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ABSTRACT 

S p a c e c r a f t  n a v i g a t i o n  t o  t h e  o u t e r  p l a n e t s  ( J u p i t e r  
and beyond) p l a c e s  ve ry  s t r ingen t :  demands upon t h e  
performance of f requency and t ime (F&T) r e f e r e n c e  
s t a n d a r d s .  The Deep Space Network (DSN) makes u s e  of 
hydrogen masers a s  an  a i d  i n  meet ing t h e  r o u t i n e  F&T 
o p e r a t i o n a l  r equ i rements  w i t h i n  t h e  64-m an tenna  n e t -  
work (one antenna each i n  Goldstone,  C a l i f o r n i a ;  
Madrid, Spain;  and Canberra ,  A u s t r a l i a ) .  

The opera t iona l .  s y n t o n i z a t i o n  ( f requency synchroniz-  
a t i o n )  requirement  i s  a ?3 x 10-l3 between an  two 
64-m Deep Space S t a b j o n s  (DSS) and a + 1  x 10- y2 
between any 64-m DSS t o  UTC(NBS). The c l o c k  (epoch) 
s y n c h r o n i z a t i o n  requirement  i s  +20 us 64-m DSS 
between any two 64-m DSS, and '20 p s  o f f s e t  between 
any 64-m DSS t o  t h e  UTC(NBS) epoch. 

Both t h e  sync and t h e  s y n t  were e s t a b l i s h e d  through 
use  of a s p e c i a l l y  c a l i b r a t e d  H-P E21-5061A F l y i n g  
Clock.  The s y n c l s y n t  t o  UTC i s  be ing  mainta ined 
u s i n g  LORAN and TV i n  t h e  s imul taneous  r e c e p t i o n  
mode. The s y n c l s y n t  w i t h i n  t h e  64-rn n e t  i s  main- 
t a i n e d  th rough  t h e  u s e  of Very Long Base Lnter-  
f e romet ry  (VLBI) . 

R e s u l t s  as of October ,  1980 i n d i c a t e  t h e  hydrogen 
masers  a r e  performing w i t h i n  t h e  r e q u i r e d  s p e c i f i -  
catians.  However two problem a r e a s  remain t h a t  
affect: o p e r a t i o n s  performance: ( I )  t h e r e  i s  i n s u f -  
f i c i e n t  c o n t r o l  over  t h e  environment i n  which t h e  
r e f e r e n c e  s t a n d a r d s  r e s i d e  and,  ( 2 )  f requency d r i f t  
makes i t  v e r y  d i f f i c u l t  t o  main ta in  t h e  64-rn DSS t o  
64-m DSS s y n t  over  the  130-day p e r i o d  r e q u i r e d  by 
t h e  f l i g h t  p r o j e c t .  



INTRODUCTION 

The " l a b o r a t o r y  s t a n d a r d s "  are t h r e e  hydrogen masers, Smithsonian 
A s t r o p h y s i c a l  Observatory (SAO) model V L G l O B ,  and six cesium o s c i l l a t o r s ,  
Hewlett-Packard model 5061A-004 o p t i o n .  The " o p e r a t i o n a l  environment" 
i s  a n  i s o l a t e d  t empera tu re  c o n t r o l l e d  room a t  each o f  t h r e e  NASAIJPL 
Deep Space Network (DSN) complexes. 

T h i s  P r e c i s i o n  Time and Time I n t e r v a l  (PTTI) a p p l i c a t i o n  i s  i n  s u p p o r t  
of r e f i n e d  s p a c e c r a f t  n a v i g a t i o n  t o  t h e  o u t e r  p l a n e t s  ( J u p i t e r  and 
beyond) and t o  p r o v i d e  wideband (>I00 k i l o b i t s )  te lecommunicat ions  chan- 
n e l s  a t  S and X band. The Voyager p r o j e c t  Naviga t ion  team g u i d e s  t h e  
s p a c e c r a f t  t o  J u p i t e r ,  S a t u r n ,  Uranus, and perhaps  Neptune. The Tele-  
metry and Image P r o c e s s i n g  teams have b rought  u s  t h e  b e a u t i f u l  full 
c o l o r  p i c t u r e s  of t h e  p l a n e t s  and their s a t e l l i t e s .  L a s t ,  t h e  Radio 
Sc ience  team u s e s  s p e c t r a l  a n a l y s i s  t o  d e t e c t  and measure t h e  c o n s t i t -  
u e n t s  of p l a n e t a r y  atmosphere,  o r b i t a l  r i n g s ,  and g r a v i m e t r i c s .  

