
PTTI  TNCIINOLOGY I N  S O U T H  AFRICA AND SPECIFIC 
YROBLEMS I;ERMAl!TE TO THIS C"G0GRAPHIC MTtA 

A 'r)r.:i.ei' h isLorica1.  s u r v e y  of tk-ic devel.oprnent; 31' 
t ime  and frer;ucnc;y a e ~ ~ v i c e s  ir; S o ~ i t h  Al ' r ica i s  
fo l lowed  by a n  accc;urlt ni '  some of  t h c  tcchnri.q~aex 
p r e s e n t l y  e:np.?..oyed a t  t h c  LTRL t o  c o n t r o l  t h e  
si,n;nals f ~ o r n  .ra?.i:, :-;tatinn ZUO. S'r,:)r.t dcxc:ri rj- 
t i o n s  a r c  ;?liven oil' s e v e r a l  t lcvlces u h i c h  h.avt: 

- . 
been dcv'clojjcd L'DI-. ..l.ocal t i n e  iCA.s:;er;i.nation, in- 
cludinp; (one wti:i.cI: t y a n . s ~ . i t , ~  r:i?dcci ' ~ I . D ; ~ I ' ,  m i r ~ . ~ ~ I ; e  
an.d second d a t a  a:; ,?ai>i; oi tlic: t.Lr:l.= a-! ,..,  anal.^ t:hem- 
a c l v u s ,  a :;:iLrnpl.e sc:l?ns7-1;o-siric~~ca,.? t i w e  conver- 
t e r ,  an.d t'1i.e ZSjilj rr~ox~sc co:3e ;-;er-iei7ui,or. 

HISTORICAL SURVEY 

Ti.me i n  S o u t h  Africa h a s  i ; r a d i t i o n a l l y  i;oc:n -541~ r.<cs ooi.lari.- 
bt:l.ity of th.e  astr.or:ornic:al. observa-t;orj  e a :  i..n 2 a ~ ) t :  Town. t h ~  
Royal  Obscrvat  o r y  ( e s i .  18 20 )  and in. Joharvic:; b~ur+,il; thc Trsria- 
vaal  Observatory  ( e s t  . ! 993) . The 5 o g a i  0-b-,e+vatory d i s -  
trib11.ted time frclrn a11 eay.1 $a-L e by t h e  <jail;< f i ~ i n ~ : ;  of a 
n a v a l  g u n ,  inter lded rnari-r:ly f'i;r7 t he  3 c n e l i t  o f  shipl:jing i n  
Table  Bag. 

I n  Johannesburg  -the fii-s-L h: ; -~r iy  tiirie :;i;?;nal F; .i'i->orc t h e  ob- 
s e r v a t o r y  were s e n t  j.n 3.308 b y  lan.d.l ine i ; ~  tihc C e n t r a l  Tele-  
g-r.ar>h O f f i c e ,  f rom where t l ~ e y  wer7e rl.is,t;r7i?~-~l,cd throughout  
thi? p rov ince .  After. t h e  uni..on of' t h e  - i 'o~~.r> pr70vin.ces i n  
1..910 t h r e e  R:i.e.T-'ler c l o c k s  we i7e ins- ta i iec j  a't wliai; h.ad. now 
'become known as the  Union 9bservaLo-ry, and i;he disi;ribu.t;iov 
networbk %as exkended Lo Durba-r-:, where - i.P a l l  wer?.t w e l l  - 
a tlime b a l l  w a s  drcpped a t  riooYi by a ~>ewr-io-Le :::" ynaI L'rhorc 
J o h a n n c s b w g  . 
I n  Cape Town t ime  w a s  :neasu..r7ed asr;ronorriic::ally as par2,i; o f  
t h e  m e r i d i a n  prograrn , b u t  Johar lnesb~ng  i l ~ ~ d  n . t  -f i . r s t  o n l y  
a, :;mal..l 65  mm ref-ract-o-r., r e c e i v e d  on l o a - r ~  -i'o::. a l a - t i  L1xd.e 
obse rva t  j-on program. The :resw-1;in.g .-lirrLe s i ; : ;~~.a ls  i : o d c l  
seld .om be r e l i e d  on t o  b e t t e r  t h a n  abo l~ i ;  9.5 second,  and 
t h e y  might be w o r s e  a f t e r  a p e r i o d  o f  c:lloud.y n . igh t s .  A s  
early as 1923 it w a s  found t h a t  nuch b e t t e r  r e s u l t s  cou ld  
be o b t a i n e d  by u s i n g  t h e  l o n g  wave r.adLo t ime  signal-s from 
Bordeaux and R-ugby, and t h e  astronornica:L o b s e ~ v a - t i o n s  were 



discontinucd, t o  be replaced by the  morc accurate  - i f  
second-hand - radio  time. I n  l a t e r  years  the  possible  
i n s t a l l a t i o n  of a Photographic Zenith Telescope has been 
discussed on numerous occasions,  'but u n t i l  today the re  
has been no bas ic  change i n  t h i s  approach. 

Pyec.i.se timc i n  i t s  modern form may be s a i d  t o  have s t a r t e d  
i n  1948, when the  f i r s t  quartz  c r y s t a l  clock w a s  b u i l t  a t  
the  Union Obsesvatory. Although cons is t ing  mainly of dds- 
carded w a r  surp lus  componenks, it immediately improved 
tirnckccping accuyacy by a I a c t o r  of at  l e a s t  100, and 
rendered a l l  o ther  clocks obsolete .  

I n  1949, at  t h e  rcqucst  o f  surveyors and geophysicists 
who needed accurate  time i n  t h e  I i c l d ,  continuous radio  
time s i g n a l  transmissions were s t a r t e d  from a s m a l l  port- 
able  t r a n s m i t t e r ,  soon i n c ~ c a s e d  i n  s i z e  t o  w a t t .  The 
c a l l  s i g n  of t he  new s ta t i -on  - ZUO - where llUOtt represented 
Union Observatorhy, has remained lnnchanged t i l l  the  present 
ciay. ZUO i s  st17.1 the  only time and standard frequcncy 
s t a t i o n  on t h e  continent of Afr ica ,  and i n  a  very Large 
past of t h e  southern hemisphere. 

I n  1972 t h e  time department w a s  detached from the  obser- 
vatory i n  Johannesburg, and moved t o  P r e t o r i a  t o  become 
pa r t  of the  Prec ise  Physical  Measurements Division of the  
National Physical  Research L a b o ~ a t o r y .  

I n  1974 it w a s  formally Laid down that, i n  terms of the  
Measuring Units and National Measuring Standards Act o  f '  
1373, the  South African standard of time should be the  
cesium clock maintained l o r  t h i s  purpose a t  the WRL. 

TIM13 AND FKEQIIE'NCY STANDARDS 

I n  1-953 a s e t  of s i x  quartz  oscil la-l ;ors using GT c r y s t a l s ,  
with associa ted  frequ&ncy d lv lde r s ,  w a s  obtained from the  
B r i t i s h  Post OIf ice,  followed t w o  years  l a t e r  by one Essen 
r i n g  c r y s t a l .  The r i n g  c r y s t a l  s t i l l  remains i n  use to- 
day, but most o l  the  o thers  have long s ince  stopped func- 
tloni.ng, apparently due t o  f a i l u r e  of the  so lde r  connec- 
t ions.  

