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T'l-le mos t  p r e c i  se  o p e r a t i  iir?al method of  t i ~ r i e  d i  s s t lmir la t ion  o v e r  
l o n g  d i s t a n c e s  presen t l .1 .  a \ : a i l ab l t .  t;) the. P t - e c i s e  'Time and  Tirnc 
T n t t . r v a l  (PTTL) co~?~!:?uiniti-  o f  user-s  i s  b y  :.lt!arl.s L)! p o r t a b l e  
a t o m i c  c l o c k s .  I'he nany  a t t r l l l p t s  tiicit h ;3s~e  !~ccl-l n a d e  in tllc 
p a s t  to dev i - s ?  o p e r a t i o n a l  s y s t c n s  for s u b r i c r o s e c o n d  t i m e  
d i s s e m i n a t i o n  t o  s u p p l a n t  p o r t a b l e  r l o c k s  l a r g e l y  h a v e  heerl 
u n s u c c e s s f u l .  >Ian>- exce l .Lcn t  t i -c l in iques  have  been  d e v e l o p e d  
wh ich  a r e  c a p a h l c  of  t h e  r e q u i r e d  p r e c i s i o n .  I n  some c a s e s ,  
t h e  c o s t  and b l i rdcn  of u t i . l . i z i n g  t h e s e  t e c h n i q u e s  i n  a wor ld -  
w i d e ,  o p e r a t i o r l a 1  t i m e  d i s s e ~ r l i n a t i o n  networlc  lmve provei l  t o  b e  
f a r  g r e a t e r  t h a n  t h e  11ortalYIe c l o c k  c o s t s .  111 o t h e r  c a s e s ,  
t t i e  g e o g r a p h i c a l  c o v c r a g c  h a s  bee11 1 imi t e .d .  T z l  many c a s e s ,  
howcver ,  t h e  manage r s  o f  s y s i c m s  c a p a b l e  01 hei r lg  e c o n o m i c a l l y  
t1ti:Lized f o r  PTTT d i s s e n ! i n a t i  o n  l?avc Seen  re1uc : tan t  a n d ,  i.n 
some c a s e s ,  a d a m a n t l y  opposeil  t c !  e v c n  c o r l s i d e r i n g  u s c  of t h e i r  
s y s t e m s  f o r  P I I ' T .  In 110 case. iia1.e t h c  p ro i>osa l  s f o r  a s y s t e r ~ i  
o r  a  sys ten i  l?ioilificati ,?:i  n l e l y  f o r  PITS d i s s e m i n a t i o n  been 
s e r i o u s l y  c o n s i d e r e d .  Th? G l o b a l  P o s i t i o n i n g  Sys tem (GPS) i s  
t h e  l a t e s t  s y s t e m  showi:lg prornise. of r e p l a c i n g  p o r t a b l c  c l o c k s  
f o r  g l o b a l  PT?-I d i . s s e m i n a t i o n .  Al. t.liou,~t1 GPS h a s  t h e  t e c h n i c a l  
c a p a b i l i t y  of  p r o v i d i n g  s u p e r i o r  wor ld-wide  d i s s e m i n a t i o n ,  t h e  
q u e s t i o n  o f  p r c s e n t  c o s t  and  f u f u r e  a c c e s s i b i l i t y  may r e q u i r e  
a  c o n t i n u e d  r e l i a n c e  on  por tab1 .e  c l o < : k s  f o r  a number of  y e a r s .  
F o r  t h e s e  r e a s o n s  i t  was f e l t  t h a t  a d i s c u s s i o n  of p o r t a b l e  
c l o c k  o p e r a t i o n s  a s  t h e y  a1-P c a r r i e d  o u t  t o d a y  wuuld be  of 
some v a l u e .  T h i s  papi-r  c I e s c . r i b ~ s  ~ l i c  port; . ib le. c.l.ock sys te rn  
t h a t  1-ias been  u t i l i z c d  b y  the I:. S .  X a v a l  O b s e r v a t o r y  (XAVOBSY) 
i n  t h e  g l o b a l  s y n c t i r c ~ n i z a t i r > n  o 1  c l o c k s  r - l~er  t h e  p a s t  1 7  y e a r s ,  
e x p l a i n s  t h e  c u n c e p t s  13n d i i c l i  i t  i s  b a s e d  ;3nd e s a n i i l c s  sorrle 
of i t s  c a p a b i l i t i e s  and l i m i t a t i o n s .  

I N T R O D U C T I O N  

T h i s  p a p e r  p r o v i d e s  a  h r i e f  backg round  d e s c r i p t i o n  of  t h e  SAVOBSY 
p o r t a b l e  c l o c k  s e r v i c e ,  i n c l u i i i n g  some l i i s t o l - i c a l  i . n f o r m a t i o n ,  and  a 
d e s c r i p t i o n  o f  t h e  p l a n n i n g  t h a t  i s  r e q u i r e d ,  t h e  h a r d ~ , a r e  t h a t  i s  u s e d ,  
t h e  s e r v i c e s  p r o v i d c d  and  t h e  a r e a s  t h a t  a r e  c o v e r c d  by r e g u l a r l y  
s c h e d u l e d  t r i p s .  Thc hody of t h e  p a p e r  concc r r l s  t t ie a c q u i  si t i o n ,  
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r e d u c t i o n ,  a n a l y s i s  and r e p o r t i n g  of p o r t a b l e  c l o c k  d a t a  and t h e  proced- 
u r e s  t h a t  must  be used t o  i n s u r e  t h e  v e r a c i t y  of t h e  d a t a .  Incl.uded a r e  
a  d i s c u s s i o n  of t h e  assumpt ions  on which p o r t a b l e  c l o c k  o p e r a t i o n s  a r e  
b a s e d ,  t h e  ass ignment  of  u n c e r t a i n t i e s  t o  r e p o r t e d  d a t a  arid t h e  p r o c e s s  
u s e d  i n  r e d u c i n g  d a t a  frotri t r i p s .  F i n a l l y  some itnprovements t h a t  llave 
heen implemented and o t h e r s  t h a t  a r e  under  c o n s i d e r a t i o n  f o r  enhancing 
the  q u a l i t y  of t h e  s e r v i c e  p rov ided  a r e  p r e s e n t e d .  

BACKGROUND 

Atomic c l o c k s  were f i r s t  used i n  a  " p o r t a b j e "  s e n s e  by Reder and Winkler 
i n  exper iments  conducted i n  1959 and 1960.  The c l o c k s  used \$ere t h e  
e a r l y  Atomichrons ( F i g u r e  I.), which were  seven  f e e t  h i g h  and weigticd 
s e v e r a l  hundred pounds.  They were p o r t a b l e  otlly i t 1  t h e  s e n s e  t h a t  they  
could b e  t r a n s p o r t e d  ( w i t h  g r e a t  d i f  f kcul  t y )  w h i l e  runn ing  arid r e q u i r e d  
e x t e n s i v e  s u p p o r t  i n  t h e  form of e x t e r n a l  power when b e i n g  moved. 

A s i g n i f i c a n t  r e d u c t i o n  i n  t h e  s i z e  of cesium beam f requency  s t a n d a r d s  
i n  t h e  e a r l y  s i x t i e s  r e s u l t e d  i n  t h e  d e s i g n  of a  morc c o m p ~ c t ,  s e l f  
c o n t a i n e d  c l o c k  ( F i g u r e  2 . )  t h a t  was t r u l y  portah1.e i n  a p r a c t i c a l  s e n s e  
i n  t h a t  two men cou ld  (with some d i f f i c u l t y )  t r a n s p o r t  t h e  c l o c k  t o  any 
l o c a t i o n  u s i n g  r e a d i l y  a v a i l a b l e  means of  t r a n s p o r t a t i o n .  L t s  u s e  was 
f i r s t  demons t ra ted  by Bagley and C u t l e r  i n  1964  and a g a i n  by Baugh arid 
Bodi ly  i n  1965 . I 3 3  

As a  r e s u l t  u f  t h e s e  d e m o n s t r a t i o n s ,  a p o r t a b l e  c l o c k  s c r v i c r  was 
es tab l i sk ied  by t h e  NAVOCSY i n  196.7 i n  o r d e r  t o  meet world-wide r e q u i r e -  
ments f o r  P T T I .  S i n c e  t h a t  t i tne ,  s e v e r a l  tfiousand c l o c k  s y c h r o n i z a t i o n s  
have heen done ( F i g u r e  3 . ) .  F i g u r e  4 shows a n  e a r l y  v e r s i o n  01 t h e  
p o r t a b l e  c l o c k s  p r e s e n t l y  used by t h e  p o r t a b l e  c l o c k  s e r v i c e ,  T h i s  
s 2 r v i c e  h a s  proved t o  h e  of immense v a l u e  Lo U. S .  Navy, Department of 
DeIense ,  NASA and o t h e r  n a t i o n a l  and i n t e r n a t i o n a l  programs which 
r e q u i r e  PTTT i n  t h e i r  o p e r a t i o n s .  It i s  one of t he  p r imary  r e a s o n s  why 
the many, widespread t imekeep ing  a c t i v i t i e s  t h a t  e x i s t  today  m a i n t a i n  
such  a  r e l a t i v e l y  h i g h  clegree of s y n c h r o n i z a t i o n .  

