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ABSTRACT 

A r e v i e w  o f  t h e  p r o j e c t e d  r o l e  o f  t h e  Deep Space Network (RSN)  i n  
t h e  p lanned  d e t e c t i o n  o f  g r a v i t a t i o n a l  waves u s i n g  p r e c i s i o n  d o p p l e r -  
t r a c k i n g  o f  deep space v e h i c l e s  i s  p resen ted .  The r e v i e w  emphasizes 
o p e r a t i o n a l  and c o n f i g u r a t i o n a l  a s p e c t s ;  c o n s i d e r i n g :  1. t h e  p r o j e c t e d  
c o n f i g u r a t i o n  o f  t h e  DSN's Frequency and T im ing  System d u r i n g  t h e  ex-  
p e r i m e n t ,  2. t h e  env i ronmen t  w i t h i n  t h e  DSN p r o v i d e d  by t h e  p r e c i -  
s i o n  a t o m i c  s t a n d a r d s  w i t h i n  t h e  Frequency and T iming System--both 
c u r r e n t  and p r o j e c t e d  and 3. t he  qeneral  r e q u i r e m e n t s  p l a c e d  on t h e  
DSN and t h e  Frequency and T im ing  System f o r  b o t h  t h e  b a s e l i n e  and t h e  
nomina l  g r a v i t a t i o n a l  wave expe r imen ts .  

A comment i s  made concerning t h e  c u r r e n t  p r o b a b i l i t y  t h a t  such an 
expe r imen t  w i l l  be c a r r i e d  o u t  i n  t h e  f o r e s e e a b l e  f u t u r e .  

* T h i s  paper p r e s e n t s  t h e  r e s u l t s  o f  one phase o f  r e s e a r c h  c a r r i e d  o u t  
and t h e  Je t  P r o p u l s i o n  L a b o r a t o r y ,  California I n s t i t u t e  o f  Technology,  
under  C o n t r a c t  Wo. NAS 7-1170, sponsored by t h e  V a t i o n a l  A e r o n a u t i c s  
and Space A d m i n i s t r a t i o n .  



I .  INTRODUCTION 

A v a r i e t y  o f  a s t r o n o m i c a l  even ts ,  b o t h  c a t a s t r o p h i c  and p e r i o d i c ,  
t h e o r e t i c a l l y  r e s u l t  i n  t h e  g e n e r a t i o n  o f  g r a v i t a t i o n a l  r a d i a t i o n .  O f  
these,  p e r i o d i c  e v e n t s  s h o u l d  g e n e r a t e  p e r i o d i c  g r a v i t y  waves w h i l e  a 
c a t a s t r o p h i c  even t  ( a l t h o u g h  i t  may he r e c u r r i n g )  s h o u l d  r e s u l t  i n  
e m i s s i o n  o f  a " l a r g e "  g r a v i t a t i o n a l  wave-burst .  

An example of an even t  wh ich  may he g e n e r a t i n g  p e r i o d i c  g r a v i t a -  
t i o n a l  r a d i a t i o n  i s  a s t a r - p u l s a r  b i n a r y  p a i r .  I n  such a  case, a  c l o s e  
e x a m i n a t i o n  o f  r a d i o  d o p p l e r  d a t a  from t h e  p u l s a r l  may show a  g radua l  
decay o f  t h e  p u l s a r ' s  o r b i t  and hence a l l o w  i n d i r e c t  c o n f i r m a t i o n  o f  
t h e  e x i s t e n c e  o f  g r a v i t y  waves. 

Converse ly ,  t h e  g r a v i t a t i o n a l  wave b u r s t s  wh ich  a r e  expec ted  t o  
r e s u l t  from " c a t a s t r o p h i c "  e v e n t s  such as t h e  c o l l a p s e  o f  s e v e r a l  
s o l a r  masses o f  normal m a t t e r  t o  form a b l a c k  h o l e ,  may be d i r e c t l y  
o b s e r v a b l e  b y  measur ing  t h e  e f f e c t  o f  t h e i r  passage t h r o u g h  t h e  S o l a r  
System on some " l o c a l "  e x p e r i m e n t a l  appara tus .  O f  t h e  v a r i o u s  exper -  
imen ts  des igned  t o  observe such g r a v i t y  wave b u r s t s ,  one o f  t h e  most  
p r o m i s i n g  i n v o l v e s  t h e  c l o s e  e x a m i n a t i o n  o f  coheren t  d o p p l e r  d a t a  wh ich  
r e s u l t  from t h e  t r a c k i n g  o f  deep space probes.  

T h i s  paper  w i l l  b r i e f l y  d i s c u s s  t h e  a n t i c i p a t e d  e f f e c t  o f  t h e  pas-  
sage o f  a g r a v i t y  wave on an e x p e r i m e n t a l  c o n f i g u r a t i o n  c o n s i s t i n g  o f  a  
Deep Space Tracki 'ng S t a t i o n  ( D S S ) ,  a  deep space p robe  and t h e  coheren t  
r a d i o  l i n k  between them. I t  w i l l  t h e n  r e v i e w  t h e  c o n f i g u r a t i o n  o f  a 
p r o t o t y p i c a l  DSS i n  sa f a r  as  i t  i s  i n v o l v e d  w i t h  t h e  exper imen t  and 
i n  p a r t i c u l a r  exanl ine t h e  v a r i e d  ways i n  wh ich  t h e  exper imen t  depends 
upon t h e  f r e q u e n c y  s t a b i l i t y  per formance ' e n v i r o n m e n t '  wh ich  t h e  F re -  
quency & T im ing  System p r o v i d e s .  I t  w i l l  a l s o  n o t e  t h e  performance 
c o n s t r a i n t s  w h i c h  t h e  p h y s i c a l  s i t u a t i o n  p l a c e s  on a DSS and a compar- 
i s o n  w i l l  he made between t h e s e  and t h e  c a p a b i l i t i e s  o f  t h e  Deep Space 
Network;  c u r r e n t  (Mark I11 System), p lanned  (Mark I V - A  System) and 
a n t i c i p a t e d  ( c i  r c a  1987-1990). 



11. GRAVITATIONAL WAVES 

As an i d e a l i z a t i o n ,  g r a v i t a t i o n a l  waves may be e n v i s i o n e d  as 
b e i n g  spa1 1 ' r i p p l e s '  i n  t h e  shape o f  s p a c e t i r ~ e  w h i c ?  a r e  p r o p a g a t -  
i n g  o ~ i t w a r d  i n  a l l  d i r e c t i o n s  f r c u  t h e i r  p o i n t  o f  o r i q ~ n - - w h e t h e r  
pe r i od i c ,  o r  ~ a t a s t r o ~ h i c . 2  I t  i s  assumed i n  t h e o r e t i c a l  a n a l y s e s  o f  
such e v e n t s  t h a t  t h e  g e n e r a t o r s  o f  t h e  waves a r e  a t  g r e a t  d i s t a n c e s  
f r o m  o u r s e l v e s  and t h a t  t h e  g r a v i t y  waves wh ich  a r e  b e l i e v e d  t o  pass 
t h r o u g h  o u r  S o l a r  Systern a r e  e s s e n t i a l l y  p l a n a r .  5ee f i g u r e  1 f o r  a 
g r a p h i c  r e p r e s e n t a t i o n  o f  t h z  e x p e r i m e n t a l  c c n f i g u r a t i o n .  

