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ABSTRACT 

The f i r s t  phase f t he  NAVELEX/NRL/USNO Master C lock  (MC) 
upgrade has been completed w i t h  the  del ivery o f  t w o  
V L G l l B  Hydrogen Masers t o  the  U. S. Nava l  Observatory (USNO). 
A f t e r  insta l lat ion i n  a specially prepared Maser 1-aboratory w i t h  
redundant environmental control, and a ten-day "burn-in" operation, 
t he  masers were independently tuned. The i r  subsequent perform- 
ance caused a rev iew o f  our plans fo r  the i r  operational use as par t  o f  
the  USNO M C  complex. A revised concept is the basis f o r  system 
integrat ion presently i n  progress. 

INTRODUCTION 

F o r  short t i m e  intervals, the  performance o f  the  USNO Master  C lock  is l i m i t e d  by the  
performance o f  t he  frequency standard which drives the phase stepper, pulse divider, t i m e  code 
generator and dist r ibut ion ampl i f ie r  complex. The data ampl i f ie r  complex comprises one o f  t he  
several "Reference Clocks" which implement the  master c lock t i m e  reference. F o r  long t i m e  
intervals, cur rent ly  longer than one day, the reference clocks are phaselocked t o  the computed 
reference t i m e  scale MEAN(USN0). This phase lock is done by a once a day se t t ing  by  
computer o f  the  respective phase microstepper. 

I n  September 1983 USNO received del ivery o f  t w o  V L G l l B  hydrogen MASERS (produced by Dr. 
Vessotk group a t  Smithsonian Astrophysical Observatory, praduct ion number S-18 and 5-19) 
which are cur rent ly  being incorporated i n to  the master clock as superior dr iv ing frequency 
standards. The performance we Rave measured w i l l  pe rm i t  us t o  aperate the  reference c lock 
(which is t o  be dr iven by one o f  the  MASERS) i n  an improved way. 

IN IT IAL  MASER PERFORMANCE 

F igure  1 shows a conventional sigma-tau p lo t  f o r  the d i f fe rent ia l  s tab i l i t y  o f  the MASERS. 
These data have been obtained by the offset-beat method. F o r  our application, however, t he  
actual  overal l  per formance w i th in  our system is  o f  greater relevance. F igure  2 tabulates 5-day 
solutions o f  t he  MASERS i n  reference t o  our MEAN(USN0). Two observations are  obvious. 
F i rs t ,  we note the  d r i f t  o f  bo th  uni ts  (which is ent i re ly w i th in  specif icat ions and was expected 
t o  be larger by a fac to r  o f  t w o  t o  three). Second, we can see tha t  t he  residuals o f  t he  120 
hourly t i m e  measurements are indeed less than one nanosecond, i.e. the  s tbb i l i t y  o f  bo th  the  
t i m e  scale and the  MASERS is s l ight ly  he t te r  than we expected on the basis o f  older data. 
F igure  3 is a p lo t  o f  MASER 818 which shows a change i n  the  d r i f t  r a t e  which we cor re la te  w i t h  
work i n  the  room a t  t ha t  t i m e  (/I19 was tuned). 

The fo l lowing pictures show the d i f fe rent ia l  s tab i l i t y  o f  the  t w o  MASERS expressed as residuals 
a f te r  subtract ion of a quadratic f i t  i n  phase for  progressively longer t i m e  intervals. I f  t he  d r i f t  
stays very constant, then we can apply the  phasestepper correct ions w i t h  a time constant longer 
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than one day and thereby further reduce the phase noise i n  the reference clock (the noise of  t 
MASER is considerably less than the noise f rom the t ime scale for  t ime intervals up t o  a f 
days). Table 1 summarizes the essential features o f  Figures 5-8. 

LENGTH OF FIT RMS RESIDUALS 
days P s 

7 150 
15 196 
26 11.50 
40 1870 

Table 1 

Figure 8 is part icularly impressive because it shows that for the fu l l  duration of 40 days o 
three incremental (over and beyond the constant d r i f t )  frequency changes occurred. These 
6.7, -4.5 and 3.0 parts i n  ten t o  the fifteen. The belief is, therefore, justi f ied that we w i l l  
able to  u t i l i ze the outstanding stabi l i ty of these two  units for  times much longer than one day 

MASTER CLOCK MASER S1,JBSYSTEM CONCEPT 

The MASERS are not only superior clocks and cost commensurately more than industrial h 
performance cesium clocks, they also require much more attention. They must be tuned ev 
month in the interest of  continuing high stability. We also expect more interruptions for  o t  
reasons. I t  is  for  the provision o f  more required operational f lex ib i l i ty  which w i l l  be requi  
that  we srrived a t  a subsystem concept as depicted ih Figure 9. A t  the heart o f  the syste 
our standard system controller, an HP9915 computer wi th  two  interfaces: An  IEEE 488 bus 
measurement and control and an RS 23213 fo r  communication wi th  our IBM Series 1 m 
computer. The concept allows for switching the driving standards at any t ime  because 
synthesizer o f  one unit. w i l l  be remotely adjusted t o  keep the output o f  both units in phase a t  
times. This way tuning and repair can be performed on a unit without interruptions i n  
operating system, barring catastrophic failures. For ty  channels of test voltages for  each 
are under constant surveillance for diagnostic purposes. The system concept fol lows our gene 
principle of local control so that  this subsystem is entirely independent i n  between the 
comrnuriications w i th  the IBM operations controller. It also uses t o  the maximum extent 
quality industrial components and subsystems. This subsystem is current ly being assembled 
interfaced. We expect t o  be i n  operation i n  spring 1984. 
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QUESTIONS AND ANSWERS 

MR. WARD : 

Sam Ward. I have two questions. First, what is causing that periodicity 
that I saw in the sort of data? 

DR. WINKLER: 

That is an effect that you can see in every record which has a limited 
data length. The affect has been discussed at length by Jim Barnes a few 
years ago. 1tVs simply the low frequency spectral content of the variations 
which the masers show; and you have the combination of a filter due to the 
cutoff of the data, and low frequency content appears for a final data piece 
as some kind of indication of a sine wave. 

If, however, you take the next spot, the sine wave looks different. If you 
continue sampling the sine wave changes period. It is really not the sine 
wave, It is the low frequency content of the disturbances, and you find it 
in any such record between highly stable standards. Your second question? 

MR. WARD : 

The second question deals with the convenient means of measuring the 
Zeeman so that you can see whether the magnetic environment for both of 
them has changed. 

DR. WINKLER : 

We plan to be able at any time, by pushing a button on the controller, 
to shift--System B, for instance, if that one requires a Zeeman measure- 
ment to be operated from the first maser, or in fact from an additionally 
available Cesium signal that will come from one of our cesium clock 
vaults and then the maser is available for anything. You can make your 
Zeeman measurements. You can take it apart if you want to, and you can 
do anything. You can tune it as often as you please. The idea has been 
to have a system which will allow maximum use of these two beautiful clocks 
that we now have and are better by a factor of 10 what our specifications 
have called for; and I am very happy to acknowledge here the excellent 
cooperation between the three Navy agencies involved, namely, NAVELEX which 
provided the program management; N.R.L., with Joe White who wrote the 
specifications, and our contractor, Smithsonian Astrophysical Observatory, 
which delivered the masers, and really took every pain to make sure that 
they operate at this performance level. 

My purpose was to report the initial performance of the masers, and to do 
that I felt some kind of an obligation because in the past there were some 
quite critical remarks which I made about the performance of masers, and 
I'm happy to correct myself and say that now we have clocks that are better 
than anything I have ever seen. Thanks. 