Although a number of t e c h n i q u e s  have been demons t ra ted  which a l l o w  t i m e  
d i s s e m i n a t i o n  o v e r  f i x e d ,  long  b a s c l i n e s  t o  a p r e c i s i o n  a s  g r e a t  o r  
g r e a t e r  t h a n  can b e  ach ieved  w i t h  p o r t a b l e  c l o c k s ,  t h e r e  a r e  no o t h e r  
o p e r a t i o n a l  sys tems  which can  r o u t i n c l y  p r o v i d e  s y n c h r o n i z a t i o n s  t o  any 
s p o t  on t h e  g l o b e .  The o n l y  sys tem w i t h  t h e  demons t ra ted  p o t e n t i a l  f o r  
s u r p a s s i n g  p o r t a b l e  c l o c k s  on a g l o b a l ,  h i g h  a v a i l a b i l i t y  b a s i s  i s  GPS. 
U n f o r t u n a t e l y ,  t h e  u n c e r t a i n t y  of t h e  f u t u r e  of t h e  sys tem and i t s  
a c c e s s a b i l i t y  t o  non-Department of 1)efense P T T I  u s e r s  h a s  had a  s i g n i f -  
i c a n t ,  n e g a t i v e  impact  un t h e  development of con~merc ia l  GPS t i m i n g  
equipment .  
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The c f f c i r t  r e q u i r e d  t o  p l a n  a n d  c x e c u t e  a p o r t a b l e  c l o c k  t r i p  i s  q u i t e  
e x t e n s i v e  and  r e q u i r e s  a  c o o r d i n a t e d  e f f o r t  on t h e  p a r t  of a number of  
pcop1.e and  o r g a n i z a t i o r l s  to i n s u r e  a  r c a s o n a b  l e p r n h a b i  1 i t y  o f  suc.c .ess .  
/ l l thougl l  a  tentative s c k i e d u l ~  i s  p re -pa red  o v e r  a y e a r  i n  a d v a n c c  of  
d e p a r t u r e ,  d e t a i l c d  pl.anni1-1g b e g i n s  a b o u t  t h i r t y  t o  f o r t y  d a y s  i r i  advanct .  
whcn a n  itinerary ( i n c l u d i n g  c o s t  e s t i m a t e s ,  p l a n n e d  a c t i v i t i e s  and  
personnel a s s i g n m e n t s )  i:r. c i r i : u l a t c d  t c - j  c o g n i z a n t  p e r s u n n e l  f o r  a p p r o v a l .  
Once t h i s  i s  co rnp l e t cd ,  d e t a i l e d  p l a n n i n g  t3cgins i n  e a r n ~ s f  a s  o ~ l t l  i n e d  
  TI t h e  s t a n d a r d  o p e r a  t i n g  prc)i:t.durel; i n  ,rippcricii>: T .  111 marly c a s e s ,  t h e  
i  t i i ~ e r a r ; .  h a s  t o  he bu i  lt aroul ld cine o r  t~iii key eve17.ts w h i c f ~  a r e  c ru t s idc  
t h e  plar l r ier  ' s cant r o l  - ? i i l i t a p  rli rl i f  t I:ornrnar~d (?.IAC) f l i g h t s ,  f o r e i g n  
cus tur i l ' s  a s s i s t a n c e ,  l . o c a l  s u p p o r t  a t  r emo te  s i t e s ,  c t c .  'Throughout  t h e  
e n f i r e  p l a n n i n g  and t .xccut j .on c - y c l e ,  an  a t t e n i p t  i s  made t o  s t r i k e  a 
rcasc1ni3ble I - )a lance  among the ofLen  c o n f l i c t i n g  r e r j u i r c rnen t s  o f  t h e  
v a r i o u s  p a r t i e s  involvcc l  - t h e  bes t  p o s s i b l e  d a t a  fro111 t h e  s c i t . n t i f i c  
viewpoint , thc most  cost c f f  cc  Live  e x e c u t i o i l  f roll) t h e  rna~najicnie~lt v iew-  
p o i n t  , and  some rtlasoniib.i tl t r ave .1  c o n d i t i o n s  from t h e  clot-I< tearr!s v iew-  
p c ~ i n t .  The f i r s t  i s  t h e  p r i r n t i r  r e s p o n s i b i l i ~ y  of t h e  c l o c k  tcarri l e a d e r  
and  I ~ C ' ~ S O I I I I E ~ - ~  i n  t h e  SA\'C)BSY Timc Se rv i ce .  D a t a  Rcduc t io r l  B ranch .  The 
s econd  i s  t h e  j o i n t  r i - s p c l n s i b i l i t y  of t h e  P r e c i s e  Time O p e r a t i o n s  
O f f i c e r ,  NAV(3ESIT mari :~gen~ent  and t l i c  c l o c k  team. The t l i i  r d  e v o l v e s  f rom 
cn11;promises worked oi l t  ami:lrlg 31 1 t h o s e  i n v o l v e d  t h e  p r o c e s s .  

I n  a d d i t i  (317 t o  c l o c k  sg -nch ron i za t i c ln s ,  s e v e r a l  o t h e r  f u n c t i o n s  may h e  
p e r f o r m e d ,  d e p e n d i n g  on t h e  r c q u i r e n ~ e r l t s  o f  t h e  s i t e  v i s i t e d .  I f  v a l i d  
requi rc r r le i l t s  e x i s t  and  a r e  k17(11+11 and  t r i p  a r r a n g e m e n t s  p r o p e r l y  madc t.o 
allow s u f f i c i e n t  t i m c  on s i t e ,  frequency o f f s e t s  can b c  d e t e r m i n e d ,  c l o c k  
a d j  u s t m e n t s  ~ n a d e ,  rna i r~ t t lnance  pe r fo rmed  , t r a i n i n g  given anc1 any  o t h e r  
PTTl r e l a t e d  f u n c t i o n s  c a r r i e d  o u t .  Llnf o r t ~ ~ n a t c l y ,  j.n mos t  k n s t  a n c e s ,  
r h e  p r e s s i n g  b u s i n e s s  of c l o c k  s y n c l ~ r o r l i z a t i o ~ ~  p r e c l i l d e s  spc l l d ing  any  
s ign i .£ i r :anL aniount o f  t i n e .  a t  s i t e s  o t h e r  t h a n  t l ~ o s c  s p e c i f i c a l l y  
i d e n t i f i e d  i n  t h e  i t - i ne r a r ! , .  iiiien r eq t r i r cmer l t s  i l eve lup  a t  s i t e s  n e a r  t o  
t h o s e  r e g u l a r l y  s e r v i c e d  hb, LdL'I7BSY t e a m s ,  l i t  t  l e  o r  rio c .olnpensat ion 
i s  r e q u i r e d  from a q u a l i r j e d  r e q u e s t o r .  I n  c a s e s  whc re  a d d i t i o n a l ,  
s i g n i f i c a n t  c o s t  a n d  t i m e  arc. invc,lvecl o r  tilt r e q u e s t o r  i s  not: q u a l i f i e d  
by v i r t u e  o f  b e j n g  a  1'. S .  government  agency  o r  c o n t r a c t o r ,  t h e  r e q u e s t o r  
i s  r e q u i r e d  t o  fund  any a d d i t i o n a l  e x p e n s e s .  

'i'he. XAVOBSY t ias  severn .1  "s tandarc l"  i t i n c r a r i e s  which a r e  e x e c u t e d  o n  a 
r e g u l a r ,  y e a r l y  t ~ a s i s ,  rri~jny i t i  coopcrat i ( -)r7 vi tli 2nd s u p p o r t e d  hy o t h e r  
a g e n c i e s .  A l i s t i n g  of  t l lcs i .  t r i p s  c ~ n  be Lound i r l  T a h l e  IT. The 
i - t i n e r a r i e s  a r e  d e s i g n e d  t o  co\!cr t h e  1.argesL rl~unber of r e q u i r e d  s i t e s  
i n  a s  s h o r t  a t i m e  as  p o s s i b l e  wktl iout  cxr.etidirlg a n  approximate 2 1  clay 
l imit :  o r  o v e r t a x i n g  t h e  c l .ock  tcam.  

