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Rel:~tive comparisons of Loran-C frccluency tr;insmissions between thc mas t e r  
station of Catanxaro (Simcri Crichi) ant1 the X, Z slave stations of Estar t i t  
(Spain) and Lampedusa (Italy) a r e  c:trrying out by the GG LORSTA Monitor 
Skation of the Medjterrancan Sca Loran-C chain. Thcsc  comparisons a r c  ablc 
to emphasize the relativc and, under cer tain conrlitions, the absolute r a t e  of the 
emitting standard frequencies of t l ~ c  slavc stations ant1 some relevant statistical 
propert ies  of the Loran-C Method for  frequency t ransmission and time synchron- 
ization. In fact the stability of cach Loran-C frecyuency s titndard t ransmission 
is subject to perturbations,  inore o r  l e s s  known, clue to the propagation rnetliuni 
and other  causes. Following the Allxn (19(;fi) mcthod f o ~  data processing, the 

0 performance of the relatlve r a t e  of frequency of the trrtnsmissions of the X, Z 
slave stations a r e  described calculating the standard deviation fl (N, T )  of a s e t  
of N frcqucncy measurements  f rom i t s  mean ;tveraged cluring sampling t imes T .  

We designate this standard devilition a s  the xncasure of the st:~bility of thc Loran- 
C frequency tr:insmission. 

Typical pcrforrnance of Loran-C t ransmissions has lleen successively studied 
by determining the Spectral density of the relative frccluency variations I~clween 
the X, Z s lave stations a s  rcgards  nlnster station. 

Onc of thc parameters  addresscci by this Interoperability Committee was timing 
nnd synchronization. The recomrncndations, and supporting r:itionalc fo r  these 
recommendations, will be  provicicd, 

INTRODUCTION 

In o r d e r  to study the stability ol' the Loran-C radio-navigatjon system i n  tllc 
Mediterranean chain and to clctcrmine ~ t s  typic:~l pcr form:~ nc e,  rclative corn - 
parisons of Loran-C frcqucncy tlb:tnsissjons between t h ~  i-nnstcr station of 
Catanzaro (Sjrnerj Crichi) and the X, Z slave st;itions of Estar t i t  (Spajn) and 
Lampedusa (Italy) a r e  carrying out by the CG LORSTA Monitor Station of the 
Mediterranean Sea Loran-C chain. All Loran-C station t ransmi t  on 101) kHz 



and a r c  controlled by cesium-beam atomic cloclrs. Thc cmalyzeddata a r e  r e -  
ferred to the period January-December 1972 for the Estartit station and to the 
pcriod Septembcr-December 1972 for thc Larnpedusa station as this last station 
is entered upon office only horn Scptcmber 1972. The phasc differences A @ 
(M - X) and A @(M - Z )  between the Irequcncy of the master  and slave stations 
X ancl Z as received at the Cagliari Monitor Station has been reconstructed 
taking in account the corrcctions produced at  the emitting station i n  order  to 
closely synchronize each slave station to a common reference. The Table 1 
gives u s  a statjstical distribution of thc phase and time steps carried out a t  the 
emitting slavc stations. Thcse data show that phase variations due to steps in 
time a r e  gencrally smaller than O. 1 w c c  this means that the virtual o r  relative 
synchronism of the Loran-C time scale is maintained to :ibout 0 .1  psec. 

Table 1 

Statistical Distribution in Percent of Mxn Made Time Steps Carried Out 
in the Emitting X and Z Loran-C Stations of the Mediterranean Chain 

Rangc in microsecond (M - X) % ( M - Z ) %  

0.00 - 0.03 0.0 0.0 
0.03 - 0.06 16.0 15.5  
0.06 - 0.03 35.8 31.0 
0. 09 - 0.12 42. 0 45.7 
0.12 - 0.15 4 .9  3 . 1  
0.15 - 0.113 1 .0  0. 8 
0.18 - 0.21 0 . 3  3 . 9  

Denoting by A @ (M - S) = B (M - S) the daily phase difference 01 the slave stx- 
tions X and Z with respect to the primary frequency of the mastcr  station as  
received a t  the Monitor Station and by d$  (M - S) the phasc steps brought into 
the emission, the daily calculated phasc diffcrence between slavc and master  
station will bc 

The quantities A 4 (M - S),,, = B (M - S),,l corrcspond to the theoretical 
relative phase differences betwcen the master  station and the X, Z slave sta- 
tions. In Figure 1 md Figure 2 a r e  plotted the real  (full points) and theoretical 
(blank points) integrated time scales defined a s  X I3 (M - S) and T: B (M - S),,l . 



