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ABSTRACT 

I n  o r d e r  t o  be u s e f u l  f o r  g e o p h y s i c a l  a p p l i c a t i o n s ,  
g e o d e t i c  b a s e l i n e  measurement accuracy  must be a t  t h e  
f ew  c e n t i m e t e r  l e v e l .  For independent  s t a t i o n  r a d i o  
i n t e r f e r o m e t r i c  g e o d e t i c  s y s  terns t h e  a c c u r a c y  r e q u i r e -  
ment o f  a  few c c n t i m e t e r s  i s  most o f t e n  t r a n s l a t e d  
i n t o  f requency system performance of Af l f  = 10-14 o r  
b e t t e r .  However, f o r  s p e c i f i c  a p p l i c a t i o n s  such a s  
de te rmin ing  t h r e e  b a s e l i n e  v e c t o r  components and two 
o r  t h r e e  i n s t r u m e n t a l  pa ramete rs  t h c  Lrcqucncy sys -  
tem requ i rements  can be made a  Lactor  oL approximate- 
l y  30 l e s s  s t r i n g e n t  s o  t h a t  t h e  Rubidium frequency 
s y s  tem comes c l o s e  t o  meet ing t h e  r e q u i r e d  p e r f  o r m n c e  
a t  S-band. A s i m p l i f i e d  a n a l y s i s  i s  developed whicll 
illustrates the  perfornlance needed t o  a c h i e v e  3 cm 
b a s e l i n e  p r e c i s i o n  i n  terms 01 s h o r t ,  medium and long  
term f r a c t i o n a l  I requency d e v i a t i o n .  These a n a l y t i c  
approaches  have been t e s t e d  i n  a c t u a l  independent  
s t a t i o n  r a d i o  i n t e r f e r o m e t r y .  From December 1973 t o  
June 1974,  a s e r i e s  01 l o u r  independent  s t a t i o n  i n t e r -  
f e romet ry  exper iments  were conducted on a 307 mcter 
b a s e l i n e  u s i n g  t h e  9 mctcr  t r a n s p o r t a b l e  A R E S  (Astron- 
omical  Radio L n t e r f e r o m e t r i c  E a r t h  Surveying) s t a t i o n ,  
and t h e  64-meter MARS s t a t i o n  o f  t h c  Goldstone Dcep 
Space Communications Complex. Tllc ARIES s  c a t i o n  was 
equipped w i t h  a n  HP 5065A Rubidiunl I rcqucncy system 
whi le  t h e  64-rn s t a t i o n  used a JPL Ilydrogen maser.  The 
th ree -d imens iona l  b a s e l i n e  p r e c i s i o n s  ob ta ined  were 
10 cm o r  b e t t e r  from i n d i v i d u a l  s ix -hour  exper iments ,  
3-cm p r e c i s i o n  f o r  a  weighted average of 23 hours  of 
d a t a  and a c c u r a c i e s  0 1  0 . 1  cm t o  4 -9 cm wllen compared 
w i t h  a g c o d c t i c  su rvey  bctwecn t h e  s t a t ~ o n s  . Tlle 
Rubidium frequency system performance ach ieved  i n  t h e s e  
exper iments  was ALII = 2 x 10-13, abou t  a f a c t o r  o f  
two b e t t e r  than t h e  Hewle t t Paclcard spec iL ica tLon .  

=: This  paper  p r e s e n t s  the  r e s u l t s  01 one pl-lase 0 1  r e s e a r c h  c a r r i e d  o u t  
a t  t h e  J e t  P r o p u l s i o n  Labora to ry ,  C a l i f o r n i a  I l l s t r i tu te  o f  Technology, 
under  Cont rac t  No. NAS 7-100, sponsored by t h e  N a t i o n a l  Aeronau t ics  and 
Space A d m i n i s t r a t i o n  , O f f i c e  of A p p l i c a t i o n s  , E a r t h  and Ocean Dynamics 
A p p l i c a t i o n s  Program. 
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INTRODUCTION 

A cursory  look a t  Lhe requirements on a frequency and time system t o  be 
considered f o r  use i n  an independent s t a t i o n  r a d i o  i n t e r f e r o m e t r i c  geo- 
d e t i c  measurement would l i k e l y  conclude only a  Hydrogen maser or  s i m i -  
l a r  device was adequate  t o  the  t a sk .  