A cesi:u.m beam standard w a s  i n s t a l l e d  ri.n 1966 ,  and t h i s  has,  
with minor. l n t  errup-L ions ,  contr+oll..ed the  Sou.th African time 
serv ice  u n t i l  t h e  pre3en.t day. During t h i s  period the  bean 
tube had. t o  be changed on t w o  occasions, a l t e r  26 aszd 61 
months respect ive ly .  Thc cestum standard. was from the  
beginnin,~ adjusted t o  give an AT outp-ut . E'os timc s igna l s  
the  o f f s e t  i n  usc before 1972 w a s  achieved by a s p e c i a l  
phase s h l f t e r ,  while the  ZUO ca r r i e r  frequency w a s  



b r o a d c a s t  wi-thou-t o f f s e t .  

A second Soutl.~. 12fra:ican. ces.i.ur-n c l o c k  (?n-i; countin.;;  ternpo-rary 
i i?xtai la t ion: :  fo-r. s p e c i f i c  1ji ' l~'cj j i'r;ta! was ac(:: ; l ir7ed b;y t h e  
S . A .  _tl~rc.a~j. of Stam.dardo a;, t;41c be{-:;inniil~- <-, o-f' 19'75. The 
-two cl.oclcs, whli-ch arc3 I.r!cati.2. :;erne 1C :(an. apa~i;, aI-,e now 
b e i n g  rej:ydarl_y i;ztcr.corn~)a-rc?C~. Al.1 t;hc :;a.:?e, one can.r?ol; 
f e e l  a l t o g e t h e r 7  xcr;ur.e v i - t h  a na-t;ional -t:i rne scrb-rice whi rh 
relic::  on t w o  ba.sic:: staiwilayds on ly  - :jn.o (;i' -?hem at a d j s -  
t a n c e .  

Appa~atl~s ICY gen.cr.atri.qg; t h c  ZlJO t-:,nci. ~ 3 l l e r ~  -time pu l s e s  has 
always beer; dearig~iad ,3113 cons t ' r : ' ~~c ted  :i.octall;?,, and we  4-la-v.e 
by n o w  gon.e i;l:r.c7 ~ ; l p ; i ~  a l i  thc v a r i o u s  ::-t ai:yex, i'ro:? vac-d-urrl 
-tnk, c u t j ;  y olr2;,.l.l c ,r!l- d c ~ *  L.h.0 rlc ,;;;;lo c :; and ,i-~aiic- ,..>:%., 1 r? -k L.:L --. -,>c3 ,> 

'- L G  - 
yl.fl.te- ' 

2;raated. ci:frcu.i,-ts. !i.o~:i.; .u7cr:c.l:t ;!.]-lit .-:,r7!a-'.;:es ail t:Lje 
f ol],ow'i-n.p; ---~~~i.l~+i 1 . - n u - , c *  ,.,., ..,., - Vel-':T -r-L{.2:3,14] ,y -b:?-l 5 :: ,>l:l-;j]. ?:; f? 1; i z ! ~  S el>- 
-r,i c e  - irl. 3. :>j.-~~!!:;;lc ~~l(;:i.::;~:->j.,~e: 

, - 
- F~.cq~.nen.cy divider: .a:  I!.. Tt'Pr !,cl 1 a~.i!se p e r  d.ay 
- :ijrovia:l oi.1 i'9.r r ~ e s e  t t  i.yi,.- ._I  G,T?::I ad. j u:;t .i.ng d l  

5-t a,!-re s 
1.3 

- D.ig;i.l;a; tirr.e ~ 1 r i . s p l ~ y :  7botk T;'T and SAST 
- DUTI. !::cjdr?, r \~i . th  p r e s e t  swlitclli~:.? (-x) 
- Leap seconc: y~cset ::wii;c.i:lin,; I-';-) 

- 
- Mory;e co( je :  ZITO 3 r d  t-irr)e, e-ic::-.;r .;: o y  -i.kj ,:-~j.yi~j-t;e:; 
- C o rl c ci E:: 113.3 e o-,;;+~ ~!;-i; f' C) 1. :: ::;xi r~':;l., i n  ,::; s l av ' c  i:: 1 ci c IL o 

i a  b!ai;'.c?in,- 
- V a ~ i o u u  o-tf.:e.r; iiirrlc p~J_:ii.:;, , , . ,  . "6 - p i p s  " C?VCI'S^ 

l.l(:)l~.r. , 'or> '~1>:,afi:-:a:;i; :;tat:i.-)f!a. 
( h e s e t  n? :~  pr7evioi.~s day,  t o  i : ~ b ~ % a b S  ncca ::(,I. rria~.~-in?;iaI. 

sw'Lit~hi~-tp: a t  2 a.;n. 

Thi. &yea-i; d i s t s n c c  between So ;~ . th  A f r i c a  a,nG t h e  .nla.;jor7 c e n t c r s  
oi' r e a e a ~ c h  which dcter..::':ine AT an.d i:!P - rno:;tl.y :in the nor-t;h- 
c r n  h c m i s p h e ~ e  - l e a d s  t c, opeci.a-I. p~:jble~r!:f; ii.1 t i n i f !  coo~d. i . -  
n a t i o n ,  and rxai<e the rcpylar4 j.nterlcor.i.!ga:.i.xo~: ::I" tir:ie :::i.g;- 
n a l s ,  by- e v e r y  p r a c t ; i c d  mcthcjd, e s sen  l l a l .  

Retwccn 1911.5 and i l j G O  -ihc I..ocal. clocl,::; v~er'~: ~:hecI~;cci Cja-i-ly 
w i t h  r.ei'e:rlence t o  the. HF a i ; - p a l s  fron: WWV am,.! WW-W, To 
keep  -1;he tirx:c uTg,nd: :  i n  atc3i, w i t h  WWCT wi-Lhou.i; s d j ~ a s t . i n g  
t h e  o s c i l l a t o r s ,  a. rnol;or7-d~iven con t i r i~ ; l  012s phase  shiL'tcr8 
was constmnctcd ir1 1.9'35, which cou ld  r~iodi%'y t l . 1 . ~  s c i l l a t o r  8 f r equency  Pr.orn -20 to -I-20x10-9 i n  s t c p s  o f '  1x10-- . 
When i n  December 1960 the ZUO tj.me sii:;nd:: were coordin.a-l;ed 
w i t h  t h o s e  o-f other s t a t i o n s ,  t h e  phase s b i f t c r  w a s  lirnproved 
by the  a d d i t i o n  o f  a n  electronic dr'live, to give i t  a r*a;nge 



of from -99 t o  +99x10-lo, i n  s t eps  of 1 x 1 0 - ~ ~ .  ( A  new ad- 
justable  phase s h i f t e r  b u i l t  r ecen t ly  provides f o r  adjust-  
ment between -999 and +999 microseconds per day, i n  s t eps  
of 1 microsecond per day.) 

