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The Australian c o - o r d i n a t e d  t ime s c a l e  UTC(AUS)  h a s  been i n  e x i s -  
t e n c e  since January  1, 1973 a ~ ~ d  is b a s e d  on a s~r ,a i l  v a r i a b l e  en- 
s e m b l e  of c a e s i u n ~  f r e q u e n c y  s t a n a a r d s  coxpared  r e g u l a r l y  by the 
t e l e v i s i o n  ~ e t h o d .  Due tea i t s  d i s t a n c e  frun Europe  a n d  America, 
t h i s   ti^^ s c a l e  c31:not make use a f  I-ORAN-C or VLF m e t - o d s  for 

I t h e  U n i t e d  S t a t e s  Naval Cbs~rvstorg a ~ i d  the E u r e a u  International 

bility and t h e  T i l n a t i t ) n  exper.iment d e s c r i b e d  ?t p r e v i c ~ i s  mee t ings .  
' J I 'C(6iS)  i c  a free r u n n i c g  t -me  doma-n s c z ? e  with a prediction 
c a p a b i l i t y  o f  t h e  o r d e r  ~f 1. z i lc rosecond o v e r  a 600 day interval. 
C o n s i d e r a b l e  problems h z v e  been  e x g e r i e n c e d  i n  m a i n t a i n i n g  t h e  
caesium standards a n 6  determining TV trnvcl times which have 
changed  d u e  t o  characteristics o f  t h e  t r ~ n s a ~ i s s i c , n s  a n d  changes 
in l o c a t i o n  o f  t h e  sbandasds; y e t  c a r e f u l  s e l e c t i o n  o f  e~ i semble  
c o n s t i t u e n t s  ar,d more  s o , h i s t i c a t e d  l e a s t  s q u a r e s  a r . a l y s i s  o f  
p a r t a b l e  c locl :  t r l p s ,  togetl-ier with f u r t h e r  T l n i a t i c n  Satellite 
exceriments, a r e  e x > e c t e d  t o  l e a d  t o  an c r d e r  of' n a g n i t u d e  im- 

Time  keep ing  i n  Australia i s  charactesised by its i s o l a t i o n  from 
t h e  nlajor  tliine scales cf'  t h e  w o r l d ,  zt l e a s t  ~t ZIne nicrosec,:,:-ld 
l e v e l .  Acco rd ing ly ,  t h e  c o - o r d i r ~ a t e d  u c i v e r s a l  time s c a l e  UTC 
!AUS) was i n s t i t u t e d  on 1 J a n u a r y  1973 f o l l o w i n &  a meeting of  
major i n t e r e s t e d  parties or: 6 June l$7C. The t i : :~e s c a l e  ccir;sists 
of a small n u ~ b c r ,  u s u a l l y  a b o u t  f i v e ,  of L e w l e t t  Fackard cammer- 
c i a 1  caesium s t a n d a r d s  co.;:l:b.red t i a i l y  u s i . x ~  a c o m n ~ s n l y  r e c e i v e d  
television t r a n s r n i s c i o ~  f r o m  t h e  A u s t r a i i a n  3 r o a ~ c a s t : i 1 i g  Coumis- 
sionls networ!:ed l P C O  13~21 n e w s c a ~ t  (N i l l e r ,  1970j. The parti- 
cipat i i - .g  L a b o r a t o r i e s ,  a r i a  o t h e r  caesiun starlclsrds ac2 c i m e  
services in Ar;s t r ta l ia  wiletiler 1in ' - -ed by T'V o r  n o t ,  are l i ~ t ~ d  in 
Tab le  I. 

To de te rmine  TV t r a v e l  d e l a y  t i w e s ,  t o  compare precisely .khe r e -  
l a t i o n s i i i p s  'between t h e  clocks, and t o  p r o v i d e  t ime checks uu 
S t a t e  t ime s e r v i c e s  and remote clocks not r e c e i v i n g  t h e  netwcrked 
t e l e v i s i o n  t 1 3 a n s m i s s i o n s ,  N a t i o n a l  Mapying's p o r t a b l e  caes ium 
s t a n d a r d  DhT.15S.O h a s  been  u s e d  on  many cccas:ions as tygified in 
Table 11. One Iziajor a c t i v i t y  associated with t h e  DhW590 trips I 



h a s  been t a k i n g  o u r  b e s t  e s t i m a t e s  o f  UTC (USLO KC) t o  t h e  o t h e r  
e s t a b l i s h m e n t s ,  particularly i n  J u l y  1975 when DNM590 v i s i t s  were 
made t h r o u g h o u t  t h e  e a s t e r n  h a l f  o f  Australia c o n c u r r e n t l y  w i t h  
t h e  v i s i t s  by t h e  Un i t ed  S t a t e s  Naval Obse rva to ry  p o r t a b l e  c l o c k  
PC 1117/1~-2. The s u c c e s s e s  o f  p r e d i c t i o n s  made i n  June, p r i o r  
t o  t h e  v i s i t ,  a re  shown i n  T a b l e  111, t o g e t h e r  with c o r r e c t e d  
' p r e d i c t i o n s '  made a f t e r  t h e  e v e n t  as  t h e  r e s u l t  o f  t h e  d i s c o v e r y  
of s e v e r a l  anomalies i n  t h e  TV t r a v e l  d e l a y  times. 

The i n i t i a l  r e l a t i o n s h i p s  of  A u s t r a l i a n  c l o c k s  w i t h  UTC (USKC LC) 
were based on t h e  USNO p o r t a b l e  clock trips i n  February and  
December 1973, and Tima t ion  11 s a t e l l i t e  t ime  t r a n s f e r  exper iments  
i n  J u l y  and  September 1973 and  J a n u a r y  1974 (Eas ton  et a l ,  1973,  
Luck and M o r ~ a n ,  1974). S u b s e q u e n t l y ,  t h e  relationships were 
e s t i m a t e d  using UTC(AUS) as the i n d i c a t o r  of superior c lock  per- 
formance,  and only s u p e r i o r  c l o c k s  were used t o  maintain t h e  
r e l a t i o n s h i p s .  S p e c i f i c a l l y ,  VLF (Swanson and Kugel ,  1972), 
LORAN-C (Potts and  Mieder ,  1972) and Moonbounce (~iga, 1972) 
t e c h n i q u e s ,  a l l  of  which o r e  a v a i l a b l e  t o  N a t i o n a l  Piai'ping 
th rough  t h e  good o f f i c e s  o f  NASA, have n o t  been  used i n  any  way. 
T h a t  is, t h e  t i m e  s c a l e  h a s  been c o n s t r u c t e d  f o r  t h e  s u p p o r t  of  
detailed i n v e s t i g a t i o n s  using p r e c i s e  time and t i m e  i n t e r v a l  
r a t h e r  t h a n  as a by-prodnct  of t h e  i n v e s t i g a t '  l o n s .  