For example, i n  the f r i n g e  frcqucncy domain the p a r t i a l  d e r i v a t i v e  sen- 
s i t i v i t y  t o  b a s e l i n e  i s  0.5 x l om3  Hz per  meter .  Thus, t o  achieve a  
3 cm s e n s i t i v i t y  a t  S-band (2 .3  GHz) would r e q u i r e  Af/f = 7 x  10-15. 
I n  the  time domain, t he  s e n s i t i v i t y  i s  t h a t  imposed by the  speed o i  
l i g h t  o r  about  3 nanoseconds pcr  meter ,  s o  t h a t  over t he  du ra t i on  of a 
six-hour  experiment the  3 cm performance requirement appears  t o  be 
ATIT = 5 x 10-15. 

Although P r o j e c t  ARIES  (Astronomical Radio Interferome t r i c  Ea r th  Sur- 
veying) has  c u r r e n t l y  progressed t o  ope ra t i ng  on base l ines  of about  
200 km, t he  frequency system f a c t o r s  a r e  b e s t  i l l u s t r a t e d  wi t11  d a t a  
from e a r l i e r  307 m system v e r i f i c a t i o n  experiments (Rcf. 6 ) .  The rea-  
soning i s  t h a t  tkc  Irequency sys  tern con t r ibu t ions  t o  the  o v e r a l l  beha- 
v i o r  of the  system a r e  b e t t e r  understood when Factors  sucli as transrnis- 
s i o n  media, source  p o s i t i o n s  and Ear th  o r i e n t a t i o n  parameters a r e  mini- 
mized. Also ,  t he  307 m b a s e l i n e  could be convenient ly  surveyed i n  
t h r e e  dimensions s o  t h a t  system accuracy  can be a s se s sed .  

When the  i n i t i a l  planning implementation O F  t he  ARIES s t a t i o n  began i n  
l a t e  1972 and c a r l y  1973, i t  was c l e a r  t h a t  t he  resources  a v a i l a b l e  
could no t  i nc lude  a  Ilydrogen rnascr Frequency system. Thus,  a l t e r n a t i v e  
s t r a t e g i e s  were sought t o  make some o t h e r  Less expensive frequency sys- 
tem useab le .  The commercially a v a i l a b l e  rubidium and cesium devices  
were,  of  course ,  t he  prime candida tes .  I n  l a t e  1972, an  i n t e r i e rome t ry  
experiment was conducted on the  16 km Goldstone b a s e l i n e  us ing  a  J P L  
H-maser a t  t he  64-m MARS s t a t i o n  and t h e  ope ra t i ona l  EM0 (26m) t r ack -  
i ng  s t a t i o n  s t anda rd ,  HP 50658 rubidium. The r e s u l t  was encouraging 
s i n c e  the  R~/H-maser  combination had b a s e l i n e  no i se  of 7 t o  10 cm and 
agreed w e l l  wi th  t h e  4 cm p r e c i s i o n  ( s i g n a l  t o  no i se  l im i t ed )  r e s u l t s  
of t h a t  b a s e l i n e  when run wi th  H-masers a t  each s t a t i o n .  By  t h i s  time 
the  r a d i o  source  observing s t r a t e g y  had evolved t o  the  p o i n t  of ob- 
t a i n i n g  a  s e t  of sources  t o  accomplish a  b a s e l i n e  s o l u t i o n  a s  qu ick ly  
a s  p o s s i b l e  which i s  f u r t h e r  discussed i n  t he  requirements  s e c t i o n  of 
t h i s  paper.  

The rubidium performance d iscussed  h e r e  i s  p e s s i m i s t i c  s i n c e  a g r e a t  
many elements a r e  involved i n  a c t u a l l y  ob t a in ing  de l ay  r e s i d u a l s  from 
which f r a c t i o n a l  frequency dev ia t i ons  a r e  deduced. Also ,  the  Hydrogen 
maser used a t  the  64-m s t a t i o n  i s  assumed t o  have con t r ibu t ed  no s i g n i -  
f i c a n t  no i se  i n  these  measurements. 

For those i n t e r e s t e d  i n  t he  s p e c i f i c s  of t he  geode t i c  surveying by 
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r a d i o  i n t e r f e r o m e t r y ,  the r e a d e r  w i l l  f i n d  the  Refe rences  use fu l .  