VLF Corrlparisons 

The next step w a s  t o  bui ld  t w o  VLE r ecc ive r s ,  permanently 
tuned t o  GBR and Nf3A. Yhase meaauremcnts were made with 
the  alid oi' a  CRO, and manual adjustment. Used i n  conjunc- 
t i o n  with the  phase s h i f t e r ,  these  rece ivers  now made i t  
possib1,e t o  keep the  ZUO time s igna l s  wi th in  1 millisecond 
of UTC, and o  keep t h e  mean XU0 frequency wi th in  about 5 
parts i n  10'' at  a l l  t imes.  

Continuous VLF phase recordings a re  at present made by 
means of t w o  corrur~crcial r ece ive r s ,  normally tuned t o  GBR 
and NAA, t he  two s t a t i o n s  which i n  t h i s  region have proved 
t o  be tllc m o s t  ~.el.iab.le. By rnaking use of the  correc t ions  
published by t h e  USNO it  i s  usua l .1~  possible  t o  reconci le  
the var io~ns measu~ements t o  wi th in  a few microseconds. 

Except I'or occasional disturbances due . to l i gh tn ing ,  t h i s  
syatern has proved t o  be m o s t  r e l i a b l e  over long periods.  
It h a s  sometimes been suspected t h a t  .the r e s u l t s  might be 
a17'12'ected by seasonal v a r i a t i o n s  i n  propagation t ime, but 
u n t i l  now thc rc  has bccn no comp1.etcly uninterrupted period 
s u f f i c i e n t l y  long t o  enable one t o  draw a d e f i n i t e  con- 
clusion.  

Travel l ing  Clocks 

Ab:;ol~ate ti-me differences h.ave s ince  1966  been. based al- 
m o s t  wholly on thc  t ~ a v e l l i n g  cesium cll..ocks which have bcen 
sent  f r o m  time t o  time from t h e  USA 'by the  USNO and o ther  
organisat ions.  Because such comparisons have o f t en  bccn 
motlvated by the  needs of p a r t i c u l a r  p ro jec t s ,  they have 
o f t en  taken place at r a t h e r  irre,.Sular i n t c r v a l s ,  and with 
-the reccnt  c losure o:C th.e l o c a l  STADAN s t a t i o n  the re  is  
some con.ce:rn as t o  the  fu tu re .  It is  highly des i rable  
t h . a t  these  comparisons should continue,  but :i..t  !is a l s o  
appreciated t h a t  one cannot expect other  organisat ions t o  
bear the  1~1.1. cos t  ri-ndef i n i t e l y  . .fixLu~e t r a v e l l i n g  clock 
compar.laons w i l l  theraef or'e pro-ba-bly have t o  b e  arranged 
by ourselves.  

The emphasis w i l l  probibly be s t rongly  i n  favour of l i g h t  
and simple portable  clocks,  which should, i f  at  all posx- 
IioLe, have , to  t r a v e l  by a i r  unattended. Even if t h i s  meant 
t h a t  some a tabi l . i ty  might have t o  be sacri.l'ri.ced, this mi.ght 



w e l l  bc compensated JOT by l a s t e r .  r.ctur.n t i ~ r i c s  and rriore 
f r e q u c n t  j our.ncys . 

T h i s  h a s  f'ny some year>s  bee^ lnsed by tl.1.c STADAW s t a t i o n .  
A s  t h o  d i s t a n c e  t o  the n c a r e s t  s t a t i o n  (lm-~pedusaj is t o o  
1 a r . g ~  t o  makc use o f  :?:~'(>i~ld waves, acc-:ur7ac;- i i s  o f  t 'he oradel. 
of' 15 micr~oseconds  . The nystern th.er.eforac . ] I Y ~ c ) ~ ~ ~ I ? : :  a val~?;- 
able check on l o c a l  t ime  sLand.ar.ds, and wo..l.d give irxurie- 
d i a t c  r.ough s y n c h r o ~ z i z a t i o n  ai'telr' a ci?~:iplot;c i ~ ~ . t e r r ~ ~ < . p t i c ; n ,  
bu t  i t  can.n.ot compete wi.-th t r~a~vc l l in ; : ;  clocks TOY PI-.cc:laio:n. 

Merge or2 l c s s  t h e  s a l e  appl i.ca to - t h ~  TEANSIT s a t e l l i t e  con)- 
ons made at; t l ic  Frenc b Tr.~ai;l;i~-::<~; l'; La t :.-. 11, 1hi4i:i.cll <:a11 a: 

prresenl; be i.>el.:i.eci on tc wi-l;'t.~j.-f: auo~ai; 5C: mlcr>osecondn. 

Local Co~x:par.is ons 

, - A por . tab lc  ~ . u . b i d i ~ n , r r ~  cl.ock h a s  Yo.(. zric l:~,s.;-i: jTea.t7 inee-n lnscd 
to mak: e r+c,il;-!nlar mon-L l?l.;y t ime  c: ompar)-i :> c r  :%sii;h. -L'i.i e i1'e-w 
o~~yanisa,Lri.ona -i.-r: t 4 ~ :  ?iei.&PLb cilr~hi? (34. cf ,l)yet; oraia wliu need. 
r!iicl-osecond acci;lrr3acy, T J - i  :;. tlii: 7:ceri~h ,Tv*:ir::~irig; S~. t ; : - i t , i~l~,  
the S.A. Burcall o-.' St:3rld:~r'is, a.n.6 ( ~ r t i l  Gc:Lober. 1::;)75) 
t h e  STAIIAN s t a t i c11  a t  IIa-~71'~~i:~?e:r_'i~-~r,'.r. T h ~ c e  c:or:ipar7i:3c;no 
have -pr.oved. 1 c: b e  c! i ,?;~.ea;l; 7 ~ 7 . ;  t ;,I.,%: L: CYLL f i l ;  , snG, if !;41L5 

demand war.r8ant c d. i - 1 . ;  , t!i~;j f:: cl,ild w cl 1 -r:i: ( :  , i.. s~l!ierd t (1; t'-.i' e;r7 
pa:rt:: of t h c  col;intx.;y. 



at the  observatory, while the  time sigiials, together  with 
a 100 kHz standard fr.eyuency, were tranarri-j_tted to Olifants-  
Sontein by a 100 IvlJIz rr*adlo l i n k .  A t  t he  r9ecei.ver the 
s bandard -i'requcncy and time s i  ~pa1.s werae separated,  the  
former being rmu1.t-iplied t o  5 MHz t o  provide thc  c a r r i e r  
f rey uency of the  HF t r ansmi t t e r ,  which was then  modulated 
by the  l a t t e r .  

New equipment i n s t a l l e d  around 19'10 uses a fr9equency of 
1-41 ins tead  of '  100 T~TIz, and ' thc  o r i g i n a l  100 MHz t rans-  
m i t t e r  was modit'led t o  transmit; tirne s i g n a l s  only, as a  
uacful serv ice  t o  -the ~1;encral public.  When i n  1972 the  
clocks we1-e moved t o  t h e i r  ncw l o c a t i o n  i n  P r e t o r i a ,  the  
same equiprnen-l was used t o  trntznsmlt the  ::lgnals t o  O l i -  
San.bsfontei.n - alraost the sarue dis tance a:: before, but 
now in. the  opposite dir .ection. A t  the  s m c  time Ihe 10  
MH5 tr~ansrr~ is:;ion from Johannesbur+g w a s  discontinued, and 
r.eplaced by one on 2.5 MHz, which gives far. rnore consis- 
t e n t  r.esuLts at night over. t h e  greater. pa r t  of the  cou-ntry. 

