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Lr*avr:r~:?c!tl b;y iiilr:. r a d i o  s.~,yla!:-; a]-F: (:c.~t~t# 1i-~uou31.!iij chsr~girrg so -that 
ntn1o::phcric: iril~iiniogenci t i (?;.; sf't 'ect I)o t!-I s~ i p n i .  vp 1 ocii;,y arld wave 
ref ' racl; lon i r ~  a. v:~r.i.a.l:ie !!:;IYIJIC~. I r l  !.~:1,;:::.;e:.: wl~cre  k1.1.g11 ; ~ , ~ t ; ~ t i ~ d e ~ :  ;3re 
r..tt,.lalnod t lie o h o r  Ler a l;no:,:plierj c: pa.111 gr vei-: -Irnor7c con:<luterit r e y u l  L ::. 
R Lso, 3 ~idepcritlen-L 01' Lhe alt 1 tude a1 tair-!t:d, Lhe i-lt..:<t rnea:;ilres a r c  (IF- 
t a lno i i  :~roi~r!d  llic -L lrne (> 1' c:iost:.:.:t appl)oaci i  ('~'CA ) (ji' t ,he s a t e l  L l t e  wlle~i 
bol.h - the range arld t h e  r a t e  i l f '  c h a r ~ k ~  ,-)if r,- I 1 - I  L . Whey c .t he 
'F value::: 130 not  tr.u:lPy .repx>i.:zei.u31.!it, t , k ~ c ?  crCl t;a L behavl 2 . 1 1 ~  o f  t h c j  : > a t e i l i . t e ,  
the source t.)t' L h c .  t3l'rcjr-s 'I!) 1' (:ail t ) ~  de!li~i:?rA t'rom t h e  rlatlll'e of' t h e  
varkia-i; l i j z l s  1.n T-0 ar.cjuu~;I '?(:A ihrI~(:rl (:~xid.it ic:>riu a1)1^~1~0a~hirig ''st eatiy 
::"tjatutl ex] s-t i i i  t h r :  e x p c r l t ~ e : ~  i;. 

Yl$;u-r'e 1 show:: t h e  rnt:a.sn:r.e:-: c:ijtair~eti (0 ) , t 21c '1' v a l ~ ~ c s  aritl cia-t a f o r  
~ 3 1 ' 1  ~jl.lS  stage^ l ~ i  th(: f'~:dil!.t i (?Y1 3f' Piis6 rl~~rrlher 1 14.4 i l l  t<hi(:ll the d?':&1 
o.loc:k. wak.3 r:i)rrlparc?d ' s ~ i t . 1 1  C L O C ~ : :  at KG0 anti aid Niii,. The ~ t e s u !  ,ts t'or t h e  
Lwo :<tst,ior-1s a r c  q u l t c  .iyltlc:penderit i!il:; ,-.ac.:i~ :;t?t (:'x.kll L[ . t  B tlle saiicy1t 
i'eitt~lr>eu oi' t h e  (.lala vki.i,air:ec? IYI a pa:;;?. 

Fi  ig.lr,c. 1 ::kl o w 3  : 

(a) !i? arid v a i u e s  l ' o r  1he rnlnutc:~ at wh I n~r:.a.r:~uigi'ui rr,eaclal)eo 
were obsa~w;cd ;:ti I,hc ~ W O  :-:.tat I C I Y ~ S  

( b )  '7-0 tlifl'or3e~~r:r:::l piottccr ~ ~ t l i  a :r:(_:zic j$XI -I,imes t h a t  ot '  ( a )  

( r , )  T-0 c i j r rec ted  b<y. a l ineci r  t e rm whlc:h ha:-: ~ e r o  va:!~le a:L TCA. 

A s  expla.inct1 shove, In esscr.i-L ia l condl t i  on l 'or  o b t a i n i n g  equa l  T-0 
value:; tliroughout a pafin 1::: Lliat I;hc relative  ate or t l ie  two clcck:-: 
beirig compar.ed i t i  zero .  Howover, t h e  i. i I t e  clock d i f f e r s  by about 
49. % x I()-'' f'yorn norriirla 1 wkii  !F: tlic depar.Li.~rcs of' .Lhe csezlutn bea~.rn 
a tomic c l o c k s  w e d  in l l l r  two s-Latiun;. a r e  o n l y  of' i l ic  orlir?r- j r 10-I?. 
l'he r o l a t ~ v e l ~ y  very  lnrxgc r a t c  ot' t h e  sateli . . i .Le c.LocK i:: r.el'lcct,ed i l l  