The N a t i o n a l  Measurement Laboratories (NkIL)  of t h e  Commonwealth 
S c i e n t i f i c  and Industrial Research  Organisation (CSIHO) opera te  
under A u s t r a l i a n  Government legislation ( A u s t r a l i a n  Government 
L e g i s l a t i o n ,  1960,  1964)  t o  m a i n t a i n  s t a n d a r d s  o f  f r e q u e n c y  and 
time i n t e r v a l .  NNL i n  t u r n  has chartered t h e  Division of 
N a t i o n a l  Mapping (DNM) and t h e  A u s t r a l i a n  Telecommunica t ions  
Commission ( A T C ) ,  formerly  t h e  A u s t r a l i a n  Post Off i ce ,  t o  main- 
t a i n  l o c a l  s t a n d a r d s  i n  s u p p o r t  ( A u s t r a l i a n  Government Au thor i za -  
t i o n ,  1971). ATC i s  a l so  r e s p o n s i b l e  under l e g i s l a t i o n  f o r  time 
d i s s e m i n a t i o n  which i t  does  v i a  r a d i o  s t a t i o n  VDG a t  L'yndhurst ,  
V i c t o r i a  on f r e q u e n c i e s  o f  4.5, 7.5 and  12.5 NHz, and  by t e l e -  
phone  l a n d l i n e s .  Both t h e ~ e  o r g a n i s a t i o n s  se rve  a v a r i e t y  o f  
c i v i l  a n d  government u s e r s .  

National Fiapping i s  cha rged ,  under  i t s  funct i .on s t a t e m e n t  a s  a 
government o r g a n i s a t i o n ,  w i t h  ' m a i n t a i n i n g  a s t r o n o m i c a l  time 
scales', which includes t h e  d e t e r m i n a t i o n  of UT1 with its Photo-  
g r a p h i c  Z e n i t h  Tube on Mount Stromlo and t h e  consequen t  main- 
t e n a n c e  of p r e c i s e  time. 

Sydney and P e r t h  Obse rva t o r i e s  and t h e  Sou th  A u s t r a l i a n  Post 
O f f i c e  maintain t h e i r  own local t i m e  scales f o r  g e n e r a l  p u b l i c  
use, for example commercial  r a d i o  t i m e  signals, w h i l e  CSI~O'B 



1 r a d i o  o b s e r v a t o r y  a t  Parkes u s e s  i t s  caesium f o r  f requency cali- 
brations and pulsar t i m i n g  ( ~ c ~ u l l o c h  e t  a l ,  1973). Hewle t t  
Packard ( ~ u s t r a l . i a )  maintains an a c t i v e  caesium for instrument 
calibration purposes and as a s e r v i c e  t o  i t s  cus tomers  who have 
a l l  b e n e f i t e d  c o n s i d e r a b l y  by HF's  consequen t  in -house  e x p e r t i s e ,  

There are two g r o u p s  active i n  VLF and ionospheric r e s e a r c h  in 
Australia who also r e q u i r e  p r e c i s e  f requency and  time i n f o r m a -  
t i o n .  The first i s  headed by D r .  J. Crouchley  o f  t h e  Physics 
Department ,  U n i v e r s i t y  o f  Queens land .  The s e c o n d  is under D r .  D. 
Robe r t son  of  Weapons R e ~ e a r c h  Establishment, Department  of  
Defence . 
Australian defence establishments have a long r e c a g n i s e d  need for 
accurate f r e q u e n c y  c o n t r o l  and precise n a v i g a t i , . , n ,  as does t h e  
Department of  T r a n s p o r t ,  and a s  space-age n a v i g a t i o n  becomes a 
p a r t  o f  everyday A u s t r a l i a n  life, s o  does  t h e  need  f o r  prec ise  
time as w e l l  as frequency, The J o i n t  Defence Research F a c i l i t i e s  
have a ma jo r  i n v e s t m e n t  in caesium standard6 b u t ,  i n  t.he past ,  
have tended t o  remain  i s o l a t e d  f rom t h e  g e n e r a l  t ime and f r e -  
quency community h e r e ,  

The NASA space t r a c k i n g  a g e n c i e s  e a c h  maintain their own local 
t i n e  scales by s u c h  means as LORAN-C skywave, Moonbounce, VLF and 
s a t e l l i t e s ,  together w i t h  r e g ~ l a r  flying c l o c k  v i s i t s .  Those i n  
t h e  Australian C a p i t a l  T e r r i t o r y  have always co-opera ted  with 
UTC (AUS)  a l t h o u g h  p r e f e r r i n g  to rerfiain i ndependen t  f o r  t h e i r  own 
purposes.  However, with t h e  current i n t r o d u c t i o n  of  one micro- 
second accuracy r e q u i r e m e n t s ,  they ale w e l l  placed to play a 
major role in distributing stable and a c c u r a t e  time t h r o u g h o u t  
Australia, 

Finally, some local t i m e  s e r v i c e s  a re  known t o  r e l y  on nineteenth 
century pendulum cl-ocks which  a r e  compared audio-visually with 

The f u n c t i o n  statement of the P o s i t i o n a l  Astronomy Section, 
d r a f t e d  at the time of its t r a n s f e r  i n  1971 from Mount Stromlo 
Observatory of  t h e  Australian National U n i v e r s i t y ,  imp l i e s  t h e  
maintenance of a precise and uni form t i m e  s c a l e  f o r  i t s  UTl ob- 
servations, to an accuracy and precision of 50 microseconds. 
For  accuracy, one can not rely on VLF since i t  can o n l y  g ive  
time i n t e r v a l  and i s  l o s t  i f  e i t h e r  t h e  r ece ive r  o r  t h e  clock 
s t o p s .  In the absence of other r e l i a b l e  a b s o l u t e  time compari- 
sons, the local time s c a l e  must remain continuous between f l y i n g  
clock visits. Since  these may be i n  excess  of 300 days apart, 
t h e  frequency s t a b i l i t y  of  t h e  clock must be better t h a n  



2 x 10-12, or have a d r i f t  rate r a t h e r  l e s s  than  0.2 micro- 
seconds/day. 