The question i s  aslrcd f'rom tirae t o  time whether such an 
i n d i r e c t  transrninsi.on syxtcrr~ does not lead t o  a. l o s s  i n  
accuracy., and. the  answer i s ,  of course, thal; t o  a small 
extent; i t  docs, The de:l-ay between clock and 5 IVIIlz t ~ a n s -  
m i t t e r  ou.tput was meas-ured t o  be a-bod; 270 microseconds, 
and ~ a d i o  propagaJc:i"on tirue account:; f o r  about 100 OT? these .  
There a r c  bound t o  be f'L'I~nctuat.i.onx, -but users of HF s igna l s  
w l l l  i n  any case have t o  contend with very much l a r g e r  
changes i n  the  tr 'avel ,tinic of t;he HF s igna l s  themselves. 

Present; user:: o f  time i n  South A:f'rica, and probably else-  
where, can. be conve:n.iently c l a s s i f i e d  i n  th ree  groups: 

(A) Those who demand an accuracy i n  the  microsecond region 
and beyond; 

(8) Those who need mill isecond accuracy, c  . g. surveyors, 
geophysicrists, astr+onomers ; 

( c )  The r e s t ,  usual ly  s a t i s f i e d  with an accur*acy of 1 
second o r  more. 

Groups ( B )  and ( c )  are both adequately served by the ZUO 
transmissions,  and it i s  o n l y  group ( A )  which requi res  
spec ia l  a t t e n t i o n .  It i s  a n  ye t  a veray s m a l l  group, con- 
f ined  t o  those who maintain clocks of accuracy comparable 
t o  t h a t  of the  cesium clock, e.g. for. s a t e l l i t e  t racking.  
In  the  inuricdiate ncighbourhood of P re to r fa  these  users  
have sometimes been able  t o  use the  141 MHz transmissions 
d i r e c t ,  blnt on the  whole a portable  clock comparison has 
been more sa t i s1ac to ry .  



Other  t i  nie di  a t r i b u k i o n  ::ystcm:; 

Two sys tems i n t e n d e d  praimarily t o  serve ,!:;T:f:lrp (c) ar4e t h o  
ljr.oad.cast hour. ::j.p;nal:;, a ~ d  t h e  "Sp:!ila,lii-c.{; I:'.oc:~" ser'vicf_: 
provided by t h . ~  tcl.ej)honc .lepa.-rtrneri.t,.. Be:';;v>r:: 1'372 bo th  
sigaali.; w(;r.*e con t r>o l l cC  b y  1;h:: o b a s r - v a . t o  c.7 ::l.oc.lrs. Th i s  
carrle -to a:n, end w f ! ~ n  t h e  (::locks WF-~TC:  :r:oveil f ( : j  Ps>etorA..i..a, and 
3.i .n.c~ t h e n  b o t h  1 ; h  3 .  A .  .B-(70a.c3casti.r~Lq C o i71;r:)~.a.Lion a n d  l;hc 
P o s t  0i'i''icc h.avc p;enerlatc:i t l - ~ . c i r  0 7 n - n  t i~ic: ci.y;na.l.fr, wit11 
v a r y i n g  dcp;rce:; uf :< ucces  i2 . Neither .  si;'i;ns. L. c a n  3.t pr,escnt 
be r e l i e d  on t o  s:li: o ly  >:rc:ciae i;ir:ic: . 

CODED T1YU PLTLS.Id: i !NIT 

TP.e use  of '  coded hoi;ir. anci y l ins te  cia1;s j.n con j imc t  i on w i t h  
t:i.rne sisnal:: i s  _I'ai.rly corru:lon. ( a s ,  r::r- irtsi;a-n(:;e, i n  t h e  
ca::~: uf transrniss.i,o:ns f'-?or:! W W V  and ~)c'F'I'( : 'r.!i..it no caucn 
a r e  known of the t k n e  -;j~al.:;es thern:>elves be.I~ig !;l:~c:ltd t o  
tyansrni t  ILOIJY, 11iir1ute anil S ~ C ( ~ Y I C ~  d a t a .  Thc: u-nil t o  be 
descr.i..bed., w1.i.i ch use:: t h i s  rncthod, w a s  de-?elopcil ?or tirrie 

y . I L yr.ov:i.deE ( j is t~. l i ln~j- t ; ion by l i ~ l c :  within thc: I a.kbr.>*- 
a d i g T t a l  ~ ~ O L L I ' ,  minxte  a,nd xccond d i - sp lay ,  t::>;:;,.ctkiei~ wi-i,h 
a1.ndibl.e s e c onci and -?inlit e p1;l.l~ c ;3 , w .i t i-I #-:!-d.l; t.iz1.y (:I i s  t r 9 a c t  i rig 
audi -b le  code . 
A BCD l;irne code  r.eqLli-r'cs 7 h i - l s  cac4-i I'?( '  : : i ~ i l l . l ; ~ ~  and :;(;c(:)I~~.s, 
and bit:: :L'o:r tho 11o,nrs  : 3. t c t a l  of ? ( y j .  Yhc: second sip;- 
rials a r e  l;hcr-c:ros'e ma,clc: t::: c.:onsist :!l' 2C pul .aco,  a-l s r a t e  

.. - 
0 f 2[)O() HZ, i . e . tcjtal i.cngtl.1 o 1'  l:! mil..]_ i s econds  Ljern> 
second.  E a c h  pu] :;e <.s eiljjler. s ~ o T . ~ , ,  7"c pr'e8e"ril;ing " 0 " ,  OX7 

l o n g ,  represent . i .ng " i t ' .  

'Ilhe coded p u . 1 ~ ~  l:;cnc~>a-'c;~,:.~ i:: :t:howr-i i n  t h e  . simpli i ' j .ed - ache- 
mal;ic: cliagr>av~ of Fig. 1.. A 20-stage pari8a I I e l - in .  ser'ri..ai- 
011-i; shift r e g i s t -  i.o ~ ~ r c s c t  e v e r y  uc:::on:! n.7 :-i p r c s e t  

7 - e n a b l e  :.:ignal fro~r:. t h e  controll.:in?; cci!::)c:;.;. A:l.s:) obtaineci. 
frorr! t h e  c l o c k  a1.e the scq:aerlces c;f 2000 H:: i~;;ilscs: %O 
ui; evcya,y second anfi 10CO a,% cjser'y rr!inu-t~- . :P11.e ou:Lput 
pul..ses a r e  . p r + ( ~ d ~ ~ . c ~ ( J .  by twa . : 'C)~OS tp1bl.c :"l.;cl l i7~iI j r~atoi . ' s ,  which 
produce pul-ses of' dur.at.i.on. 50 an2 250 : r icrosecon.ds r e spec -  
i c l y  Ever7y i n p u t  ~ : , d s e  p~'oducea a 50 @ a .  o u t p ~ l - t  plliise, 
b u t  a 250 ps .  p ~ x l z e  L s  proc?.uced on iy  whon t h e  s h i f t  rsegi::- 
t e r  c;utput I n  I t 1 l t .  The o ~ a t p u t  i s  t l . l e r+cfo~e  a seq-uence 
cf pulses which aye s h o r t  o r  l o n g  d(:pcndin;-; !-$on t h e  s t a t e  
of tb.e s h i f t  regis,cc-?sr. o-u tput .  
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M S M V  
o u t p u t  