-the trio s e t s  of' T-O values wllich, to firb:-:t ijrtier., change by 0.3 u s e c  
- 1 rnirl , I3ecau:;e of it:-: un-ique i ' ca tu rcc  t k l r - .  lli:A i:-: t l le  f ' i duc i a l  rei- 

erSeulce t imc? 1'01. wlljcll t h c  adopted. pass rcsuLt  1s quoted a,rid rabe 
~:orr.ectiuris  a r e  consequcrlt ly appli.ed t o  the: re : ;u i ts  obt,a.lnet'i at a l l  
o-Lhes t i r r~es  -1,2-lr.ou&out the  pass t o  reduce  a l l  recul-1;:; t o  t h e  epoch o f  
TCA . 
The r a t e  i:; riot r e y u - ~ r t ? d  w i t h  p c t t l ;  preci:<icjn r-1.1 t h i s  s t a g e  b u t ,  as 
may be seer1 i n  ( b )  arld ( c )  of' F'ir;ur-e 1 ,  tilt. adopted value has  f u r n i s h -  
e d  cor.roct;ions t h a t  have ~.ernoved about 95'jL of t h e  dr:iflt i n  T-0. 
F'urthormorc, s.l.though t h e  f i r i a l  ~ ~ e s u l  L I:? quoted for .  t h e  cpoch cor,rcs- 
ponding -to TCA, i-L is c l e a r  t>klst vlr't1,lai 1.y a Ll 01' the rnea:;ure:; at but11 
s t a t i o n s  are wlthlvl 1 ?Asec: o i ' t h e  values at 'L1l:A. b'or pas:-:cs 1x1 which 
spurLou.:: rrnea:l:m.e:< ar te  rc?ceivecl. at TCA, a T-0 vctl ue f o r  t i l l  s epoch crlri 
be deduced f'rorn adjacev1.t r n e a c u ~ c s .  
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.- 1 -1  1 
(11' b c t t c r  -lkl;ri (.).C)C:;! u::ec::s i l l i l l  ( C C ~ I L : . V : ~ , ~ ~ Y I ~ .  LC) 3 x 10 ) t ~  ~ C ~ ~ C V C :  

i). 'I jnsc?c ; ! r s c ~ u i  or-i  l r i  tl.ic: zta,l, i i : . r l  (1.1 ft'cr~~ric:eu w2llc;h a r e  t a b u l a t e i l  lri 
t h e  b'ina,: i-i.;:! umri. The t r i l e  :-; \,at 1 O ~ I .  ( 3 1  f'l'ere.rlcc: or11 y amour~t ::: t c a f ' c w  
~ T ~ . L ~ : T ' ~ ~ C ? C : O Y I ~ S ;  t h ~  value:; g : l v e ~ ~  l n  tht? ~ i h l c  ;;),re rriui:h i a r g e r  tiue t o  t h e  
prc:-;c-:ricr:e 1.11 t ht: (laha, o t' ~ n t ~ e g e r *  rn~i;iae!:onii.s -that a r e  ~nc lu t i ec i  i n  t2ie 
i-: of'-twa1.e f 'or coriveri i pfli>i.: 1 r l  data, 2ia~ldl .J.IIG, 

1,oran-C r e c e i v e r : .  a t  the  RCO i 'urriish a, t i a i l y  rnea:::llrr: of' t h e  i l epa r tu re  
ot' t821s ; : tat  10n  c l a c k  .I'ri>rn the? ilryT: :iy.zt(-?lli ~ f '  tllc: US Nav;i.l Ob::c:~*vaLor.y 
ail4 c-,verl rnore rc:f'iried i:orrrpur-~sori~ w l t h  t2il::: :;yzterri a re  cal>r  ~ . e d  oul; a t  
L .  Y'kii! cl~na..i.i.ty oi' t,kic:: K(X)-NRL ! i n k  v i a  'YI~!lIATION may Le ac-c..-4- ~ U C ~ Q ~ C I  k),y 
cornpsrir~g it, wit !I I;lla,t, a(; hi(.:veri t ihr.i?~.~gl:li L,or;:~r-i: (:)rl t Jic sarrie clat cx . 
T2ir: cilrrlp:%.rl:-: om-: ;;l,I3e u c t out  - i r i  'I.'sb 1 e 2 l n  w i ~  i ch. t h e  i'i r:<-L riiit il. coi.lurlr1 
:L:< t i ~ c :  f ' ~  r1a.l co i  limn o t '  T~ii).le 1 , bri Lh iritegcl- r!~ll.llsecoritis r.emoved. .It, 
::lil.:lxi.d pcri.~;j.p:-; be :;t r'e::::.;ct3 t,hat i.n t 2 i c l  -Lab].(-: t h e  t lme ;.:>is l e m  de::;icyi;zt;etl 
KC:O i s  t l ~ a t  of '  I , &  s ts t . i .on c1oc:k ( C S ~ ~ . )  iloed i r i  t h e  s a t e  I l . i . t c ?  com- 
1 ) a l b . i  :; i.)n 5 ar:ii YIG- t ,  t fie IJ'TC ::YB I, ~ I T I  o t ' t, h~ RCIrO ~ n i  h:i c h  13 tjax e ~ l  or1 a l l  t hr: 