Recently, the Division has become involved w i t h  l u n a r  laser 
ranging (Luck et a l ,  1973a, b ;  Bender e t  a l ,  1973). The maximum 
r a t e  of change of range between t he  t e l e scope  and r e t r o - r e f l e c t o r  
is  a b o u t 0 . 6  km/sec., hence t o  ach ieve  t h e  maximum b e n e f i t  of 
ranging at t h e  100 picosecond (3 cm) l e v e l ,  knowledge of  abso lu t e  
time is  required t o  10 microseconds t o  make all t iming  errors 
ignorable .  Thus the s t a b i l i t y  requirement over  a 300 day period 

13 is better  than 5 parts in 10 . 
Figure 1 i l l u s t r a t e s  t h e  frequency s t a b i l i t y  of c lock  DNMT9O as 
determined from t h e  UTC a n a l y s i s .  It is  t y p i c a l  of clocks a v a i l -  
able t o  UTC ( A U S ) .  The v a r i a t i o n s  a r e  due t o  t h e  number and d i s -  
t r i b u t i o n  of  t h e  obse rva t i ons  w i t h i n  the smoothing per iod  which 
typically is of the order of 60 days. Long term stabilities for 
good c locks ,  such as DNMS90, are  b e t t e r ;  however they are not 

c o n s i s t e n t l y  better than  5 x 10-13. Moreover many c locke  a r e  
e i t h e r  adjuated or f a i l  b e f o r e  good statistics can be accumulated 
for periods in excess of  300 days.  Thus in order t o  achieve t h e  
r equ i r ed  accuracies for l u n a r  laser ranging, it is necessary t o  
run an ensemble of  at  least three standards a l l  performing with 

12 s t a b i l i t i e s  b e t t e r  t h a n  p a r t s  i n  10 . 
With t h e  likely advent of  combined Doppler and l a s e r  s a t e l l i t e  
t r a c k i n g  f o r  geodetic purposes  organ 19741, t h e  importance of 
precise time is f u r t h e r  increased. 

The Division maintains ,  of course ,  i ts own l o c a l  t i m e  scale 
UTC (Dm) us ing  rubidium standard DNM255 as master clock, r ephased  
weekly a f t e r  analysis of  t h e  UTC (Dm) ensemble, see Section 11, 
It is hoped t h a t  t h e  NTS-1 (Timation 111) s a t e l l i t e  time transfer 
system can be incorpora ted  i n t o  t h e  system as s c o n t r i b u t o r  of 
appropriate weight and as a condition on the remainder of the 
ensemble, depending on the a p p l i c a t i o n  i n  hand, 

L e t  ci, i = l...n denote t h e  i - t h  clock i n  t h e  ensemble. 

Then UTC (AUS) is defined, after Guinot ( ~ u i n o t  et al, 19711, as 

where A is an initial cons t an t  chosen so  t h a t ,  on 8 February 1973, 
on which date t he  NML c l o c k s  and DMM590 were compared d i r e c t l y  
against a USNO f l y i n g  clock, UTC (AUS)  = UTC (USNO MC). 



I E x p l i c i t l y ,  each clock i s  assigned unit weigh t .  I f  its perfor- 
mance deteriorates, it is dropped from the ensemble. therebv 
implicitly assigning it z e r o  weight. More s o p h i s t i c a t e d  weighting 
schemes are not used because  only TV o r  intra-laboratory compari- 
sons are employed, a n d  because t h e  ensemble i s  n o t  sufficiently 
l a r g e  t o  assign w e i g h t s  with proper objectivity, However, with 
the ensemble expected to s t a b i l i s e  in the n e & r  future a f t e r  i t s  
spate of discontinuities. and with t h e  introduction of Timation 
observations as a regular factor, weighting schemes which c o n ~ i d e r  
the stability of the received pulse, the ? r e c i s i o n  o f  t h e  o b s e r -  
vations and  t h e  per formance  o f  t h e  c l o c k  can be investigated. 

The implementation of  t h e  algorithm that calculates UTC (AUS)  ia 
simple, since it is unweighted and  s:nce only i n d i v i d u a l  clocks 
have e v e r  been c o n s i d e r e d  and  n o t  l a b o r a t o r y  tirne scales as the 
BIH d i d  once ,  Ploreover, if one component c l o c k  missed a reading 
on any day,  UTC (BUS) w a s  not c a l c u l a t e d  on that day ,  U s u a l l y  a 
missed r e a d i n g  is t h e  result of TV transmission anomalies such as 
non-synchronised sporting telecasts, industrial trouble, or equip- 
ment failure in the receiving laboratory. S o ~ e t i m e s  the cause of 
omi;slon was l a t e  readir ,g of  the sync! : ronis ing p u l s e  which must be  

read  a t  e x a c t l y  13h O l m  00" 0.02 as the transmissions are not 
time c o n t r o l l e d ,  see  S e c t i o n  C. T h i s  p h i l o s o p h y  h a s  r e s u l t e d  i n  
some gaps - n  read in,^ of  p e r i o d s  as l a r g e  a s  t w o  weeks, particu- 
l a r l y  a r o u n d  tile Chr~stmas-Lew Ye=;r p e r i c d .  This is  considered 
p r e f e r a b l e  t o  t r y i n g  t o  patch up read in,..^, a s  t h e  o n l y  a l t e r n a -  
t i v e  interpolator is VLF which i s  n o t o r i o u s l y  i l l - r e c e i v e d  h e r e .  
It i s  p o s s i b l e  t o  alleviate t h e  problem by smoo th ing  w i t h  
a p u r o p r i a t e  i n t e r v a l s .  

