
h y  i?obnt-t S t n n r *  

S.incc 1960  t h e  Navy  hc3s emp loyed  i t s  hiq11-pc-)wcrcd VT,F s y s t c m  a s  

a rnedns of r a t i ng  p r e c i s i o n  f r c q u ~ n c y  o s c i l l a t o r s  a t  r c r r~o tc  p o i n t s .  Thc 

w a r r ~ l e n q t h s  of t h e s e  frequcnc:ies ( I  5 [<Hz t o  35  KHz) a r e  s u f f i c i ~ n t l y  l o n g ,  

r:nrr~pared t n  va r i a t i ons  in t h e  l eng th  of t h c  propaqrlt jnn p a t h ,  t h ? ~ t  phi3 " c ?  

t . racking of t h e  r e c e i v e d  ca r r i e r  a t  r emote  p o i n t s ,  c v c n  a f t e r  s ~ v e r a l .  r e -  

f l n c t i o n s  , c a n  he  e a s i l y  a c c o m p l i s h r d .  Atomic stC3ndarrls a t  t h e  ~ T C I I ~ S -  

rnit ter  p rov ide  f r equency  con t ro l  of b e t t e r  t h a n  o n c  p a r t  i l?  1 0 ' '  iind permi 1 

t h e  r a t i nq  of o s c i l l a t o r s  a t  t h e  r ~ c z c i v e d  point t o  be t t c r  t h a n  on(> pdrt i n  
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10 . Prior  t o  t h i s  s y s t e m ,  HF r a d i o  t ime  s i q n a l s  w e r e  emp loyed  which  

had  a n  a c c u r a c y  of a b o u t  1 rnscc. This  s y s t e m  w a s  capdhlc  nf rdt inq 
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o s c i l l a t o r s  t o  a b o u t  o n e  par t  i n  10 on  a day- to -day  b a s i s .  A t  t h e  p r e s e n t  

t i rne ,  t h e r e  a r e  seven  of t h e s e  high-powered VT.,F t r ~ r ~ s r n i t t e r s  a s  s h n w n  i n  

F'igurc, 1 .  (A r e cen t  i n s t a l l a t i o n  h a s  hccn  rnatlc , Pd T.:'T, i n  Yosami , Japan .  ) 

:New a n t e n n a  s y s t e m s  a r e  be ing  installed i n  H a w a i i  a n d  Annapo l i s .  Some 

of t h e s e  s t a t i c n s  h a v e  b e e n  ope ra t i ng  s i n c e  t h e  mid- 1 9 3 0 1 s ,  a t  w h i c h  t ime  

t h e y  employed  t u n e d  c i r c u i t s  a t  t h e  inpu t  a n d  i n t e rmed ia t e  s t a g e s .  A t  t h e  

p r c s e n t  t i m e ,  a l l  s t a t i o n s  l lave b e e n  upda t ed  w i th  b r o ; ~ d b a n d  amp l i f i e r s  

a n d  t h e y  employ  , tuning on ly  i 3 t  t h e  ou tpu t /an tenn ; l .  Tlic: n ewer  s y s t e m  

g r e a t l y  s i m p l i f i e s  t h e  t r a n s m i s s i o n  of t ime  s i g n a l s  , 

Opera t i nn  in  t h e  C W  mode is  quit^ s i r n p l . ~ ,  s i n r t ?  d l 1  t h a t  i s  rcqu i red  

i s  a p r ec i s i on  r e f e r e n c e  for t h e  ca r r i e r .  F r e q ~ ~ c n r l y  s h i f t  key ing  (FSK) pre-  

s o ~ ~ t s  a s o m e w h a t  more diffi.cu1t problem.  The format  u s e d  for t h e  \KF 
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f requency  sh i f t  s i g n a l  is shown i n  Figure 2 .  'She k~a~iclwitl ths of the a n -  

t cnna  s y s t e m s  a t  t h e s e  f r equenc i e s  a r e  narrow a n d  t h e y  re:;tr.ic:l t h c  :;peeci 

a n d  magnitude of t h e  ca r r i e r  s h i f t s  . A SO -h;~ud 7 . 0 trlletypc. (:ode i s  ern- 

p loyed .  The bi t  l eng ths  a r e  20  m s e r ,  and  t h e  t r i ~ n s i t i o n  t i m e  hc tween  t h e  

s t a b i l i z e d  po in t s  of t h e  ca r r i e r  i s  2 msec, Fifty r y r l e  c:;:~rrier sh i f t  is 