250 p s  

7 
2 0  11000 pu lses  
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Fig. 1-Coded time pu lse  encoder 
(master clock u n i t )  
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Fig ,  2-Coded time pulse  decoder 
(remote unit) 



F i f y n e  2 shows t h e  decoding and d i s p l a y  ur1.i 'L, which -u:;e:; 
a se r i a l - i . . n  para1lcli.-out s h i f t  r c g i : . , t e ~ .  Two c o u n t e r  s t a g c s  
d - iv id ing  by 2 and 1.0 respec , t ; ive ly  t r . - igger  a monosta1jll.e rn11.1-Li- 

v i b r a t o r  a f k e r  t h c  20th  p ~ ~ l s c ,  which r.eaet;s and disable:: 
t h e  c o ~ a n t e r s  f o r  a period. cf j u s t  imdes- a sccond,  312.3 prc2- 
v e n t s  any f ~ r t h e r ~  pp?~lses  r e a c h i n g  the ' cloclr ' i n p u t  (3-f' -the 
sh j - f t  reg1:;ter. When a minute o:i.gna..L o c c u ~ s ,  tl.ler.el"ore, 
on ly  t h e  first 20 pul::c:; -wri . l_ l  be  r7e,cl;istor.e&. 

The l o u d s p e a k e ~  i s  fed frolri t h e  O U ~ ~ ) I A  4, oi7 th(: li~+:-;t cnl.mker 
(d iv id .c  by 7 )  s o  Lhat -thc aud.Lb.lLe ::ecor:ci si,-:;nal con:;iat:: 
of t e n  ident : i .cal  1000 H z  pul:;cx, ir.~.c:.;peot i : T  of '  whcthcr  
t h e  i.ncoxnj.ng p u l s o s  a r c  s h o r t  or' l o i ? ~ .  

SOLAR-T 0-3 1I)EREA.L T IMF: C1OLWF:RT PjH 

Sol .ar . - to-sidcreal  t imc ;.,onvcr7tcr:; have  a ve.;>;y ion$-; .hisl;orqy. 
I)ond:i. ' s as.l-ronomical ?loci< o f  llj6G wa,:; prao k1a.kbY1.y t h e  i'ir>a-t; 
ins,trp?xnent whi-ch 1.1:;ed ;nechan i c a l  ,.;ear..:r: "GO l -n : - l  ic::at;e :> 01-ar. 
and a i d c ~ o a l -  t ime  :.;ira-ul..taneou:;-1.y . 'I1l.ic ?.at -i c: 11sed w a s  L'he 
s imple  one  of  36 6/36 5 , 'oil% :; irlr:: e Doncli :; t h e  nurne-raou:: 
other .  rat i.os of  e v e r  i.j?cx2eas in;:!: :i.c::rzplt-?xi t;y have bocn p ~ o -  
posed,  rriany of their -inger:ri.n~~a ra lher -  t h a n  3r.ac::tical. 

It i s  understanr;i.able Iha-t t.hc f i rs!- ,  clei-:l;~:~c>l:?c: c-:onvcrtc~:i..s 
tended t o  be dco.igned on :;.irni.l.ar. y~.inr:ip.,!.i::;, w i - t h  1r.c- 
quency dividers3 a-nd rr l  lnlt ipliew>s n o w  f :L<.;.!I.,- -the p i a c e  oi' 

. . , :  . mech.an.ical g e a r s  . Ofie (j?' -!,lie f ' i  r s  !, , , ~ f l i  t , ; ~  <:Y:.' I,,III;? k i n d ,  
which had a n  a c c u a c y  of 1,:<10-';',  as b1;liJ i; 7~y t h e  z u t h o r  
as l o n g  ago as 1049 (Hcyr;, J-. , Natxrc ,  v:)l.. 1..64., 347.). 

D i g i t a l  circuitry ?la:: now :-; dgges t ed .I :::isch :;.j.rn ~)_i .e~ .  approach,  
based on t h e  same prj .nci .pie  as t;he adj u::tn;e-nt oi' t h e  c:il.en- 
day  by t h e  ri.ntroductrion 31 - l e a p  ye:-:.rA:<. A i ' l r3st  c o ~ ~ ~ e c t l i o n  
i s  made by add:i.ng a n  extraa p a l a c  t o  the cluck inyu-t a f t e - r  
eve ry  count  01, say, A :pul:;cs, whcr*:: k i:.: the ncar.c:.;t 
a p p r o p r i a t e  c ourlt ob-Lainerr w i  Ll-~i-rl the c.1 ::c;r. i t z e l . 1 ,  or. a. 
count  c l o s e l y  r c l a t c d  to i - t  . I L'  thi.:.; c:c~.~*t?;. : t  i o n  l,r30ve:; 
t o  be t o o  much ( o r  ,l;oo i i t ,  t l e )  a ae:.:ot!%i c r : r ~ ~ , e c t  i or1 i.:: r?ia~lc. 
b d e l e t i n g  (or: i n s e r t i n g )  a p u l s e  ;I~'-~:,P.Y. i-:!-!:nr:.t P (01. co1.mt 
By, and t h e  p r o c e s s  may bc conti.nuc:> i n d c f i n i t c i y  -mt.i.l 
t h e  r c q u i r c d  accuyacy i s  I-eache t-i . ;.J~::-.;r~:~~Ll.,y. each  xdd:i.t i .onal  
s t a g e  w i l l .  -i.ncrease t h e  accurlscy by a I':,.::: Lo;, 0 - 1 '  abo1;l.t i(10. 

!?ig~nl-e 3 shows two 1x1s ::: j. 13,. e :;~I~I':TI~~;~I:I~: TI+ s . I-:I t h e  -vl pper7 
3 % diagram the plnlses Cr,orn t h c  var8i07ds rxlrridi3r si;a,c;cs o f  -t:he 

clock a r e  Xed back t o  t h e  in.p?;t o f  Llie ;:l.~c:.k 1-l;self. Ti.:(;. 
o l ~ t p l ~ t  t h e r e f  o r e  c o n s i s t s  o f  a i d e r e a i  t irne a i . : ;e : ;  ~rl?.y.. 

In t h e  l..ower. dlagram t h e  rorxr7ect ing f:i.j.laz:; t h e  s-ider.eal 
ou tpu t  a r c  o b t a l n c d  from s para l l ? . : .  so-; 3.1' tirrie i l i ~ i d ~ r . ,  so 
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Fig. 3-Solar-to-sidereal time converter 
Principle of operation 



t h a f  3o-t.h ::oJ.a;l and ::idelleal t i n e  p~l l .~( : : s  obta.incd. 
( S i d e r e a l  t ime  d i v i d e r  n o t  shown. ) 

A pract:i .cal c i r c u i t  i s  show,n. i n  Fig. 4. a e r u  t h e  inpu-L 
co&sista of a 100 kHz :;q1;larae wave, wl.i;.c'h tra-i;:!:{:;orA::: the i ' i r7s t  
cour,tey. on t h e  h.1g.h-to-low -Lranslitiori:<. A.1-Ley cve7.y coilnt 
of 360 a ml)no:;table & t i v i b r a t o r .  a r p l i e s  s nlvlsc, whi<:h i s  
sh0y-t; i n  yelai;  ion t o  the ' Y I P ~ L ~  ~)ulse::, t C) 'I;L;c -i'i.rst NOH 
gate, t h u s  insert in.^ one i;rtra p u ! . ; ~ ,  :-ind i nc raan j  nn t h e  
to-La1 count  by 1. 

