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ABSTRACT 

The National Institute for Standards (NISI is maintaining the Egyptian 
National Standards. International Comparisons of NIS Frequency standard 
are continuously carried out. To obtain the required traceability, the 
most widely used system for time dissemination has been the navigational 
system of the U.S. Coast Guard-Loran-C. The only chain that was available 
for timing in Cairo, Egypt was the Mediterranean (7990). The NIS receives 
the Loran-C signals from Sellia Marina (7990-M) and Kargabarun (7990-Y). 
The data are stored and compared with the data received from BIH at Paris 
and USNO at Washington, D.C. 

By 1985, however, two chains covering Saudi Arabia, came into operation. 
Since both Loran-C chains can be received at NIS, which is nicely situated 
between them, it was obvious that NIS can contribute to link them together. 
Kargabarun, Turkey (7990-Y) of the Mediterranean chain is at 1244 km from 
NIS and Ash Shaykh Homayd, (8990x1 of the North Saudi Arabia at 408 km. 

This paper presents the results obtained from the two Loran-C chains and 
comparisons with repcrts from BIH and USNO. If the necessary arrangements 
are made, continuous comparisons can be done and information sent to all 
interested organizations. 

INTRODUCTION 

The National Institute for Standards (NISI time scale is compared with UTC 
by means of Loran-C signal reception. Loran-C chains, which use cesium 
beam frequency standards to control the frequency of the radiated signals, 
are maintained by the U.S. Coast Guard [I] so that the navigation pulses 
are synchronized to UTC (USNO). 

The NIS has been performing daily time comparisons of its atomic frequency 
standard NIS CS(HP 5061A-004) with the Loran-C Mediterranean chain 7990 
since 1983 . LC/7990 was the only receivable chain in Cairo, Egypt. 
By 1985, however, two chains, covering the Saudi Arabia came into operatioc. 
The two chains, cover the Red Sea, The Arabian Gulf, the Gulf of Aden and 
part of the Arabian Sea. It is a navigational system to provide coverage 
of the coastal waters of Saudi Arabia [ 2 ] .  These stations are established 
for their own organizational requirement. 
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S i n c e  b o t h  t h e  Medi t e r ranean  c h a i n  and t h e  North S a u d i  Arab ia  c h a i n  can  be 
r e c e i v e d  a t  NIS, which i s  n i c e l y  s i t u a t e d  between them, i t  is  obv ious  t h a t  
NIS can  c o n t r i b u t e  t o  l i n k  them t o g e t h e r .  

The purpose  o f  t h i s  p a p e r ,  is  t o  r e u o r t  t h e  r e s u l t s  obse rved  t h u s  f a r ,  o f  
compar isons  between S a u d i  Arabia  Loran-C t r a n s m i t t e r s  (8990,  7170) and t h e  
NIS f requency  s t a n d a r d .  
Comparison of t h e  two Loran-C c h a i n s  7990 and 8990 a r e  b e i n g  made w i t h  
r e p o r t s  from BIH and USNO. T h i s  paper  d e a l s  w i t h  t h e  r e s u l t s  o f  t h e s e  mea- 
su rement s .  

NIS MONITORING SITE 

P r e s e n t l y  NIS m o n i t o r s  t h r e e  loran-C c h a i n s .  These c h a i n s  a r e  t h e  Medi ter -  
r a n e a n  ( 7 9 9 0 ) ,  t h e  Nor th  S a u d i  Arab ia  (89901,  and t h e  Sou th  S a u d i  Arab ia  
( 7 1 7 0 ) .  The d a i l y  t i m e - i n t e r v a l  d i f f e r e n c e s  a r e  measured by two r e c e i v e r s  
f o r  e a c h  c h a i n .  By u s i n g  t h e s e  d a t a ,  r e l a t i o n s h i p s  between t h e  Medi ter -  
r anean  7990 c h a i n ,  which is  under  U.S. Coas t  Gaurd c o n t r o l ,  and t h e  North 
S a u d i  Arabian  8990 c h a i n  can  be de te rmined  [3] . F i g u r e  1  shows t h e  l o c a -  
t i o n  of t h e  NIS r e c e i v e r  and t h e  Loran-C t r a n s m i t t e r s .  A s  can  be s e e n ,  t h e  
NIS i s  a t  a  p l a c e  o f  a  p r e f e r a b l e  g e o g r a p h i c a l  c o n d i t i o n  t o  l i n k  t h e  two 
S a u d i  Arabia  c h a i n s  w i t h  t h e  Medi t e r ranean  c h a i n .  