Before developing the r e d u c t i o n  a l g o r i t h u i ,  i t  i s  t o  b e  s t r e s s e d  
t h a t  UTC ( A U S )  i s  a n  independen t  t ime  s c a l e  i n  t h e  s e n s e  t h a t ,  
once i t s  zero  p o i n t  has been set, it I s  t h e  niean of  its own 
clocks o n l y ;  no overseas time s c a l e  a f f e c t s  it directly. For 
example, on additiun of  a new eusenlble  ~ e r n b e r *  t h e  c o n s t a n t  A o f  
t h e  fundamental  e q u a t i o n  i s  adjusted to r n a i n t a i r  c o n t i n . u i t y  of 
UTC ( A U S )  i t s e l f .  bioseuver,  n c  a t t empt  i s  made a t  such t i m e s  to 
m a i n t a i n  c o n t i n u i t y  i n  t h e  f i r s t  t ime d e r i v a t i v e .  r a t e .  s i n c e  it 

the current mean of a number  of a c t u a l  cloc!:s - remembering t h e  
p a s t  performance a f  c l o c k s  I c ~ r , g  since dead is ccstainly less 
realistic. However, notwithstanding o u r  d e s i r e  f u r  iridependence,  
t h e  e s t i m a t e d  relatinnship t:, UTC (USliC, f.;C) is c a l c u l a - L e d ,  
separately from t h e  a i g o r i t h m ,  p u b i i s h e d ,  and used  in c e r t s : ~ . ~  
analyses such as t h a t  g i v e n  in F i g u r e  1, The techniques used are 
given in the Zol1 ,owing  deveiopment. I 



From t h e  fundamen ta l  equation (l), UTC (AUS)-TV is c a l c u l a t e d  from 

where ai = A ,  
i=l 

c - TV = a reading a t  1301, 
i 

ti = TV t r a v e l  time r e l a t i v e  t o  liI~,fL determined by 
DiqN590 p o r t a b l e  c l o c k  visits. 

Then UTC (AUS) - c = (UTC (AUS)-TV) - ( ( e  - TV) - t .) 
j j J 

( 4 )  

where c may be e i t h e r  a c o n s t i t u e n t  o f  t h e  ensemble defining 
j 

UTC (AUS)  as in equation (11, o r  any  o t h e r  p a r t i c i p a n t .  The re- 
sults of e q u a t i o n s  (2) and  (4 )  are t a b u l a t e d  for each day on which 
all n current c o n s t i t u e n t s  have s a t i s f a c t o r y  readings, and pub- 
l i s h e d  for interested Australians a t  nominal ly  monthly intervals. 
Least  squares s t r a i g h t  l i n e  f i t s  against MJD t o  each 
UTC (AUS)  - c are a l s o  published. Table  XV is an example o f  t h e  

j 

published computat ions.  

When a new c l o c k  C i s  added t o  the  ensemble i t  is s u f f i c i e n t  
n+l 

f o r  c o n t i n u i t y  t h a t  A be re-evaluated ( ~ u i n o t  et al, 19731, 

r e s u l t i n g  i n  a revised A': 

A~ = A + (UTC (AUS) - c ~ + ~ )  ( 5 )  
where (UTC (AUS) - c , , ~ ) ,  is the a c t u a l  value from e q u a t i o n  (4)  

obtained using t h e  previous ensemble on day t h e  day on which 

c is added. Similarly,  if clock c is removed on day TI, n+l k 

In practice, each run f o r  p u b l i c a t i o n  is made w i t h  an unchanged 
ensemble, and t h e  value of each UTC (AUS) - on the l a s t  day of Ci 
t h e  p rev ious  r u n  i s  used as a .. This makes it very simple to 
c o n t r o l  A adjustments when a1 % e r i n g  the ensemble.  



The criteria on which changes occur  are: 
(a) A clock fails; 
(b) A clock's performance against the ensemble deteriorates, a s  

judged by its rate or standard error; 
( c )  A clock whose rate hzs been constant to within 0.02 micro-  

seconds/day o v e r  a period of, usually, two months or more, 
and which is i n  a p r o p e r l y  c o n t r o l l e d  environment, will 
always be considered for admission. 

T a b l e  V shows which clocks formed the ensemble between 09 Feb- 
r u a r y  1973 and 31 J u l y  1975 * 

5. DATA FILTERING 

Once all the data has been collected for a run, by telex and 
mail, it is checked in t he  o f f i c e  for obv ious  bad readings and 
known t r a n s m i s s i o n  anomal i e s  ( i t  i s  known, f o r  example, t h a t  a 
jump of 10.8 microseconds occurs in the Canber ra  r e g i o n  when a 
change occurs i n  t h e  linkage between t h e  studio and t r a n s m i t t e r ) .  
A p r e l i m i n a r y  r u n  i s  t h e n  made f o r  further editing, checking 
small e r r o r s  (a read-ng i s  rejected if its UTC (AUS) - ci 
residual exceeds 2 microseccnds), and determining if any consti- 
t u e n t  is p e r f o r m i n g  badly. A f u r t h ? r  iteration prepares the 
r e s u l t 8  for p u b l i c a t i o n .  

6. ANALYSIS 

To obtain a clearer view of  the long term behaviour of UTC (AUS)  
and its constituent clocks, a series of recomputations has been 
made, using o n l y  clocks of s u p e r i o r  pe r fo rmance  o v e r  hundreds of 
days as constituents, A t y p i c a l  set. of  r e s u l t s  i s  presented in 
Figure 2. The large f l u c t u a t i o n s  are due entirely t o  computer 
plotter crossovers. Points worth noting are: 
(a) The small number of clocks judged suitable for the ensemble, 

and t h e  c u r v e s  and jumps i n  the o t h e r s ;  
(b) The number of clock f a i l u r e s  in the period; 
( c )  Frequent c o r r e l a t e d  jumpa i n  g e o g r a p h i c a l  areas, indicating 

local TV anomalies; 
( d )  The a p p a r e n t  instability of Dm590 and DNM2O5 after Feb- 

ruary 1975 when they were moved from Mount Stromlo t o  
Orroral Valley is attributed to Fresnel effects due to an 
intermediate ridge in t h e  l i n e  of s i g h t  path as w e l l  as t o  
atmospheric e f f e c t s .  Theae problems a r e  currently rece iv ing  
a t t e n t i o n ,  

(e) The fine performances of DNM590, despite its use as a por- 
table clock, and of G W E S F J ~ ~  af ter  its C-field ad jus tmen t  
i n  September 1973. 