A['- i ,cr  everay count  of ? l  (>OO, a ae:::;>n:i *-i;.ii; i .v lb~a tc j : t~  fcecdx 
3, Lon?; pis e - np-pr.o.ir::s.tel:- x i l -  I.$ 1.; kr. r ., ,.. .: -Ihc (3. .;l~'at lnr: 01 >n a 
cycle oi. t h e  i n p ~ . ~ t  i'r7cy,.;enr!; - -i;c the s~i:c:).rl(.i N O I  ::ai;e, 
which s u p p r e s s e s  -141~ ne:c t, - y ~ ~ l s c ,  a ~ i i i  :lecr.ea,sc:; -1he t o t a l  
colnn.t b;y 1. A l ' l ; c r  a coi;lnt [:)f 3 C;C;(; 000, a ~ ; ~ ~ r l . s e  i:: c)nr:i: 
a g a i n  i n s e r t  eci . 
The average  r a t e  of t h e  ou t  rj J-t pul ::;e~: ii:; : 

4. ' / rr10"? hip;?.; a i t c r ~  t h e  f'i-v.:: t, : t c z > y e c t i ~ ~ ~ ,  
3.7~10-7 i.ow a l ' t e r  t h e  :let:;:-r;: ~ : ~ ~ 7 . * c : : - i ; ~ . c : i l ,  

7 . 9x10-'? h l ~ h  %-, af.j:;cr. t h e  tl l i  c ' : c j r ' y e ~ t j ~ ~ i ,  
- .  

an.d. t h e  e r ro r .  may 'ue nad.c a,::: ar;la2_l us cic:;i.r.eci. 'L;y aiCCiin2; 
i'ur-t;hcr s,Lagea . 
ZUO MOKSE C ODfl GENINRAT OR 

I n  a b?_l:i.p.gu.al c oimt r>y slbcil as South Af ri::a. -1 imc :-lnno7~nc: e- 
ments ~woul_d have t o be made i n  b o t h  o f f i c  i a , ~  l anguages ,  
3nd it w a s  thereforae dccideri. a t  n:n e a r l y  a1;a:-1-e (...> t h a t  t h e  
ZlJO t ra r l s ra iss ions  sho-iL(i MSF: niora:;e co~3.c :,a-i,.ht.?~ t h a n  v o i c e  
announcement:-: . Thc o~-*i.;>;iqal. c o c i  c ~;erie:~at or3 US (::<I ~:lechan i c a l  
c 0 n t a c . t ; ~  t o  prod-uce , evcr+y l k j  ~ n i n u t  e s  , the anno;?.nc:errie-nk : 

2110 ZTjO ZUI? ('r'ol.lo.wed by nouJA:l: and. m.i.nute:.;) 

and t h i s  was k e p t  i n  o?;or*atio-n Tor  tzcar!..y- 29 years, al.tlio~y:;h 
i t  wa:: nev.er4 as r.el.i:zblc as :i:i shoi.il.t.: have beer-1. 

I n  1973, therefore, a rlcw a l i -~ol i l3-s- t ;ni ; i '  '.ini.-t w a s  devcl  opeil.: 
wh:i.ch n o t  on ly  w a s  capabl 5 of giving; tlrric :~:nn.ounc:ements 
eve ry  5 ins-l;ead o f '  every 1-5 minutes ,  but; . which . pr+oved, t o  
be simpler.  and. n:orae ve-r7:-;at -i.le t h a n  any rslrn I .Lay ricv.i.ce 01 
whj.ch desc~iptr ion: :  i:i;uld be f ourld. 

It i s  based on t h e  p r i n c i p l e  t h a t  in the :.-orse (:ode t he  
d i g i t s  0 t o  9 a r c  r e p r e s e n t e d  by a ;rail]:) -1 L j  aoti:  and/or, 
dashes ,  ar.ran,yc-:d i.0. a ~ c g ~ i a r '  pr.ogresai-ve sequence , a:!; 
shown i n  Fig. 5. Ii", t l lc re i 'orc ,  a. LC)-skagc' .. s h i f t  . ref!:ii;tes> 
i.3 made t o  g e n e ~ a t e  a cont:iriunus sc.rlueu;c:& !::;. :) c1.st:: i'c;ll:)we~i 
by 5 dashes  , any d ig i t ;  iilay b e  ohtair-teC1 l)y en.-i;ering t h e  r. i-ng; 



at the  appsopriate  poin t ,  a n d  stopping a f t e r  thc  f i f t h  s tage .  

/ MORSE CODE 

Fig. ?-Morse code ch.aracters f o r  
d i g i t s  

I f ,  i n s t ead  of c o ~ m t i n g  5 consecutive symbol-s, one counts 
4 ,  3, 2 o r  I, the same systerrl may be used to obtain 17  out 
of the  26 l e t t e r s  of the  alphabet ,  as shown i n  the  l a rge  
rec tangle  of Fig.  6 .  Thc remaining 9 l e t t e r s  may be fomed 
by combining two simpler charac ters ,  e.g. Q can be formed 
by M Collowed by A. I n  the  case o f  ZUO t h i s  w a s  fo r tuna te ly  
not necessary. 

The simplifi-ed block diagrarrl of Fig. 6 can bes t  be explained 
bg s t a r t in , ?  a.t t he  end of the  chain,  with the  SYMBOL GENE- 
RATOR. This is a 4-stage shift ~ e g i s t e r  wh.i.ch produces an 
output o f  e i t h e r  a dash f o l l o w e d  by a space,  o r  a dot f o l -  
lowed by a space, depending on whether the  xequencc i x  
s tarbed a t  A o r  a t  C .  This s h i r t  register i s  clocked at  a 
constant r a t e  of about 19  H z ,  designated rin the  diagram as 
"clock 1". ( I n  the  case of ZUO it i s  8 .77  Hz .  ) 

A sequence of ' p r e s e t '  pull-ses, t o  produce thc  sequence of 
dots and dashes which corr.esgond t o  the  required rnorse code 
charac ters ,  is  d-erived from th.e U I W C T E R  GfiNERATOR, i. e.  
thc  10-stage s h i f t  regi .s ter  a . l ~ e a d y  mentioned. Five s t ages  



C H A R A C T E R  GENERATOR 
PRESET INPUTS 

-. - . . - -- -- 

T T T T T F E E E E  

M M M M N I  I I  I A  

COLlNTFR 
PRESET INPUTS 

! 1 I ,  1 I 
.-.. . .... ..-- . .  .... I 1 1...i -.-- - - - -  . - I I i 1 Y.. : ~-_. i i - , '  

SYMBOL 
GENERATOR 

lock 1 

14ethoil. f ~ 1 7  c)btali.ni..ni=; di,::;i-l;s 
and. 1c . t t e r .o  

start 

.- 

: I , 
' 1  

GENERATOR . . . . .  - . 
I 

I 

' i I ~ i  1 I 
. . . .  - - . -. . . . .  