e rnployed . 
To permit t h c  u s e  of phase -cohe ren t  r ece ive r s  for p h a s e  comprjrison 

a t  t h e  remote s i t e s ,  it is n e c e s s a r y  t h a t  t h e  ca r r i e r  bc inq  rrieasurcd h e  con-  

t i n u o u s  in p h a s e ,  a s  shown on t h e  lower  portion of Fiyure 2 .  Because  of 

t h e  h i g h  power involved  a n d  t h e  high Q of  thc  ;:jnkcnna systerr l ,  j ~ h a s i ?  d i s -  

c r e p a n c i e s  a t  t h e  point  of t r ans i t i on  will  provide t r a n s i e n t s  which rosult ,  

in high vol tage  f l a sh -ove r s  in  t h e  t r ansmi t t e r .  Where  two ca r r i e r s  a r e  

employed ,  i t  is n e c e s s a r y  t h a t  t h e  t r ans i t i on  be tween  them occu r  a t  a  point  

of p h a s e  c o i n c i d e n c e .  For tuna te ly ,  wi th  bi t  1.engths of 2 0  msec a n d  ca r r i e r  

s epa ra t i on  of 50 c y c l e s ,  p h a s e  co inc idence  w i l l  o c c u r  a t  e a c h  t r ans i t i on  

po in t .  However ,  a t  t h e  t ime of t h e  i r ~ s t d l l a t i o n  of t h e  FSK s y s t e m ,  i t  w a s  

no t  opera t iona l ly  fcasib1.e t o  p rec i s e ly  control. t h e  hit  l engths :  t h e r e f o r e ,  

o n e  of t h e  car r ie rs  w a s  contro1,led in  p h a s e  t o  main ta in  p h a s e  c o i n c i d e n c e  

a t  t h e  t r ans i t i on  point  a n d  t h e  o ther  car r ic r  w a s  phase -con t ro l l ed  r e l a t i ve  

t o  t h e  r e f e r ence  s t a n d a r d .  In a c t u a l  opcrat jor l ,  t h e  f requency  nf t he  p h a s c -  

cont ro l led  ca r r i e r  is s e t  a t  t h e  s t a t i on  c3ssigned frequcncy and  t h e  o the r  

car r ie r  is o f f se t  SO c y c l e s  e i t h c r  a b o v e  or  h ~ i  o w  t h e  a s s i g n e d  f requency .  

A t  t h c  remote r ece ive  e n d ,  t he  on-frequency car r ie r  wil l  be p h a s e - s t a h l c  

e x c e p t  for  propagat ion var ia t ions  and  t h e  of fse t  frec;uency ca r r i e r  will 

con ta in  t h e  smal l  p h a s c  viiriation:; which  were required t o  conipensatc? for  

t h e  var ia t ion  in t h e  t iming of t h e  t c l c t y p r  131.t s t r e a m .  

T h e  i n s t rumen ta t i o r~  which is now a i r a i  l ~ h l e  a t  a l l  VTl' s t a t i n n s  is 

shown  i n  Figure 3 .  A ces ium bcam re fe rence  s t anda rd  is  u s e d  t o  dr ive  

a  d iv ide r  bank  which p roduces  t h e  f r equenc i e s  needed  in t h e  s y n t h e s i z e r  

a n d  a l s o  t o  provide two f requenc ies  , 50 crrcles a p a r t ,  t o  be  u s e d  by t h e  
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Pcye r .  These  t w o  f r equenc i e s  a r e  fed i n t o  a swi tch  <ind d l so  In to  a 

r -oincidence d e t e c t o r .  The illput key  s t ream scts a g a t e  w:iich i s  ( ~ c t i v a t e d  

h y  t h e  co inc idence  p u l s e s .  The cx~tput  of t h c  q r ~ t e  in tu rn  a c t i v a t e s  t h e  

::wtil-cll i n  r e s p o n s e  t o  t tzc l  i l lp l~ t  key ing  a t  t l~ t?  ~ ) l i , ~ : ; ( ~ - r ~ o i n r t d ~ n c c  po jn t s  

b e t w c ~ n  t h e  two  f r equenc i e s .  The sh i f t ed  ou tput  from t h e  swi t ch  is 

cnrlverted t o  s i n e  w a v e  by cl l ocked  o s c i l l a t o r  a n d  ron t ro l l ed  i n  s h i f t  

tirne by t h e  t ime  cons t an t  of a s e r v o - c o l ~ t r o l l ~ t l  o sc l l  lrjtor. This  output  

i s  mixed wi th  t h e  f r equenc i e s  in  t h e  s y n t h c s l 7 c r  t o  produce t h ~  'JLF control  

f r equenc i e s  of 14 t o  36 KFrlz. 