REQUIREMENTS AND SPECIFICATIONS 

Because t h e  Voyager p r o j e c t  r equ i rements  are c u r r e n t l y  t h e  most s t r i n -  
g e n t ,  they  have been t h e  dominant f o r c e  i n  t h e  d e s i g n  of t h e  Frequency 
and Time System (FTS). The requ i rements  a r e :  (1) t h e  f i n e - s p e c t r a l  
performance of and long te rm s t a b i l i t y  of t h e  hydrogen maser, (2)  t h e  
accuracy  and r e l . i a b i l i t y  of t h e  cesium, and (3) some means of synchro- 
n i z i n g  t h e  i n t e r c o n t i n e n t a l  network of t r a c k i n g  s t a t i o n s .  

The s p e c i f i c a t i o n s  r e l a t i n g  t o  a t y p i c a l  f requency and t i m i n g  system 
u s i n g  H-masers and C s  are l i s t e d  i n  t h e  PTTI l i t e r a t u r e ,  manufac tu re r s  
s p e c i f i c a t i o n s ,  e t c .  and w i l l  n o t  b e  d e a l t  w i t h  f u r t h e r  i n  t h i s  paper .  
I w i l l  i n s t e a d  a d d r e s s  t h e  ve ry  s t r i n g e n t  requ i rements  f o r  s y n t o n i z a t i o n  
and s y n c h r o n i z a t i o n .  

S y n t o n i z a t i o n  Requirements 

1. The f requency o f f s e t  between any p a i r  of 64-m Dee Space S t a t i o n s  E 3 (DSS) s h a l l  be  known t o  w i t h i n  less t h a n  23 x 10- , such as DSS 6 3  
(Madrid, Spain)  v s .  DSS 43 (Canberra,  ACT) = <i3 x 10-13, o r  DSS 63  
v s .  DSS 14 (Goldstone,  C a l i f o r n i a )  = <23 x 10-13, o r  DSS 6 3  v s .  
DSS 14 = <23 x 10-'3. 

2 .  The frequency o f f s e t  of t h e  DSN master (DSS 14) s h a l l  be  main ta ined  
w i t h i n  23 x 10-l3 of UTC(NBS) . 



Synchron iza t ion  Requirements 

1. The t ime  o f f s e t  between any p a i r  of 64-m DSS s h a l l  be  known w i t h i n  
+20 u s .  

2 .  The t ime o f f s e t  of any 64-m DSS from UTC s h a l l  b e  known w i t h i n  +20 u s  
and f u r t h e r ,  i t  s h a l l  a c t u a l l y  be  mainta ined t o  w i t h i n  <+50 u s  over  
t h e  130-day p e r i o d  August 4 through December 1 2 ,  1980. 

Both t h e  s y n c h r o n i z a t i o n  and s y n t o n i z a t i o n  were e s t a b l i s h e d  through u s e  
1 of a s p e c i a l l y  c a l i b r a t e d  5061A-001-004 p o r t a b l e  u n i t  . For purposes  of 

m a i n t a i n i n g  t h e  i n d i v i d u a l  DSS s y n c h r o n i z a t i o n  t o  UTC,  t h e  p o r t a b l e  u n i t  
was c a r r i e d  t o  t h e  h o s t  coun t ry  f requency and t ime  metrology agency. The 
San Fernando Observatory i n  Spain where t h e  s y n c l s y n t  t o o l  used i s  
Medi terranean c h a i n  LORAN-C. I n  A u s t r a l i a  t h e  r e s p o n s i b l e  agency i s  t h e  
Department of Nat ional  Mapping and t h e  F&T maintenance r e s o u r c e  i s  ABC 
t e l e v i s i o n  ( s e e  F i g u r e  1). I n  America, a t  Goldstone,  r e g u l a r  60-day 
f l i g h t s  t o  and d a i l y  VLF t r a n s m i s s i o n s  from Nat iona l  Bureau of S tandards  
a r e  used ,  i n  a d d i t i o n  t o  LORAN-C and t r a v e l i n g  c l o c k s  from o t h e r  agen- 
c i e s  (Goddard Space F l i g h t  Center  and t h e  USNO). The DSS t o  DSS synch- 
r o n i z a t i o n  and s y n t o n i z a t i o n  i s  be ing  main ta ined  through t h e  u s e  of Very 
Long Base I n t e r f e r o m e t r y  (VLBT).  Some of t h e  r e s u l t s  a r e  r e p o r t e d  i n  
paper  No. 21  of t h i s  s e s s i o n  ( 1 2 t h  PTTI). F i g u r e  2 i l l u s t r a t e s  how t h e  
DSS t o  DSS and t h e  DSN t o  UTC s y n c h r o n i z a t i o n  i s  main ta ined .  