FREQUENCY SYSTEM REQUIREmmS 

S h o r t  Term (1 t o  l o 2  Sec) 

F i r s t :  t f l e r e  i s  t h e  requ i rement  that  f r i n g e s  be o b t a i n e d  and t h i s  farms 
s h o r t  term requiremerl ts .  The d e t a i l e d  mechan iza t ion  of th is  p r o c e s s -  
i n g  i s  d i s c u s s e d  elsewl-ierc (Ref.  9 t o  12)  anii we w i l l  merely  s t a t e  t h a t  
the s t a b i l i t y  needed a t  each s t a t i o n  i s  t h a t  1 - l e i ~ h e r  l o c a l  o s c i l l a t o r  
s h a l l  gain o r  l o s e  a t e n t h  of  a n  RF c y c l e  01 t h e  r e c c i v c d  frequcn.cy 
over  whatever  a v e r a g i n g  t ime i s  r e q u i r e d  i n  the c r o s s - c o r r c l a t i o l z  s i g -  
n a l  p r o c e s s i n g .  For  s trorlg q u a s a r  s o u r c e s  , t h e  coheren t  averaging t i m e  
rnay b c  as small as 1 sccol-id w h i l e  weak s o u r c e s  may r e q u i r e  c o h e r e n t  
a v e r a g i n g  t imcs  o f  100 sccol-lds o r  more. kt: S-band the performance r e -  
qu i rements  t h e n  become A f / f  - 5 :r 10-11 f o r  s t r o n g  s o u r c e s  and A f / I  - 
5 x 10- l3  o r  b e t t e r  f o r  weak s o u r c e s .  At X-hand (8 .4  GHz) t h e  r e  yuirc- 
ments r ange  from 1.4-  x 10-11 t o  1 . 4  x 10-l~. There i s  l i t t l e  that can 
be  done h e r e  t o  r e l a x  t h e s e  requ i rements  ~ x c e l ~ t  t o  r z d e s i g n  t h e  2ele.w 
communications pa ramete r s  t o  a c h i e v e  l a r g e r  s i g n a l  t o  noise r a t i o s  t o  
s t a y  away from t h e  weak s i g n a l  c a s e .  BasFcalLy, Rubidiuin sys tem can 
be r e l i ed  upor) a t  S-baad b u t  woulcl become marg ina l  a t  X-band f o r  s a t -  
i s f y i n g  t h e s e  s h o r t  term i n t c r T c r o m e f r y  needs ,  se.e F i g u r e  i and 2 .  

Medium T e n  ( l o3  Sec) 

m c r  a p e r i o d  of  s e v e r a l  hours  chc two i n t e z , i e r o n e t r j i  s t a t i o n s  observe  
t h e  e x ~ r a g a l a c t i c  rarlic: s o u r c e s  on a c y c l e  o f  abouc  six rnii~uCes 011 t h e  
s o u r c e  and t e n  minutes  t o  ruove  he a n t e n n a s  t u  tlie n e x t  s o u r c e  governccl 
e n t i r e l y  by  t h e  s l c w i ~ l g  r a t e  of  t h e  l a r g e  antenna. T y p i c a l l y  t h e  
s o u r c e s  arc  a b o u t  YO degrees  a p a r t  01; tlie s l i y .  So t h a t  a b o u t  103 sec-  
ond e l a p s e s  bctwccr: i.ndivid~1a.L s o u r c c  obse rva t<o i i s .  Wi th in  rz g i v e n  siic 
hour  e x p c r i m e u l ,  24 i sbscrvat ions  are r-nadc o f  s i x  ~r \nore S ~ U T C C S .  AS- 
surnitlg that we a r c  r;olving fol- six pararnetcrs (tllrec h a s c l i n c  and tilree 
FnstrumentaL) t h e  s o l ~ . t t i o n  s c t  i s  a IacLor of 4 o j c r - d c t e r m t n e d .  I f  
t h e  d e s i r e d  hascl ine p r e c i s i o r l  i s  3 crn ti-icn ~ h c  indi.\:idual. sourcc ob- 
s e r v a t i o n s  need a p r e c i s i o n  01: 6 cm siilcc t h e  o v ~ l : - a ~ t ~ r m i ~ ~ e d  il;lLIL~re 0.f 

the  s o l u ~ i o n  will help I)? I a c t o r  of two assurnlng ZeornetriciilLy ~ ~ i s l l  
d i s t r i b u t e d  s o u r c c s  . T h e  6 cni i ~ i t p l i e s  0 . 2  ilsec o-vcr e r i . o d s  of l U S  
secorlds o r  a A i / f  = 2 1.; 10-13. Tllesil? pc::c.C31::nailcz Levcls have  heen  scen 
w i c l l  t11c HP .5065A in t h e  a c t u a l  e :<per imei~ts .  St<i:i\ perIormclnce i s  tz 

f a c t o r  of two b e t t e r  than  tht: i i c lw l c  c t i7aci-:srd ~ ; ? c c ; i L i ~ d  pe r f  orr~liincc, 
see F i g u r e s  1 and 3 .  

