
,,, , irac:eat,.Le fr>eql.~i-:ncy r:al.;.br.at,.Lons t$o &IS \r)Y sl;ari(3>i1-,d clocl~:; kt- :p t  i r i  

otklcr. [ ' ;gypt iar l  sc.icrltifi(;  organizat , ior l .s ,  r : : i l i  La:-.> ;ind I r -~dus t r - ' j  r-il 

labor .ator , i r :s  3r.e pr.ovj de(.",)y r:!ear:s of h a i l  y te? I.eviuiori mea:;!Are- 
rnerlts and  common-view rnori.iLor..ir.l.~.; ol" Lor,ari-C s i g n a h  by t h e  i.lser> and  
by ?JIS. 

T h i s  paper ciescr ' ibes  thf.: B r e q l ~ e n c y  and T.inmir:l:; sy:;ter:; 11:;eii a t  :;he 
PlIS and  t h e  methods  o f  c-.ompax-.irlg ?;I:; fr.ec.]ller,cy s!.,ar:(Aa?S xi-tth I??:. 

l)iayr,ams 2nd :;pecific;ljt,i(>rj.s oi' t ,odayl  Y sy:.;LerV) arc ~ j l ; - ; r . ~ : ;  i 'o!' ~'.JL.L;!-'~.' 

wor>k will bc pr>csent,eil .  

In Fjar.ch 151132, coxlt:,ac:i;eti w i t h  i \ lD arid Nati:jr-ial lr-is!,it~.l:,e 01' 
Standayti,.; arid 1:~:chwlology N I S I ' ,  i?cil!der7 to i.mpr>o7de Z,he 1;irne and  f'r7e- 

T .  

qaency  mca.sur'~rnent ~;ysLr:::i. L J ~ C ~ ?  l,he ~ Ie l i ve : . ' ~  o f  r-Ycc i vex;, :>ecept,lux! 
o f  Cjr~lega t;r ,ansmissl.ons and LljFIAN-C rlavi{;;atii:)n :;i.;;i;r!al.s h a v e  beer: 
star-l',e(l. 'The r , e su j . t s  of  cor ! t inuous  p h a s e  compar.'ison betweer! !~'lorlr.-)- 
v i a ,  Li t , f : r> ja  anti the NIS f'pec;uc::rlcy st,ar:(:~;r,u ~.;si: i(~ t h e  O9c:):;i 



t i r a n s m i t t c r  ( 12 KIlz) a ci.i.starlce ol' 5 100 km were gl.ven i n  Ref [3] . 
PI s t u d y  of' t h e  r'eceivi.xig; condit.,.iorr:; u s i n g  t h e  Loran-i:; t r a n s m b s s i o n s  
o f  t h e  Pledit,cw'rancari c h a i n  was rnaae at, NIS t;o i le teuvi ine the a c c u -  
r a c y  arid r e l i a t ~ i l i t y  01' t,ime d i  S f e r c n c e  rrieasnrernexlts [/+I . 

2. PRESENT S'I'A'l'US 

2 .  1 .  Refer-encc c lock  s y s t e m :  

r ,  I-he w'efcraencc c l o c k  s y s t e m  r;.u~~r.cxli;ly Leirig u s e d  at, t,kie NIS con- 
sists o f  t h c  Cesi.um k a m  f ' reqi~t?ncy :;tanciarci, a r:econdary Hubiclium 
v a p o u r  f r.eq~.icncy s t a r idard  anti  hii!;h quaJ i t y  crysf:,al.c;. Thr: prirrlary 
l ' r e q r ~ e n c y  s tandax7d f'or7 Lkie t,i.rr~iny; syst,(!ru i s  t h e  111' :r~odt:l. 5O6lA 
(op t . .  004 )  Cesiuin bealri o s c i l l a t o r - .  The  out pi.^ LS 01' t,he f 'rcqucricy 
:;tandar7d a r e  11sf:d a:; r c  l 'erel lce s i { ;nn l s  t o  d r i v e  the? LOFilIN-C r7ece i -  
ver7s  2 n d  o t h t > r  etlr~ipmc:rit v.ia [.he d i s t r 3 i  bul,.ion ar t~pl i i ' .Ler .  Bat,t,ery 
c.;per'at;ed power' supp1.y i s  u s e d  to p~ ' i )v id f :  1.1r1inter,-r~uy-)l:iblt: powerb 
t o  thc: st,antiar7a i n  t h e  (:vent. o f  ti powc::r7 Yai1ur .c .  