Each 64-m DSS h a s  been d e l e g a t e d  t h e  r e s p o n s i b i l i t y  of m a i n t a i n i n g  i t s  
own i n t e r n a l  s y n c h r o n i z a t i o n .  F i g u r e  3 i l l u s t r a t e s  t h e  hardware con- 
f i g u r a t i o n  and d a t a  f low p a t h s  t h a t  a c h i e v e  t h i s .  I n  a d d i t i o n  i t  i s  
r e s p o n s i b l e  f o r  e s t a b l i s h i n g  and m a i n t a i n i n g  t h e  synchronism of o t h e r  
DSS w i t h i n  t h e  complex ( s e e  t h e  d e t a i l  i n  upper and lower r i g h t  hand 
segments of F i g u r e  2 ) .  

' ~ f t e r  a l l o w i n g  24 h o u r s  f o r  t h e  p o r t a b l e  50618 t o  s t a b i l i z e  t o  i t s  
tempera tu re  and magnet ic  environment ,  t h e  u n i t  was degaussed and a 
measurement w a s  made of t h e  zeeman frequency v s .  f requency o f f s e t  of t h e  
u n i t  r e f e r e n c e s  t o  t h e  DSN m a s t e r .  Using a d i g i t a l  f requency s y n t h e s i z e r  
and a  d i f f e r e n t i a l  v o l t m e t e r ,  t h e  zeeman frequency r e a d i n g s  were repro-  
d u c i b l e  w i t h i n  0 . 7  Hz. The p o r t a b l e  u n i t  was then  c a r r i e d  t o  t h e  remote 
DSS t o  b e  syn ton ized .  Here a g a i n  t h e  u n i t  was given 24 hours  t o  s t a b i -  
l i z e ,  was degaussed and t h e  zeeman f requency  was measured. I f  t h e  
zeeman changed by more than  1 . 4  Hz i t  was r e s e t .  Otherwise  a c o r r e c t i o n  
f a c t o r  of 8 .3  x  1 0 - 1 5 / ~ z  and 1 x ~ o - ~ ~ / A O C  was a p p l i e d  t o  t h e  
s y n t o n i z a t i o n .  



TEST RESULTS 

Environmental Tes t s  

Table 1 l ists  the  r e s u l t s  of environmental t e s t s  performed on f i v e  of 
t h e  s i x  5061A cesiums p re sen t ly  deployed wi th in  t h e  DSN. These t e s t s  
were performed a t  t he  Reference Standards Tes t  F a c i l i t y  i n  Pasadena. 
Note t h a t  s e r i a l  No. 1718 i n  i t s  response t o  temperature v a r i a t i o n s  
d i f f e r e d  from t h e  o t h e r s .  When t h i s  u n i t  was s e n t  t o  t he  Goldstone 
Reference Standards Laboratory f o r  zeeman c a l i b r a t i o n ,  i t  exh ib i t ed  
phase g l i t c h e s .  It was re turned  t o  Pasadena f o r  f u r t h e r  environmental 
t e s t i n g .  

Table 2 l i s ts  the  r e s u l t s  of environmental t e s t s  performed on t h e  t h r e e  
hydrogen masers p re sen t ly  deployed wi th in  t h e  DSN. F igure  4 i l l u s t r a t e s  
t h e  behavior of H-maser SAO s e r i a l  No. 6 i n  a changing p re s su re  environ- 
ment. Note t h e  improvement ( 8 . 2  dB) i n  i t s  performance a f t e r  be ing  
re furb ished  (Table 2 ,  column 6 ) .  