I11 o r d e r  f o r  t h e  c l o c k  teain to maximize t l i e  p o s s i b i l i t y  n f  s e c u r i n g  
v a l i d  c l o c k  d a t a ,  t h e y  m u s t ,  a s  p a r t  o f  t h e i r  p r e . - t r i p  p r o c e d u r e s ,  t e s t  



t h e  c l o c k  and any  a n c i l l a r y  equipment r e q u i r e d  t o  s u p p o r t  t h e i r  e f f o r t s  
i n  t h e  f i e l d .  This i n v o l v e s  t e s t i n g  and e x e r c i s i n g  t h e  s t a n d b y  power 
sys tem f o r  tlic c l o c k ,  t e s t i n g  t h e  t ime  i r l t e r v a l  c o u n t c r  t o  b e  c a r r i e d  
nn t h e  t r i p ,  and a s s u r i n g  t h a t  t h e  c l o c k  k i t  c o n t a i n s  t h e  c o n n e c t o r s ,  
a d a p t c r s ,  c a b l e s ,  s p a r c  p a r t s  and  t o o l s  t h a t  a r e  n c c e s s a r y  t o  a s s u r e  
cor i t inucd o p e r a t i o n  of  t h e  c l o c k  th rougkout  t h e  t r i p .  Thorough p r e p a r -  
a t i o n ,  combincd w i t 1 1  a d e p t ,  c r c a t i v c  pe r sor lne l ,  a r e  v i t a l  i f  the team, 
i s  going t o  overcome t h e  unexpected e v e n t s  t h a t  a r e  c e r t a i n  t o  o c c u r  i n  
a n  u n d e r t a k i n g  of t h i s  k i n d .  

DATA A C Q U I S l T I O N  AND RECOKDING 

The p r imary  purpose  of p o r t a b l e  c l o c k  o p e r a t i o n s  i s  t o  g a t h e r  d a t n  whicli 
w i l l  a l l o w  t h e  dc te r tn inn t ion  of a remote c l o c k ' s  t ime r e l a t i v e  t o  t h a t  
of a n  e s t a h l i s l i c d  t ime  s c a l e .  In Lhe c a s e  of t l lc  U.S. Naval Observa to ry  
c l o c k  o p e r a t i o n s ,  t h e  t ime s c a l e  i s  Coordinated U n i v e r s a l  Time (UTC) as 
g e n e r a t e d  and m a i n t a i n e d  by t h e  Master  Clnck sys tem i n  Washington,  D . C .  

The c o l l e c t i o n  o f  p o r t a b l e  c l o c k  d a t a  a c t u a l l y  b e g i n s  s e v e r a l  days  i n  
advance o f  d e p a r t u r e .  A s  a  m a t t e r  of p o l i c y ,  a tomic  c l o c k s  d e s i g n a t e d  
f o r  u s e  a s  p o r t a b l e  c l o c k s  a r e  a d j u s t e d  arid k e p t  a s  c l o s e  i n  f requency  t o  
t h e  Master  Clock 2s p o s s i b l e  and thc t ime  s e t  such  t l ~ ~ t  t h e  d i fCt . rencc  
hetween t h e  p o r t a b l e  and Master  Clock p a s s e s  througll z e r o  a t  t h e  mid- 
p o i n t  of t h e  t r i p .  A l l  o p e r a t i o ~ i a l  NAVOBSY c l o c k s  a r e  moni to red  c o n t i n -  
u o u s l y  by ~. - r l  autorriated d a t n  a c q u i s i t i o n  sys tcm (DAS) i n  o r d e r  t o  
characrcrizc t h e i r  performarlcc.  A s p e c i a l  e f f o r t  is made t o  a s s u r e  t h a t  
c l o c k  perfortnace d a t n  a r e  t a k e n  f o r  a  p e r i o d  of f i v e  t o  ten  days  
p r i o r  t o  and a f t e r  t h e  t r i p  and t h a t  t h e  d a t n  c o l l e c t i o n  p r o c e s s  i s  
u n d i s t u r b e d  over  t h i s  p e r i o d .  

On t h e  day of d e p a r t u r e ,  c l o c k  lneasurerrlcnts art!  made agains t l  t h e  two 
r e f e r e n c e  c  lock sys tems  i n  t h e  Master Clock w i t h  b o t h  t h e  permanent ,  
h i g h  r e s o l u t i o n  (nanosecond o r  s m a l l e r )  c o u n t e r  in t h e  lrleasurernent 
c o n s o l e  a t  NAVORSY and  t h e  s m a l l ,  p o r t a b l e ,  t e n  nanosecond c o u n t e r  
t aken  on t h e  t r i p .  A 1 PPS t ime  t i c k  t o  z e r o  c r o s s i n g  of t h e  1 MHz 
s i g n a l  from thc  p o r t a b l e  c l o c k  i s  made on t h e  p o r t a h l e  c o u n t e r  t o  
e s t a b l i s h  a r e f c r e n c c  v a l u e  f o r  u s e  d u r i n g  the  t r i p .  A l l  t h e s e  d a t a  
a r e  r ecorded  on a  s t a n d a r d  d a t a  form shown i n  F i g u r c  5 .  D e t a i l e d  
measurcment p r o c e d u r e s  and  t e c h n i q u e s  employed i n  p o r t a b l e  c l o c k  
o p e r a t i o n s  a r e  n o t  provided -11 t h i s  paper  a s  t h e  s u b j e c t  has been ad- 
e q u a t e l y  covered p r e v i o u s l y .  7 5 However, some ment ion of t h e  r a t i o n a l e  
hehind then1 i s  w a r r a n t e d .  

NAVORSY p o r t a h l e  c l o c k  o p e r a t i o n s  are a s i g n i f i c a n t  u n d ? r t a k i n g .  I n  
1980 ,  f o r  example,  302 c l o c k s  were synsl l ronized durir ig 1 2 0  s i t e  visits. 
T h i s  e f f o r t  consumed 227  man-days of e f f o r t  a t  a c o s t  of  o v e r  $95,000.  
' Ihesc expenditures were t h o s c  r e q u i r e d  t o  s u p p o r t  c lock  teams w h i l e  i n  
t h e  f i e l d  and do n o t  i n c l u d e  i n i t i a l  equipment c o s t s ,  p r e  and p o s t  t r i p  
d a t a  a n a l y s i s ,  r e d u c t i o n  and r e p o r t i n g  c o s t s ,  o r  t h e  c o s t  of  s u p p o r t i n g  
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and  p l a n n i n ~   he t r i p s .  Thu:;, the cost p e r  c l .nck  sy i l c l i r on i zed  i s  con-  
s i d e r a b l e ,  aver ,5320 i n  1 9 8 0 .  I t  i s  i r ~ i p e r n t i v e  uncier t h c s c  c i r c l ~ n i s t a n c c s  
t h a t  p r o c e d u r e s  a r e  u s e d  tEia t  y i e l d  c o n s i  s t a n t ,  ur lambiguous,  r n r r e c t  d a t a .  
d l t ho i l g l i  t.1.1~ ~t:i:ld3rd j 3 r o c ~ i i i u r e ~  c n p l o y e e d  11y t l i e  ShVOP,SY i n  t a k i n g  c l o c k  
d a t a  a p p e a r  r a t l i ? r ~ i m ~ l i s t j s ,  they a r e  ba.-;eci t:brl rriany y e a r s  o f  f ie1.d cx-  
per-ietll-t: and a r e  d c s i g r ~ e i l  tc. rr,i;:ir>~ize l o s s  o!. d a t a  dr!~. to poor  procedures. 
I n  n r d c r  t-CJ be  e f L e c t i . v e ,  t h c  1:1-oc.eiiures liad tc, be dcs ignec l  s l lch t h a t  
t h e y  c o u l d  he c - a r r i c d  o u t  ~ i n i i c r  t l i e  s t r e s s f u l  conc. l i t i .ons f r equen t1 .y  ~ n -  
c o u n t e r e d  in p ~ ) r t a S l . e  c l o c k  t r a v e l .  Ylnny n r e  ~ h v i o u s ,  conlrnon s e n s e  s t e p s  - 
u s e  or a 1111ifor111 s e t  ~f c a l l l s s ,  s tanr !nrd  mcasurerncint  p a r a m e t e r s ,  a 
s i i ~ g l i l  set ;7f rncas1.1rem2nt i.cll.lip?>ent , i . tc  . ( I thc l - s  -- t i . ck - " to -phase  
I I ~ ~ ~ S U T - E T I I C ' I ~ ~ S ,  f i i f i -1~1 l r i ' ~11 t l ' 11  s>::iti'l~i ~.c?c.t>t-if i y l l r i l t i ~ ~ l i ~ l  ti., e l i m i n a t e  a r i t h ~ t i c  
rind reducs  :-lumber s i  xi.. s;, s ti-.;:) d c s i g r i s  ti? 1-educe rrlensui-enicnt ambigui  t - i p s ,  
c L c . ,  are nc)r;- s1.1btlc.  

