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Summary 

Recent  developments  have  provided a 
method  for  obtaining  submicrosecond  time  com- 
parisons  over  continental  distances. The  method 
was  applied  to a time  comparison  between  the 
master  clocks  at  the United States Naval Observ- 
atory (USNO) and at  the  National  Bureau of 
Standards (NBS) in  Boulder,  Colorado. 

There  were  the following  developments. 
First, if two signals show a reasonable  degree 
of correlation  in  their  fluctuations,  then one may 
derive  an  optimum  linear  combination of the two 
with a mean  square  error  less  than  for  either 
signal  individually. The two signals  studied  were 
the  transmissions on 2 1 . 4  kHz from NSS in 
Annapolis,  Maryland, and on 2 0 . 0  kHz from 
WWVL in  Fort  Collins,  Colorado.  It is neces- 
sary  that  receivers be located  for both signals  at 
the  locations of the  controlling  clocks.  Exist- 
ence of positive  correlation  was shown.  The 
positive  cross  correlation  probably  was due to 
the  near  reciprocal  path and  the  very  close 
transmission  frequencies. 

Second,  the  phase  fluctuations due to  the 
propagation  medium  were  consistent  with a 
spectral  density of the  random  phase  noise  pro- 
portional  to If  1 - ', commonly  called  flicker of 
phase  noise.  This  persisted  for  Fourier  fre- 
quencies  from one cycle  per  day down to one 
cycle  per  several  weeks.  The  fluctuations on the 
linear  combination of the two signals  still  be- 
haved  as  flicker of phase  noise  but  at a lower 
level. 

The phase or time  fluctuations of the 
master  clocks  however followed a spectral  
density law proportional  to If I - 3 ,  flicker of f re -  
quency  noise,  for  frequencies  lower  than one 
cycle  per day. 

Third,  an  optimum  linear filter (Wiener 
filter) giving  the  minimum  mean  square  error 
estimate (MMSEE) of the  signal  has  been  deter- 
mined  for a random walk of phase  signal  (spectral 
density  proportional  to If l-2) imbedded  in  white 
noise  (spectral  density  proportional  to If 1 O). The 
same  filter  was shown to be still  optimum  for 
spectral  densities  proportional  to If for  the 
signal and If  1 - for  the  noise. 

Application of the above filter  to  the 
appropriate  linear  combination,  defined  through 
correlation  properties, of NSS and WWVL signals 
showed  an improvement of 15 dB in  the r m s  day- 
to-day  phase  fluctuations.  The  day-to-day r m s  
time  deviations  were  about 70 ns on the  final 
results.  The  output estimate of the  filter,  com- 
pared with portable  clock  measurements, gave a 
disparity of the  order of the  final output  noise. 

The experiment  provided  an  opportunity  to 
determine if  there  is an  effect of mass  on fre-  
quency  and  within  the  uncertainties of the  experi- 
ment a null  result  was  obtained. 
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