F igure  5 i l l u s t r a t e s  t h e  performance of SAO s e r i a l  No. 7 i n  a changing 
magnetic environment. Having been given erroneous information on how 
f a r  t h e  26-m antenna was from t h e  planned s i t e  f o r  t h e  frequency s tan-  
dards  room, i t  was decided t h a t  no f u r t h e r  magnetic sh i e ld ing  would be 
requi red .  SAO s e r i a l  N o .  6 f a i l e d  i n  spr ing  1980 and was re turned  t o  t h e  
manufacturer f o r  refurbishment .  Table 2 ,  column 5 i n d i c a t e s  a 2.7  dB 
degradat ion t o  i t s  performance i n  a changing magnetic environment. 

F igure  6 i l l u s t r a t e s  t h e  performance t y p i c a l  of a  H-maser i n  a high 
temperature environment. The B-maser i s  JPL s e r i a l  No. 1 and t h e  
environment was an  unven t i l a t ed  room i n  t h e  c e l l a r  of DSS 4 3 .  The high 
temperatures  caused t h e  u n i t  t o  f a i l  i n  l a t e  summer (southern hemi- 
sphere) .  An a i r  condi t ioner  w i th  O.l°C temperature con t ro l  w a s  
i n s t a l l e d  e a r l y  September 1980. 

S t a b i l i t y  Tes t s  

F igure  7 i l l u s t r a t e s  t h e  s h o r t  term s t a b i l i t y  ( s p e c t r a l  performance) of 
a  t y p i c a l  50618-004 cesium and a t y p i c a l  N-maser. These measurements 
were made i n  Spain a t  DSS 63 where t h e  Complex Maintenance F a c i l i t y  (CMF) 
was c l o s e  enough t o  permit use  of a c o a x i a l  cab le  from t h e  H-maser. 
Cesium s e r i a l  No. 1511 was t h e  p o r t a b l e  u n i t  and i t  was c a r r i e d  t o  t h e  
CMF f a c i l i t y  . 



Table 1. Cesium Environmental. Parameters Test Data 

HEWLEl l -PACKARD 5061-A 004 

PARAMETER #1694 # 1695 # 17 17 # 1718 #I1719 

TEMPERATURE 1,2~10-13 
@ 1 Oc 4 . 3 ~ 1 0 ~ ~ ~  6.25~10-l4 5 . 4 ~ 1 0 ~ ~ ~  TO 
F -2~10-13 5. bx10-l4 

B A R O M E R  I C 
PRESSURE 

MAGNET1 C 
FIELD 
- A F  I GAUSS lxlo-l3 
F 1~10- l3  1~10- l3  1~10-l3 

Table 2. H-K~ser Environmental Parameters Test Data 

S A O  5 
- 

S A O  6 SAO 7 S A O  5 S A O  6 
.- ---a- 

P A RAMETER 

TEMPERATURE 

BAROMETR l C 
PRESSURE 

MAGNET1 C 
FIELD 



Fig,ures 8a and 8b give t h e  s t a b i l i t y  perf'ormance c h a r a c t e r i s t i c s  o f  t h e  
t h r e e  H-masers p re sen t ly  deployed2. Figure 9 i l l u s t r a t e s  the  s t a b i l i t y  
c h a r a c t e r i s t i c s  o f  a r ecen t  s e r i e s  ( s e r i a l  Nos. 1718 and 1719) of 
~ O ~ ~ A - O O J L  cesium. 

SYNCHRONIZATION AND SYNTONIZATION DATA 

Epoch Synchronization 

P r i o r  t o  depar ture  f o r  t h e  t r i p  t o  Spain the  po r t ab l e  c lock  designated 
RSL-2 was used t o  synchronize i t s e l f  and t h e  DSN master c lock  a t  DSS 14 
t o  w i th in  0 .2  u s  of t he  NBS and USNO epoch. It was then t ranspor ted  t o  
DSS 63 a t  Robledo, Spain then on t o  the  San Fernando Observatory (SFO) 
a t  San Fernando, Spain. One day p r i o r  t o  leav ing  Spain t h e  c lock  was 
t r anspor t ed  t o  DSS 62 a t  Cebreos and the  Madrid STDN s t a t i o n .  Thus the  
t h r e e  s t a t i o n s  i n  t h e  Madrid complex were synchronized t o  SF0 and the  
DSN master t o  l e s s  than one u s .  