ob:::pr.va.tory c?ocka.  I\:-: rncntlovied a.bovc, (,he I.i'L1i: sya-tern cmployed hcrt.> 
-I:-; ILl~at, 01' t h c  IJSNO. The cornpa,ri::oriz iridicatc-: l;lia,t; (I .)  t21e:re a 
L.;fy::tcma.t lc: c ]  ii'L'e.rer.~ce o f '  0. 3 psec: bet  wr:o~~ 1,he t w o  rnc /,hods tuid (i i ) t h e  
rrict,ilorls a r e  of t h e  :;mi(> order 01' act-:ur\a.cy. At::;un~in{y, as tho d a t a .  
ougge:-:t, t h a t  IJ'TC-RI;O c:iiaurgc:; l i r i e a r ~  I fy o v t : ~  [.lie perloti  t l ie  t3cpart,urcs 

- 1 o f  t l . 2 ~  two set;:-: ahout a, Lirie w i t h  :-:l.opc i j . i ) j , p ~ e c  dary flavf: i)cen r:al- 
cu la ted . .  ' r h c  iii :;pc:r.:!;io~: 1:; :;hewn. i ri ~ l ' i f l ~ r ' e  3 i r l  w h i c h  i.t 1 1 1 5 ~  be xeeri 
-I;llat, i v i  the: ;:iqa l; r;a.rriple av3.i .I ak~:! e t l ~ e  '.il.l l v lA1T103  r e n u  l.t:.; a . ~ e  more con-- 

t - 1  
:<~::-L(.:YI!,, ~n, i~ i ;h  ;L :-:t;~~~(.iarcl d e v l a t i o r .  01.' - (3. 1.:) LIE(?(: as aga.i.rist. - 0. 1'7 
['OT L<JY?~II.-(.: . 
'L'lie r c s l l l t s  ~ i a y  be seer1 3,:: a si.lcces:-; f'or 121~~ t,lrne t r>~+r~r lsfe~.  expc::rlrncnt, 
w l t h  rl'l~vTA'TION beca.ln:-:c: t21t? ncci.u*a.c:y i:: alreai-ly ol' tJ1.c :f:nrrie or.(icr as 
I,or.ari-l: arid. t h e  covepage i n  VI rtllal !y world l i l r l  (lc. The r:ompa.r~sooui 

4- 
accliracy- 3.1 a z i r ig ie  ::;tat'l on i s  of t h e  o ~ d c r  - 0.01 p o e c ;  t h e  d IS-  

propnra t iorlat e lox :.: i n  a.ccurncy .Lr: I ri ter-::: t a-t i or1 colrlpar.is or::; may be 
attr i . ' r j i l i c . : t i  L o  t.he c:.r'~ t n.ca l ~ ( ! ~ F Y I ( ~ F ? ~ ~ c F :  UP(JYI ~ z - , c c ~  ,;<e evnlua,t i O Y ~  of' t,hc 
r a t e  - a.nd a l s o  i.lpor1 t h e  :.-:taijili ty  of' t h e  r a t e  - o f  t h e  N T S - I  c l o c k .  
Th is  lirriitat i u r i  wouitl Iiartl l y  e x i x t  i f [,he :-;at e l l l t c  was i'urrli :<heti wi th  
a r i  atornlc c iock .  