Clock  d a t a  i n  t i l e  f i c l d  a r e  r c c o r d c d  011 a i i r i t r i  Sor:~) w i l i c h  i s  p r e p a r e d  
f o r  C R C ~  i11dii7idua-1. ( : . \ . L )C~  iilea~i.i-r-e:i. tleasur.~.i:-~ent- o f  t h e  p r i m a r y  c l o c k  a t  
eacl i  s i t e  is r e ( - l u i r ed  immi.di.ijte-ly on a r r j v ; . l l  , d a i l y  arlcl p- i - ior  t o  dc -  
p a r t i l r c .  A d d i t i o n a l  ;:ieasul-enients 011 n t l l e r  i : l ~ c k : <  i21lcrl t imclceeping  s y s t c m s  
and  measu remen t s  u t i l i z i n g  o n - s i t e  eclui pment a r e  illade as r e q u i r e d .  A s  
p r e v i o u s l y  m e n t i o n e d ,  clepcndiri;; o:7 siti. r e q u i . r e n i e n t s ,  e q u i  pment a d j u s t -  
m e n t s ,  maintenance, t r a i n i n g  o r  a ~ ~ a r i e t y  aE otE1c.r f u n c - t i o n s  may be  
p e r f o r m e d .  ' l ' l~e  pr irnar\-  r c - s p ~ n s i i j  i l i t ) .  oJ: the. c lock  tc.am, l ~ o w e v e r ,  i s  
tf ic  ar:qui s i t  i o n  a n d  1-ec:ording ~i ir,3 l i d  c l o c k  cia ta . 

R c g a r d 1 . e ~ ~  o f  t h e  1e115t11 df :!ie cl::ck t r i l ) ,  i t  xt*:;t crld \\lit11 tllc s a n e  
s t e p s  w i t h  ~i l i icki  i t  l ) ~ g a l - ~ ,  c.i:)i:;p;risull a x 1  r~.-~?l.!lat  i ; ) r l  :.ig;.iinst the.  SAVOBSY 
b l a s t e r  Clock. Once i.nou;:;l: l ~ c i s t - t r i p  d a t a  a r e  1.ivai1abS.e t o  c l l a r a c t c r i z e .  
the f r e q u e n c y  o f f s e t  oi t h ?  p o r t a b l e  c l o c k ,  r e d u c t i o n  and a n a l y s i s  of  
t h e  t r i p  d a t a  c a n  bc c o ~ n p l e t e d .  

DATA REDUCTION ANll ANLII,Y S IS 

One of  t h e  key,5 t o  s u c c e s s f u l  p o r t a b l e  c l o c k  o p e r a t i o n s  i s  t l ie  p r o p e r  
r e d u c  t i - o n ,  i n f  r : ' ; > r e t a t i o  arld arla:l.;:si s oT t'ric. c lata  8d~vc:loperl o v e r  t I lc  
e n t i r e  span  of  t!ic tri.12, it~;l.L~lJirl:;; tile p r e -  L1lld ; ? o s t - t r i p  s i . s t r~ents .  Tn 
t h e  p a s t  , :%-hen rcclui.r;lt~ie.nts w r e  l e s s  s t r i n g c i i L  :jntl ~ . - . a p a I 2 i l k t i e s  tnnre 
l i m i  tell, R siili;)l(? i : i t e r p o l a l i o r l  l . )e tvecn ~ r i  p e~:d  prxi:i!s \%13s used t o  
detcrr : i jne est in;atc-s  o f  p o r t a b l e  c l n c k  d i f ~ c i - e r i ~ : ~ ~ .  H~r iL>vi . .1 - ,  i r l c r e a s t d  
rcclui.rc..tnents f o r  i i ig l ie r  p r c . c i s i . o n  t inlc  tra;::iers : i c c c s s i t : l t e d  improvc-  
rnc11.t j n  pol-t:able c1.nc.k d a t a ,  pa r t i c : i l l a r l : :  il-here p t l r t u rha t i i>ns s  i n  po r t ab1 . e  
c l o c k  pcr fc rxnance  r a i s e d  r j u e s t i o n s  a s  t o  tile ;3,?curriil.y o f  t h e  r e s u l t a n t  
t i m e  t r a n s f e r s .  

The p r e -  asid pos t - t - r i . p  pc2rtiorls a r e  g c n c r a l l y  no  p l -ob lc~n  a s  t h e  d a t a  a r c  
r e a d i l y  a v a i . l a b l ~ ,  s t a b 1  e . ,  w e l l  c l ~ f  j ;led rind a i r ~ ~ t > a h l c  t o  s imp l e a n a l y s i s .  
I f  t h e  p o r t a b l e  c l o c k  ; )e r forc i s  l i p 1 1  duriii :g thc p r e - t r i p  and p n s t - t r - i p  
segments, we.1 1 dcf i r lec[ ,  s t r a i g i i t  l i n e  f i t s  cari be: mr-1Je t c )  t h e  p r c - [ y i p  
and p o s t - t r i l l  d a t a .  E x t r a l l o l a t i c j n  01- these s t r a i 3 i l L  l . i n e  f i t s  tfiroi.ig1-I 



t h e  t r i p  p e r i o d  r f s u 1 . t ~  i n  a s i n g l e  l i n e  d e f i n e d  b y  

where y = Mastcr  Clock - P o r t a b l e  Clock t i m e  d i f f c r n c e  ( u s e c ) ,  

x = Time e l a p s e d  ( d a y s ) ,  

m = O f f s e t  of  P o r t a b l e  Clock from Master  Clock ( u s e c / d a y ) ,  

h = Cons tan t  d e f i n e d  b y  a c t u a l  p re -  and p o s t - t r i p  d a t a  ( u s e c ) .  

I d e a l l y ,  t h e  p o r t a b l e  c l o c k  js s e t  s o  t h a t  m = 0. F a i l i n g  t h i s ,  t h e  
c l o c k  i s  s e t  so t h a t  y  = 0 a t  t h e  midpo in t  of t h e  t r i p .  

F i g u r e  6 i s  a s imple  i l l u s t r a t i o n  of t h e  c o n c e p t s  p r e s e n t e d  above.  
F i g u r e s  7 thrnugli  9 a r e  s e v e r a l  v a r i a t i o n s  t h a t  can o c c u r .  I n  t h e s e  
i l l u s t r a t i o n s  t h e  s o l i d  l i n e s  r e p r e s e n t  t h e  p re -  and p o s t - t r i p  compari- 
sorls of t h e  p o r t a b l e  c l o c k  a g a i n s t  t h e  Master  Clock.  'The dashed l i n e s  
a r e  e x t r a p v l a t i o n s  of t h e  p r e -  and p o s t - t r i p  c:lr)ck performance d a t a  and 
t h e  a s s o c i a t e d  l i m i t s  on t h e  e s t i m a t e s  of  u n c e r t a i n t y  which must be  
a s s i g n e d  t o  t h e  d a t a ,  g i v e n  o n l y  t h e  i n f o r m a t i o n  on  c l o c k  performance 
developed d u r i n g  t h o s e  p e r i o d s .  

P i g u r e  6 i l l u s t r a t e s  a b e s t  c a s e  c o n d i t i o n  where t h e  p o r t a b l e  c l o c k  
performed e x c e p t i o n a l l y  w e l l  and e x p e r i e n c e d  no p e r t u r b a t i o n s  i n  
o p e r a t i o n  d u r i n g  t h e  t r i p .  A s  a consequence,  t h e  u n c e r t a i n t y  e s t i m a t e s  
a r e  s m a l l  and can  be  p r e d i c t e d  w i t h  a  h i g h  d e g r e e  of  c o n f i d e n c e .  

F i g u r e  7 shows t h e  r e s u l t  o f  a n  assumed, s i n g l e ,  permanent change i n  
t h e  o u t p u t  f r equency  of t h e  p o r t a b l e  c l o c k .  Although a r i g o r o u s  a n a l y -  
sis of t h e  s i t u a t i o n  niight l e a d  r o  a more r e f i n e d  performance model,  
t h i s  s i m p l e  t e c h n i q u e  p r o v i d e s  s u f f i c i e n t  i n s i g h t  i n t o  performance w i t h  
a tninimum amount of e f f o r t .  P r o p a g a t i n g  t h e  u n c e r t a i n t i e s  forward and 
back fro111 t h e  t r i p  end p o i n t s  to a p o i n t  of a p p a r e n t  d i s c o n t i n u i t y  l e a d s  
t o  a n  a c c e p t a b l e ,  c o n s e r v a t i v e  u n c e r t a i n t y  e s t i m a t e .  

F i g u r e  8 i l l u s t r a t e s  t h e  r e s u l t  of an  a p p a r e n t  s t e p  i n  t ime .  I n  t h e  
absence  of any add i  t io r l a1  i r r fo rmat ion ,  one  tnust assume a  w o r s t  c a s e  
c o n d i t i o n  whcre t h e  d i s c o n t i n u i t y  o c c u r s  a t  e i t h e r  end oT t h e  t r i p .  
Under t h e s e  c o n d i t i o n s ,  t h e  e x t r a p o l a t i o n  r e s u l t s  i n  a l a r g e  a r e a  of 
u n c e r t a i n t y  which i s  compounded by t h e  need t o  e x t e n d  u n c e r t a i n t y  
e s t i m a t e s  over  t he  f u l l  l e n g t h  of t h e  t r i p .  

