t e r e s t i n g .  

I do n o t  f e e l  t h a t  t h e  c o n s t e l l a t i o n  may be necessary, b u t  cer- 
t a i n l y  more than one, because we have seen from p a s t  experience the  
f a l l a c y  o f  des ign ing  expensive experiments around a s i n g l e  s a t e l -  
1  i t e .  I t h i n k  t h a t  i s  a  very f a l l a c i o u s  approach. 

However, t h e  one which you have recommended i s ,  o f  course, go- 
i n g  around t h a t .  I t h i n k  the  whole t h i n g  makes very much sense, and 
I would 1 i ke t o  express my hope t h a t  such a  t h i n g  can be promoted. 
Thank you. 

DR. HELMUT HELLWIG, Nat iona l  Bureau o f  Standards: 

I would 1  i ke t o  add a quest ion.  As most o f  you know, the re  i s  a l s o  
a European Space Agency proposal on a r e l a t e d  package c a l l e d  t h e  
LASSO experiment. Is  t he re  i n t e r n a t i o n a l  coo rd ina t i on  between t h a t  
and TEMPUS? 

MR. HOLMES: 

I t h i n k  the re  are  probab ly  o the r  people who probably know more about 
t h a t  experiment than I do. My understanding i s  t h a t  i t  i s  a s i n g l e  
sho t  which i s  piggyback, I be l i eve ,  aboard an I t a l i a n  s a t e l l i t e .  I t  
has a use fu l  l i f e t i m e  o f  on the  order  o f  f i v e  months; i s  t h a t  r i g h t ,  
Dr, W i  n k l e r ?  

DR. WINKLER: 

No, The use fu l  l i f e  i s  much longer.  However, t he  a v a i l a b i l i t y  f o r  
t he  Westerrr Hemisphere i s  o n l y  f i v e  months because i t  w i l l  be r e -  
scheduled t o  ga somewhere around l ong i tude  zero, o r  even +ISc', and 
i t  w i l ' l  n o t  be a v a i l a b l e  t o  us any more. And i n  a d d i t i o n ,  i - t  i s  a 



very  expensive one t o  ins t rument  and i t  i s  a s i n g l e  one. And the  
ob jec t i ons  and quest ions I have i n d i c a t e d  before  apply here very  
much. 

HELLWIG: 

I t  i s  on a synchronous s a t e l l i t e .  B u t  as I understand the  European 
people, a l though what you say i s  t r u e ,  they p l a n  f o r  t he  f u t u r e  t o  
p u t  t he  package on o the r  veh i c les  which are n o t  necessar i l y  j u s t  f o r  
t h e  European sphere. I t  remains t o  be seen. 