Recent ly  , e m p h a s i s  h a s  b e e n  on cont ro l l ing  t he  point of t r a n s i t i o n  

o f  t h e  FSK s igna l  a t  a p r e c i s e  r a t e  a n d  a c i c f i n ~ d  timi:. A s y s t e m  h a s  been  

deve loped  and  wi l l  b e  put i n t o  opera t ion  a t  t h e  Nor thwes t  C a p e ,  Austral ia  

i n s t a l l a t i o n  in January  1 9 7 1 .  When u communica t ions  s y s t e m  is u s e d  for 

p r c~c i s ion  tirrie a n d  f requency  p u r p o s e s ,  i t  i:; !.1ect?ssc?ry t h a t  t h e  communi- 

c a t i o n s  a s p e c t s  of the  s y s t e m  be p re se rved .  In t h e  c a s e  of  t h e  VLr s y s t e m ,  

t h e  t ~ s l e t y p e  code  s t r eam carryj.ng the  i.riformation is gene ra t ed  i n  s remote  

c l a s s i f i e d  a r ea  a n d  is " c o v e r e d .  " Several.  s o u r c e s  of error  must b e  rec:jg- 

n i zed  a n d  conipensa ted  for by  t h e  s y s t e m .  F i r s t ,  r ioise b u r s t s  sometimes 

occu r  o n  the  cont ro l  l i n e ,  producing extraneous hits or  " h i t s " ;  s e c o n d ,  

a t  c e r t a in  t i m e s  e r roneous  or non-control.lcd ( that  i s  out-of-time) s i g n a l s  

may h e  imposed  on  t h e  l ine ;  iind t h i r d ,  sorn r  n- ist timing may o c c u r  b e t w e e n  

t h e  keying  s t ream a n d  t h e  prec is ion  t ime :;trt.al-n genera ted  from t h e  s t a n d a r d .  

A hl ock  diagram of t h e  s toragc / rc t imcr  portjon of t h e  equipment  is shown in  

Figure 4 .  The f i r s t  portiorl of tl-ie c i rcu i t  r:on:;i.stincq of ;I g a l e ,  a f l ip - f lop ,  

a n d  a count  t o  1 2  i s ,  in  e f f e c t ,  a t l iqi ta l  low p a s s  fil,ber which  mus t  have  

a count  of 1 2  m s e c  before i t  wi l l  a cknowledge  a changct t o  M A R K  or SPACE. 

This  c i rcu i t ry  q u i t e  e f f ec t i ve ly  e l i m i n a t e s  narrow n o i s e  b u r s t s .  The 

s e c o n d  portion of t h e  c i r c u i t r y ,  c o n s i s t i n g  o f  t h e  pha sc d e t e c t o r ,  2 c o u n t s  

t o  1 4 ,  a n d  a count  t o  lG,  r ccogn izcs  n n  o u t - o f - - , t h e  or randc~mly  keyed  

s i g n a l .  Fourteen ou t  of s i x t e c n  b i t s  rnust i n d i c a t e  a n  error  in t iming for  



t h e  s y s t e m  t o  r e c o g n i z ~  (lnd makc a tirning co r r~c : t i on .  It is cxpectecl tha t  
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t iming  e r rors  of s e v e r a l  par t s  in 10 may occu r  b ~ t w t . e n  t h e  incoming  h i t  

s t r eam and  t h e  elock--control led bit s t r ea  rn . 'I'r) c40mprnsa t e  for t h i s  d i s -  

c r e p a n c y ,  a n  e igh t -b i t  s t o r a q c  l i d s  beer) j n c l ~ ~ r l ~ d .  Also ,  a d i sp l ay  h d s  

becn provided which  wi l l  indicatr!  t h e  number of h i t s  i n  s t o r c ~ g c .  The 

s to rage  ret imer  un i t  is p ldced  in t h e  keying  l i n e  wllicli t i r ives  t h c  F'SK kt:ycr. 