(f) Severa l  apparently gradual changes i n  the ATC c l o c k s ,  which 
occurred dur ing  sparse data per iods ,  were only recently 
detected as real, and are e v i d e n t l y  due t o  accumulative 
component changes i n  the  t e l e v i s i o n  transmission network. 

(g) The relatively small changes in 
(UTC ( A U S )  - UTC (USNO MC)) a t  ensemble changes. 

Subsequent analysis has tidied up this picture and resolved many 
of the anomalies, 

7. RELATIOESHIP TO UTC (usRO MC) 

We use this time scale as reference, since it is directly acces- 
s i b l e  by flying clocks and Timation, and i t  i~ known t o  b e  
s t a b l e .  

The fundamental adopted relationship is 

based on Timation II experiments for rate, and these and the 
flying clock v i s i t  of  7 December 1973 f o r  t h e  constant term. 
T h i s  relationship was t rans ferred  d i r e c t l y  t o  the ensemble o f  
S e c t i o n  6 by means of.: 

UTC (USNO Mc) - UTC (AUS) = (UTC (USNO MC) - ~ ~ ~ 5 9 0 )  
- (UTC (AUS)  - D ~ P I ~ ~ O )  (7 

and is shown on Figure 2. As a check, back extrapolation to the 
flying clock visit of February 1973 reveals e r r o r s  of rather  
less than one microsecond. 

The UTC (AUS) reduction program contains a section in which 
equation (7) is  updated conveniently from the fundamental period 
(July 73 to January 74), since t h e  latest estimate of 
UTC (USNO MC) - ci i. always maintained i n  t h e  input  deck. The 

only assumption made in t h e  update is that the ensemble c l o c k s  
perform linearly, and t h i s  i s  checked by UTC (AUS) before the 
f i n a l  ensemble f o r  a run is chosen. This update makes i t  pos- 
sible to es t imate  the performance o f  each c l o c k  against a nearly 
uniform reference without needing a great number o f  h i s t o r i c a l  
records .  The performances can be gauged from Figure 2.  

8, TEZEVISION NETWORK 

The transmiss ions  originate a t  t h e  Gore H i l l ,  Sydney, s t u d i o s  
of the  Australian Broadcasting Cornmiasion, and are networked 
as shown in Figure 3 .  

U n t i l  t h e  in troduct ion  o f  c o l o u r  TV on 1 March 1975, the fre- 
quencies were crystal c o n t r o l l e d  wi th  a rate of, commonly, 
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10 m i c r o s e c o n d s / s e c o ~ ~ d .  Since t h e  r e p e t i t i o n  rate is50 Hz, the 
system accuracy was limited t o  0.2 n l ~ c r o s e c o n d s  a t  best. Since 
1 March 1975 rubid ium standards c o n t r o l  t h e  frequency, hence 
errors a r e  entirely due  t o  p r o p a g a t i o n  a n o m a l i e s  a n d  r e c e i v i n g  
s t a t i o n  m a l f u n c t i o n s .  The re  i s  no agreement w i t h  t h e  ABC on con- 
t r o l l i n g  the p r e c i s e  t i a e  of  t r a n s m i s s i o n .  

The pu lse  r e c e i v e d  i n  common i s  t h e  f i r s t  v e r t i c d l  synchronisa- 
t i o n  p u l s e  i n  t h e  v e r t i c a l  b l o c k  (Eiiller, 198). It i s  d i s p l a y e d  
i n  F i g u r e  4.  The p u l s e  s e l e c t o r  used in each  l a b o r a t o r y  is a 
s i m p l e  p u l s e  d i s c r i m i n a t o r  o r i g i n a l l y  d e s i g n e d  by E. Sandbach of 
ATC and  now improved  by C .  Cochran of  DhX. 

A s  mentioned p r e v i o u s l y ,  t h e  t r a v e l  t i m e s  a r e  known to change 
w i t h c u t  n o t i c e  due  t o  equipment  and a tmosphe r i c  changes. The 
l a t t e r  changes a f f e c t  t h e  short term s t a b i l i t y  o f  t h e  r e a d i n g s  
w h i l e  t h e  former  changes a f f e c t  t h e  l o n g  term stability and are 
i n  general more e a s i l y  d e t e c t a b l e  a s  major  sys tem changes. T a b l e  
Vllists t h e  de t e rmined  travel times on  t h e  d a t e  o f  c l o c k  cornpari- 
s o n s  as w e l l  a s  5 day mean v a l u e s  a b o u t  t h e  c l o c k  t r i p  which 
a v e r a g e  o u t  t h e  s h o r t  term f l u c t u a t i o n s .  The 5 day mean v a l u e s  
have  proved  t h e i r  u s e f u l n e s s  i n  improving  o u r  ability t o  p r e d i c t  
v a l u e s  of  UTC ( U S K O  I ~ C )  from UTC (AUS). T h i s  i s  ev idenced  i n  
Table 111. 

9 .  VLF 

The q u a l i t y  of VLF r e c e p t i o n  a t  N a t i o n a l  Mapping was impraved in 
1973 f o l l o w i n g  d e t d i l e d  discussions w i t h  D r .  Winkler .  The re- 
c e i v e r  i s  now manua l ly  slewed each  day t o  compensate for cycle 
s l i p s  which, i n  c e r t a i n  seasons, occu r  daily. This t e c h n i q u e  
maintains all r e c o r d i n g  ap a r a t u s  i n  a c o n s t a n t  position, thereby 
minimising receiver and r e c o r d e r  n o n - l i n e a r  per formance .  It 
yields a c c e p t a b l e  r e s u l t s  d u r i n g  p e r t o d s  o f  minimal  t r a n s m i t t e r  
mi sbehav iou r ,  An example of  t h e  i n t e r n a l  p r e c i s i o n  po=sible 
under f a v o u r a b l e  c o n d i t i o n s  16 glven i n  T a b l e  V I I w h i c h  r e p o r t s  on 
t h e  status of  c l o c k s  whose only c o n n e c t i o n  t o  UTC (AUS)  a 1 d  UTC 
( U S K O  MC) is t h r o u g h  these s i g n a l s .  