bung Tcrm (10' t o  l o 5  Scc)  

I n i t i a l l y ,  t h e r e  i s  t h e  assumpt ion  hat t!le pllasc noi.se i1:ltroduced i.r-tLo 
tile s y s  tern be u n c o r r e l a t e d  wj. t l i  t h e  d e l a y  o11scr:rs b l e  p a r  ~ i a l  d c r i v a t  i v c  
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s e n s i t i v i t y  t o  the ind iv idua l  base l ine  components. This  assump t i o n  i s  
no t  always s a t i s f i e d  causing base l ine  s o l u t i o n  degradat ions of  a f a c t o r  
of 2 t o  4 ,  s e e  Table 1 and Figures  4 and 5 .  

Using the 24 observat ions accumulated ovcr s i x  hours ,  a  simultaneous 
s o l u t i o n  must be accomplislled f o r  tlze t h ree  base l ine  vec to r  components 
and e i  t k c r  two o r  t h ree  i n s  trumenral parameters (clock and frequency 
synchroniza t ion  p lus  a  poss ib l e  Lime dependent frequency term). It i s  
poss ib l e  t o  accomplisll t h i s  simultaneous s i x  parameter e s t ima t ion  be- 
cause the ins t rumenta l  parameters do not  depend upon the  d i r e c t i o n s  i n  
wl~ich the  two antennas are pointed.  Meanwhile, the  de lay  of the  incom- 
ing  quasar  wavefront,  of course ,  depends upon the  DOT product of the 
base l ine  vec to r  and the v e c t o r  d i r e c t i o n  t o  the r a d i o  source (i .e. the 
clirecciona in which the antennas a r e  poin ted) .  One must be c a r e f u l  t o  
er:aminc the instrunlentat ion t o  a s s u r e  t h a t  such a n  assumption of e l e c -  
t r i c a l  phase s t a b i l i t y  i s  i n  f a c t  c o r r e c t  withi11 requi red  l i m i t s .  For 
example, i f  d i r f e r e n c i a l  phase s h i f t s  wcre occurr ing i n  cables  a s  the 
antenna moved co d i f f e r e n t  pos i t i ons  then the clock o f f s e  t c e r m  would 
take on the appearance of being r e l a t e d  t o  one o r  more base l ine  compon- 
e n t s .  Actual  rncasurements oE such d i f f e r e n t i a l  phase s h i f t s  have bee13 
performed f o r  both the ARIES and MARS s t a c i o n s  and have been found t o  
be a t  about  t hc  1 cm base l ine  vec to r  equiva len t  l e v e l  and a r e  n o t  
thought t o  be of s u l f i c i e n t  magnitude t o  warrant  d i r e c t  c a l i b r a t i o n  a t  
t h i s  time. 