F i g u r e  9 shows a s i t u a t i o n  where the  l i k l i h o o d  of t h e  o c c u r r e n c e  of  
b o t h  a  s t e p  i n  t ime  and a  change i n  f r e q u e n c y  i s  h i g h .  IIere a g a i n ,  i n  
t h e  absence  of a d d i t i o n a l  i n f o r m a t i o n  on t h e  performance of t h e  p o r t a b l e  

I 
c l o c k  d u r i n g  t h e  t r i p ,  t h e  u n c e r t a i n t y  a s s o c i a t e d  w i t h  t h e  e s t i m a t e  of 
t h e  p o r t a b l e  c l o c k  v a l u e s  cou ld  be s n  h i g h  a s  t o  r e n d e r  t h e  d a t a  worth- 
l e s s .  



Llnder c e r t a i n  c o n d i t i n n s  tl-ie d a t a  f rom t i le  l a s t  two c a s e s  s o n ~ e t i n l e s  C a r l  

b e  s a l v a g e d .  I f  p o r t a b l e  c l o c k  nleast l rements  were  made a t  a s i t e  whose 
c l o c k  had been  r e c e n t l y  syr lc t l ronized  by a n o t h c r  p o r t a b l c :  cloc:k o r  by 
s a t e l l i t e  t i m c  t r a n s f e r ,  or whosc t i m e  i s  known t o  a r e l a t i v e l y  h i g h  
p r e c i s i o n  a t  a l l  t in ies  by v i r t u e  o f  i t  h c i ~ l g  a  NAVOESY P r e c i - s e  Time 
Rcfc.rence S t a t i o n  (PTRS)  o r  e q u i v a l e n t ,  t h e n  a  p o i n t  o r  s e v e r a l  p o i n t s  
can  bc defcrriiirled a t  w h i r h  t l i c  NAVOBSY - S i t e  Cl-ock difference i s  known 
t o  a b e t t e r  p r ec i . s . i on  Clian t h a t  c le tern~ined frorn tl-lc c x t r a p o l a t i o ~ l  p r o c e s s .  
The e x t r a p o l . a t i o n  2nd u n c e r t a i n t y  d e t e r m i n a L i o r ~  a r e  t h e n  a d j  ustecl  t o  
r e f  l c c t  t h i s  si t u a t i o n .  

TI-ius, for any s i t c  cloclc  r n ~ ~ s u r e r n e n t ,  >I made w i t h  t h e  pcnr tab le  (:lock 
i ' 

al: t i r ; ~ ,  x , d u r i n g  t h e  t r i p ,  a pi-ist t r l p  c o r r c c l i o r l ,  y i ,  i s  r n l c u l a t e r l  
a n d  n p p l i e &  t u  t h e  measured  v a l u e  t o  c s t a h l i s h  t h e  d i f f e r e n c e ,  11 

i ' 
between t h e  M a s t e r  Cl.ock and t h e  measured  c l . ock ,  s o  t h a t  

A s s o c i a t e d  w i t h  e a c h  rncasure~nent  i s a n  e m p i r i c a l l y  d e t e r m i n e d  e s t i m a t e  
of  u n c e r t a i n t y ,  u  . 'i'tlc u n c e r t a i  r-rty c o n s i s t s  of  a f ixec l  component. which  
i s  a s s o c i a t e d  witf i  t i le  rneasuremenr s y s t e m  and Leci inique u s e d ,  and  a t i m e  
dependent conlporlent or p r e d i c t i o r l  u n c e r t a i n t y  w h i c h  increases w i t h  t i m e ,  
d u e  t o  b o t h  t h e  random cncl s y s t e m a t i c  pcr formar lce   characteristic:^ of  tl1c 
p':)rtabl.r  c l o c k .  The u n c e r t ; ~ i n t y  i s  a t  a rnirlirriurr~ a t  t h e  b e g i n n i n g  2nd 
end p o i n t s  o f  t l - ~ e  t r i p  R S  t i le  t i m c  dcperlderit compnnent is z c r o .  111 rrlosf 
c a s e s ,  i t  i s  a t  .a maximum a t  t h e  r r~ idpoi r l t  of  t h e  t r i p ,  where  t h e  t i m e  
dependen t  component i s  l a r g e s t .  In c a s e s  whe re  a  d i s c o n t i n u i t y  oc -cu r s ,  
t h e  u n c e r t a i n t y  i s  p r o p a g a t e d  o v e r  t k e  en t i  r e  t r i p .  A d d i t i o n a l  i n f  orma- 
t i o n  on  t h e s e  u n c e r t a i - n t i e s  can  h c  found i n  r e f e r e n c e s  5 and  6 .  

r ) i s s e m i n a t i o n  of p o r t a b l c  cloclc  d a t a  i s  accompl is l led  by severa .1  means 
and i nc-lucies c u r r e n t  t r i p  s c h e d t ~ l . e s ,  f u t u r e  t r i p  i t i n e r a r i c s ,  2nd c l o c k  
d a t a  from r e c e n t  t r i p s .  411 o f  t h i s  i n f o r m a t i o n  i s  a v n i l a b l c  e l e c t r o n -  
i c a l l y  v i a  t h e  NAVOBSY Time S e r v i c e  Arltomatcd Data  S e r v i c e  ( A D S ) .  The 
ADS c o n s i s t s  of  a n  extensive d a t a  b a s e  and t h e  ha rdware  and s o f t w a r e  t o  
make i t  c o n t i ~ i u o u s l y  available via t e l e p t i o n e  t o  any  u s e r  with a compat- 
i b l e  modem and computer  t e r m i n a l .  11 ftll.:L d e s c r i p t i o n  of  t h e  ADS i s  
a v a i l a b l e  from NAVOBSY on r e q u e s t .  7 

I n d i v i d u a l  c l o c k  r e p o r t s  a re  a u t o m a t i c a l l y  prepare-d  by a computer  f rom 
t h e  r e s u l t s  of  t h e  r e d u c - t i o n  and a n a l y s i s  o f  p o r t a h l e  c l o c k  measure-  
men t s  made. A f t c r  a r n u l t i - s t e p  r e v i c w ,  tticsc- a r e  m a i l e d  t o  t h e  cogn i -  
z a n t  agency o r  p e r s o n n e l .  A11 examp1.e of  t h i s  r epo r t .  i s  shown i n  F i g u r c  
10. Those c l o c k s  t h a t  have s i g n i f i c a n c e  w i t h  r e s p c c i  Lo i n t e r n a t i o n a l  
t i m e k e e p i n g  a c t i v i r i e s  r e c e i v e  a d d i t i o n a l  s c r u t i n y  and a d d i t i o n a l  
c : e r t i f i c a t i o n  i s  made ( F i g u r e  1 1 ) .  These  r e s u l t s  a r c  p u b l i s t l e d  i n  t h e  
c u r r e n t  Time S e r v i c : ~  Announcement, S e r i e s  4 .  I n  a l l  c a s e s ,  p o r t a b l c  



clock data go through several, distinrt, irldc-pendent levels oT analysis 
and verification to assure thc validity nf  what is pub l i shed. 

FUTURE IMPORVEMENTS 

Improvements to portable clock operations can bc viewed from two inter- 
related standpoints - cost and quality. As portable clock operations 
are manpower intensive, the only way to reduce recurring costs is to 
reduce the number of manhours required to acquire and process data wllilc 
simultaneously niaintairling or improving data quality . Trip let~gths and 
itineraries have been examined and analyzed to the point where little 
else can be gained in this area without the risk of causing some degrad- 
ation in overall operations and, specifically, in data quality. Two 
areas that offer some promise of succcss are (1) the reduction of the 
size of portable rlock hardware to the point where one person clack 
trips would be possible and (2) the incorporation of niorc automation in 
the acquisition, reduction and analysis of clock data to reduce the time 
required for processing and to improve the data quality. 

Information on a smaller clock and an improved, portable time interval 
counter for use in NAVORSY operations was published in 1980.~ Thc 
counter is presently used in all portahlc clock operations. The small 
clock has hcen successfully carried. on several one and two person clock 
trips. It: appears, however, that routine, one person cloclc trips on an 
operational basis will require further refinements in clock and power 
supply hardware. 

A small, microprocessor-based measurement system for automatic acquisi- 
tion and storage of portable clock data in the field appears feasible 
in the near future. Such a system would allow the automation 01 
measurements, entry of clock identification and location information, 
back-up hard copy output of measurement data, and storage of measured 
data in a format and form that is suitable for direct, machine pro- 
cessing at the end of the trip. Further enhancements along these lirlcs 
could include monitoring and determining thc rcscrve capacity of the 
standby power system, measurillg pertinent, ambient, environmental 
conditions and allowing the input and storage of flight parameters for 
use in evaluating clock perfortnance over an entire trip. This would 
allow the implementation of routine correction for relativistic effects 
and provide the means of pinpointing perturbations in clock operations 
which currently cause serious problems in data reduction. 