, I 

reset 

CHARACTER GENERATOR ' SYMBOL COUNTER 7 
c l o f k  2 

. . . . . . . .  1 ... - I I 
! 

I 

G E ~ ~ R ~ - -  - , , - - -  
I I 
I . I 

. - -2 

1 I SYMBOL 
1 G E N E R A T O R I  
- - 1 

I 

c l o c k  I 
1 8 3 3 H z l  

r 7  i i -ZVG xo;?se code ncnerz-t - : r 
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o i '  thi:: t r i g g c ~ '  the 'dash pr+c:;etl input ol' the SYMBOL GENE- 
RATOR ( A ) ,  while the  other  i'ive tr.i[;,fl;cr7 the ' do t  prese t '  
input ( C )  . I t  operates i n  conjuncti on with the  COUNTER, 
whicl-1 determines the  niunbera of symbols i n  each character .  
Both CHARACTER GENEHATOR and COUNTER are cloclced at the  
"ciock ?If r+atc ,  obtained from the SYMBOL GEflXKATOR output. 

A t  the  end oi' each charac ter  an 0utpu.t pulse frorn the  COUN- 
TEE enable:: -the SPACE GENEHATOR t o  i n s e r t  an add i t iona l  
spxcc betwccn cha~:ac,bers, and feed a ''clock 3" pulse t o  t he  
WORD GENERATOR (Fig .  7 ) .  This again cons i s t s  of a s e r i e s  
ori:' s h . i  i't ~.eg:i.ateras containing as many atages a s  thcrc  a r e  
charac ters  t o  b e  transmitted.. Each s tage  i s  connected, 
thr.ou,yh a  tliode matrix,  -to one o r  the  prc?sct inputs  o f  -the 
CHARACTER GENERATOR and t o  on(: of the  COUNTER j-nputs. A s  
an example, -the diagrmn shows the  connections necessary t c  
,yeneratc thc  morse code s,ymbo.Lx r.eprcsentin,y the  l e t t e r  B. 

The complete unit  f o r  genera-Ling the  ZUO codc, which in- 
el-udes the  dccoding necessary f o r  the  var ious 5 minute 
tiirrre armouncements, cons i s t s  of 34 type 74 I C  packages, 
mou.nted C ) Y ~  t h ree  100x160 mm boards. Since it was put into 
serv ice  near ly  t w o  years atyo th.ere has not been a s i n ~ l e  
instance of malfunc tionin.g, a notable .i.mp.rovernent on t h e  
prev:i.ou:: u n i t  . 



QUESTION AND ANSWER P E R I O D  

D R .  KLEPCZYNSKI 

The p a p e r  is  a h i s t o r i c a l  s u r v e y  of  S o u t h  African t i m e  
s y s t e m .  I am sure t h e  p a p e r  h a s  i c l l e c t e c l  t h e s e  prob le lns  
and p i t f a l l s  c o r r e c t l y .  

MR. SMITH: 

S m i t h ,  R o y a l  Grsenwich  O b s e r v a t o r y .  

I would l i k e  t o  a s k  a q u e s t i o n  a n d  D r .  Kiepczynslc i  n e e d n ' t  
w ~ ~ r r y ,  i t  is n o t  g o i n g  t c . 1  e m b a r r a s s  lriini i.12 any  way,  I am 
s u r e .  I t  c o n c e r n s  t h c  o r i g i n a l  a b s t r a c t  ~ h i c h  was g i v e n  
o f  J a n  Hers' paper  c o n c e r n i n g  t h e  BCn c,ode f c r  g i v i n g  t!lc 
t i m e  s i g n a l s .  

N o w ,  a 
H e  h a s  
~ i v i n g  

:;imi,iar s u g g e s t i o n  h a s  beell y ut f orq2y.d by Dr. I3eclcer. 
p r o p o s e d  t h a t  t h e  s i g a a l s :  s h o u l d  !Tarry a BCL) c o d i n g  

- - t h e  d i f f e r e n c e  between t h e  signals i n  UTC and t h e  
~JT-1 .  I t  docs  appea r  t h a t  t h e  n a v i g a t o r s  f o r  w b o m  t h e  
PUT-1 code w a s  o r i g i n a l l y  s u g g e s t e d  a r e  not, i n  f s c , t ,  mak- 
i n g  u s e  of  i t .  It seems t o  have  a vc?ry l i m j  ted a p p l i c a t i o n  
i n d e e d .  

N e v e r t h e l e s s ,  t h e r e  must be many people ivhc would l i k e  t c  
know the d i f f e r e n c e  on a. c u r r e n t  b a s i s  b c t u i e e ~  UTC and 
UT-I. I t  may, t h e r e f o r e ,  ivel.1 be a better p r o p o s i t i o n  t o  
u s e  a ECD c o d i n g  r a t h e r .  than t h e  v e r y  s i l n p l c  s y s t e r n  which 
was i n t e n d e d  f o r  o r a l  u s e  by t h e  n a v i g a t o r .  I wondered 
w h e t h e r  a t  t h i s  m e e t i n g  i t  might be p o s s i b l e  Lo g o t  any 
e x p r e s s i o n  of o p i n i o n ;  first of a l l  as  t o  w h e t h e r  t h e  
DUT-1 code  is p r o v i n g  of a n y  p r a c t i c a l  v a l u e  w h a t e v e r  i n  
t h e  form i.n which it wa.s  recomrnerzded by C C I R ;  w h e t h e r  -there 
i.s any  need  f o r  c u r r e n t  i n f o r m a t i o n  on t h e  d i f f e r e n c e  be-  
tween t h e  s i g n a l s  i n  UT-1; and  w h e t h e r  CCIH s h o u i d  give 
c o n s i d e r a t i o n  t o  w h e t h e r  t h i s  c a n  b e s t  be  g i v e n  on t h e  
s i g n a l s  i n  a BCD coding. 

T h i s  i s  a v e r y  u r g e n t  p rob lem b e c a u s e  the C C I R  w i l l  b c  
m e e t i n g  e a r l y  i n  t h e  new y e a r  and one  of t h e  t a s k s  of 
s t u d y  g roup  7 w i l l  b e  t o  c o n s i d e r  any p o s s i b l e  m o d i f i c a -  
t i o n s  o f  t h e  p r e s e n t  s y s t e m .  Thank you.  



DR. KLEPCZYNSKI: 

Does anybody i n  t h e  aud ience  c a r e  t o  make a comment on 
M r .  S m i t h ' s  p r o p o s a l ?  

F i r s t  of a l l ,  h a s  anybody h e r e  i n  t h e  aud ience  u t i l i z e d  t h e  
DUT-1 a u d i b l e  code? D o  w e  have u s e r s  of t h a t  i n  t h e  
aud ience  r i g h t  now? S e r i o u s l y ,  i f  i n  any way you u s e  t h i s  
code ,  p l e a s e  s a y  s o  r i g h t  now because  t h i s  c o u l d  have 
s e r i o u s  r e p e r c u s s i o n s .  