The a b i l i  ry Lo es t ima tc  clock and frequency o f f s e ~  terms a f f e c t i n g  the  
e n t i r e  da t a  s e t  i s  a  s t rong  sc lL-ca l ib ra t ion  f e a t u r e .  It i s  only those 
frequency system i n s t a b i l i t i e s  t h a t  remain a f t e r  the o f f s e t  removals 
wliich forms the  concern a s  Lo what w i l l  a c t u a l l y  d i s t u r b  the base l ine  
vec to r  cstirrlation. I n  c f f c c t  what is  done i s  t,o f ind  time spans dur-  
ing the  experiment when the  frequency system behavior  i s  e a s i l y  para- 
nletcrizcd. S p e c i f i c a l l y  t h a t  the de lay  be desc r ibab le  by a  cons tan t  
dc lay  o f f s e  c ,  a cons tan t  time r a t e  or' changc 01 delay  and poss ib ly  a  
quadra t i c  de lay  tcrrn t o  account Lor frequency d r i f t .  F igure  3 i s  an  
example of a11 experiment with a  s i x  parameter e s t ima t ion  ( th ree  base- 
l i n e ,  cons tan t  o f f s e t ,  cons tan t  r a t s  and frcqucncy d r i c t )  . If s i t u a -  
t i o n s  a r e  e~lcountered  where the system does no t  e x h i b i t  such e a s i l y  p a r -  
ameterized behavior ,  then the  s o l u t i o n  s c t  i s  segmented i n t o  regions 
where i t  does app ly .  The l i m i t  t o  such segmenting obviously occurs when 
a n  i n s u f f i c i e n t  number of sources have been observed wi th  a wide geome- 
t r i c  sky spread .  Figure 5 i l l u s t r a t e s  t l ~ c  breaking of a s o l u t i o n  set: t o  
a n a l y t i c a l l y  desc r ibe  long t e r m  performance. Thus, ovcr per iods of 
hours the frequency system needs t o  behave i n  a  smooth continuous manner 
s o  t h a t  the medium term performance of Df/f = 2 x can be exp lo i t ed  
t o  y i e l d  3 cm base l ine  r e s u l t s .  Abrupt changes i n  o f f s e t  and s lope ,  a s  
seen i n  F igure  6 ,  can be t o l e r a t e d  provided t h a t  t he re  arc s t a b l e  i n t e r -  
vals i n  which t o  ob ta in  f i v e  o r  s i x  parameter s o l u t i o n s .  While the  
change i n  s lope  may appear l a r g e  i n  Figure 6 ,  it a c t u a l l y  amounts t o  
5 x 10-13, e x a c t l y  the  s p e c i f i e d  performance f o r  the  BP 50658 f o r  
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a v e r a g i n g  t imes of hours .  

C0M.BINED FREQUENCY SYSTEM APPROACH 

There e x i s t s  t h e  p o s s i b i l i t y  01 f u r t h e r  sys tem s t a b i l i z a t i o n  o f  t h e  
long  term by u s i n g  a cesium beam r e s o n a t o r  i n  combination w i t h  t h e  
rubidium. I n  t h i s  way t h e  rubidium would govern t h e  s h o r t  medium 
term p e r I o r m n c e  and t h e  cesium t h e  long term. Thus,  t h e  o v e r a l l  base- 
l i n e  s o l u t i o n  would be s t r o n g e r  s i n c e  f cwer i n s  trurnental  terms would 
liave t o  be e s t i m a t e d .  

There i s  the d e s i r e  t o  rnake obscrva t i o n s  a t  X-hand t o  minimize charged 
p a r t i c l e  delay e C f e c t s  c1: the  tra: lsmission ruediurn h u t  t h e  rubidium i s  
tnazginal f o r  that  s h o r t  term a p p l i c a t i o n .  A g a i n ,  a combined Lrequency 
system o f  c r y s t a l  and rubidiurc i s  u s e f u l  as a l r c a d y  shown iii  R e l c r e ~ c e  
1. 

THE INTERPLAY OF FREQUENCY STABILITY AND CHO1C:E OF ANTEhTLkS 

As s e e n  i n  t h e  a c t u a l  rubidiunl daira, ( F i g u r e s  5 2r1d C3> tile ~yste111. Lends 
-to behave w e l l  ovcr  time i c t c r v a l s  o1 30-91! r~lkililres and evel-1 s u t  t-o 10 
hours  ( s e e  F igure  1> bli t  occasior;nll \  :;~aices a11 z b r u p i  cilarlge i n  phase 
o f f s e t  and r a t e  whit'? Forces tiic i n t e i - f e ~ o r - ; ~ e t e ~  b a s c l i n e  s c r l u ~ i o ~ l  t::. 
be r e s t a r t e d  t o  estimate :ICW i i i ~ t r u m c x : i z l  pBl 'at i lCterS.  Lf an  insu.E:Ei- 
c i c n t  s e t  of soul-ces have been observed during tflc i~el,L-behaved s n t e r -  
va', , tile b a s e l i n e  v e c t o r  s o l u t i o n  w i l l  t e ~ i d  t o  absorb  t11.c .Ererluency 
sys tem cxcurs ior l  a s  be ing  similar Fn c h a r a c t e r  tc the b a s e l i n e  cornpol?- 
e n t s  . 
The u s e  oE t h e  54-tn MARS s r a t i o n  b r i n g s  w i t h  i t  a l a c t o r  0 ;  2.8  b e t t e ~  
s i g n a l - t o - n o i s e  r a t i o  tha!: t;. 26-11: s ta t io l - ;  hat also r e q u i r e s  l o n g e r  move 
t i r~ lcs  between s o u r c e s  . Tllc GG-rn s La tior-: needs bi. tween 5 a n ?  30 min- 
u t c s  t o  go bc tween s o u r c e s  depending ll1101i k l i c  ca11l.e w r a p s ,  A 26-m 
s t a l l i o n  call rnove a t  IasCer s lewing rare  sc. illa! only 2 Lo 3 minutes  
are  needed t o  covcr a 90 degree  moire. Tl iu .~ ,  or1.e C a r l  c'tioosc an optiol-: 
t o  obscr,ve s e t s  o.f f i v e  cr s i x  sources i l l  one-hc~l.1 i:oii:: anci obLain  
s t a n d - a l o n e  d a t a  sc t s  ( p o s s e s s i n g  sufficicl-!l- i l ~ ~ t ~  t o  s o l v e  f o r  base1ir:e 
and instrurnent.t;l  pal-ametcrs) d u r i n g  p robab le  j lcriods of well-betlaved 
Rub2diu.m p e r f o r m n c e  . Tllcse h a l f - h o u r  data s e t s  wol~ld then  be combirled 
Logethcr over  ~ i l e  8 Lo 24 hour daca acquisi::io.r; i r l t e n r a l  to  y i e l d  ar! 
o v e r a l l  base l i r l e  p r e c i s i o n  o f  4 t o  6 cm. 