CONCLUSION 

In spite of the fact that the NAVOBSY routinely maintains a widespread 
network of synchronized c1,ocks utilizing a variety of PTTI dissemina- 
tion systems other than portable clocks, portable clocks presently pro- 
vide the only operational means of routinely synchronizing networks of 
clocks on a totally global basis. It appears that this situation will 



c o n t i n u e  t o  e x i s t  f o r  s e v e r a l  y e a r s  i n t o  t h e  f u t u r e .  T~nprnvements  t n  
b o t h  p o s t a b l e  c l o c k  ha rdware  a n d  o p c r a t t o n  w i l l  h e  I i c c e s s a r y  i n  o r d e r  t o  
nieet t h e  c u r r e r l t  and upci>~i l ing r e q u i r e m e n t s  f o r  s y n c h r o n i z a t i o r ~ .  Y 
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Figure  1 .  A t o m i c h r o n  " P o r t a b l e "  C l o c k  ( 1  959) 



F i g u r e  2 .  H e w l e t t - P a c k a r e  P o r t a b l e  C l o c k  ( 1  9 6 4 )  







PTTl Form TS-lr, F IELD MEASUREMENT PTT l  D A T A  SHEET 
i 

Acrovlty & Lou toon  Pmrronnal Makong Measurermnt 

Tlme Standard Mearured Clock Reference Clock T ~ m e  Dlrplay Agreement Remarks 

Clock Desoqndt~on 
Hours O Yes No 
M ~ r ~ u t r s  [3 Yes U N o  

Manufacturer Seconds [J Yes No 

Osc Model N o  PORTABLE CLOCK TICK CHECK 

Ser~al N o  (1 ppr t o  100 kHz crorlover) 

Posi t~vego~ng 0 volt crorsong 
Manufacturer 

Clock Yes N o  

Model No Day lMon lYr lZULUI  

Polarity & Voltage 
HourslMlns(ZULU) 

IPPS Slope 

Input  lmpvdance PC - CS = V w C  

Cdllbrallon Certoficate Ma l l~nq  Addresser 1 PPS Sketch & Charac te r~s t~n  

ORIGINAL TO: 

- - - -  -. - -  A - - - -  - - - 
FoPrE* - - - - - - - - - 

Ampl~ tude  volts. onto ohms 
- - - - - - - - - - - - - - - Polaroty row tlme wet 

Pulse Length psec 
L 

P T T l  FIELD MEASUREMENT D A T A  

START CLOCK - STOP CLOCK C m  READNG+START OELAY-STOP DELAYt RESUTS RISEC) DATEITIME (UTC) 

- + - 3 

.+. + - - 
- + - - 
- + - I 

- + - - 
- 

THUMBWHEEL SETTING 'C' FIELD SETTINQ 

CLOCK IN IT IAL  F I N A L  I N I T I A L  F I N A L  

- 
C O M M E N T S  

F i g u r e  5. Por tab le  C lock  Data S h e e t  
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U S N A V A L  OBSERVATORY 
34th and Mossochusct ts  Aye.,, NW 

Woshtngton, D.C. 20390 

BEPOHT OF PRECISR C I O C K  TIME MEASUREMENT 

Designat ion  o f  Cl.ock Measured 

UTC (NBS) 
Locat ion  o f  Measurement 

NRS, Boulder ,  CO 

Th l s  c lock  was measured by cumparlng ~ t s  time o f  day t o  t h e  U. S. 
Naval Observatory  Master Clock. 

UaLc and Tlme of Mrasurement:24 Jarluary 1973, lr3iB UT, M J D  41,706.762300 

Measurement: I I T C ( U S N ~  MC) - UTC(NBS) - - 0.7 us  i 0.2  u s  

S p e c l f l c a t i o n u :  

T r a n s r e r  Technique: U T C ( U S N O  PC 580) 

Measured Clock Pu l se  Characteristics: 

Amplitude = 1 .j v o l t s  i n t o  50 ohms 

I ' o l a r i t y  = p o s i t i v e  R l s c  Time: " O.OOh 

Pu l se  Measured A t :  

Amplltudc: 1.0 v o l t  Polarity: p o s ~ t i v u  Slope:  g u s l t l v e  

Las t  Measurcmcnt Made Was: 

Date of  Thi s  Repor t :  6 February  19'13 

By: JEAN D. LAVANCEAU 
S e c t i o n  Chief 
Control  of Time and Time I n t e r v a l  
Time Ser.vlce D i v i s i o n  

c o ~ l t r o l  No: A1 169 

F i g u r e  1 1 .  Manua l l y  P r e p a r e d  C l o c k  R e p o r t  



STANDARD OPERATING P R O C E D U R E S  

FOR 

PORTAaLE 1 , O C K  OPEKATIOliS 



I. P R E C I S E  T I M R  O P E H A T I O N S  S E C T I O N  

R E S P O N S I B L E  FOR T H E  F O L L O W I N G  : 

1 .  I N I T I A T E  T R I P  
A. I T I N ' E R A R Y  
B .  E S T I M A T E  C O S T  O F  T R I P  

2. A S S I G N M E N T  OF P E R S O N N E L  

3. C L E A R A N C E  M E S S A G E S  AND C O R R E S P O N D E N C E  

4. P R E P A R E  AND A L S O  M O N I T O R  T O  E N S U R E  A L L  DOCUMENTS ARE: 
C O M P L E T E D  ON T I M E .  
A .  T R A V E L  O R D E R S  
B. T R A V E L  A D V A N C E S  
C .  T I C K E T S  AND M T A S  
D. P A S S P O R T  W/VISA U P  T O  D A T E  
F. I M M U N I Z A T I O N  R E C O R D  U P  T O  D A T E  
F. DATA F O L D E R  W/INFO SHEETS 
G. F I E L D  MEASUREMENT S H E E T S  
H .  CUSTOMS FORMS 
I. E Q U I P M E N T  

5 P O R T A B L E  C L O C K  
A. OFFSET 
B. ON TIME 
C .  T E S T  

6. K O - 2  POWER S U P P L Y  
A. T E S T  

7. C O U N T E R  
A. T E S T  

8. T O O L  BAG 
A. M U L T I M E T E R  
B. C O R R E C T  F U S E S  
C .  P R O P E R  AC A D A P T E H S  F O R  T R I P  
1). TOOL K C T  
E .  AC E X T E N S I O N  ( 5 0 ' )  
F. DC C A B L E  F O R  CAR B A T T E R Y  
G. F L A S H L I G H T  
H. R A I N C O A T  



111. P R E C I S E  ' S I M E  AND TIME I N T E R V A L  BHANCH 

R E S P O N S I B L E  F O R  T H E  F O L L O W I N G :  

1 CHECK AND V E R I F Y  AZT, DATA AN]) H E P O R T S  

2 .  P R E P A R E  A D D I T O N A L  CLOCK H E I O X r P S  A 2  N E C E S S A R Y  

7.  P U B L I S I I  P E R T I N E N T  RESULTS 1:; T I M E  B E R V l C E :  :-;i<KiF::; 4 

4. S E N D  CLOCK ltEPORTS TO C O G N I Z A N T  P E R S O N N E L  

I V .  P O H T A B L E  C L O C K  TEAM 

TEAM J,FADER H A S  O V E R A L L  R R S P O N S I B I L I T Y  AND ' S H d H R F O R E  S l IOULI)  
ENSURE T I M E L Y  C O M P L E T I O N  O V  THE F O L L O W I N G  : 

1 . DATA R E D U C T I O N  B R A N C H  
A. R A T E  OF C L O C K  

1 .  ADJUS'L'MHNT I F  FLEQUIRET) 
B, E S T I 1 4 A T E  PC A G A I N S T  LORAN-C M D  CP:SLUDI A T  S E L E C T H I )  S I T E S  
C .  P R O B L E M S  WIT11 S I T E S  T I i A T  N H E 3  T O  BE I N V E S T I G A T E D  

2 .  O P E H A T I O N S  G R O U P  
A .  P A G S P O K T  W/VISAS 
B. L M M U N I Z A T I O N S  UP '1'9 DATE 
C. O B T A I N  C L E A R A N C E  Mb:S:;AGES AND ?JXKESP3Nll!:IJCE 
D. O B T A I N  T R A V E L  I N P O K M A T T O N  S H E E T S  mP PT'l'L FLELL) 

MEASUREMENT DATA S H E E T S  
E. M O N I T O R  PROGRESS OP DOCUMENTS 
F. R E V I E W  CORRECT P R O C E D U R E S  

1 M E A S U K E M E N T S  
2.  M E S S A G E S  

3 .  CAR R E N T A L S  

4 .  L I V I N G  ACCOMMODATIONS 



9. R E V I E W  CORRECT P R O C E D U R E S  
A. ME ASUKEMENTS 
B* M E S S A G E S  

1 0. E N S U R E  F O L L O W I N G  IS O B T A I N E D  PROM PIS. CHAHHON 
OR MR. CLARK 
A. P O R T A B L E  CLOCK F R E Q U E N C Y  O F B S H T  E S T I M A T E  
B. PEHFORMANCE E S T I M A T E  F O R  P E R I O D  O F  T R I P  
C .  ESTIMATE R E A D I N G S  O F  P C  A G A I N S T  S T A T I O N  C L O C K S  