?'21(-: c n ~ l t  .lau:tt i o n  uf L 'ric: corrlparl s i i r  I t' t t i  c: Tlrrlat 1011  ariti Lo rarl-(; I. irks 
bctwt-?en t h e  IJYA a r ~ d  UK uhc,illtl 1,hu:: prove ot* great  value arid i t  1.u 

pe rhaps  per'rr~~ssikilc t o  express aj)pre(:i 3t i ori ~ t '  the  ~ d i  l l i r l g  c:o-operat1011 
or' NHL arid t h e  USlUO. 1 t i s  a1 .ready evidcri t  I.l.lat, ii.s t,he ::Ty:-:tcrn i:: 
e x t  e r ~ d c d  anti i~.sed bey gxouric:l ::ta.-t, i. oris world w l  tic: , l,he dogrt?e 01' t ~ m i r ~ g  
prC(:\ .s l0~1 that;  car1 now b e  ach~r.vc:tl tbui.ly ju:-:l,ii'ies t ' r l r - !  dc-:cioior~ to 
l r ~ c o r p o r a - t  e a cat:;; i urn c l o c k  i n  NTY?'' . 
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1970. 
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(paper by H M Smith; wrongly aLtributer? t o  TI T, 13as.ton) 



S w e  1 For  e x p l a n a t i o n  s e e  o p p o s i t e .  

S u b s a t e l l l t e  positions corresponding t o  TCA at 
at RGO (x). For. explavlatlorl see  opposite. 

P'1m~1.e 3. Scat her iri comparisons betwecn RGO and UTC (UXNO). 
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QUESTION AND ANSWER PERIOD 

MR. LUCK: 

John  Luck,  N a t i o n a l  Mapping, A u s t r a l i a .  

I have  been  o u t  o f  A u s t r a l i a .  s i n c e  b e f o r e  t h i s  l a t e s t  
series o f  e x p e r i m e n t s  was c o n d u c t e d .  T h i s  is  my f i r s t  v iew 
o f  t h e  r e s u l t s ,  and I a m  q u i t e  d e l i g h t e d  and  I would l i k e  
t o  j o i n  w i t h  M r .  Smi th  i n  t h a n k i n g  Dr. W i n k l e r ,  Roger E a s t o n  
and  a l l  t h e  o t h e r s  i n  coming t o  A u s t r a l i a  i n  p a r t i c u l a r  and  
t h e  o t h e r  p l a c e s .  I c a n n o t  e x p r e s s  how g r a t e f u l  w e  r e a l l y  
are .  

R e f e r r i n g  t o  your  s l i d e  showing t h e  A u s t r a l i a n  and  J a p a n e s e  
r e s u l t s  a g a i n s t  USNO, t h e  r e s u l t s  s e e m  t o  have  t w o  l i n e s  on 
them. Is t h i s  j u s t  random sca t te r  o r  do  you s u s p e c t  some- 
t h i n g  more s y s t e m a t i c  t h e r e ?  

MR. SMITH: 

W e l l ,  t h a n k  you f o r  your  v e r y  k i n d  r emarks  and  c e r t a i n l y  I 
j o i n  w i t h  you i n  e x p r e s s i n g  t h a n k s  t o  t h o s e  who w e r e  r e s p o n -  
s i b l e  f o r  t h i s .  I do c o n g r a t u l a t e  you on t h e  e x c e l l e n t  
r e s u l t s  which have  been  o b t a i n e d .  

B u t ,  w i t h  r e g a r d  t o  y o u r  s p e c i f i c  q u e s t i o n ,  I t h i n k  I a m  a t  
a p o i n t  where I c a l l  upon one  o f  t h e  NRL r e p r e s e n t a t i v e s .  
Whether h e  w i l l  f e e l  d i s p o s e d  t o  make any comment a t  t h i s  
s t a g e ,  I d o n ' t  know. You w i l l  a p p r e c i a t e  t h a t  some of  t h e  
t r a v e l e r s  have  o n l y  j u s t  r e t u r n e d .  These  g r a p h s  have  o n l y  
j u s t  been  p roduced  and t h e y  r e a l l y  h a v e n ' t  had a l o t  o f  t i m e  
t o  t h i n k  a b o u t  a n s w e r s  t o  a l l  t h e  q u e s t i o n s  which I know 
t h e y  are  a s k i n g  t h e m s e l v e s .  B u t ,  would someone f rom NRL 
l i k e  t o  comment and s a y  w h e t h e r  w e  d o ,  i n  f a c t ,  have  some 
s y s t e m a t i c  d i f f e r e n c e  i n  t h e  A u s t r a l i a n  r e s u l t s ?  

MR. LYNCH: 

Don Lynch,  Naval  R e s e a r c h  Lab. 