I n  a s u i t a b l e  f rame o f  r e f e r e n c e 3  ( i . e . ,  one w h i c h  i s  soluble 
u s i n g  t h e  methods o f  gene ra l  relatjvity) the  e a r t h  and t h e  s p a c e c r a f t  
may be rega rded  as " f i x e d "  and t h e  e n t i r e  e f f e c t  o f  t h e  q r a v i t a t i o n a l  
wave p laced  uporl t h e  r a d i o  l i n k  be tdecn  them. T h e o r e t i c a l l y ,  t h i s  
e f f e c t  may he rega rded  a s  t h e  r e s u l t  o f  f o r c i n q  t h e  r a d i o  beam t o  t r a -  
v e l  t h r o d g h  a " c h a n g i n g "  spacet ime.  However, d s  a mnemonic d e v i c e ,  
the  r e s u l t a n t  e f f e c t  on t h e  expe r imen t  o f  t h e  g r d v i t y  waves'  passage 
may be t h o u g h t  o f  i n  t e r r ~ ~ s  o f  t h r e e  f a c t o r s :  

1. At  E a r t h :  R e d - s h i f t i n q  o f  t h e  f r e q u e n c y  o u t p u t  by t h e  
Hydrogen Maser ( c l o c k  speed-up, 

2. A t  E a r t h :  P h y s i c a l  B u f f e t i n g  (movement) o f  t h e  DSS. 

3. A t  S p a c e c r a f t :  P h y s i c a l  B u f f e t i n g  o f  t h e  Spacecra f t .  

Each o f  t h e s e  rnay be t h o u g h t  o f  a s  l e a d i n g  t o  t h e  i n t r o d u c t i o n  o f  a  
d i s t i n c t i v e ,  a l t h o u g h  m inu te ,  f l u c t u a t i o n  ( f r a c t i o n a l  f r e q u e n c y  s h i f t )  
i n  t h e  measured d o p p l e r  s h i f t  o f  t h e  s p a c e c r a f t .  Toge the r  w i t h  t h e  
' r e f l e c t i o n s '  o f  e f f e c t s  1 & 2, t h e s e  f o r m  a  u n i q u e  t h r e e - p u l s e  s i g n a -  
t u r e  f o r  g r a v i t a t i o n a l  wave even ts .  See f i g u r e  2 f o r  a d e t a i l e d  
development o f  t h i s  s i g n a t u r e ;  u s i n g  t h i s  rninemonic d e v i c e .  (Append ix  A 
c o n t a i n s  a  suggested enhancement o f  t h e  s i n g l e  s p a c e c r a f t / s i n g l e  PSS 
expe r in len t  d i s c u s s e d  i n  t h e  body o f  t h i s  paper . )  

I t  r e s u l  t s 4  t h a t  f o r  g r a v i t a t i o n a l  wave b u r s t s  o r i q i n a t i n g  f r o m  t h e  
c o l l a p s e  o f  norrqal m a t t e r  t o  fo rn l  a b l a c k  h o l e  t h a t  t h e  amp1 i t u d e  o f  
t h e  b u r s t  i s  r e l a t e d  t o  t h e  b u r s t  d u r a t i o n  a c c o r d i n g  t o :  

( h )  = ( 2 x  1 0 - l 7  ) x T / ( 9 0  seconds) ,  

where ( h )  = A d i m e n s i o n l e s s ,  p o l a r i z a t i o n - a v e r a g e d  amp1 i t u d e  parameter  
and T = The R u r s t  D u r a t i o n .  See f i g u r e  3 f o r  a p l o t  o f  t h i s  r e -  
l a t i o n .  



Figure 1. Gravitational Wave Experinlent T r a c k i n g  Geometry. 
Even t s :  1. Wave passes Earth ( caus i t lg  clock 

spced-up  & buf feLing)  
2. Wave passes Spacecraf t  (caus ing  

buffeting.) 



1 . CLOCK SPEED-UP EFFECT -..--.- 

WAVE HlTS THE DSS ' FLUCTUATION RETURNS TO D55 

FLUCTUATION I N  RADIO SIGNAL DUE TO CLOCK 
SPEED-UP REACHES SPACECRAFT AND IS TRANSPONDED 

2. EARTH/SPACECRAFT BUFFETING EFFECT 
- 

FLUCTUATION A F b  tJ-,,p--- 

EARTH k-/- m-- 
WAVE HITS THE 1 1 , TRANSPONDED FLUCTUATION 
DSS (BUFFETING) DUE TO EARTH BUFFETING RETURNS 

WAVE HITS THE SPACE- FLUCTUATION DUE TO SPACECRAFT 
CRAFT (BUFFETING) BUFFETING REACHES DSS 

FLUCTUATION I N  THE RADIO SIGNAL DUE TO BUFFETING 
AT EARTH REACHES THE SPACECRAFT AND TKANSPONDED 

3.  NET GRAVITY WAVE SIGNATURE ( B 60") - - -- - - 

I 

I7igure 2 .  I)et.ai 1 s of TI-lrec-Pulsc signaf ure :issociared w i t i l l  gravity waves 
I 

Xote: 111 p o i n t  3 ,  8 = 60' r-cfers to the a n g l e  13 in figure I 
I 

I w i t h  fl = 9U". I 



BURST DURATION, "T" (SECONDS) 

F i g u r e  3 .  P l o t  of  the Wave A r n p l i t t ~ d t l ,  ( h ) ,  vu. B u r s t  I)uraLion,  T. 
('l'llis  elation is  approximate. ) 



The a n t i c i p a t e d  r a n g e s  on t h e s e  p a r a m e t e r s  a r e :  

40 seconds  T L 40,000 seconds  - - 

10-17 - , (h) L - 1 0 - 1 4  

The r a n g e  n o t e d  above  i s ,  however ,  h i g h l y  dependen t  upon c e r t a i n  s p e c i -  
f i c  a s s u m p t i o n s  w h i c h  were ~nade d u r i n g  i t s  d e r i v a t i o n .  The a c t u a l  
c h a r a c t e r i s t i c s  o f  g r a v i t y  w a d e s  n a y  be l a r g e r  o r  s r l a l l e r  by some con -  
s i d e r a b l e  f a c t o r .  We w i l l  c o n s i d e r  them a s  g u i d e l i n e s .  