THE SAUDI ARABIA CHAINS 

The Saud i  Arabia  Loran-C s t a t i o n s  d a t a  as w e l l  a s  t h e  Medi t e r ranean  s t a t i o n  
r e c e i v e d  a r e  g i v e n  i n  t a b l e  I .  D i s t a n c e  computa t ions  a r e  based on t h e  rec- 
e i v i n g  s i t e  c a l c u l a t i o n  i n  C a i r o ,  Egypt ,  a t  l a t i t u d e  30' 03 N and l o n g i t u d e  
31' 15 E ,  

TABLE I 
Data o f  T r a n s m i t t e r s  r e , ce ived  
- 

I 

C H A I N  RATE STATION LATITUDE LONGITUDE D I  TA CE PWH 
( u s )  - ? ~ m r  !(KW 1 

North S a u d i  89 ,900  M A f i f  23 48 36.8N 42 51 17.6E 1347.4 800 
Arabia  

X Ash Shaykh 28 09 15.9N 34 45 40,OE 407.9 400 

'7 

Homayd 

Sou th  S a u d i  1 , 7 0 0  M AL Khamasin 20 28 01.9N 44 34 52.3E 1715.7 800 
Arab ia  I 
Mediter -  79 ,900 Y Kargabarun,  40 58 21 N 27 52 2.OE 1244 250 
ranean  Turkey 



THE TIMING SYSTEM 

The p r o c e d u r e  f o l l o w e d  a t  NIS h a s  been  t o  c c l l e c t  d a t a  on  two Loran-C t ra-  
n s m i t t e r s  o f  t h e  S a u d i  A r a b i a  c h a i n s  a s  r e c e i v e d  a t  C a i r o ,  Egyp t .  Such 
s i g n a l s  we re  t r a n s m i t t e d  f rom ASH SHAYKH HOMAYD (8990X) o f  t h e  Nor th  S a u d i  
A r a b i a  and  ALKHAMASIN (7170M) o f  t h e  S o u t h  S a u d i  A r a b i a ,  and  r e c e i v e d  a t  
C a i r o .  

To i n s u r e  c o n t i n u i t y ,  two Loran-C r e c e i v e r s  a r e  u sed  f o r  e a c h  o f  t h e  two 
c h a i n s .  The d a t a  a c q u i s i t i o n  s y s t e m  i s  based  a t  p r e s e n t  on a p e r s o n a l  com- 
p u t e r  wh ich  c o n t r o l s  a l l  t h e  r o u t i n e  measu remen t s  i n s i d e  t h e  l a b o r a t o r y  [4]. 

TYPICAL RECORDS 

Compar i sons  a r e  b e i n g  made w i t h  t h e  s l a v e  s t a t i o n  a t  Ka rgaba run ,  Turkey  
(7990Y) o f  t h e  M e d i t e r r a n e a n  c h a i n ,  t h e  s l a v e  s t a t i o n  a t  Ash Shaykh Homayd 
(8990X) o f  t h e  N o r t h  S a u d i  A r a b i a  c h a i n  and  t h e  m a s t e r  s t a t i o n  a t  A 1  Kha- 
mas in  (7170M) o f  t h e  S o u t h  S a u d i  A r a b i a  c h a i n .  

F i g u r e  2 r e p r e s e n t s  a 7-day p l o t  o f  t h e  t i m e  i n t e r v a l  d i f f e r e n c e s  o f  a 
g round  wave s i g n a l  f rom 8990X, 408 km o v e r  d e s e r t .  F i g u r e  3 shows a 7-dav  
p l o t  o f  d a t a  r e c e i v e d  f rom t h e  t r a n s m i t t e r  7170 M ,  where  t h e  s i g n a l  a r r i v e s  
m o s t l v  o v e r  d e s e r t .  A s  shown i n  t h i s  f i g u r e ,  t h e  f l u c t u a t i o n s  o f  t h e  t i m e  
d i f f e r e n c e  r e a d i n g s  a r o s e  m o s t l y  a t  n i g h t .  T h i s  is  m a i n l y  due  t o  s k y  wave 
c o n t a m i n a t i o n .  F i g u r e  4  illustrates t y p i c a l  day  time, be tween  400 and  1700 
UTC, g round  wave o b s e r v e d  a t  C a i r o .  A l l  o f  t h e  d a t a  a v a i l a b l e  s u g g e s t  a n  
e x c e l l e n t  g round  wave s t a b i l i t y  when t h e  s k y  wave p a r t  is  e l i m i n a t e d .  The 
p h a s e  change  o f  a  g round  wave s i g n a l  f rom 7990Y f o r  a p e r i o d  o f  7  d a y s  i s  
shown i n  F i g u r e  5. The p a t h  t h a t  t h e  s i g n a l  t , r a v e r s e s  i s  p a r t i a l l y  l a n d ,  
b u t  p r i m a r i l y  s e a  w a t e r .  