The u s e  of t h e  s to rage  ret imer  uni t  al.lowr; t h e  t ransi t io-ns  t o  h e  s e t  

so  tha t  t h e  c e n t e r  of t h c  t r ans i t i on  is on e p o c h  t ime  r e l a t i ve  t o  t h c  c l o c k  

a t  t h e  s t a t i o n .  The e x p e c t e d  accuracy  of ' th is  point i s  a b o u t  i 10 m s e c  a s  

shown on  Figure 5.  'l.'hc zero c r o s s i n g  of t h e  pos i t ive-going  s i d e  of t h e  s i n e  

w a v e  of t h e  on-frequency car r ie r  is a l s o  control.led t o  wi th in  t 1 m s e c ,  

wh ich  is abou t  t h e  a c c u r a c y  o n e  c a n  ob ta in  by  p h a s e  record ing  of t h e  

car r ie r .  Iden t i f ica t ion  of  t h e  t r ans i t i on  'to within. 10 m s e c  wi l l  a l low t h e  

s e l e c t i o n  of a pa r t i cu l a r  c y c l e  of t h e  ca r r i e r  a n d  t h e  i den t i f i ca t i on  of t h e  

c y c l e  c r o s s o v e r  wil l  y i e ld  a p rec i s ion  in t ime  of 5 1 msec . I t  shou ld  a l s o  

b e  no ted  t h a t  t h e  p h a s e  co inc iden t  point  betweei i  t h e  two  ca r r i e r s  w i l l  

o c c u r  a t  t h e  h a l f w a y  mark of t h e  t r a n s i t i o n .  This  permi ts  t h e  u s e  a t  

the remo-tc r ece ived  poin t  of a sys te rn  somewhat  s imi l a r  to t h a t  u s e d  by 

t h e  Bureau of S t a n d a r d s ,  i n  wliich a n  o sc i l l a to r  can  h c  phase-controlled 

by ea r ' h  o f  t h e  c a r r i e r s ,  t h e n ,  when mixer] togc t l ie r  i l l  a c o i n c i d e n c e  d e -  

t e c t o r ,  will. y ie ld  20-rnsec mar.kers. N(:j da ta  h c ~ s  bcerl taker1 to de te rmine  

t h e  a c c u r a c y  of t h i s  s y s t e m  when propagat ion a n o m a l i e s  a r e  included:  

t lowever,  t h e  co inc iden t  p o i n t a t  tlic t r ansmi t t e r  is cont ro l led  t o  b e t t e r  

t h a n  i 1 m s e c .  - 

The control  of t h e  t r ans i t i on  o f  t h e  I'SK wi l l  provide t ime  markers  

a t  10-rnsec in t e rva l s  throughout  t h e  cornniunicatiori; h o w e v e r ,  for many 

c a s e s ,  i t  is  n e c e s s a r y  t o  per iod ica l ly  iden t i fy  sscc:onds, m i n u t e s ,  a n d  

h o u r s .  The s i m p l e s t  method of accomplishing t h i s  i s  t o  pcriodical. ly s e n d  

tinie s i g l ~ a l s .  Figure G is a block diagram of t h e   time s i g n a l  c o d e  

k e y e r .  It c o n s i s t s  of a series of ga tes -cont ro l led  outpu ' ts  from a d ig i t a l  





c l o c k ,  such  tha t  " t ime"  in  t h e  American code  can  he  t ransmi t ted  when 

d e s i r e d .  A diagram of t h e  code  pu l se  is shown in Figure 7.  The f i r s t  

300 m s e c  of t h e  code  c o n s i s t s  of 20-msec r e v e r s a l s ,  followed by a 700-msec 

s t e a d y  s igna l  of t h e  of fse t  car r ie r .  The beginning of t h e  second  occur s  a t  

t h e  ha l f  t rans i t ion  point  of t h e  s t a r t  of t h e  r e v e r s a l s .  The t ime which  is 

produced a t  t h e  remote r ece ive r  is  very e a s i l y  recognized  by e a r .  Present  

p l ans  in cooperat ion with t h e  Austral ian Government a r e  t o  begin t ime  s i g n a l s  

a t  two minutes  before 0430 a n d  1 6 3 0  in  t he  FUTC t ransrn iss ion .  

Figure 8 is t h e  format of t h e  American t ime c o d e .  The 29th second  is 

omit ted from every  minute ,  t hen  the re  a r e  s e c o n d s  omiss ions  accord ing  

t o  t h e  t a b l e  which ind ica t e  t h e  minute for t h e  t i m e  mark. The t ime mark 

i t s e l f  is  fol lowed by a one-second t o n e .  
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