E x p e r i m e n t a l  C o n t r a i n t s  

As a  r e s u l t ,  t h e  f o l l o w i n g  para r l l e te rs  have  tseen s u g g e s t e d  as  con-  
s t r a i n t s  f o r  t h e  Oeep Space Network  i n  a n y  a t t e m p t  t o  r l e a s u r e  y r a v i t a -  
t i  o n a l  waves5 : 

BASELINE EXPERIMENT : AF/F 6 10-35 T o t a l  Measurerr~ent  Systenri 
(Waves w i t h  ( h )  10-15) 

A F ~ F  & 10-l6  Each Component ( F T S )  

I 

f o r  50 sec.  A T 4 5000 sec.  

nESIRABLE EXPER 1MENT : AFIF 4 1 0 - l 7  T o t a l  Measurement  System 
(Waves w i t h  ( h )  1 0 - 1 7 )  

~ F / F  A 10-18 Each Component (FTS) 

f o r  50 sec.  6 T  L 5000 sec .  

111. THE DEEP SPACE NETWORK 

n e ~ p  Space T r a c k i n g  S t a t i o n s  (DSS) o f  t h e  Deep Space Ne two rk  
( D S N )  r e g u l a r l y  m a i n t a i n  a  c o h e r e n t  r a d i o  link o v e r  a p e r i o d  o f  hours  
w i t h  t h e  v a r i o u s  s p a c e c r a f t  o f  t h e  P l a n e t a r y  E x p l o r a t i o n  Droy ra rT~ .  
These s t a t i o n s  t r a n s m i t  a  p r e c i s e  r a d i o  f r c q ~ l ~ n c y  s i q n a l  w h i c h  i s  c u r -  
r e n t l y  a t  S-Band (2 .3  G H z )  t o  t h e  spacecra f t , .  T h i s  "up1 i n k "  s i g n a l  i s  
r e c e i v e d  by t h e  p d r t i c u l a r  p r o b e  and t r a n s p o n d e d  hack  t o  t h e  F a r t h  a t  
S-Band ( t h e  d o w n l i n k  i s  t h e  U p l i n k  S-Band F requency  x  240/221) a v d j n r  
a t  X-Rand ( t h i s  down1 i n k  i s  a t  t h e  Up1 i n k  5-Kand Frec]uency x 880/221; 
a r o u n d  8.3 G H z ) .  These " d o w n l i n k s "  ( c o h e r e n t  w i t h  e a c h  o t h e r  d s  w e l l  
a s  w i t h  t h e  u p l i n k  r e f e r e n c e )  d r e  r e c e i v e d  by e i t h e r  t h e  t r a n s q i t t i n g  



DSS o r  by a second DSS which i s  coherent  w i t h  t h e  f i r s t .  The former  
mode of  communication ( r e c e p t i o n  by t h e  t r a n s m i t t i n g  s t a t i o n )  i s  r e f e r -  
r e d  t o  as be ing  "two-way," w h i l e  t h e  l a t t e r  ( r e c e p t i o n  by a  second nSS)  
i s  r e f e r r e d  t o  as be ing  "three-way." 

The rece i ved  f requency w i l l  d i f f e r  ( a s i d e  f rom t h e  numer ica l  f a c -  
t o r )  from t h e  t r a n s m i t t e d  f requency by t h e  amount o f  dopp le r  s h i f t i n g  
on t h e  transponded s i g n a l .  Th i s  dopp le r  s h i f t  i s  due p r i m a r i l y  t o  two 
f a c t o r s  : 

1. The mot ion  o f  t h e  Spacecraf t  r e l a t i v e  t o  t h e  Ear th ,  
2. The mot ion  o f  t h e  DSS due t o  t h e  E a r t h ' s  r o t a t i o n .  

(These f a c t o r s  were removed f rom t h e  diagrams shown i n  f i g u r e  2.) Fu r -  
t h e r ,  as we've noted, i t  i s  expected t h a t  t h e  passage o f  a g r a v i t y  wave 
th rough  t h e  System w i l l  r e s u l t  i n  a d i s t i n c t  f r a c t i o n a l  f requency s h i f t  
i n  t h e  dopp le r  record.* The amp l i tude  o f  t h e  pu lses  which make up t h e  
s i g n a t u r e  a r e  very ,  ve r y  smal l ,  however, and hence each f a c t o r  o f  no i se  
which i s  i n h e r e n t  i n  t h e  va r i ous  components o f  t h e  exper iment  i s  impor-  
t a n t .  

We w i l l  l i s t  i n  some d e t a i l  those  p o i n t s  w i t h i n  t h e  system where ( 

n o i s e  i n  t h e  Frequency and Timing System's (FTS) ou tpu t s  may be i n t r o -  
duced i n t o  t h e  exper iment.  We w i l l  cons ider  i n  t u r n :  

1. The Frequency and T iming System (FTS)  
Pr imary Component : Hydrogen Maser (H2M) 

2. The Recei v e r / E x c i t e r  Subsystem (RCV) 
Pr imary Components: Closed-Loop Receiver  (CLR) 

Open-Loop Receiver (MMR) 

3. The Track ing  Subsystem (DTK) 
Prirnary Component : M e t r i c  Data Assembly (MDA) 

4. The Radio Science Subsystem (DRS) 
Pr imary Component : O c c u l t a t i o n  Data Assembly (ODA)  . 

See f i g u r e  4 f o r  a genera l  b l ock  diagram of  t h e  con f i gu ra ton  of  
t h e  p e r t i n e n t  sec t i ons  o f  a  t y p i c a l  DSS d u r i n g  t r a c k i n g .  

*Note: We're n o t  cons ide r i ng  media e f f e c t s  here. 

- 



SPACECRAFT 

COHERENT RADIO LINK: 

UPLINK 
(S-BAND) / 

DOWNLINK 
(5-BANDB-BAND) 

Figurc  4. General H l  ocli. Lliagram (:)I IISN Espcrimentnl C o n f i g u r a l  ion 

(Ro te :  "F & .I'11 = F r e t l u c ~ l c y  ;ind Ti mirlg p r o d u c t s  . ) 



The Frequency and T iming System - 

The Frequency and Timing System (FTS) a t  a Deep Space S t a t i o n  p ro -  
v i des  v i r t u a l l y  a l l  re fe rence  f requenc ies  and t i m i n g  pu lses  as w e l l  as 
epoch t imes which a re  r e q u i r e d  by t h e  DSS t o  per fo rm i t s  t r a c k i n g  func-  
t i o n .  The f o l l o w i n g  a r e  some o f  t h e  major  components o f  t h e  FTS and 
t h e i r  impact on performance. See f i g u r e  5 f o r  a c u r r e n t  (Mark 111) 
f u n c t i o n a l  b l ock  diagram o f  t h e  FTS. Th is  s e c t i o n  w i l l  c ons ide r  t h e  
f o l l o w i n g  components o f  t h e  FTS: The Coherent Reference Generator,  t h e  
Time Format Assembly and t h e  Hydrogen Maser. 