'l'hc theoretical time scales X B (M - X),,l  and C B (M - Z),,, reprcscnt the 
relntivc pcrformance of the master time sc:ile with respect to tlic X and Z time 
scales. Thc instabilities of limc scale a r e  due to deterministic process 
such as ,  for instance, I'rcquency drift o r  systematic changes (real o r  apparent) 
in the path and to non deterministic processes (random fluctuations). From the 
date given i n  Figure I and Figure 2 we can deduce that thc relative ratc of the 
Master with respect to X and Z statjons was +29.2 nsec/day and +35.6nsec/ 
day rcspectivrly o r  about +3.4 x l o - '  and 4 .1  x 10-' ' . These data show the 
excellent stability of each time scale and of the cesium beam clocks. The pro- 
gressive phase rijffcrences Z H (M - S) observed at interv:tls of fifteen minutes 
was analyscd for emphasizes, the performance of this time scalc upon periods 
includcd i n  the intervals of 0.3 - 24 hours and 1 - 45 clays. The spectral dcnsi- 
tjes of the time scalc X I3 (M - Z)  plotted in Figvrc 3 arc  the trimcnsual average 
of thc values calculated on periods of thirty (lays. It is intcrcstjng to point out 
the existcncc of peaks common to each curve which coulrl be associated to syste- 
matic fluctuations in time scale. On the contr:try tllc spectral density plots of 
time variation referred to the same scale 2, 13 (M - Z)  for period bctween 1 and 
45 days is given in Figure 4. 

The theoretical daily rate of time scalcs C I3 (M - S), represent a significant 
parameter for the study of frequency drift in cesium stnnd:irds (Winkler et :A, 
1970). Thc values of the relative daily frecyuency rate J3 for the frequency com- 
parison (M - X ) and (M - Z) a r e  plotted in P ' i p r c  3. No noticeablc drift nppettrs 
for  the relative rate U (M - X); ns regards the ratc B (M - X) the :tvailahlc data 
a r c  ton little to be able to draw a conclusion, because these frequency shilts can 
only bc determined re1i:tbly over very long periods of time. It is interesting how- 
ever to point out a certain similarity i n  the trend and i n  the peaks of the common 
part to the curvcs. Thc spectral analysis of the quantities I3 (M - Z) shows the 
probable existencc of periodjcal irregularities of about 10 and 120 days with 
amplitudes of 3 - 4 x 10-I '. If thew fluctuations would result real  a their cause 
could be looking for in thc cesium bcarrl standarrls o r  i n  the relative path variations. 

NON DETERMINISTIC FLUCTUATIONS 

Non random phase fluctuations of thc cesium Learn introduced along a propagation 
path may be studied by using suitahlc statjstic:tl techmques. A useful measure in 
time and frequency domain has heen shown to be the vxlue of the standard rlevi- 
ation. Following 23. Allan (1966) we havc dt:scribed the pcrformance of the re1:t- 
tive rate of frequency 01 the h r n n - C  tr:insmission for the X and Z slave stations 
with respect to master station, calculating thc standarcl tleviation 6 (N, r ) of a 
set  of N frequency measurement from its mean vcrsus sampling time, Wc 



designate this standard deviation as  the measure of the stability of the Loran-C 
frequency transmission. The Figure 7 and Figure 8 shows the trend of the 
standard deviation u ( 7) (black points) of the relative frequency fluctuations 
versus measurement interval T in the frequency comparisons between the master 
stations M and the slaves X and Z, Thc results obtained in both cases a r e  very 
similar but more interesting a re  the results obtained from the I3 (M - Z) data 
owing to the very long measurement interval available. 

We can see (Fig. 8) that for sampling time T < 1 day and T > 30 days about the 
Loran-C comparisons exhibit white phase noise. For these ranges the stability 
results 

about 100 ns for T < 1 day 
about 250 ns for T > 30 days 

On the contrary b r a n - C  relative comparisons exhibits "perturbing" noise (white 
FM noise?) for sample time ranging from 1 day to 30 days about, the existence of 
these noise could be associated to the existence of long-term drift with period of 
about 5 - 1 0  and 40 days (see Fig. 6). 

CONCLUSION 

The phase fluctuations analyzed a re  composed of the following components: 

A 4 (rncasured) = A 4 (propagation) + A 4 (cesium) + A @ (transmitter) 
+ A 4 (receiver) + A @ (residual) 

If we assume that the phase noise in the receiver and transmitter is negligible 
with respect to the cesium and propagation fluctuations (Allan & Barnes, 1967) 
we can write 

Assuming, following Winkler et al., (1970), for the daily standard deviations of 
a cesium clock about 1 - 2 x 10-I 2, we can point out from the observed values 
of om given in Figure 7 and Figure 8 that fluctuations due to the influence of the 
medium on the propagation delay result of the same order of the random fluctu- 
ation of cesium beam, that i s  about 10-I 2 .  
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Figure 2. Theoretical and real relative time scales between the Master Station 
(Simeri Crichi) and X slave station (Lampedusa) as received at the Cagliari 
Monitor Station. 
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Figure 3. b>ectral density plot of relative time scale C B (M - Z)  
determined with a sampling period of 0. 25 h. 







SPECTRAL ANALYSIS B(M-Z) 

Figure 6. Spectral Analysis of the daily relative frequency 
rates B (M - Z) versus period in days. 





Figure 8. Spectral capabilities of Loran-C relative comparisons between Master Station and Z slave station 
(Estartit). Plot of the square root of the variance a ( 7) of the frequency fluctuations. The dashed lines in- 

Y 
dicate the noise limits for theoretical time stabilities of 100  and 200 nsec based on the assurnntion of "white 