Thus, the  a p p a r e n t  paradcx t h a t  u s i n g  a s n x ~ l ~ l e r  d iamete r  a n  terlna can 
improve t h e  b a s e l i n c  Ill.easirre.men L accuracy- . 
CONCLUSION 

A c u r s o r y  e s t i m a t i o n  of f requency systetn requircrnents t o  sccomplish  
independent  s t a  t i o n  r a d i o  i n  terfecorr~c t r y  b a s e l i n e  measurctnen ts might 



conclude t h a t  on ly  a  Hydrogen maser could  perform t h e  job.  

However, such  a n  e s t i m a t i o i l  needs t o  t ake  i n t o  account  t h c  a b i l i t y  of 
t h e  r a d i o  i n t e r k e r o m e t e r  t o  be somewhat s e l f - c a l i b r a  t i n g  . It h a s  been 
shown, a n a l y t i c a l l y  and e x p e r i m e n t a l l y  wit11 307 m b a s e l i n e  d a t a ,  t h a t  
the f requency  sys tem requirerncnts  a r e  a c t u a l l y  O f l f  = 2 x  10"13 t o  

achieve i c m  b a s e l i n e  a c c u r a c y  a t  S-band. Th is  amounts t o  being a  f a c -  
t o r  of 3  t o  40 l e s s  s e v e r e  than  t h e  c u r s o r y  e s t i m a t e  and makes t h e  
Rubidium (HP 5065A) system a v e r y  u s e f u l  d e v i c e  f o r  geodesy by r a d i o  
i n t e r f e r o m e t r y .  
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(SITE B) (SITE B) 

*DEC '73 ARIES POSITION (SITE A )  ADJUSTED TO POST FEB'74 
POSITION (SITE B )  BY AX = -16 cm, AY = -36 cm, 
AZ = -25 cm, A d =  19 cm 









QUESTION AND ANSWER PERIOD 

MR. WARD. 

Sam Ward, Jet P r o p u l s i o n  Lab. 

Have t h e r e  been any o b s e r v a b l e  r e s u l t s  as  t o  t h e  b a s i c  pur-  
pose  of t h e  t h i n g ,  t h e  r e l a t i v e  d r i f t  of t h e  e a s t  and t h e  
w e s t  s i d e  of  t h e  San Andreas F a u l t ?  

DR.  VESSOT: 

That i s  no t  t h e  r e a l  purpose  f o r  t h i s ,  is it? 

DR. MELBOURNE: 

Yes, f o r  t h o s e  of u s  who l i v e  o u t  t h e r e  i n  E a r t h q u a k e v i l l e ,  
t h a t  is a  r e a l  concern .  What we see c o u l d  be e x p l a i n e d  by 
o t h e r  f a c t o r s .  There  is  no c l e a r  s i g n a l .  Let  m e  g i v e  a  
l i t t l e  b i t  of i n s i g h t  i n t o  t h i s .  