The Coherent Reference Generator 

The Coherent Reference Generator ( C R G )  produces t h e  v a r i o u s  r e f e r -  
ence f r equenc ies  which a r e  used i n  t h e  s t a t i o n ' s  subsystems. C u r r e n t l y  
t h e  CRG ou tpu t s  t h e  f o l l o w i n g  f requenc ies :  

0.1 MHz I 

1.0 MHz 
5.0 MHz I 

10.0 MHz 
10.1 MHz 
45.0 MHz 
50.0 MHz 
55.0 MHz 

For t h e  g r a v i t y  wave exper iment ,  among t h e  most c r i t i c a l  o f  t h e  
c o n s t r a i n t s  p laced  on t h e  C R G ' s  ou tpu t s  i s  t h a t  t h e y  n o t  degrade t h e  
coherence o f  t h e  recorded phase and t i m e  i n  t h e  dopp le r  da ta  w i t h i n  
t h e  T rack ing  System. Problems w i t h  t h e  ou tpu ts  o f  t h e  CRG can impact 
t h i s  performance i n  severa l  ways. These i n c l u d e :  

1. An i nc rease  i n  t h e  no i se  o f  t h e  re ference s i g n a l  can i nc rease  
t h e  o v e r a l l  no i se  i n  t h e  dopp le r  system and t hus  degrade res -  
o l u t i o n .  

2. E r r o r s  i n  t i m i n g  pu lses  can r e s u l t  i n  v a r i e d  sample t imes  and 
r e s u l t a n t  dopp le r  j i t t e r .  Th is  can cause 'smear ing '  o f  t h e  
recorded  f requenc ies.  (Note, however, t h a t  t h e  c l o c k s  which 
generate  these  pu lses  a r e  t y p i c a l l y  n o i s i e r  than  t h e  CRG.) 

The s t a b i l i t y  o f  t h e  CRG's p roduc ts  i s  a l s o  c r i t i c a l  w i t h i n  t h e  Re- 
c e i v e r / E x c i t e r  Subsystem where t h e y  a re  used a t  v a r i o u s  p o i n t s  t o  d i -  
r e c t l y  m ix  t h e  incoming s i g n a l  down i n t o  usable  ranges. 



0.1,1,5,10,10,1,45,50 AND 55 MHz 1,10,100 & l K  PPS 
_ I _ _ - _ "  I 7-' I 

10 PPS* 

F i g u r e  5. F u n c t i o n a l  B1oc:k T ) i a g ~ - ~ r n  ui tlic Frerluency 2nd T i m - i n g  
Subsys iem (FTS) sili.)wi.ng ti-le v;-irious I: LC 'r ~ ) r ( o d u c t s ;  
Mark lil System. ( S o l e :  CSI a n d  CS2 are back-up 
C c c i i u ~ n  S t a r l d a r t l s ,  f u r  use i r l  tlic cvcrlt of Hydrogen 
Maser (112M) f a i l u r c  . ) 
$:The 10 p p s  is fur t h c  DTK a n d  D R S .  



The Time Format Assembly 

The Time Format Assembly (TFA) p rov ides  p r e c i s i o n  t i m i n g  pu lses  
t o  t h e  va r i ous  subsystems. TFA ou tpu t s  i n c l u d e :  

Timing Pulses:  1 pps 
10 PP5 
100 pps 
1 ~ P P S  

Epoch Time Code: GMT 

The s t a b i l i t y  o f  these pu lses  depends upon t h e  ou tpu t  o f  t h e  CRG (see 
p o i n t  2 under Coherent Reference Generator.) Note t h a t  some users  
r e q u i r e  a 10 pps re fe rence  t i m i n g  pu l se  from t h e  Master Clock (see 
f i g u r e  5)  r a t h e r  than  f rom t h e  TFA. ( T h i s  pu l se  p rov ides  a  10 ns /  
second rms j i t t e r . )  I 

The Hydrogen Maser I 

The Hydrogen Maser (H2M) i s  t h e  c e n t r a l  f a c t o r  i n  any a t tempt  t o  
u t i l i z e  t h e  DSN a s  p a r t  o f  a g r a v i t a t i o n a l  wave exper iment.  I t s  u l t r a  
p r e c i s i o n  f requency p roduc ts  p r o v i d e  t h e  base l i ne  s t a b i l i t y  ' env i r on -  
ment '  upon which t h e  s t a b i l i t y  o f  t h e  DSS i s  determined. And hence, 
whether an exper iment i s  f e a s i b l e .  W i t h i n  t h e  maser 's  c a v i t y ,  a f r e -  
quency o f  1420 MHz i s  generated. Th is  i s  i n  t u r n  mon i to red  by t h e  
u n i t ' s  i n s t r u m e n t a t i o n  and used d i r e c t l y  i n  syn thes i z i ng  severa l  f r e -  
quency p roduc ts  which a r e  d e l i v e r e d  t o  t h e  CRG. These p roduc ts  a re :  
0.1 MHz, 1.0 MHz, 5.0 MHz and 10 MHz. I n  a d d i t i o n ,  a 100 MHz re ference 
f requency i s  generated and t h i s  w i l l  become a v a i l a b l e  t o  t h e  C R G  f o r  
use by t h e  open-loop r e c e i v e r  under t h e  Mark-IVA e r a  (1984). 

See Table 1 f -or  a  Summary o f  t h e  S p e c i f i c a t i o n s  imposed upon t h e  
Frequency and Timing System by t h e  c u r r e n t  requi rements  o f  t h e  Deep 
Space Network. I t  i n c l u d e s  s p e c i f i c a t i o n s :  1. on t h e  Frequency Stan- 
dard,  2. between d i  f f e r e n t  Deep Space Network Compl exes (DSCC's) , 
3. between t h e  DSN and USNO/NRS, 4.on t i m i n g  pu lses,  and 5. on t h e  CRG. 