An i n v e s t i g a t i o n  i n t o  t h e  r e l i a b i l i t y  of  r e c e p t i o n  o f  s i g n a l s  
from t h e  US Naval Communications S t a t i o n  at N o r t h  West Cape 
(NKC), Western  A u s t r a l i a ,  was unde r t aken ,  and as a consequence 
weekly readin~s a r e  exchanged w i t h  the  U n i v e r s ~ t y  of Queensland 
tc check  on transmitter jutnps b e f o r e  o u r  readings are communi- 
c a t e d  t o  USNO. These checks  can v e r i f y  jumps as small as 0.2 
mic roseconds  and ,  along with similar c h e c k s  on ELK, p r o v i d e  our 
o n l y  method of m o n i t o r i n g  t h e  queens l and  c l o c k .  By forcing c l o c k  
c o n t i n u i t y  over  r e c e i v e r  o u t a g e  p e r i o d s ,  t h i s  monz to r ing  agrees 
w i t h  DNM590 calibrations t o  5 microseconds v i a  IaiC a n d  3 micro- 
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seconds via NLK, whi le  similar monitor ing of USNO via NLK agreed 
with USNO flying c lock  calibrations t o  w i th in  3 microseconds be- 
tween 7 December 1973 and 16 July 1975. Considerable  c a r e  had t o  
be exe rc i s ed  t o  achieve t he se  accu rac i e s ,  however, and w i th  the  
likelihood of r e g u l a r  s a t e l l i t e  time r a t h e r  t h a n  f requency trans- 
fers, our  i n t e r e s t  i n  VLF w i l l  remain obse rva t i ona l  r a t h e r  than  
ope ra t i ona l ,  

10, EQUIPMENT FERFORlliANCE 

While beam tube failure is undoubtedly of major importance, it 
h a s  been our  experience t h a t  t h e  expected l i f e  o f  standard t ubes  
i s  i n  excess of t h r e e  years and t h a t  repairs by t h e  l o c a l  Hewlett 
Packard facility a r e  w e l l  w i t h i n  s p e c i f i c a t i o n s .  Hawever, t h e r e  
is  an  incomplete knowledge and understanding at  many of  t h e  l o c a l  
l a b o r a t o r i e s  of t h e  f i n e  adjustments necessary t o  run  these 
ins t ruments  i n  a n  op t imal  manner. 

A t  t h e  Division of Nat iona l  Mapping, we were forced  t o  move our 
ensemble of clocke and VLF equipment i n  February of t h i s  year  
from a well proven s i t e ,  Mount Stromlo,  t o  our  new s i t e  a t  
Orrora l .  A l l  c l ocks  w e r e  c a r r i e d  t o  O r r o r a l  on vehicle power 
f o r  about  90 minutes.  They were t h e n  placed i n  t h e i r  new 
p o s i t i o n s  and C-fielded. Unfortunate ly ,  DNM153 d i d  n o t  travel 
well and, for a considerable time, attempts to adjust it in its 
new location were no t  successful. 

T h i s  d i f f i c u l t y  of adjustment has been experienced a t  a number of 
Aus t r a l i an  l a b o r a t o r i e s ,  many of which have previously accepted 
lower l e v e l s  of  performance due to o p e r a t i o n a l  pressures t o  pro- 
vide t ime and frequency a t  t h e  l e v e l s  specified b y . t h e  manufac- 
turers of the equipment or to an inadequate array of available 
equipment with which to detect  and c o r r e c t  such misalignments. 
The experiences gained by us with DNM153 have allowed us t o  
assist i n  t h e  d e l i c a t e  task of f i n e  t un ing  a standard, 

As a preparation for t h e  move t o  Orroral, w e  developed an analysis 
method almost identical t o  the triad method of Allan (Gray and 
Al lan ,  1974). Using t h i s  method w e  determined the performance 
of  t h e  s t anda rds  before  moving and upon installation a t  Orroral. 
Since we have a l o c a l  s c a l e  UTC (DM), see Section 11, we were 
able t o  compute t h e  f r a c t i o n a l  frequency s t a b i l i t y  of each clock 
r e l a t i v e  t o  the mean via the well-known A l l e n  variance formula, 

The a p l i c a t i o n  of t h i s  equation assumes t h a t  an a b s o l u t e  stan- 
dard f s a v a i l a b l e .  



When two clocks are intercomgared, t he  above becomes I 

where the final term is a correlation term which in t h e  l i m i t  
approaches zero as n ap; ,roaches infinity, 
U ~ i n g  equation (8) at Mount Stromlo b e f o r e  t h e  nove and e q u a t i o n  
( 9 )  at Orroral upon installation, we were able t o  d e t e c t  the 

state, w e  made a f a l l  map of the r e s o n a n c e  curve as a function of 
C-field setting, This showed a number of peaks  with one particu- 
l a r  peak very much more pronounced than the others. This peak 
was also v e r y  n a r r o w ,  Attempts to s e t  up d i r e c t l y  on the maximum 
always r e s u l t e d  in under o r  o v e r  s h o o t  as was i n d i c a t e d  by s o l v i n g  
t h e  f o l l o w i n g  eauation s e t  

L 
for Qa , %' and ~ c '  u s i n g  sample p e r i o d s  up to 30 hour*. 

We r e s o l v e d  the problem by o b t a i n i n g  an approximate s e t t i n g  of 
the C - f i e l d  u s i n g  t h e  Zeeman frequency metbod as  outlined i n  
Hewlett Packardts equipment manuai.  This e n s u r e d  that we were on 
the c o r r e c t  resonance peak. We t h e n  usad our previously obtained 
C-f ie ld  map t o  compute t h e  f i n a l  fine adjustment necessary t o  
o p e r a t e  the instrument at t h i s  peak. 

improvement in i t s  s t a b i l i t y .  F igu re  5 shows the fractional fre- 
quency s t a b i l i t y  of each standard before and after the move and, 
in the case  o f  DNPI153,  during the period of adjustment. 