One of t h e  mechanisms t h a t  a p p e a r s  t o  be  go ing  on i n  t h e  
geophys ics  a r e a  is  something c a l l e d  d i l a t a n t c y ,  which s a y s  
something about  t h e  r o c k  f a i l u r e  mechanism p r i o r  t o  t h e  
quake ,  and t h a t  s a y s  t h a t  t h e  ground undernea th  of t h e  
r o c k s  down 5 k i l o m e t e r s  o r  s o ,  beg in  opening up l i t t l e  
c r a c k s  and t h e  ground s w e l l s  up.  

Now, t h e  S o v i e t  v e r s i o n  of  t h e  obse rved  phenomena r e g a r d i n g  
s e i s m i c  v e l o c i t i e s  from which d i l a t a n t c y  was deduced,  
c l a i m  t h a t  t h e  u p l i f t  i s  g o i n g  t o  be a t  t h e  s e v e r a l  me te r  
l e v e l  and is going t o  happen o v e r  hundreds of k i l o m e t e r s .  
The s e i s m o l o g i c a l  l a b  a t  Cal Tech s a y s  y e s ,  it  c o u l d  be 
l i k e  1 o r  2 m e t e r s ,  b u t  t h e y  d o n ' t  b e l i e v e  t h a t  t h e  1 0  mete r  
approx imat ions  t h e  S o v i e t s  make are r e a l i s t i c ,  b u t  w e  a r e  
t a l k i n g  about  p r e t t y  b i g ,  d e f i n i t e  s i g n a l s  a s  a p o s s i b i l i t y .  
I t  depends upon t h e  p o r o s i t y  of  r o c k s ,  where t h e  d i l a t a n t c y  
is  o c c u r r i n g ,  b u t  p o s s i b l e  u p l i f t e d  g e o m e t r i c  s i g n a l s  a r e  
maybe a t  t h e  mete r  l e v e l ,  w i t h  lower l i m i t s  down around 1 0  
c e n t i m e t e r s .  Now,  i f  something is go ing  on t h e r e  a t  t h e  
10 c e n t i m e t e r  l e v e l ,  w e  p robab ly  have d i f f i c u l t y  s e e i n g  i t  
r i g h t  now. 

I f  i t  is  a s i g n a l ,  a  g e o m e t r i c  de fo rmat ion  t h a t  is o c c u r r i n g  
a t  t h e  1 mete r  l e v e l ,  I t h i n k  t h a t  w e  would d e f i n i t e l y  see 
t h i s .  



DR. VESSOT: 

I s h o u l d  t h i n k  you would p r o b a b l y  see i t  a s  p ~ a t e  mo t ion  i n  
a m a t t e r  o f  a few y e a r s .  

D R .  MELBOURNE : 

T h a t  is r i g h t .  

DR.  VESSOT: 

These  a re  m o t i o n s  o f  t e c t o n i c  p l a t e s  t h a t  d e s c r i b e  t h e  
g e o l o g i c a l  s u r f a c e  of  - the  e a r t h ,  and t h e y  have  been  v e r y  

DR. MELBOURNE : 

Y e s ,  i t  seems a n  i n c o n t r o v e r t i b l e  f a c t  t h a t  t h e r e  i s  some 
k i n d  of a h o r i z o n t a l  d e f o r m a t i o n  g o i n g  o n .  I t  is  o n l y  a  
d e b a t e  a b o u t  t h e  m a g n i t u d e .  One l i n e  of  r e a s o n i n g  wol 
h o l d  t h a t  t h e  r a t e  c o u l d  b e  a s  much a s  6 c e n t i m e t e r s  per 
y e a r .  Well, you c a n  see t h a t  even  w i t h  t h e  c u r r e n t  a c c u r a c y  
that w e  have  of  1 0  c e n t i m e t e r s ,  w i t h i n  s p e r i o d  of a  d e c a d e  
o r  l e s s ,  w e  a r c  g o i n g  t o  be a b l e  t o  s e e  t h o s e  k i n d s  of 
d e f o r m a t i o n s .  