I 



T a b l e  1. Summary o f  C u r r e n t  S p e c i f i c a t i o n s  

Knowledge o f  t i m e  s y n c h r o n i z a t i o n  between DSCC's : - + 10  us  

Know1 edge o f  f r equency  o f f s e t  between DSCC ' s  : - + 3 x 10-13 

Frequency O f f s e t  between DSCC's m a i n t a i n e d  w i t h i n :  - + 1 x 10-12 

Knowledge o f  t i m e  synch. between DSN h USNO/NRS : - + 5 us  

The f requency s t a n d a r d  a t  a DSS ( t h e  Hydrogen Maser) must con fo rm 
t o  t h e  f o l  1 owing s t a b i  1 i t y  per fo rmance s t a n d a r d s :  

1 x 10-12 f o r  1 second 

1 x 10-14 f o r  104 seconds 

1 x 10- l4  f o r  1 2  hou rs  

1 x 1n-13 f o r  10 days 

These numbers a p p l y  a l s o  t o  C R G  o u t p u t s  ( s i n e  waves w i t h  harmonic  
d i s t o r t i o n  o f  no g r e a t e r  t h a n  5% f o r  t h e  o u t p u t  f r equenc ies . )  I n  
a d d i t i o n ,  t h e  mas te r  c l o c k  must  p r o v i d e  t i m i n g  p u l s e s  w i t h  no more 
t h a n  10  ns /second rms j i t t e r .  



The Recei ve r /Exc i  t e r  Subsvstem 

W i t h i n  t h e  Rece i ve r /Exc i t e r  Subsystem (RCV), t h e r e  a r e  t h r e e  com- 
ponents which a re  of i n t e r e s t  i n  terms of  t h e  exper iment :  

1. The E x c i t e r ;  which p rov ides  t h e  b a s i s  f o r  t h e  u p l i n k  (S-Band) 
frequency. 

2.  The Closed-Loop Receivers  which p rov i de  t h e  downl ink  s i g n a l  
t o  t h e  Doppler E x t r a c t o r  and thence t o  t h e  T rack ing  Subsystem 
(DTK) . 

3. The Open-Loop, M u l t i - m i s s i o n  Receivers  which p r o v i d e  t h e  
downl ink  s i g n a l  t o  t h e  Radio Science Subsystem (DRS). 

Each o f  these r e l y  upon FTS i npu t s .  See f i g u r e  6 f o r  a Rlock diagram 
o f  t h e  Rece i ve r /Exc i t e r  Subsystem. I 

W i t h i n  t h e  E x c i t e r ,  t h e  p r imary  e x c i t e r  r e fe rence  frequency, upon 
which t h e  u p l i n k  i s  based, i s  d i r e c t l y  d e r i v e d  from a  CRG-provided 
50 MHz re ference f requency . 

The C l  osed-Loop Receivers  use a  phase-locked l o o p  t o  f o l l o w  t h e  
downl ink  s i gna l .  The s i g n a l  i s  fed by these  r e c e i v e r s  t o  t h e  Doppler  
E x t r a c t o r  where i t  i s  mixed w i t h  t h e  p resen t  ou tpu t  o f  t h e  E x c i t e r .  
The r e s u l t a n t  s i g n a l  cominy from t h e  Doppler E x t r a c t o r  (whether S-Band 
o r  X-Band) i s  mixed-down us i ng  a combinat ion o f  1 MHz and 50 MHz f r e -  
quencies s u p p l i e d  by t h e  CRG. The Closed-Loop Receivers  a l s o  use t h e  
f o l l o w i n g  FTS produc ts ;  from t h e  TFA: 1, 10, 100 and l k  pps; f rom t h e  
CRG: 0.1 MHz, 1.0 MHz, 5 MHz, 10 MHz, 10.1 MHz, 45 MHz, 50 MHz and 
55 MHz. ( I n  sho r t ,  a l l  o f  t h e  p resen t  C R G  ou tpu t s  a re  used by t h e  

_r 

Closed-Loop Receivers  I n  some fashion.)  

The Open-Loop M u l t i m i s s i o n  Receiver  uses a 50 MHz re fe rence  s i g n a l  
supp l i ed  by t h e  C R G  t o  mix  t h e  s i g n a l  down i n t o  t h e  range of  t h e  Narrow 
Bandwidth f i l t e r s  w i t h i n  t h e  r e c e i v e r  p r i o r  t o  sending t h e  s i g n a l  t o  
t h e  ODA. Th i s  i s  a  p a r t i c u l a r  i ns tance  where FTS performance can d i  - 
r e c t l y  impact da ta  s i nce  any n o i s e  i n  t h e  50 MHz re fe rence  frequency 
w i l l  be mixed d i r e c t l y  i n t o  t h e  s i g n a l .  
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F i g u r e  6. K - l  oc.k D h g r a r n  of L 1ie Rccci vcr-b;:icit.t'r S u b s y s  ten) (RCV) . 
Note  t h a t  thc i n p u t  f r i . q u e r l c i ~ 1 . s  s h o w r l  arc-. SRCP = S-Band 
( R i g l ~ t - C i r c u l  at- Pi11 ar-i  at i n i l ) ,  SLCP = S-Rand (T.eft- 
C i r c u l i l r  t ' o l a r i  zat i o n )  , XHCP - 9-13c1rltl (Right-C i r rcular  
P o l a r i z a t i o n )  and XLCP = X-Cand ( L e r t - C i r c u l a r  
Polarization. ) 



The T r a c k i n a  Subsvstem 

The p r i m a r y  u s e r  o f  f requency  and t i m i n g  p r o d u c t s  i n  t h e  DSS 
T r a c k i n g  Subsystem (DTK) i s  t h e  M e t r i c  D a t a  Assembly (MDA). The MDA 
u t i l i z e s :  

1. From t h e  TFA, a )  T im ing  p u l s e s  (1 ,  10, 100 and l k  pps )  
b )  GMT Epoch 

2. From t h e  CRG, a )  ' ~ r e q u e n c i e s :  1 MHz, 5 MHz and 10 MHz 
( t o  t h e  f requency c o u n t e r s )  

3. From t h e  FTS a )  10 pps ( t o  t h e  f requency c o u n t e r s ) .  
Master  C lock ,  

Us ing  i n p u t s  from t h e  R e c e i v e r / E x c i t e r  Subsystem, t h e  f requency  
c o u n t e r s  o f  t h e  MDA measure b o t h  t h e  e x c i t e r  r e f e r e n c e  f r e q u e n c i e s  and 
t h e  r e s u l t a n t  d o p p l e r  f r e q u e n c i e s .  Fo l  l o w i n g  r e c e i p t  o f  a t i m i n g  p u l  se 
f r o m  t h e  TFA, t h e  f requency c o u n t e r s  c o u n t  r a d i o  f requency  (RF) cyc les 
and measure any f r a c t i o n a l  p o r t i o n  o f  an RF c y c l e  wh ich  has occu r red .  
(These c o u n t e r s  a r e  d r i v e n  by t h e  Master  C l o c k ' s  10 pps r e f e r e n c e  t i m -  
i n g  pu lse . )  The r e s u l t i n g  phase d a t a  a r e  s e n t  t o . t h e  M D A ' s  computer  
(a  Mod Comp 11/25) f o r  c o l l e c t i o n  and t r a n s m i s s i o n  hack t o  t h e  J e t  
P r o p u l s i o n  L a b o r a t o r y  ( i n  r e a l - t i m e )  v i a  High Speed Data L i n e s  (HSnLs). 
The d a t a  i s  u l t i m a t e l y  reco rded  a t  JPL. T h i s  fo rms t h e  b a s i s  f o r  t h e  
c l o s e d - l o o p  exper iment .  See f i g u r e  7 f o r  a b l o c k  d iagram o f  t h e  es-  
s e n t i a l s  o f  t h e  T r a c k i n g  Subsystem. 