2. ;?. Mcasuremerlt F a c i l  i t y : 

"Yhc r cce iv i r l t ;  : ;ysten ~ox~j ra i sc : : ;  twc 'JLF r 'ecc i.verl:;, thrat!e a u t o m a t i c  
Plieco ~ , e c e i ~ ~ e r ~ s  and t,wo ;?COO I: LOfii\l\;-l; t irnlrig r c ! c e i v e r s .  The  d a t a  
a c q u i s  i Lion sy.st,cr:~ i s  t-mscd a t  1)r.e s en t ,  on a pcr 'sor ial  cornput;t:r7 wj. t h  
t ime-nr -day  c.l.ock, p r i n t e r  and d i s c  :;t.,ore t h e  ciat.a sysl,ern was p rv -  
v id tx j  from NIS"I', Uoli lder. b] . A i'r~wic t: i o n a l  diat.l;raam of t h e  e q ~ r  ji- 

pment 11sed f o r  I,'rlcl r-.r:a.l. izat,:i.on or Il'l'i: (N 1.2) i:-; t:i.ven i n  k ' i  i ~ .  1 2nd  
the p h o t o  of' t h e  Lirnillg s y s t e m  i.s sk~owrl i n  k'lg.2. UI 'C  (NLS) i:; 
corir~ectc:(j permanent,  i y t o  !;he st;art t e r m i r i a l  o[' f:ac;l-1 c )~ : i nnc l  o f  t h e  
4 char1nc.l. t i m e  ini;e17val counte17.  

Each  s t a l - . i on  i s  ~ , c c e i v e d  by means o f  t,wo t y p e s  of' t,kie Loran-C r e c e -  
i vc r . 3  iind t h e  r e c e i v e r 7  o ~ l t p u t  i s  cnririected t,o thc-! s tok)  t e r m i n a l .  Each 
mc:as~nr,cment i s  t h e  mcari of' 401) L i r n c  dif '1 'err:nce .rwadirlg:<. Ttie 
corrlput,ed r.e:;ul t*..;, togethcjr .  wit,ll a t, hrne l,;~g a r e  p r i n t e d  each h o u r  on 
a I ' loppy d i s c  for per 'maner~t  st ,orBage and  : ;ubscq~rent  a n a l - y s i s .  

3 .  DATA C:OLLI':CT.LON AND F'Ri!CE:.';SLNl; 

For. rrrany y e a r s ,  J.oran-C 7!.<1)':: 1' I - " r)o::i k ; ~ r ~ g a b a r u r i ,  T1.1rkc:y i n  t h e  Medi- 
t;er,r.;ir~ear~ :;ea c h a i n  !1&;3 [->(->cr; t i . 1 ~  ~ n a i  xistay of t,he t,irne 1. i nk from NIS 
t,o t,he Briraeau I:rite:--~!:;i:.lcr ;L. \.it.: .I. ' i-it-.lJw'e ( I $ i t i )  . lie~i;u:i.;lw' mea:;urc!rrient,s 
art: madc: on t,tie ai~t,o::,::t;lc ::~eas~rernerlt fa ( : i l  i t y .  llle t i rne j.rlterva.l. 
c.ourit,er~ makes t;he Lime i n  t,er.v:.il mei~suremcr i t s  arid t r , ans l ' e r7s  them 
t o  t h e  cixap~~t( . : r '  f ~ r '  s t o r a g e  oti n i s c .  h'h~:n all. l,he r lecessar 'y  d a t a  
jig s t , o r ed  , timc:: p o s i i ,  i.on arlril y sis i s  accomp l.isht?d by usinjl; t h e  



data a n a l y s i s  systerf!. 