These techniques were put to good use by the Division i n  a r e c e n t  
calibration trip to Parkes where P X S  143 was e x p e r i e n c i n g  
a m p l i f i e r  i n s t a b i l i t y  problems. 

To evaluate  the performance of our own clocks on a more regular 
b a s i s  and t o  f r e e  ourselves from o u r  l ack  of knowledge of the TV 
delay time, a l o c a l  time s c a l e ,  UTC ( D I ~ M ) ,  was implemented i n  1974. 
T h i s  is composed of  the three caesium standards DNM590, Dm203 
and Dm153 and i s  constructed from phase recordings at a scale of 



20 nanoseconds per cent imeter ,  read hourly. UTC (DNM) has an ar- 
b i t r a r y  but  convenient  zero which needs t o  be r e l a t e d  t o  another 
reference scale. Generally this i s  not done as the scale is 
broken every time an ensemble member, usually DNM590, i s  unavail- 
able f o r  any per iod  such as d u r i n g  a c lock  trip. Equation (1) 
reduces  t o  the f o l l o w i n g  simple form f o r  an ensemble of three 
w i t h  a mean of  zero: 

z 

I n i t i a l l y ,  t h e  results were plotted and abnormal behaviour or  
impending failure detected by visual inspection. Currently a 
mini-computer, an HP21-YX, is being programmed t o  perform t h e  
data acquisition and reduct ion and to  d i s p l a y  this information i n  
t h e  form of residual p l o t s  and fractional frequency curves. 

With t h e  implementation of t h i s  more v e r s a t i l e  data  acquisi .t ion/ 
analysis system and with the advent of Timation I11 data, the  
limitation placed on UTC (DIiM) due to ensemble breaks and unknown 
offsets w i l l  disappear. 

12. THE FUTURE 

It can be  expected t h a t  t h e  p r e c i s i o n ,  r e g u l a r i t y  and accuracy of 
the time scale UTC (AUS) w i l l  c o n t i n u e  to improve as problems 
surrounding t h e  number of ensemble const i tuents ,  mode of compari- 
son and accuracy o f  setting are r e s o l v e d .  A t  the same t ime,  
d a i l y  connections of t h i s  s c a l e  with those produced by o t h e r  or- 
ganisat ions such as USNO and the BIB will become a reality leading 
t o  a more truly universal  time scale as w e l l  as a fully c o o r d i -  
nated UTC (AUS) at an unprecedented l e v e l  of accuracy. 
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TABLE I1 

MEASUREMENTS BY WRTABLE CAESI mi S T A N U A m  UNM5 90 
DULING CALIBXATlON TRIPS OF J U L Y  1975 

CLOCK DATE ( UT ) OBSEkVED OBSEhiVLL) TV ESTZFATED 
DAY.fiwP/,I DNM590-CLOCK TRAVEL TIKE (USNO MC)-CLOCK 

UNIT : F ~ I C E O S E C L I ~ D S  

ATC 902 185.0548 74.88 3295 044 -8 *86 
ATC 288 189,0548 75 021 3295 *44 -7 *46 

SAFCXA 192.0615 60.6 - -23.3 
SAPOXB 192.0615 -89-7 - -173 6 
SAE'OXC 132.0615 127*7 - 43.8 

WRE XI1 192.0730 85.5 - 
TRZN 519 192 ,0815 86.0 - 

PORTABLE: CLOCK DhX590 RLTURNZD TO O,I?ORAL AT T i l I S  PvINT 

0 ~ ~ 1 6 3  196.1300 59 *O - -25 09 

BNE 331 197.0505 -15 -4  - 99 953 
G L V E S F ~ ~ ~  198.0150 63 * 38 104.33 -20.79 

SYDOBS 193.0510 2144,2 - 2060 -03 

PORTABLE CLOCK DNN5r)O RETUWED TO CRHOIIM. AT TEIS  POINT 

PORTABLE CLOCK DliM590 F1I:I ShEd JIJLY C-iLIEiUTlGfY2 AT TLIIS POIIS!!? 

NOTE: PC1117/IC-2 IS THE USISO E:'ORTIIBZI:, CXCjCK 
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TABLE IV 

A SEGmNT O F  UTC(AUS) ANALYSIS 

PART 3 UTC(AUS)-CLOCK FOR CLOCKS IN REGION OF MELBOURNE 

DATE MJD HP 052 WT ATC 288 WT 
UNITS ODE MICROSECOND 

SMCOTHING COEFFICIENTS FOR EACH UTC(AUS)-CLOCK --- A.+B(T-TO) 
WHERE DATA IS SMOOTHED FROM T1 TO Ti? 