The Radio  Sc ience Subsystem 

The DSS Radio  Sc ience Subsystem (DRS) ,  t a k e s  t h e  baseband s i g n a l  
p r o v i d e d  by t h e  M u l t i m i s s i o n  Rece ive r ,  d i g i t i z e s  and t h e n  r e c o r d s  i t  
on magne t i c  t a p e s  wh ich  a r e  u l t i m a t e l y  d e l i v e r e d  t o  JPL. The p r i m a r y  
component o f  t h e  DRS i s  t h e  O c c u l t a t i o n  Data Assembly ( O D A ) .  See 
f i g u r e  8 f o r  a  b l ock  d ig ram of the  DRS. From t h e  v a r i o u s  f requency 
and t i m i n g  p r o d u c t s ,  t h e  DRS a c c e p t s :  

1. From t h e  TFA, a )  T im ing  p u l s e s  (1  pps )  
b )  GMT Epoch 

2. From t h e  CRG, a )  Frequenc ies :  10 MHz ( t o  t h e  ODA) 

3.  From t h e  FTS a )  10 pps. ( t o  t h e  Freq. M o n i t o r  Subassembly). 
Mas te r  C lock ,  
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It i s  a n t i c i p a t e d  t h a t  d u r i n g  any g r a v i t y  wave e x p e r i m e n t  t h a t  
t h e  DRS w i l l  o p e r a t e  i n  t h e  'Narrow-Band Mode' due t o  t h e  n a r r o w  h a n d -  
w i d t h  o f  t h e  MMR f i l t e r s  wh ich  a r e  a v a i l a b l e  i n  t h a t  mode and t h e  r e -  
s u l t a n t  h i g h  v a l u e s  o f  t h e  s i g n a l - t o - n o i s e  r a t i o  i n  t h e  i n p u t  t o  the  
ODA.* ( T h i s  can be an i m p o r t a n t  f a c t o r  when t h e  s p a c e c r a f t  b e i n g  
used i n  t h e  expe r imen t  i s  d i s t a n t  frorn t h e  E a r t h . )  I n  t h e  Narrow-Rand 
Mode, t h e  DRS w i  11 d i g i t i z e  and f o r m a t  t h e  incorning s i g n a l  w i t h i n  t h e  
ODA's Narrow Band O c c u l t a t i o n  Convers ion  S~~hasserr lb ly  ( N B O ) .  A t  t h i s  
p o i n t ,  t h e  expe r imen t  can be impacted b y  FTS per forn lance as t h e  ana log -  
t o - d i g i t a l  c o n v e r t e r s  w i t h i n  t h e  NBO r e l y  upon a  10  MHz r e f e r e n c e  f r e -  
quency p r o v i d e d  by t h e  CRG. Once d i g i t i z e d ,  t h e  ODA r e c o r d s  t h e  d a t a  
on magne t i c  t a p e s  w h i c h  a g a i n  r e l y  upon t h e  FTS f o r  p r e c i s i o n  t i r ne -  
t a g g i n g .  These t a p e s  a r e  u l t i m a t e l y  sh ipped  back t o  JPL. 

P lanned C a p a b i l i t i e s  (Mark I V A  E r a )  

I n  t h e  coming y e a r s ,  a nunher o f  changes w i l l  he rr~ade i n  t h e  
c u r r e n t  Fret l l lency and T iming Systenl w i t h i n  t h e  I I S N  t n  s u p p l y  improved  
n i s s i o n  s u p p o r t .  'The M a r k  I V A  s p e c i f i c a t ~ o n s  w i l l  i n c l u d e :  

C R G  Ou tpu ts :  S ine  Waves w i t h  Harrnonic d i s t o r t i o n  = 5% a t  t h e  
f o l ~ l o w i n g  f r e q u e n c i e s :  0.1 MHz, 1.0 MHz, 5.n MHz, 
10.0 MHz, 10.1 MHz, 45.0 MHz, 50.0 MHz, 55.0 MHz 
and 100.0 Mtiz. (The 100 MHz i s  f o r  t h e  PIFIR.) 

TFA Ou tpu ts :  T im ing  p u l s e s  w i t h  a gene ra l  s t a b i l i t y  o f  10 ns /sec .  
rms a t :  1 pps,  10 pps, 100 pps and 1 kpps. I n  a d d i -  
t i o n ,  an in iproved 10 pps t i m i n g  p u l s e  w i t h  an rms 
j i t t e r  o f  2 ns /sec .  w i l l  he p r o v i d ~ d  t o  t h e  MnA/ODA. 

Note:  The D i g i t a l  Reco rd ing  Assembly ( D R A )  r e c o r d s  d a t a  t a k e n  w h i l e  
t h e  ODA i s  i n  t h e  Medium Rand Mode. It w i l l  n o t  he used d u r i n g  
t h i s  expe r imen t .  ( I t  r e c e i v e s  a 50 MHz r e f ~ r e n c e  f rom t h e  CRG.)  

*Note:  The Narrow Band f i l t e r s '  bandwid ths  range from 
100 t iz t o  8180 Hz (S- and) 
100 tiz to 30 KHz (X-Rand) 



Each Deep Space Communications Complex (DSCC) ( a s  r e g a r d s  t h i s  
exper imen t ,  "DSCC" may be t a k e n  as  b e i n g  e q u i v a l e n t  t o  t h e  t e r m  
"DSS" used p r e v i o u s l y )  w i l l  have 2 Hydrogen Maser f requency  s tandards  
(1 p r i m e  and a back-up)  as  w e l l  as 2 Cesium Beam s t a n d a r d s  ( a s  back-up 
re ferences. )  Each of  t h e  Hydrogen s tandards  w i l l  c o n t i n u e  t o  have a  
s e t a b i l  i t y  w i t h i n  7 x  10-15 and w i l l  con fo rm t o  t h e  f o l l o w i n g  s t a b i l -  
i t y  performance 1 eve1 s6. 

1 x lfl-12 o v e r  1 second ! 

1 x 10-14, o v e r  104 seconds 

1 x  1 0 - l 4  o v e r  12 hours  

1 x  10-13 o v e r  10 days. 