DR.  BEEHLER: 

B e e h l e r ,  N a t i o n a l  Bureau of  S t a n d a r d s .  

I am n o t  r e a l l y  a  u s e r ,  of c o u r s e ,  of  t h e  DUT-1, a  s u p p l i e r  
r a t h e r .  B u t ,  I might mention t h a t  t h e  N a t i o n a l  Bureau of 
S t a n d a r d s  r e c e n t l y  conducted  a major  su rvey  of i t s  u s e r s  
and t h e  c o n c l u s i o n s  from t h a t ,  a t  l e a s t  one c o n c l u s i o n ,  
was t h a t  w h i l e  t h e r e  is a  s m a l l  group of peop le  who s a i d  
y e s ,  t h e  DUT-1 code i s  impor tan t  t o  u s ,  i t  i s  a ve ry  s m a l l  
g roup ,  a t  l e a s t  as i n d i c a t e d  by t h i s  s u r v e y ,  and t h e r e  a r e  
some numbers t h a t  I c o u l d  g i v e .  I d o n ' t  have them on top  
of  my head ,  b u t  i f  someone is i n t e r e s t e d ,  I can g e t  t h o s e  
numbers. 

Bu t ,  i t  was by f a r  t h e  l e a s t - u s e d  s e r v i c e  of e i g h t  on t h e  
WWV and WWVH f o r m a t .  So, our  c o n c l u s i o n  is  t h a t  it i s ,  
i n d e e d ,  a very  s m a l l  group t h a t  w e  s e e m  t o  b e  s e r v i n g  w i t h  
t h e  p r e s e n t  t e c h n i q u e .  

DR.  KLEPCZYNSKI: 

I have a q u e s t i o n .  Of t h o s e  who responded,  who d i d  u s e  t h e  
a u d i b l e  s i g n a l .  C o u l d t h e y  i n  t u r n  u s e  a  coded s i g n a l ?  

DR.  BEEHLER: 

The d i s t r i b u t i o n  o f  t h e  u s e r s  t h a t  s a i d  it was impor tan t  
t o  them seemed t o  show no p a r t i c u l a r  t r e n d .  That  i s ,  t h e y  
w e r e n ' t  n a v i g a t o r s  i n  p a r t i c u l a r ,  a s ~ o ~ ~ m i g h t e x ~ e c t .  I t  Was 
j u s t  a lmost  down i n  t h e  n o i s e  f o r  a l l  of t h e  14  u s e r  
c a t e g o r i e s  that w e  looked a t ,  t h e  w e i g h t i n g  of t h e s e  u s e s  
c a t e g o r i e s  were a lmost  c o n s t a n t  i n  t h e i r  u s e  of DUT-1. 
There w a s  no peak f o r  n a v i g a t o r s  o r  any  o t h e r  p a r t i c u l a r  
group.  I t h i n k  t h e  group t h a t  i n c l u d e d  s e i s m o l o g i s t s  was 
a c t u a l l y  t h e  l a r g e s t .  



DR. KLEPCZYNSKI: 

Tha t  i s  i n t e r e s t i n g .  I t h i n k  you r e c a l l  a s t u d y  made by 
J a p a n e s e  n a v i g a t o r s  -- t h e y  do u s e  DUT-1 code  f o r  n a v i g a -  
t i o n .  

DR.  WINKLER: 

I would l i k e  t o  comment on t h a t  a l s o .  I t h i n k ,  number o n e ,  
t h a t  no  u s e r s  c a n  b e  e x p e c t e d  t o  be  r e p r e s e n t a t i v e  h e r e .  
Number two,  t h e  n a v i g a t o r s ,  e v i d e n t l y  i n  t h e  l a r g e  m a j o r i t y ,  
do n o t  u s e  t h e  DUT-1 code  b e c a u s e  f o r  r e g u l a r  c e l e s t i a l  
n a v i g a t i o n  i t  i s  n o t  i m p o r t a n t .  I t  is  below o r  a t  t h e  
l e v e l  of o t h e r  i n a c c u r a c i e s .  The a c c u r a c y  of  a s e x t a n t  
s i g h t  is  1 m i n u t e  of  a rc  which would t r a n s l a t e  i n t o  s e v e r a l  
seconds o f  t i m e ,  s o  a f r a c t i o n  of a  s econd  o f  t i m e  i s  
r e a l l y  n o t  t h e i r  c o n c e r n  u n l e s s  t h e y  w a n t  t o  b e  p e r f e c t i o n -  
i s t s , a n d  t h e r e  are o n l y  abou t  5 p e r c e n t  p e r f e c t i o n i s t s  i n  
a n y  p r o f e s s i o n .  

Another  p o i n t  is  a n o t h e r  g roup  of users, t h e  g e o d e s i s t s ,  
which would r e q u i r e  t h e  DUT-1 c o r r e c t i o n ,  a re  n o t  aware o f  
i t .  They d o n ' t  even  know abou t  i t .  T h i s  s u r f a c e d  d u r i n g  
t h e  l a s t  m e e t i n g  i n  Grenob le  of t h e  I n t e r n a t i o n a l  Union 
f o r  Geodesy and  G e o p h y s i c s ,  a t  which d i s c u s s i o n  r e v e a l e d  
t h e  f a c t  t h a t  t h e r e  i s  a ~ ~ o n s i d e r a h l e  need f o r  e d u c a t , i o n  
of t h e s e  p e o p l e .  They a r e  n o t  even  aware of i t .  

That  l e a d s  m e  t o  a r e p l y  t o  3r. S m i t h ' s  comments. I would 
t a k e  t h e  p o s i t i o n  t h a t  whe the r  t h e r e  i s  any u s e  o r  n o t ,  i t  
s h o u l d  n o t  be changed w i t h i n  t h e  n e x t  f i v e  y e a r s  b e c a u s e  
t h e  l e a r n i n g  p e r i o d  seems t o  be on t h e  o r d e r  o f  be tween  
f i v e  t o  10 y e a r s  and i f  you make a  change  c v e r y  two ,  t h r e e  
o r  f o u r  y e a r s  you w i l l  a lways  l o s e  a l l  of these  u s e r s .  
Whatever you d o ,  I t h i n k  w e  must have t h c  c o u r a g e  a n d  t h e  
p e r s e r v e r a n c e  t o  h o l d  on t o  a sys t em which ,  f o r t u n a t e l y ,  
w e  have been  a b l e  t o  a g r e e  upon i n t e r n a t i o n a l . l y .  S t  i s  a 
s e n s i b l e  s y s t e m .  S t  may n o t  be t h e  bes t  one. I n  f a c t ,  I 
d o n ' t  t h i n k  i t  i s  t h e  bes t  o n e  of a l l  p o s s i b l e  s y s t - e m s ,  
b u t  t o  change i t  a g a i n ,  a f t e r  only  t h r e e  or f o u r  y e a r s ,  I 
t h i n k  would be s h e e r  madness and I a m  s t r i c t l y  a g a i n s t  
t h a t ,  whe the r  i t  is  used  o r  n o t .  