COMPARISON WITH BIH and  USNO 

The t r a n s m i t t e r  u sed  i s  t h e  Y-s lave  s t a t i o n  o f  t h e  M e d i t e r r a n e a n  S e a  c h a i n ,  
l o c a t e d  on t h e  i s l a n d  o f  Ka rgaba run  ( 7 9 9 0 Y ) ,  o f f  t h e  c o a s t  o f  t h e  n o r t h e r n  
p a r t  o f  Tu rkey .  U s i n g  Lc/7990Y t r a n s m i s s i o n s ,  d i f f e r e n c e s  o f  NIS-7990Y 
f rom Augus t  t o  November 1986 a r e  shown i n  F i g u r e  6a .  P h a s e  t i m e  r e a d i n g s  
a r e  t a k e n  d a i l y  a t  1000 UTC. The v a l u e s  f o r  t h e  r e l a t i o n s h i p  USNO-LC/7990 
a r e  p u b l i s h e d  week ly  i n  t h e  Time S e r v i c e  S e r i e s  4 a n n o u n c e m e n t s ( 5 1  . 
The i n v e s t i g a t i o n s  r e f e r  ~ a r t i c u l a r l y  t o  a t i m e  and  f r e q u e n c y  compar i son  
be tween  t h e  NIS and  t h e  Bureau  I n t e r n a t i o n a l  d e  l l H e u r e  (BIH)  [61 . F i g u r e  
6b  r e p o r t s  t h e  v a l u e s  o f  t h e  p u b l i s h e d  d a t a ,  i n  BIH m c n t h l y  r e p o r t s ,  f rom 
Augus t  t o  November 1986. By a  s i m ~ l e  c a l c u l a t i o n  o f  NIS-LC/7990Y minus  
BIH-LC/7990Z one  o b t a i n s  UTC(N1S)-UTC(B1P). I n  F i g u r e  6c  t h e  d i f f e r e n c e s  
UTC(N1S)-UTC(B1H) v i a  t h e  M e d i t e r r a n e a n  c h a i n  7390 as o b t a i n e d  f rom Augus t  
t o  November 1986 a r e  p l o t t e d .  I t  i s  t o  be n o t e d  t h a t  B I H  r e c e i v e s  79302 
where  as NIS r e c e i v e s  7990Y. 

The Nor th  S a u d i  A r a b i a  t r a n s m i t t e r  u s e d  is  8990X l o c a t e d  a t  Ash Shaykh 



Homayd off the coast of the western part of Saudi Arabia on the Red Sea. 
The values of the relationship NIS-LC/8990X are recorded daily at 1000 
UTC. Figure 7a reports NIS-8990X from August to November 1986. The dif7- 
ferences (BIH-LC/8990) are illustrated in Figure 7b. 

UTC!NIS)-UTC(USN0) is similarly calculated. Figure 8 reports the values 
of the published data, in series 4 UTC(USiV0)-UTC(7990) from December 1386 
to February 1987 as well as UTC(B1H)-UTC(7990) and the measurements obtai- 
ned at NIS, UTC(N1S)-UTC(79901 for the same period. The differences UTC 
(NISI-UTC(USN0) and UTC(N1S)-UTC(B1H) are plotted'in Figures 9a and 9b 
respectively. 

Figure 10a reports UTC(N1S)-UTC(8990) as obtained from December 1986 to 
February 1987. The differences UTC(R1H)-UTC(8990) and UTC(USN0)-UTC(8990) 
are illustrated in Figures lob and 10c respectively. 

These figures give an estimate of what could be gained bv time comparisons 
using the Loran-C chain transmitted bv Saudi Arabia if tracking data would 
be available. 

Conclusions: 

Relationships shown can serve to improve traceability to USNO for those 
users of Loran-C. With improved equipment, better results and continuity 
of comparisons can be assured for very long periods. Operating with a 
single cesium beam, as we do presently, is not convenient for continuous 
operation over long periods. It is worth noting that the clock used in 
this work has been in operation since 1981. Of course, several inter- 
ruptions and failures had occured since then. Greater accuracy can be 
achieved if facilities for GPS recegtion are added. 
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Figure 1 Location of Loran-C transmitters and NIS receiver 
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QUESTIONS AND ANSWERS 

Brad Parkinson, Stanford University: Do you have firm plans to incorporate GPS into this 
comparison process? 

Dr. Samuel: Yes. 

Mr. Parkinson: When do you expect that to happen? 

Dr. Samuel: When I get the funds. 

Prof. Leschiutta, Politecnico-Elettronica: This is not a question, but rather a comment. 
Everyone is aware of the interest of the international timing community in having the 
Saudi-Arabian chain synchronized. The CCIR took the opportunity recently to ask Saudi- 
Arabia to make an effort to synchronize the chain to UTC(B1H). I think that will be done 
soon. 