I n  a d d i t i o n ,  c r i t i c a l  FTS p r o d u c t s  w i l l  be d i s t r i b u t e d  t o  t h e  I 

v a r i o u s  subsystems v i a  s t a b i l i z e d  t r a n s m i s s i o n  l i n e s  w i t h  per formance 
l e v e l s  comparable t o  t h o s e  above. (CRG o u t p u t s  t o  be s e n t  v i a  t h e s e  
l i n e s  i n c l u d e  5 MHz r e f e r e n c e  f r e q u e n c i e s  t o  t h e  c l o s e d - l o o p  r e c e i v e r s  
and a  100 MHz f o r  t h e  MMR.) 

DSN Capabi 1  i t i e s  c i r c a  1987-1990 

A n t i c i  p a t i  ng t h e  r e q u i  rements o f  a  g r a v i t a t i o n a l  wave exper imen t ,  
t h e  f o l l o w i n g  numbers may be t a k e n  t o  r e p r e s e n t  t h e  "bes t - case"  capa- 
b i l i t i e s  o f  t h e  DSN's Frequency and T im ing  System i n  t h e  1987-1990 e ra7 :  

1. Frequency Standards  S t a b i l i t i e s  b e t t e r  t h a n :  3 x 10-16 f o r  
p e r i o d s  300 seconds 4 T 4 30 days,  

2. 10 ns l second  rrns j i t t e r  accu racy  t i m i n g  p u l s e s ,  w i t h  c e r t a i n  
2 ns/second rrns j i t t e r  p u l s e s  f o r  t h e  DTK and DRS. 

3. Time S y n c h r o n i z a t i o n  t o  - + 10 n s  between DSCC's ,  

4. Time S y n c h r o n i z a t i o n  t o  - + 100 ns between t h e  DSN Mas te r  C lock  
and UTC (USNO/NRS). 



I I V .  SUMMARY 

Tab le  2 c o n t a i n s  a  compar ison o f  t h e  c a p a b i l i t i e s  o f  t h e  Deep 
Space Network and t h e  n u t ~ i i n a l  r e q u i  rernents o f  t h e  g r a v i t a t i o n a l  wave 
expe r imen t .  

T a h l e  2. FREQUENCY STANDARD/DELIVERED PRODUCTS DESIRED STABILITIES 

I DSN C a p a b i l i t i e s  AF/F R u r s t  D b r a t i o n ,  T 
I 

I C u r r e n t  (Mark I I I )  I L 3 x 10-13 / o v e r  104 seconds 

I 
- 

Planned (Mk I V A )  1 x 10-14 o v e r  104 seconds 

I Suggested ( ' 8 7 - 9 0 )  .L - 3 x 10-16 300 sec. L - T L - 30 days 

I I I 
I 
I 
I 

I I I Expt .  Requi rements  AF/F ) B u r s t  D u r a t i o n ,  T 
I 

I I 
Base1 i n e  E x p t .  r: - 1 x 10-16 5D sec. L T 4 5000 sec. - 

I 

I Des i  r a b l  e Expt .  L 1 x loJ8  - 50 sec. 4 T 4 5000 sec. 

/ Range o f  Even ts  10-14 t o  1 0 - l 7  40 sec.  T  4onn0 sec. - - 

A l t h o u g h  t h e  s t a b i l i t y  r e q u i r e m e n t s  f o r  t h e  " b a s e l i n e  e x p e r i m e n t "  
w i l l  n o t  be approached f o r  a number o f  y e a r s ,  t h e   uncertainties wh ich  
were i n v o l v e d  i n  t h e  d e r i v a t i o n  o f  t h e  Range o f  Events  and t h e  e f f i c a c y  
o f  c u r r e n t  p o s t - p r o c e s s i n q  t e c h n i q u e s  ( w h i c h  a r e  n o t  d i s c u s s e d  h e r e )  
sugges ts  t h a t  experiments-should be c a r r i e d - o u t  d u r i n g  t h e  1980 's .  

' 

(In p o i n t  o f  f a c t ,  an exper imen t  i s  c u r r e n t l y  b e i n g  conduc ted  by t h e  
DSN u s i n g  t h e  P i o n e e r  10 S p a c e c r a f t . )  
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A P P E N n I X  A 

The f o l l o w i n g  i s  suggested as an enhancerlent o f  t h e  ~ r t i l i z a t i o n  o f  t h e  
D S N ' s  Frequency dnd T iming Systerri i n  sorne f u t c l r e  g r a v i t a t i o n a l  wave 
experirnen t : 

It has been s u g g e s t e d A l  t h a t  by t r a c k i n g  two s p a c e c r a f t  
s i m u l t a n e o u s l y  t h a t  t h e  d - i r e c t i o n  o f  p r o p a g a t i o n  o f  an 
incorr l iny g r a v i t a t i o n a l  wave c o u l d  be r e s o l v e d .  ( A  s i n g 1  e  
s p a c e c r a f t  m e r e l y  r e s o l v e s  t h e  d i r e c t i o n  o f  p r o p a g a t i o n  t o  
w i t h i n  some f a m i l y  o f  d i r e c t i o n s  wh ich  forms a  cone.) 

A l t e r n a t e l y ,  t h e  s imu l taneous  t r a c k i n g  o f  a  s i n g l e  s p a c e c r a f t  
by t w o  s t a t i o n s  (one o f  thern i n  t h e  th ree -way  mode) c o u l d  
a l s o  r e s o l v e  t h e  d i r e c t i o n  o f  incidence o f  t h e  wavp v i a  a 
c o r r e l a t i o n  o f  t h e  d o p p l e r  t r a c k i n y  r e c o r d s  f rom t h e  two  
DSS1s .  Such a c o r r e l a t i o n  c o u l d ,  i f  t h e  r i s e - t i m e  o f  t h e  
p u l s e  caused by t h e  g r a v i t a t i o n a l  wave were sha rp  enough, 
y i e l d  t h e  t i m e - d e l a y  between the  incidence o f  t h e  p l a n e  wave 
on t h e  t w o  s t a t i o n s .  G i v ~ n  t h a t  y r a v i t a t i o n a l  waves propa-  
g a t e  a t  t h e  speed o f  l i g h t ,  t h i s  y i e l d s  a second f a m i l y  o f  
d i r e c t i o n s  ( i . e . ,  a second cone) and hence c o u l d  r e s o l v e  t h e  
d i r e c t i o n  o f  i n c i d e n c e .  

A1 R. H e l l i n g s ;  P h y s i c a l  Review D,  Vo l .  1 7 ,  A 1 2 ;  ( 1 5  June 1 9 7 8 ) ,  
pp 3158-3163. 