Upon r e tu rn ing  t o  America the  c lock  was immediately taken t o  Goldstone 
f o r  c l o s u r e  a g a i n s t  t h e  DSN master.  It then was taken t o  A u s t r a l i a  
where i t  was used t o  synchronize DSS 43 a t  T idb inb i l l a  t o  t h e  Dept. of 
Nat ional  Mapping (DNM) i n s t a l l a t i o n  i n  the Orro ra l  Valley. On the  day 
p r i o r  t o  leaving A u s t r a l i a  t h e  po r t ab l e  c lock  was used t o  synchronize 
DSS 44 (Honeysuckle Creek) and Or ro ra l  ( t h e  STDN s t a t i o n )  t o  t he  DNM, 
DSS 43, and t h e  DSN. 

The po r t ab l e ,  RSL2, was then re turned  t o  America where c l o s u r e  was 
r e f ined  a g a i n s t  both NBS and USNO. A l l  t h e  elements and agencies  synch- 
ronized on these  t r i p s  remain synchronized t o  w i th in  less than one ps 
and a r e  being maintained wi th in  10 u s  peak t o  peak. 

Syntonizat ion 

Each time the  c a l i b r a t i o n  process  was performed, 24 hours was allowed 
f o r  thermal s t a b i l i z a t i o n  and then 80 hours (10 8-hour samples) of com- 
p a r a t i v e  phase da t a  was c o l l e c t e d .  This was performed wi th  instrumen- 
t a t i o n  configured a s  i n  F igure  3 except  tha t  a  4 t h  phase comparator was 
added t o  permit t h e  intercomparison of t h e  H-maser, C s  No. 1, C s  No. 2 
and t h e  po r t ab l e  (RSL2). 

A t  DSS 6 3  a f t e r  settling from the  trauma of t h e  t r i p  and a f t e r  thermal 
s t a b i l i z a t i o n  the zeeman frequency of RSL2 had s h i f t e d  b u t  1 . 7  Hz. A 
C-field adjustment removed approximately 112 t he  zeeman o f f s e t  and t h e  

'I?igures 8a and 8b have been r e p r i n t e d  from a paper presented by 
Paul  Kuhnle a t  t h e  11th Annual PTTI. 



c a l i b r a t i o n  p r o c e s s  of t h e  H - m a s e r  began.  A t  t h e  end  o f  t h e  88-hour 
c a l i b r a t i o n  p e r i o d  t h e  H-maser f r e q u e n c y  o f f s e t  f rom t h e  DSN master was 
found  t o  b e  z e r o  + t h e  i n s t r u m e n t a t i o n  n o i s e  of +5 x 10-IS.  It w a s  t h u s  
u n n e c e s s a r y  t o  make any  a d j u s t m e n t  t o  t h e  H-nmser. It was however neces -  
s a r y  t o  a d j u s t  b o t h  Cs No. 1 and  C s  No. 2 ,  Da ta  c o l l e c t e d  via LORAN-C 
i n d i c a t e s  t h e  f r e q u e n c y  o f f s e t  of t h e  H-maser and C s  No. 2 retnain a t  
z e r o  ' 4 . 8  x 10- l3  a s  of November 8 ,  1980. 

A t  DSS 43  t h e  thermal  s t a b i l i z i t i o n  p e r i o d  was e x t e n d e d  t o  a l l o w  f o r  t h e  
l a c k  of  good c i r c u l a t i o n  ( t h e  a i r  h a n d l e r  i n s t h i l a t i o n  was s t i l l  i n  pro- 
c e s s ) .  Also  t h e  11-maser had  been  i n s t a l l e d  just a few weeks and was 
s t i l l  d r i f t i n g .  At t h e  end  of an 80-hour c a l i b r a t i o n  p e r i o d  t h e  o f f s e t  
of t h e  maser f rom t h e  DSN m a s t e r  was 4 . 7 3  x 10-13. S i n c e  t h i s  was beyond 
the Voyager s p e c i f i c a t i o n  a n d ,  s i n c e  t h e  d r i f t  was i n  a p o s i t i v e  d i r e c -  
t i o n ,  t h e  H-maser s y n t h e s i z e r  was reset t o  r e d u c e  i t s  f r e q u e n c y  by 
6.345 x 10-13. Frequency o f f s e t  d a t a  of t h i s  maser  v s .  UTC(AUS) c o l l e c t e d  
u s i n g  s i m u l t a n e o u s  TV w i t h  t h e  DNM i n d i c a t e  i t s  d r i f t  h a s  c a l l c e l l e d  t h e  
v a l u e  reset on September 30 .  C l o s e  e x a m i n a t i o n  of r e c e n t  d a t a  i n d i c a t e  
t h e  2nd o r d e r  d r i f t  term h a s  dropped f rom 4 . 6  x 1 0 - ~ ~ / d a y  t o  2 . 1  x 10- l4  
t o  0 .7  x 1 0 - ' ~ / d a y .  