Tflc dat ,a  co].lecj;c(j at %I,? :+I, ?,he ]a:>?, :r;O:-!T,r;s ~,r ,~t?rericj :- ;& ~ k e ,  y lz ;  
. . 

to 7990 Y i,.s a gc:)nci exany,ie of nr70bi, ern,.: k-,r-, ::l!'!g , ;-. ~ h t :  >r:r;?i1rc:: ;iata. 
. . 

'fhc p l o t  :showrl ir? Fig!.~r'(-: 3 ~ h c , b ; s  "flat ~.,r'c:;;>c: ,:r-:,;;hers ;'> t k t ?  ::;;t:; "lair 

a :-;lidden jamp of' a'fi~u', !$ _;s, ';her? ::ont,lr:i;nr:& i:..'tiL:;:; at. ti-.? :;amp 
I-ate. F i g u r ' ~  /t gi.ves t!:~ da1.k a f t e r  rAernbvlr?g p h a s e  jumps. 

In +,kc: ,.r,eani;irne 2 ! :c:]z . :y; .<>:;s <:bc:ci3: (1): ~ ? . k  Ej::;c-,:;::.Z:;& ;-,r A,l?i2 >:L(:+:l; ., ., 

:;tati(>rj clock 'iu ca : ' r i e c  ' ; ( - 7 ,  " - - i;lt L I: ...,,.. - '  (,;.I:> :3., ;;rl;LL S::<J- 
- .  , . - 

- .. $-: r-. ,<. L :., :.; :; ,i :, i : 1 % :< :- 2 2 c2 - u-c [j(? ~ j , f  {;r,pat v a l : ~ ~  :,:: iiser:: in .:::!, LY?:. '. 

T . ,  - ,  c;a\ise rnl-lch ;!,ol,te:, <jista.r:<:i-:, 40E ~ 2 :  j':~,;::~ !~j.;:,% :J:~/!:l;l.*~7 \) j>'i7:fi;> ~,f!? 
p e l a t  i ve fy(:c.ll:ency :if t;)lc. ): stai;j.;:-: :::>(:.(;. 

7'hc: di:;sc::minat;ion of' the: tirr!e/i 'Peqdenc.y 1r.l: t,:; q ~ ~ L t r ~ i r i  L ~ I c !  ::c)I~P:,.,I~> 

is :>ealizc:ci by t,wz 1,c:ckn ie$?s 
1 . P 3 s s j . v ~  TV :;yr,c.hr(>u.~i::atiiji> techx:iq:le : Ar:c~.::-.a:.;ies o.!' I;:! us -. r 1  tirri!: 

2nd Ix 10-9 i r l  f rey ~.~c.:ncy ca:: be a:.:r:,.eve(,l . - .  
2. LORAN-C cnmmorl v.l r.:w rrioui-~ t,ol-j.rlg: Fr3eyl.ier.cy c:a~:i)r .atior:  r>e: l \ ; i re-  

merits ai, t h e  l e v e l  oi' par-,!, ir: c;a-. ?ck:i.cveci ! i s i n g  i , r- , is  
s e r*v i . c e .  

. - ., 

C a l i b r a t i o n s  a rc  provicjc(i,  i'or. ~ r . ~ e c i  ..;lor) ::sC,'liL;:'.,:>17s arlu 1'epcl.lr.i .IU .: p ' i V -  > -  

i n g  tklt': r7e at, ive f'requerlcy ve:>:;!is c s  (NIS) a:-,? : ;a~:;: l ied, 

- j j , , < - -  , , : >  e n  I ;  a n d  l:i:-: 
,_,,. an<: f r~c:q:.;ecc:j ?;i::>- teci,rl i!; igns ir.v:j i vef r t2;e ~ p p l .  .i c a . t i o r  1 )  I' T'--,,,  

:;ur-~erne:~t;:; . 

5, E'IJRUHF: PLANS 



Ia'or. 31.1 t h e  activities plannc-:(I and  rrreritiorlt<ci abovi . ,  anyone  ir11,er.e- 
st,cd i n  cooper7ati.xlp; w i l l  b e  welcomcci. The lat>or7a t,or7y :jl.:;o w ~ l  come:; 
any propnsa1 .s  f r 7 0 m  o the r .  l a b o r . a t , u r . i ~ . s ,  f o r  c.ol.Iabor.;it,i.on i.r-I t h i s  
f i e l d .  