QUESTIONS AND ANSWERS 

PROFESSOR ALLEY: 

Thank you, very  much. Tha t ' s  an e x c e l l e n t  review. 

I g r e a t l y  admire t h i s  k i n d  o f  approach, where you are  t r y i n g  
t o  measure w i t h  what we have got,  and no t  t a k i n g  the  t h e o r i s t s  
t o o  se r i ous l y .  

1 mean, one c o u l d , w e l l  be su rp r i sed  and f i n d  something i n  
t h i s  approach. 

MR. ANDERSON : 

I t ' s  an experimental  approach i s  i t  n o t ?  Yes. We do have some- 
t h i n g  t h a t ' s  t a n t a l i z i n g ,  and should be appl ied,  I t h i n k .  

f agree, Yes. Thank you. 

DR. WINELAND: 

For your  modes coherent source, what k i n d  of s t r a i n s  do you expect? 

MR. ANDERSON: 

Probably no th ing  about 10 t o  t he  minus 15. T h i s  would be o r b i t i n g  
b lack  holes a t  t he  g a l a c t i c  center ,  o r  perhaps i n  a g a l a c t i c  halo. 

DR. WINELAND: 

In terms o f  known b i n a r y  systems? 

MR. ANDERSON : 

Well, t h a t  goes way down below t h a t .  I ' m  n o t  sure i n  t h i s  f r e -  
quency region.  But  i t ' s  probably  below, c e r t a i n l y  below 10 t o  
t h e  minus 16. I d o n ' t  know t h e  exact  magnitude region.  

But I d o n ' t  t h i n k  you" see any o f  t h a t  k i n d  o f  t h i ng .  That 
p robab ly  i s  b e t t e r  p icked up a t  h igher  frequencies by ground-based 
antennas, o r  l a s e r  i n t e r f e r o m e t r y  techniques, o r  some such th ing .  
Use the  h igher  frequency g r a v i t y  waves, r a t h e r  than these low f r e -  
quency waves we' re l o o k i n g  f o r .  

PROFESSOR ALLEY: 

May I ask another? 



I n  t h e  g r a v i t y  r a d i a t i o n s  you m i g h t  expect ,  say a supernova 
c o l l a p s e d  i n  t h e  V i r g o  c l u s t e r ,  t h e  dimensions a m p l i t u d e  i s  v e r y  
sma l l .  L i k e  1 0  t o  t h e  minus 21, o r  so. Yet,  even w i t h  t h a t  k i n d  
o f  an amp l i tude ,  t h e  weakness o f  c o u p l i n g  and so on -- t h i s  c o r -  
responds t o  an ana log o f  t h e  p o i n t i n g  v e c t o r .  The energy p e r  
second p e r  square c e n t i m e t e r  t h a t  i s  on t h e  o r d e r  of hundredths 
o r  t e n t h s  t h e  s o l a r  c o n s t a n t .  

Now do you know a  co r respond ing  number i n  these  l o n g e r  wave 
l e n g t h s  r e g i o n s .  Say you have a s t r a i n  o f  10 t o  t h e  minus 16, t h e  
a c t u a l  energy p e r  second p e r  u n i t  area i s  q u i t e  l a r g e .  

MR. ANDERSON: 

We l l ,  t h a t ' s  r i g h t .  I t  i s .  I h a v e n ' t  done t h a t  c a l c u l a t i o n .  No. 
B u t  t h a t ' s  a f a s c i n a t i n g  ques t ion .  

PROFESSOR ALLEY: 

I d i d  t h e  c a l c u l a t i o n s  and g o t  a t  t h e  energy f l u x  f o r  even t h i s  
v e r y  weak V i r g o  c l u s t e r  k i n d  o f  t h i n g .  

DR. WINKLER: 

I t  has t o  correspond, somehow, t o  10 t o  minus 29 grams p e r  c u b i c  
2 c e n t i m e t e r ,  wh ich i s  t h e  average -- t h e  co r respond ing  energy MC . 

Because i t  would have t o  be t h a t  m i s s i n g  mass t o  c l o s e  t h e  u n i -  
verse.  

PROFESSOR ALLEY: 

You a r e  t a l k i n g  maximum -- 
DR. WINKLER: 

T h a t ' s  r i g h t ,  t h a t ' s  r i g h t .  

PROFESSOR ALLEY: 

I guess you c o u l d  make some e s t i m a t e s  t h a t  way. 

MR. ANDERSON: 

Tha t  was a few p a r t s  i n  10 t o  t h e  1 4 t h  over  a 1,000 seconds w a s n ' t  
i t ?  Yes. 



PROFESSOR ALLEY: 

People, I t h i n k ,  ought t o  be aware t h a t  if the power i s  t he  weak- 
ness of coup l ing  of these th ings .  Not the  amount o f  energy t h a t  
i s  a c t u a l l y ,  presumably, f a l l e n ,  if these ideas are  co r rec t .  

MR. ANDERSON: 

Yes. 

PROFESSOR ALLEY: 

I t ' s  very  d ishear ten ing  t o  hear t h a t  one c a n ' t  get  an X-band t rans -  
ponder on before the  1990's because o f  the  pauc i t y  o f  space mis- 
s ions and so on. 

There i s  another spacefareing na t ion ,  o r  even o ther  -- several 
spacefareing nat ions.  Do you know of any p lans t o  pu t  t he  ap- 
p r o p r i a t e  equipment on p lanetary  probes, so t h a t  one cou ld  make 
the  k ind  o f  measurements you have i nd i ca ted  i n  the  l a s t  few min- 
u tes? 

MR. ANDERSON: 

Unfor tunate ly ,  t h e r e  a re  no plans. No i n t e r n a t i o n a l  -- 

PROFESSOR ALLEY: 

The Soviets  a re  n o t  p lanning anyth ing? 

MR. ANDERSON: 

Oh, I have no idea about the  Soviets .  I was t h i n k i n g  more i n  
terms o f  t h e  Japanese o r  Europeans. But, no, as f a r  as I know, 
the re  a r e  no p lans t o  pu t  our  transponders on f o r e i g n  spacecraf t  
t o  do t h i s  k ind  of experiment. 

There 's  no i n t e r n a t i o n a l  cooperat ion on t h a t  l e v e l  t h a t  I 
know o f .  

Of course, we had a  spacecraft  where we planned t o  do t h a t .  
Th i s  was the  I S P M  mission. And we were going t o  p u t  an X-band 
transponder i n  t he  American spacecrafts,  Then the  American space- 
c r a f t  was scrubbed. Right.  

So we o n l y  have an European spacecraft t he re  now. And there  
a re  no -- t h a t ' s  an S-band system. 



PROFESSOR ALLEY: 

The opportunities are  r e a l l y  going amiss .  

MR. ANDERSON : 

Yes. 