A l l  i n d i c a t i o n s  a r e  t h a t  t h e  frecluency d r i f t  of  SAO N o .  5 ,  t h e  13SN n tas t e r ,  
h a s  dropped w e l l  below i t s  f o r m e r  v a l u e  of 1 x 1 0 - ~ 4 / d a ~  as o b s e r v e d  
be tween d e p a r t u r e  f o r  Spa in  and r e t u r n  for c l o s u r e .  A t  p r e s e n t  SAO No. 5 
v s .  UTC(NBS)  = -2.84 x 1 0 - ' ~ + 0 . 3  as  v e r i f  i c d  by two c l o s u r e s  a g a i n s t  
UTC(NBS) w i t h i n  a 21-day p e r i o d .  F i g u r e  1 0  g i v e s  t i m e  o f f s e t  d a t a  v s .  
UTC(DSN) and a s s o c i a t e d  f r e q u e n c y  o f f s e t  d a t a  f a r  e a c h  o f  3 64-rn DSS. 
F i g u r e  11 g i v e s  t i m e  o f f s e t  d a t a  v s .  UTC(NRS&USNO) and t h e  a s s o c i a t e d  
f r e q u e n c y  o f f s e t  d a t a  vs.  UTC(NI3S) o f  t h e  DSN m a s t e r  r e f e r e n c e .  

SUMMARY 

(1) Hydrogen m a s e r s  r e q u i r e  4 ti) 6 weeks thermal.  s t ; z t ~ i l i z a t i o ~ l  t - i rnc  
b e f o r e  t h e i r  long- term s t a b i !  i t y  can  b e  f u l l y  u t i l  i z c d .  

( 2 )  To f u l l y  u L i l i z e  t h e  f u l l  p o t e n t i a l  of p r e s e n t  day I;-masers and  
ces ium r e f e r e n c e  f rcquer lcy  s t a n d a r d s ,  care  must b e  e x e r c i s e d  i n  
p r o v i d i n g  a t h e r m a l l y  s t a b i l i z e d  dnd m a g n e t i c a l l y  i s o l a t e d  e n v i r o n -  
ment .  

(3) S y n t o n i z a t i o n  t o  UTC can  h e  a c c u r a t e l y  and economica l ly  m a i t ~ t a i n e d  
w i t h i n  a p a r t  i n  1013 ( a f t e r -  I week of d a i l y  o b s e r v a t i o n s )  t h rough  
u s e  of t h e  s i m u l t a n e o u s  r c c e p t i o n  of LORAK-C o r  TL' t r ans rn i s s io l l s  
by t h e  DSS and t h e  h o s t  cour i t ry  f r e q u e n c y  and t i m c  me t ro logy  agency .  



L~TC .3Shl - UTC : h l 5 !  VI'JTC :USN'# - JTC 25q.IOi VIA UTC ,AUSTPCL14: 

Figure i. UTZ(CSN) - UTC(N3S) vs. UTC(CSN) - UTC(USN0)  via UTC (Australia) 
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F i g u r e  3. Frequency and T i m e  Monitoring at 64-m DSS 
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DSS 14 vs UTC (NBS) via MICROWAVE AND PORTABLE CLOCKS 
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F i g u r e  4. H-Maser Performance in a Changing 
Barornet ric P r e s s u r e  Environment 

DSS 63 vs UTC (USNO) v ia  LORAN<, N D .  CHAIN 

A. STRUCTURAL STEEL FOR 26 METER TO 31 METER ANTENNA 
MODIF ICATION DELIVERED A N D  STORED WITHIN 50 METERS O F  
H-ErlASEK LOCATION.  