A -315 * 65 57 043 
B - 0355 - , 1014 

TO 41721. 41721. 
T1 74FEi3 1. 74FEB I 
T2 74MAR 29  MAR 29 

STANDARD ERROR *69 69 



TABLE V 

CLOCKS FORMING THE REGULAR UTC(AUS) ENSENBLE 

PERIOD EKSENBLE 

29 June 73-19 Oct 73 DNM 205, D m  590, Dm 153, NML 338* 
288, HP 052 

19 O C ~  73-31 Dec 73 DNM 205, DN" 590 , NML 338 HP 052, 
GWESE' 396 

27 Dea 73-26 Apr 74 DIW 205, DMM 590, N14L 338, ATC 288, HP 
052, GWESF 396 

26 Apr 74-31 Aug 74 GWESF 396, DNM 590, E ~ M L  338, lbTC 288, 
HP 052 

29 Aug 74-15 Hov 74 GWESF 396, DNM 590, ATC 288, HP 052, 
NML 201 

15 Nor 74-31 Jan 75 GWFSF 396, DNM 590, ATC 288, HP 052, 
NML 201, DNM 205 

28 Jan 75-23 May 75 GWESF 396, ATC 902, HP 052, NML 201, 
338 

22 May 75-31 July 75 GWESF 396, ATC 902, BP 052, NPlL 201 



TABLE VI 

CLOCK DATE MEASURLD COMkUTED 
DELAY TlME h 5 DAY MEANS b 

ATC 288 73 FEB 12 3289.62 3289.62 
Om5' 3290.07 

0.45 
ATC 288 73 JUNE 11 3290.13 -0.15 

3292 -28 
2 -21 

ATC 288 74 APR 30 3289.98 4.52 
3295 -27 

2-99 
ATC 902 75 MAR 13 3294-50 2 +17 

3295 044 
0 e l 7  

ATC 902 75 JULY 08 3296.67 

HP 052 73 FEB 12 3269.40 3269.40 
0 * 8 6  3271.64 2.24 

HP 052 73 JUDE 12 3270.26 
-jO *02 3241.34 -30 30 

HP 052 74 APR 29 3240.28 
4096  3245.82 

4 -48 
KP 052 75 MAR 13 3245.24 

2*22 3246.69 o .87 
HP 052 75 JULY 08 3247.46 

DhM 205 73 FEE 08 989-78 989*78 4 - 7 3  
DNM 205 73 JUNE 1 9  989.37 -'*" 989.05 
DriM 205 74 MAY 06 987 *38 

0.59 -1*99 969.64 111.58 
DNM 205 75 MAR 20 1100.59 113.21 1101.22 1qY,3 
DNM 205 75 JULY 17 1102.98 2439  1i03.20 

PRKsl43 72 UEC 06 1049.20 1049 -20 -0 -05 
PRK5143 73 JUNE 20 1049,75 0*55  1049.15 0.43 
PRKs143 74MAY 15 1047.76 1049.58 ,47 
P R K s ~ ~ ~  75 MAR 26 1046.64 l 2  1048.11 ,04 
PRKS143 75 AUG 07 1049.15 2'51 1049.15 

~ ~ n ' ~ ~ ~ 3 9 6  73 FEB 07 1-95-28 -- 105*28 -0.07 
G K E S F ~ ~ ~  73 J U N E  19 105.28 -1 -09 105921 - ( J * o ~  
GkrE~F396 74 MAY ~6 104 -15 104.71 -0.13 
~ 1 i i ~ ~ ~ 3 9 6  75 MAR 20 104 -58 0 9 3 9  104.58 
G W E S F ~ ~ ~  75 JULY 1'7 103.41 -'*17 104.37 



TABLE VII 

THE VLF SEGMENT OF uTc(AUS) ANALYSIS 

PAWr 5 UTC(AUS)-CLOCK FOR CLOCKS IN REGION OF V W  RECEPTION 

DATE M J D  USNO MC WT BN 331-NLK WT BU 331-NWC WT 
UNIT ONE MICROSECOND 

SMOOTHIKG COEFFICIENTS FOR EACH UTC(AUS)-CLOCK = A+B(T-TO) 
WHERE DATA IS SMOOTBED FROM T1 TO T2 

A -137.75 -107 "29 24 -14 
B 3328 2053 - .122O 
TO 41721. 41721, 41721 
TI 74FEB 1 ~ ~ F E B  1 74FGB 1 
T2 74MAR 29 74MAR 29 74MAR 29 

STARDARD EZROR 4.28 3.66 -89 











FIGURE 3. 

T E L E V I S I O N  NETWORKS 

G O R L  HILL, 
SYDNEY.  GW ESF 

m.C. MELBOURNE, V I C .  





FIGURE 5 
\ 

Fractional k q o . n 9  l i t y  of DM clocks before rimova 1 

la Orrora l , upon in$T,a / la t ion  at orrora 1 i n  case o f  DMM 153, 
Z 

\ and after all ad jw tmen ts  
\ 



QUESTION AND ANSWER PERIOD 

DR. SHEPARD: 

Leonard  S h e p a r d ,  ILC I n d u s t r i e s .  

The v e r t i c a l  re-trace i n t e r v a l  which you had up t h e r e  was 
NTSC and  you said t h e  t i m i n g  p u l s e  w a s  i n  t h e  u p p e r  l e f t .  
Can you s p e c i f i c a l l y  i d e n t i f y  which p u l s e  and which e d g e  o f  
t h e  p u l s e  you u s e d  f o r  t i m i n g ?  

MR. LUCK: 

U n f o r t u n a t e l y ,  I am n o t  o u r  t e c h n i c a l  p e r s o n .  I would have  
t o  t h i n k  a b o u t  t h a t  o n e .  

DR. SHEPARD: 

Do you know whe the r  NTSC c o l o r  s t a n d a r d s  are u s e d  i n  
A u s t r a l i a  on t h e  t e l e v i s i o n  ne twork?  

MR. LUCK: 

I s N T S C  The American s t a n d a r d ?  

DR.  SHEPARD: 

Y e s .  

MR. LUCK: 

N o ,  it is t h e  o t h e r  o n e .  

DR.  SHEPARD: 

PAL? I see. 

MR. LUCK: 

I t  w a s  i n t roduced  on March t h e  l s t ,  t h i s  y e a r .  P r i o r  t o  
t h a t  w e  were on b l a c k  and  w h i t e  o n l y .  

DR. SHEPARD: 

You d o  have  c o l o r  t r a n s m i s s i o n  now? 



MR. LUCK: 

Y e s .  

DR.  SHEPARD: 

How is t h e  s u b c a r r i e r  s t a b i l i z e d ?  

MR. LIUCK: 

By rubidi-urn s t a n d a r d s .  

DR. SHEPARD : 

D o  you know, w i t h  o r  without o f f s e t ?  

MR. LUCK: 

I t  seems t o  be w i t h o u t  o f f s e t .  

MR. JOHNSON:  

J o h n s o n ,  Naval  O b s e r v a t o r y .  

D o  you a v a i l  y o u r s e l f  of t h e  l i n k  back t o  the o b s e r v a t o r y  
that i s  a v a i l a b l e  t o  you t h r o u g h  t h e  Womera s a t e l l i t e  
t e r m i n a l ?  

MR. L U C K :  

Y e s ,  w e  are aware oP i t .  We have  v i s i t e d  t h e  place w i t h  
ou r  p o r t a b l e  s t a n d a r d  and  a t  t h e  moment, o u r  o n l y  compar i -  
s o n  is  by p o r t a b l e  s t a n d a r d s .  We a rc  going t o  i n v e s t i g a t e  
t h a t  f u r t h e r  i n  t h e  n e a r  f u t u r e .  