AND LORAN-C AT S E L E C T E D  S I T E S  

11. A S T R O N O M I C A L  O B S E R V A T I O N  AND DATA R E D U C T I O N  BRANCH 

R E S P O N S I R L E  F O R  T H E  F O L L O W I N G :  

1.  E S T A B L I S H  O F F S E T  O F  CLOCK 

2. E S T I M A T E  CLOCK PEHFORMANCE F O R  TRIP P E R I O D  

7. E S T I M A T E  P C  A G A I N S T  M R A N - C  AND C E S I U M  
AT S E L E C T E D  S I T E S  

4 .  P R O V I D E  ABOVE I N F O R M A T I O N  BOTH TO O P E R A T I O N S  
S E C T I O N  AND TEAM L E A D E R  

5. A D V I S E  P C  TEAM O F  ANY PROBLEM AT S I T E S  THAT 
N E E D  TO BE I N V E S T I G A T E D  

6. E N S U H E  I N P U T  P O R T  F O R  DATA A C Q U I S I T I O N  S Y S T E M  IS  O P E N  
AND B E I N G  S C A N N E D  ON RETURN OF P O R T A B L E  CLOCK TO NAVOBSY 

7.  ANALYZE AND R E D U C E  DATA AND P R E P A R E  COMPUTER G E N E R A T E D  
CLOCK R E P O R T S  



5. R E C H K C K  
A .  O F F S E T  O F  CLOCK 
B. POWER SUPPLY 
C .  COUNTER 

6 .  I F  R E Q U I R E D ,  T H A I N I N G  E'OK K S I S T A N 1 '  TO ENSUKK HE/SIIE 
T S  A B L E  TO T A K E  R E A D I N G S  AND l I A B D L E  POWER 1 t E Q U I R E M E N T S  
FOH P O R T A B L E  C L O C K  

'7 .  TAG PC F O U R  D A Y S  PHLOR TO DKPARTUZIE SO F I N A L  R A T E  C A N  
f3E TAKEX---SAME H O L D S  T X U E  OlV R E T U R N  

V .  F I E L D  O P E R A T . l O N S  OF P O R T ' k H L E  CLOCK TEAM 

O P E R A T I O N S  AND I t E S P O N S I B I L I r l ' I R ~ ~  A S  F':?I,J,OWS: 

1 .  D E P A R T U R E  FROM USNO 
A .  ENSURE DATA F E D U C T L O N  BRANCH R E C E I V E S  C O P Y  

O F  R E A D I N G S  A G A I N S T  S Y S T E M  I ,?, & 4 
8. S T A R T  L O G  ON C L O C K  P E R F O K M A N C E  

1 .  D A I L Y  M E T E R  H E A D I N G S  
2.  D A I L Y  T I C K  T O  P I I A S E  
3. T l M E  ON B A T T E R Y  V E H S U S  'PIMP;  ON C H A R G E  
4 .  T E M P E I I A r P U 8 E  C H A N C E S  
5. A N Y  U N U S U A L  P H Y S I C A T ,  VIBRAT ~ O N S / S I ~ O C K S  
6 .  ALARMS ( I N L ~ T C A T E  ('ONDIiII1ONL;, D A l l E  ANT) Tl.v1r7) 
7. L A S T  E N T R Y  SHOULD T N 2 L U D E  HOT11 D E P A K T U d E  R E A D I N G S  

AND H E A D I N G S  UPOV IIETUHN TO IJSNO ( A G A I N S T  S Y S  1 ,2,4) 

2. A L L  ME;ASUKEMENr?S TO BE K I N E  AS F O L L O W S :  
A ,  T A K F  R E A D I N G S  AND ' t N T E R  O N  DATA S H E E T .  I N C L U D E  A L L  

P E R T I N E N T  I N F O K M A T I O N  
B.  IiAVE ABOVE HECHECKEL)  BY ASSISTAUT 
C .  R E A D  " C - F I E L D "  AND WHERE P O S S I R L b :  THUMBWHEEL S E T T I N G S  

3. IJPON A H R I V A L  A'? S T T E S ,  CARKY OUT THE FOLLOWYfJG: 
A .  O B T A I N  JNFOHlVIAT TON ON POWER AVAJT,AHLL'  

1 .  ENSURE POWXH/VOLTASF: SFTTINC:;  OK 130TH POWKK S I S P P L Y  
AND COUNTRR A R E  C O R R E C T  



2. IF E Q U I P M E N T  MUST R E M A I N  O V E R - N I G H T ,  E X P L A I N  O P E R A T I O N  
O F  B O T H  POWER S U P P L Y  AND C E S I U M  O S C I L L A T O R ,  I N C L U D I N G  
ALARM C O N D 1 T X O N S .  L E A V E  W R I T T E N  I N S T R U C T I O N  S H E E T  W I T H  
P L A C E  O F  L O D G I N G  AND P H O N E  NUMBEHS.  R E V I S I T  S I T E  B E F O R E  
T U R N S N G  IN I F  P O S S I B L E  

4. T A K X  I i E A D I N G S  PER INS'L'KUCTION P O U N D  I N  NAVOBSY TS/PTTI S O P - 8 1  , 
6-1 P O R T A B L E  C L O C K  O P E R A T I O N S  

5.  A S S I S T A N T  IS TO V E R I F Y  AND C O R R E C T ,  OR F I L L  OUT NEW T R A V E L  
LNFORMA'TCON S H E E T  

6 .  WHERE P O S S I B L E ,  M E S S A G E S  S H O U L D  B E  S E N T  BACK T O  I N C L U D E :  
A .  R E A D I N G S  
B. Q U E S T I O N S  P C  TEAM WERE [ JNARLE TO ANSWER 
C. CHANGES I N  '!L'HUMBWHE:F:L/C-FIELD S E T r [ I I N G S  
D. O ~ E R T I M E / C O ~ Y P ~ I I I M E  

7 .  A T  S E L E C T E D  S I T E S  1 :NSURE R E A D I N G S  A R E  W I T E I I N  A C C E P T A B L E  L I M I r C S  
OF ES'IIIMATED V A L U E S .  I F  N O T ,  TRY T O  D E T E R M I N E  S O U R C E  OF E R R O R  

8. UPON RETURN TO USNO, T R I P  REPORT M U S T  BE F I L L E D  OUT WITHIN 
F l V E  WORKDAYS AND DALLY LOG ON PC S I I O U L D  BE 'PURNED O V E R  
'PO O P E R A T I O N S  G R O U P  AND DATA S H E E T S  S U B M I T ' T E D  AS S O O N  A S  
P O S S I B L E  



*"** EMERGENCY P H O C E D U R E S  F O B  P O R T A S L E  A T O M I C  C L O C K  **"% 

CLOCK TEAM MEMBERS: ---- 

L O D G I N G  : -- - 
PHO NF 

I F  ANY O F  T H E  F0LLOW;NC; SHOIJLC IjCCUH PLEASE 2iOT:FY ONE OF THE CLOCK TEA14 
MEIYBFHS IMNE:DIAtl 'ELY. 

1 .  K O - 2  POWEK SUPPLY 
A.  AC POWRR L I G Y T  G O P X  OUT 
B .  I F  POWEH S I S P P L Y  1)C AKF MZTF:K iS R Z A D I N G  GREATER THAN 0.6 A M P S .  

2 .  5061 A C E S Z U M  13NAbl FREQUENCY S T A N D A H U .  
A .  I F  B A T T H R Y  L I G H T  ( Y K L L O W )  COMES ON. 
13. IF C O N T I N U O U S  O P E R A T I O N  L I G H T  ( G R E E N )  G O E S  OIJrS. 
C. I F  ALARM L I G I I T  ( Y E I ~ L O W )  COMES O N .  

5 .  S T A T I O N  POWER F A I L U R E .  

I F  P K l M A R Y  POWRR '&MAINS OFF F3R A P E R I O D  OF TWO H O U R S  AND YOU A R E  
U N A R L E  TO REACH ONp; OF T H E  P U R T A R L E  CLOCK TEAM M E M B E R S , F L P ; A S E  DO 
T H E  F O L L O W I N G .  I F  A N Y  DC S O U R C E S  6 V ,  1 2 V ,  ?4 T O  jOV R A T E D  A T  1 2 0  
WATrCS A R E  BVALLABLE AT YOUR J I O C A T I O N ,  COI'JNECT T H E  CLrOCK '10 T I I E  
S O U R C E  U S l N G  T I I E  P R O C E D U H E S  L I S T E D  BELOW. lh' THRSE DC S O U R C E S  A R E  
U N A V A I L A B L E  AT YOUR L O C A T I O N  YOU C A N  R E L O C A T E  TO ANOTXER B U l L D -  
I N G  OR USE AN A U T O M O B I L E  RA'CTERY, 

A .  l i O C A T E  PDRTAJ3LE CLOCK TEAM';; T O O L  R A G  A N D  REMOVE THE 1)C POWEH 
C O R D . ( I T  W I L L  H A V E  '1'blO a A T T E R Y  CLIP:'; OTT ONP: END) 

13. ON TilE: POWER SUPPLY, WHICH I2 'I'HE LOWYII FIj21,F OP' T l I E  POR'TABLF: 
CLOCK U N I T ,  TURN DOWK V A l i I k C  TO Z 2 K O  AND "nMOVE AC CORD FROM 
OUTLF:T. 