a.ol 8. LARGE cmANEs Mo'JED I N 1 0  AREA 
B I .  CRANE BREAKS DOWP4 
C, HYDROGEN MASEK FREQUENCY ObFIET ADJUSTED LOWERED 1 . 2 ~ 1 0 ~ ' ~  
D. QlJADKlPOD CONSTRUCIION PHASF 
E.  CAGE 5TRUCrclRE INSTALLED 
F. gRUCTURAL STEEL NOKK COMPLETCD 

m 
D G. At.ITEI.II'IA RAISED TO STOWkD (ZENITH1 PO5 lT lOk .  
Z H. LEAD I IOUNIESWEIGt lTI  INSTALLFD w 
U I .  ANTENIdA DNnAGES SELF DuRl>r(; TEST;. REPAIRD 30 DAYS LATER 
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F i g u r e  5 .  H-?laser Per fo rmance  in a Changing  
Magne t i c  Environmznt 



DSS 43 vs UTC (USNO) via TV AND PORTABLE CLOCKS 
42 I I 1 I I I 

A. H-MASER OUT OF SERVICE FOR ON SIGHT REPLACEMENT 
OF VACION PUMP ELEMENTS AND LEAKY CONNECTOR. 

B. N O  DATA WE TO FAILURE OF PHASE COMPARATOR. 
C. H-MASER FREQUENCY ADJUSTED TO REMOVE OFFSET 
D, LOCAL HEAT WAVE 

30 - A 
1 I I I 1 I 

SEP OCT NOV DEC JAN AB 

F i g u r e  6 .  Maser Performance i n  a Changing 
Temperature Environment 

CESIUM 5061A-004H1511 
/' ! 

H-MASER (SAO #7) 

F i g u r e  7 .  Refe rence  Standards Spectral 
Performance, (f) vs. Frequency 



ALLAN VARIANCE vr 
SAMPLING TIME 

-- VLClO P5 b W 6- 78 
DSN 2 & VLGlO P7 10-78 - DSN 2 L VLGlO P5 4-79 

\ - - -DSN 2 6 VLGIO P5 11-79 

T SECONDS 

F i g u r e  83. Allan Variance vs. Sampling T i m e  

r (SECONDS) 

F i g u r e  8 b .  A l l a n  Variance vs. SampLing T i m e ,  w i t h  Error Bars 



RUN: 92.1A N - 2  DSN2 - Cs 171 8 START: 1630: 10-17-80 
TSEP: 2.10 f = tau END: 1345: 10-21-80 
ALLAN VARIANCE B = l  Hz CHANNEL: 1 
S l G M A ( N , T , E , t a u )  f o - 1 W . O M H r  DSN2 - H MASER 

- = H-P SPEC 

10-l5 

10-1 lo0 lo1 lo2 lo3 
tau = SECONDS 

RUN: 81.18 N = 2 DSN3 - C, 1719 START: 1410: 07-03-80 
TSEP: 2.20 T = tau END: 0800: 07-07-80 
ALLAN VARIANCE B - 1 Hz CHANNEL: 3 
SIGMA (N,T,B, tau) fo - 5.00 MHz J2-101704 -- H-P SPEC DSN3 H MASER 

lo-14[ i l i i l i i l  I I i i l l l i l  I l l l l l t i  I l l l l i l l  I l l l i l l l  I 1 1 1 1 J  

10-I lo0 lo1 lo2 12 lo4 lo5 
tau - SECONDS 

F i g u r e  9 .  S t a b i l i t y  T e s t  Data 



FTS Quicklook Data 

DOY - 
286 
287 
288 
289 
290 
291 
292 
293  
2 94 
295 
2 96 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 

Conaidering weekly segments: 

Over T,-T, Rel .  Rate 

- - 

Rel. Rete 
(lJs/IJs) 

--- 
0.0 
-1.16 (-12) 
1.16 (-12) 
0.0 

-1.16 (-12) 
0.0 
1.16 (-12) 
1.16 (-12) 
0.0 

-1.16 ( -12)  
0.0 
1.16 (-12) 
0.0 
1.16 (-12) 
1.16 ( - 1 2 )  
0.0 
0.0 
1.16 (-12) 
0.0 
0.0 
0.0 