C u r r e n t  a c t i v i t i e s  irl t h e  FT'1;i a r3ea  at, NI:; k:gypt ha:; becn pr7esent,c:d. 
NIS main l ,a ins  a ce s ium bcarn refcr.c:nce :;tar1tia1~d, con t i r l r l ous ly  compared 
w i t h  UTC r i s ing  Loran  C si(~;na.is. NIS cl.ock data i:; r.,epor-~t,i:d. The 
r e l a t i .  v e  f r e q i ~ r : n c y  of' t h e  c:lock s t a t i o n  899C X i:; i: i ven .  

Spt:cial t,har.iks t o  Mr' Ceor.{j;r: Karnas (-)I' t h e  NlST , without ,  whose c c j r l t i -  
nued S I I ~ I : ) ( ~ F L  and i<rlc(jur';ip;t:ment this w(:)pk :;hould r ~ o t  be pos . . ; ib le ,  

2. S.Sarnue1, t t I r i t e rna l ; i c ) r~a  I C:or:par-, i s o n  01' At,omi (.: Fr7equt.!rlcy :;taxldards 
v i  a VLE liaciio :;i gr.1a.i.s and I.,or-.an-r; Navi!~;;~ t i  or] System:-;, Pr30c. 
Second N a t i o n a l  liaciio Sc i  t13rice Sympo:-;i;~rr?-Cairn, Flgypt , 19114. 

3 .  S. Samuel. , llI.l:;o of' L i b ~ r . i : i  Omega t,r-arismis:iicjr1~ f 'or  f'r7equf::n(;y c ; ~ l i -  
brat , ior i  i n  Rgyp t ,  'I I'roc.. . of' t h e  1 8 t h  1'TT:I Mee t ing  ,- Was21ixlk;t;on 
i ) .C., Dec. 1986. 

[ I .  S.Samue1, "lise o f  t,hc I'.Tediter7r.;ir.lean Idor-,at!-C t , ra r~sm. i . s s ior~s  f 'or 
k ' requency C:a.Libr7at-iorl i n  El;yl)t.,," 2 .  S o c .  of  Kng.,  Vo1;25 No. 4 , 
1986. 

5. G. Kamas, DI, A. I,ornbar7tli, "A riew syst,crn f 'or  r-ic.:a:;~.~rinp; I:r,t:quency 
NCSL 1985 Wor7kshop and  Symposium; 1985 , Ju ly ;  I3o1iIdel~,  Cc-I. 

6.  S. Sarnucl., " L i n k i n g  S a u d i  A r a b i a  Lor7an-C t o  Mcci i t e r r a n c a n  
C h a i n ,  l1 f iroc. o f  t h c  19 t21 PT1'1 Dleet,irig, Wasl-ii n g t o n  JI. C .  , 
Dec. 1987, 

7. IJ W .  Al.l.ar1, and  M .  A .  Weiss  , " l i c c u r a t e  Tirrrc and  F'r>equency T r a n s f e r  
U~.lr.ing Commox~ View o f  a i;P:.< S a t e l l i  t.e." Pr,ot:. 3 4 t h  Ann. Symp. 
on F r e q .  Contr.o.1, P h i l a d e l p h i  a ,  PA, p.  334-:347, May, 1980 
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QUESTIONS AND ANSWERS 

GERNOT WINKLER, USNO: I wonder if there is any possibility of suggesting to the authorities 
which operate chain 8990 to put it more exactly on frequency, because your numbers indicate a frequency 
offset of somewhere around I x lo-''. Or am I mistaken? 

MS SAMUEL: They don't make an attempt to  keep it on frequency. 

MR. WINKLER: Then I suggest that they adjust it regularly as is done in the U.S. to keep it very 
close to the time and frequency of a national reference. In that case, the users could obtain the services 
directly, for example, frequency calibration. 

MS SAMUEL: They don't want to negotiate with Egypt. 