Now, w e  s e e ,  by t h e  way, many ways of  improv ing  t h e  s y s t e m .  
I have  t a l k e d  a b o u t  just t h e  t i m e  and f r e q u e n c y  a s p e c t s ,  
b u t  c e r t a i n l y  w i t h  r e g a r d  t o  t r a n s m i s s i o n  m e d i a ,  c a l i b r a -  
t i o n s ,  and t h e  t e l e c o m m u n i c a t i o n  p a r a m e t e r s  and  s o  o n ,  o n e  
c a n  see ways of making t h i s  s y s t e m  a c c u r a t e  t o  a b o u t  1 
c e n t i m e t e r ,  g i v e n  a b o u t  30 h o u r s  of d a t a  a t  a  g i v e n  loca-  
t i o n ,  so  once you g e t  down t o  t h o s e  k i n d s  of l e v e l s ,  t h e n  
you a r e  g o i n g  t o  b e  ab le  t o  r e s o l v e  d i f f e r e n c e s ;  w h e t h e r  
d e f o r m a t i o n  r a t e s  i n  t h e  h o r i z o n t a l  a r e  2 o r  3 o r  6 c e n t i -  
meters.  

I D R .  VESSOT: 

I would l i k e  t o  a sk  a q u e s t i o n  of  how many o i l  companies  
have  been  b e a t i n g  a p a t h  t o  you r  d o o r  f o r  d o i n g  s u r v e y s ,  
n o t a b l y  i n  r e g i o n s  of  o u r  w o r l d  t h a t  a re  n o t  a c c e s s i b l e .  I 
c a n  t h i n k  o f  no more m i s e r a b l e  t a s k  t h a n  s u r v e y i n g  my way 
up i n t o  A l a s k a  o r  t h e  Yukon T e r r i t o r y ,  a  j o b  t h a t  c e r t a i n l y  
would t a k e  a  g r e a t  rnanv v e a r s .  and t h e  a c c u r a c y ,  I t h i n k ,  
would depend an a w f u l  l o t  on j u s t  p l a i n  l u c k .  Whereas 

1 f h e r e  you are  w i t h  a  h e l i c o p t e r ,  presumab1.y you cc 
I 



t h i s  g a d g e t ,  and w i t h i n  s e v e r a l  days  o r  weeks, you may end 
up w i t h  numbers on t h e  o r d e r  of  centimeters. 

DR. MELBOURNE : 

Well ,  t h e r e  h a s  been e x p r e s s e d  some i n t e r e s t  from t h e  
Trans-Alaska P i p e l i n e  p e o p l e ,  a s  w e l l  as from l o c a l  u t i l i -  
t i e s  want ing  t o  b u i l d  n u c l e a r  power p l a n t s ;  n o t  s o  much t h a t  
t h i s  is  go ing  t o  b e  an  i n t e g r a l  p a r t ,  b u t  t h i s  is new t e c h -  
nology.  We a r e  up a g a i n s t  a  r e a l  b i n d  i n  a l o t  of  a r e a s .  
Some of  them a r e  env i ronmenta l  -- w e l l ,  p a r t i c u l a r l y  i n  
env i ronmenta l  impac t ,  and I t h i n k  t h e y  a r e  l e g i t i m a t e l y  
t r y i n g  t o  wrestle w i t h  t h o s e  problems and d e a l  w i t h  them 
p r o p e r l y ,  and t h e y  a r e  l o o k i n g  t o  t h e s e  new k i n d s  of  
t e c h n o l o g i e s .  

DR. VESSOT: 

I j u s t  want t o  make one o t h e r  comment. I t  i s  a s t o n i s h i n g  t o  
me t o  l o o k  a t  t h e  p r o s p e c t  of u s i n g  random n o i s e  from t h e s e  
c e l e s t i a l  o b j e c t s  a s  a means f o r  t i m e  s y n c h r o n i z a t i o n .  I t  
means t h a t  w e  a r e  g o i n g  back t o  astronomy o r  a s t r o l o g y  t o  
g e t  o u r  t i m e .  We m u s t n ' t  f o r g e t  t h a t  f o r ,  I  t h i n k ,  p robab ly  
t h o u s a n d s  of  y e a r s ,  t h a t  t i m e  h a s  been an a s t r o n o m i c a l  be- 
h a v i o r .  I t  h a s  been i n e x o r a b l y  l i n k e d  i n  o u r  h e r i t a g e  t h a t  
t i m e  is t h e  motion of heaven ly  b o d i e s .  We now have gone t o  
a toms,  and I a m  j u s t  wondering whether  o r  n o t  w e  a r e  n o t  
go ing  t o  go  l o o k i n g  o u t  t o  s p a c e  a g a i n  f o r  t i m e .  

I t  might t a k e  a w h i l e ,  s o  I t h i n k  a  few of  u s  c l o c k  makers 
may be s a f e  f o r  a  w h i l e .  