T,-T, R e l .  Rate 

- 
0.0 0.0 

F i g u r e  10. 64-Meter DSS F&T 0.ffset R e p o r t  



INCOMING MESSAGE 

CJPBS3A 
R JJPL JBIL JZED 
E JGLD dl4 b' 
12/17142 
PM V WOOD/J k MYERS 
TO J J P L / s y  LUVALLEfJ MANKINS 
INFO S J P L I B  coPPIN/a LATHAM/T TAYLOR 
JHIL/K BEUTLEB/J C LAW 
JZED/NET ANALYSIS 
DLD/R BUXLOW/B NCPARTLAND/J NCCOY 

SUBJECT: UTG(RSL)  - UTC(NBS) EPOCH TIME STNCRONIZATION. 
TWO PORTABLE CLOCK TRIPS TO BOULDER, COLO. I N  OCTOBER ALLOWED US TO 
REFING THE ESTIMATE OF OUR TIME AND FREQUENCT OFFSETS TO NES, USKO, 
A C D  8.I.H. 

1. PUBLISBPD DATA, AND DERIVATIONS BASED ON,PUBLISPED DATA: 
(U9S TIME 6 PREQUZNCY BULLETIN 274, USNO SERIES '7-669) 
UTC(USND) - B I H  = -0.694 X 18 -13 
U T C ( U S N O )  - UTC(NBS) = -0.9513 X 10 -13 
TA NBS - UTC(NBS) = -a10143 x 10 -13 
TI CBS - BIB = +0.243 X 10 -13 (+/- 0.279 X 10 -13) 

2. RESULTS OP ELASUBEU EAT&: 
DAY 281 ------- 

KSL2-UTC(RSL) = -0.244US 
RSLP-UTC (NBS = +0 . lBJUS 
UTC (RSL) -UTC(NBS) = 40 -347US 
UTC (RSL)-UTC( USNO) = +0.788us 
C S l  14-UTC(NBS) = +0.487US 
CSI 14-UTC(USN0) = +0 -92BUS 
CLOCK 'A *14-UTC(NBS ) = +2,16BUS 
CLOCK 'S014-UTC(USE0) - +2.6abUS 
H2M14-UTC(NBS) = N A 
BZMl4-UTC(USN0) = N .A 

DAY 302 ------- 
+0/182US 
+0*54PUS 
+0.166US 
+0.799US 
+@ .374US 
43.9870s 
+1.641US 
+1.995US 
tJ k 
N 4 

NOTE: THE 92M(14) PRZUUENCY OFFSET IS TAKEY FR3M TFE PHASE R E C O B P 3 R  
COMPARISON TO C S 1  14, AND I S  4VEa THE S4ME PERIOD AS TEE CI.OCK CLO- 
SUHES TO NES. hOTE ALSO THAT cLOCE'A*~~ ( D R I V E N  BY TEE H 2 H )  IS PKO- 
BABLY A MORE PiiECISE XSTXMATE OF THE H2M POSITION. 

F i g u r e  11. DSN Master Frequency and T i m e  Report  



QUESTIONS AND ANSWERS 

DR. VICTOR REINHARDT, NASAIGoddard 

What k i n d  o f  R mass e r r o r s  were you g e t t i n g  w i t h  t h a t  d i f f e r e n c e  i n  
technique f o r  Loran-C? 

MR. WARD : 

Loran-C i s  down i n  u n i t s  of nanoseconds around seven o r  e i g h t .  

DR. REINHARDT: 

Okay, t h a t  i s  j u s t  by t h e  two s t a t i o n s  hear ing  t h e  same t r e n d  a l e r t ?  

MR. WARD: 

What t hey  do a t  noon l o c a l  s o l a r  noon, t hey  bo th  observe t h e  same 
s t a t i o n ,  and t ake  t h e  raw o f f s e t  and t hey  exchange t h e  data.  And 
then 24 hours l a t e r  do t h e  same t h i n g .  And when you t ake  t h a t  
second d i f f e r e n c e  a l l  t h a t  i s  l e f t  i s  t h e  d i f f e r e n c e  i n  your  r a t e s  
i n  your  c l o c k s  . 

DR. RE I NHARDT : 

Thank you. 

CHAIRMAN BARNES: 

Other ques t ions?  

MR. WARD : 

Oh i n c i d e n t l y  what I d i d n ' t  say we have been us i ng  t h e  new Hew le t t -  
Packard coun te r  and one o f  t he  o t h e r  t h i n g s  t h a t  i s  exchanged w i t h  
t h e  data i s  a sigma on t h e  measurement. 