C .  T U R N  S W I T C H  MARKED POWER (LOWEH R I G H T  F'KONT P A N E L , L F , F I P  O F  
C O N V E R T E R  S T A R T  BUTTON) T O  EITHER GV OR 1 2  V ,  D E P E N D I N G  ON 
V O L T A G E  OF A V A I L A B L E  S O U R C E .  

D. F O R  E I T H E R  6 V  OR 1 2 V  CONNECT DC POWER CORD TO POWER S U P P L Y  
C O N N E C T O R  W H C H  IS  MARKED DC I N .  (HEAR P A N E L  O F  POWXH S U P P L Y  
L E F T  U N D  S I D E  FROM R E A R )  

E .  C O N N E C T  HED C L I P  TO P O S I ' S I V E  AND BLACK CLIP TO N E G A T I V E  
T E R M I N A L S  OF SOURCE. 



F. CHECK FOR AC LIGHT.  IF O N ,  ADJUST VARIAC UNTIL DC A1YF METER 
READS 0.4 AMP. 

G .  I F  6 VOLTS DC IS USED, I T  MIGHT BE NECESSAHY TO PHESS CONVERTER 
START BUTTON. (LOCATED ON RIGHT HAND SIDE FHON P~NEL OF POWER 
SUPPLY. ) 

H .  IF 24 TO 3OV DC IS  TO BE USED, YOU WILL NEED 2 BANANA PUJGS 
OR OTHER MEANS OF CONNECTING INTO POWER SUPPLY VIA DUAL CONNECTOR 
O N  FRONT PANEL. I F  24 TO 3 0 V  DC I S  USED, V A R I A C  IS OUT OF THE 
CIRCUIT AND AC ON LIGHT WILL NOT LIGHT AS THE VOLTAGE ONLY 
OPERATES THE CLOCK FROM DC AND DOES NOT CHARGE THE BATTERIES. 

I. KEEP TRYING TO REACH THE PORTABLE CLOCK THAM. 



D A I L Y  I V H ' T A H L E  ULijI.;n A N 3  WWBH 5Uk'l'l.Y 1,:; 

U A T E  / / . 

POYEH SVPP1.Y S / N  

MTliri I W A I I  INGY 

LiAT'PtOtY - .  - . 
SUPPLY 
L i l N  PUMP -- 
i l S C  O d K N  
CS OVEN -- _ 
5 MHz 

MlI1,'l' 
UEM 1 -- 
C U R T R O L  ...... 

LNI ,  ilAliM . 

1 HHZ 
I i i O K H Z  -- 

D A I L Y  T I C  TO Pl!ASK 

HA':'I I 
HA8L"i' , J  

B A T T  j 

RATT 4 
OUT PIJ'I' 

1 '1Mb:  ON WWYK SUIIHC'E 
HRS MINS l : i i i i l ; / i l i S C  

A,: i"?'iER - _ _  
r:XT i rC _ __ 
['S ij,,"".' * . ,.) -- 
i':~ BATT - -- - 

A(:/ UL' 
A C I U C  
A C / I J C  
nc!lic 
A(: ;~c  
nc iuc  
AC/I)C 
AC/UC 
nc/nc 
nl:/I lC 
AC/11(! 
AC/ 'DC 
AC! I)(: 
A C / D C  
A J / ' D C  
A C / D C  



OUESTIONS AND ANSWERS 

MR. SAM WARD, JPL 

I s  t h a t  form t h a t  you used f o r  t h e  c l o c k s  which t h e  team c a r r i e s ,  
i s  t h a t  a v a i l a b l e  f o r  use? 

MR. PUTKOVICH: 

Sure, eve ry th i ng  -- a l l  ou r  da ta  i s  a v a i l a b l e ,  any th i ng  we have i s  
a v a i l a b l e .  

MR. WARD : 

I d i d n ' t  mean t h e  data,  j u s t  t h e  form. 

MR. PUTKOVICH: 

Sure, no problem. 

MR. KLASKE: 

It should be po in ted  o u t  as p o r t a b l e  c l ocks  ge t  b e t t e r  and b e t t e r ,  
a c t u a l l y  you expect  t o  see i t  l o o k i n g  l i k e  a t ime  step, if you had 
a p e r f e c t  c l ock ,  i t  would appear as a t ime  step, s imp ly  because o f  
t h e  r e l a t i v i t y .  

MR. PUTKOV I CH : 

Noth ing o f  t h e  magnitude t h a t  I showed, i t  i s  ve ry  much sma l le r  
sca le .  

V O I C E :  Computer Science 

How a r e  c l o c k  v i s i t s  i n i t i a t e d ?  

MR. PUTKOVICH: 

Wel l ,  t h e r e  a r e  severa l  ways, t h e  bes t  way t o  do i t  i s  t o  w r i t e  a 
l e t t e r  t o  t h e  Super in tendent ,  Naval  Observatory,  s t a t i n g  your  needs, 
what your  r e l a t i o n  t o  DoD o r  t h e  Navy i s ,  and where you would l i k e  
t o  have p o r t a b l e  c l o c k  measurements made. And then you w i l l  g e t  
an answer back. 



I f  you a r e  on ou r  usual route,  you will get a  portable clock 
measurement without t o o  much trouble.  I f  you a re  off  our  usual 
route,  you a r e  going t o  have t o  kick in a  few bucks t o  pay f o r  
t ranspor ta t ion and  per diem and t ha t  s o r t  of t h i n g .  

B u t  i t  i s  avai lable  t o  components o f  DoD and DoD contractors .  
And i f  you a r e  not off  the beaten t rack,  you can get  a  f reeb ie .  

MR. AL SWALGE, Frequency and Time Systems 

You asked or indicated you were looking fo r  improved clock power 
supply, could you elaborate a 1  i t t l e  on t ha t ?  

MR. PUTKOVICH: 

Yes, one of the problems i s  t h a t  the supplier  t ha t  we a r e  using 
now has been the  workhorse and  has been very good,  I have n o t  
too much of a problem with t h a t ,  b u t  i t  requires -- i t  has 
idiosyncrasies l i k e  when you take i t  t o  borthwestern Austral ia 
where the  power goes u p  t o  270 vo l t s  i n  the evening, you tend 
t o  have snioke and bad things happen t o  your power supply. 

QUESTION : 

I don ' t  know whose clock t h a t  niight be. 

MR. PUTKOVICH: 

Well, t h a t  i s  a KO2 power supply, i t  i s  a f an t a s t i c  power supply, 
b u t  i t  requires care and a t t en t i on .  I t  has sealed NiCd ba t t e r i e s  
i n  i t ,  they have the niemory problem, i f  you don ' t  keep track of 
your discharge and charge cycles ,  you may end u p  on the short  end 
of a power f a i l u r e  and  t h a t  i s  bad f o r  our clocks. Because once 
they stop,  you a r e  s o r t  of o u t  of luck and you might have $10,000 
worth of e f f o r t  down the tubes. 

MR. ANDY CHI: 

Do you care  t o  t e l l  us how the long-term, a t - r e s t ,  data of the 
portable clock compares with the data when the portable clock 
i s  on the t r i p ?  Does i t  look continuous or are  there  many 
downs, as i t  goes through t h e  t r i p s .  

I s  the d a t a  continuous while the clock i s  in the laboratory 
and when you take i t  o u t  t o  the t r i p s ,  on a long-term basis ,  
w h a t  do  the data look l i ke?  



MR. PUTKOVICH: 

Genera l ly ,  I t h i n k ,  we cou ld  say t h a t  you see t h i n g s  as t hey  were 
i n  t h e  f i r s t  two s l i d e s ,  e i t h e r  t h e  f requency s tays  p r e t t y  much 
same, o r  you do o c c a s i o n a l l y  g e t  frequency changes. You r a r e l y  
see t h e  s teps  i n  t i m e  t h a t  occur red  on t h e  l a s t  two s l i d e s ,  un less  
something i s  wrong w i t h  t h e  c lock ;  and then you have a problem. 
You have taken a c l o c k  t h a t  i s  n o t  performing w e l l  o u t  on a t r i p  
and you g e t  degrada t ion  of you r  da ta  acco rd ing l y .  

The h i g h  performance tubes t h a t  we a r e  us ing  i n  t h e  p o r t a b l e  
c l o c k s  t h a t  we have now, perform q u i t e  w e l l  i n  t h a t  regard.  The 
c l o c k s  t h a t  have t h e  double l o o p  i n t e g r a t o r s  a l s o  show some im- 
provement. So, t h e y  a r e  per forming f a i r l y  w e l l .  

DR. VICTOR REINHARDT, NASAIGoddard 

Do you have a f e e l  f o r  t h e  RMS frequency jumps t h a t  you see moving 
them around? 

PR. PUTKOVICH: 

No. 