I w a s  f o r t u n a t e  enough t o  go  on t h i s  t r i p .  I n  r e g a r d  t o  
J o h n ' s  q u e s t i o n ,  t h i s  i s  t r u e .  These  r e p r e s e n t  p a s s e s  a t  
d i f f e r e n t  t i m e s  o f  day and  t h e r e  is  a c o m b i n a t i o n  of  r e a s o n s  
f o r  why t h e r e  is t h i s  s p r e a d .  T h e r e  i s  a  small  amount due  
t o  r e s i d u a l  i o n o s p h e r i c  e f f e c t  a t  d i f f e r e n t  t i m e s  o f  d a y .  
I t h i n k  i n  t h i s  c a s e ,  a l t h o u g h ,  w e h a v e n ' t  gone i n t o  t h e  



f i n a l  a n a l y s i s ,  I t h i n k  y o u - w i l l  f i n d  t h a t  t h i s  i s  p r i m a r i l y  
due  t o  t h e  d i f f e r e n t  geome t ry .  T h a t  i s ,  w e  a r e  l o o k i n g  a t  
t h e  s a t e l l i t e  on a d i f f e r c n t  p a r t  o f  t h e  o r b i t .  

T h e r e  i s  a p r e l i m i n a r y  a n a l y s i s  w e  have  been  u s i n g ,  p r e -  
d i c t i n g  t h e  p o s i t i o n  o f  t h e  s a t e l l i t e ,  which i s  s e v e r a l  
weeks o l d .  Now, what w e  i n t e n d  t o  t r y  t o  do i n  removing o r  
examin ing  t h i s  f u r t h e r ,  i s  t o  u p d a t e  o u r  p o s i t i o n  of  t h e  
s a t e l l i t e ,  u s i n g  newer d a t a  f o r  t r a c k i n g  p u r p o s e s ,  r e - e v a l -  
u a t c  t h e  p o s i t i o n  o f  t h e  s a t e l l i t e  and see i f  t h i s  d o e s n ' t  
remove p a r t  of t h i s  e r r o r .  B u t ,  I t h i n k  i t  is  p r i m a r i l y  
due  t o  t h e s e  t w o  e f f e c t s ,  t h e  geomet ry  due  to t h e  o l d  
t r a j e c t o r y  and t h e  i o n o s p h e r i c  ef f e c t  . 

D R .  HELLWIG: 

You r e f e r  t o  t h e  i m p o r t a n c e  of  t h e  p e r f o r m a n c e  of  t h e  
s a t e l l i t e  c l o c k ;  what k i n d  of  c l o c k  w a s  r e a l l y  u s e d  on NTS-1 
f o r  t h e s e  e x p e r i m e n t s ?  

MR. LYNCH: 

The c l o c k  t h a t  was u s e d  i n  the s a t e l l i t u  d u r i n g  t h e  t i m e  
p e r i o d  of  t h e s e  e x p e r i m e n t s  was the q u a r t z  c l o c k .  

DR. IIELLWIG : 

I would l i k e  t o  a s k  why w a s n ' t  t h e  rubidi..um used?  

MR. LYNCH: 

We were u s i n g  t h e  q u a r t z  dur i -ng t h i s  p e r i o d .  W e  had been  
e v a l u a t i n g  t h e  b e h a v i o r  o r  t h e  q u a r t z  and w e  had n l i t t l e  
more h i s t o r y  on i t .  The o t h e r  ' t h i n g  i s  t h a t  we d i d  expur -  
i e n c e ,  i n  u s i n g  t h e  rubidium c l o c k ,  some u n l o c k i n g  o f  t h e  
r u b i d i u m  and d i s c o n t  i n ~ i t y  and we t h o u g h t  , prbobabl y , 
d u r i n g  t h i s  e x p e r i m e n t  w e  would bc be t t e r  o f f  u s i n g  t h e  
q u a r t z  evcn  though  i t  might  be  less s t a b l e .  B u t ,  w e  had 
l i m i t e d  t i m e  t o  p e r f o r m  t h i s  experiment and w c  wanted  t o  
u s e  s o m e t h i n g  t h a t  m e  t h o u g h t  w a s  probnbl y g o j n g  t o  h o l d  i n  
and n o t  u n l o c k  on u s ,  n l t houg l i  we had no way  of knowing 
w h e t h e r  o r  n o t  t h e  r u b i d i u m  would have  s t a y e d  i n ,  h a d  we 
t r i e d  i t .  




