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ABSTRACT 

The NASA-JPL Deep Space Network (DSN) supports spacecraft naviga- 
tion requirements through the use of ensembles of atomic frequency stan- 
dards located in Australia, California, and Spain. The syntonization of  
these widely separated reference frequency standards is maintained over 
long periods, >6 months, through use of a technique that exploits the 
phenomena that: the magnitude of the offset of the output frequency of 
a particular hydrogen maser ( H 2 M )  from the hydrogen 1 ine is constant 
throughout the life of the H2M. 

The magnitude of an H2M's frequency offset (F,) from the hydrogen 

line is a function of CF,, OFr, AFt, AFw, where m is the ambient magnetic 

field in the bulb, r is cavity mistuning, t is thermal motion of hydro- 
gen atoms in the bulb and w i s  wall collision caused shifts. Of these 
four, AFr i s  the major contributor to drift o f  the output frequency. 

Subsequent to a careful cavity tuning operation any residual frequency 
offset is due to the other three error sources (OF,, AFt and AFw). This 

residual Fo is largely a function of the manufacturer's design and the 

maser's geographic orientation. .Thus this residual F,, for a particular 
H2M at a fixed location, will be constant throughout the life o f  the H2M. 

In August-September 1980 the Fo of three Smithsonian Institution 
Astrophysical Observatory (SAO) model VLG-1 OB hydrogen masers at widely 
separate locations were measured against a "calibrated" model 5061A 
cesium beam frequency standard. In April -May 1981 after the three H2M's 
were returned to the hydrogen line, the Fo values returned to within 
<+ 4 X 10-15 of the original "calibrated" values. Since the "calibrated" 
5n61A was calibrated against UTC ( N B S ) ,  then the syntonization between 

H 2 M ' s  and to UTC (NBS) was maintained within a few parts in 10 13th over 
a period of >8 112  months. More accurate syntonization may be obtained 
if the retuning is performed more frequently. 

This paper was to present the results of one phase of research carried 
out at the Jet Propulsion Laboratory, California Institute of Technology, 
under Contract No. NAS7-100, sponsored by the National Aeronautics and 
Space Administration. 
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QUESTIONS AND ANSWERS 

QUESTION FROM THE AUDIENCE: 

I have a quest ion.  What i s  t h e  re fe rence  s tandard f o r  t u n i n g  t h e  
maser, p a r t i c u l a r l y  i n  Spain and A u s t r a l i a ,  and what ' s  t h e  p ro -  
cedure o f  t u n i n g  t h e  maser? 

MR. WARD : 

Your f i r s t  ques t i on  f i r s t .  The re fe rence  standard we use was 5061A, 
o p t i o n  4, Hewlett-Packard cesium. 

And t h e  second ques t ion .  I n  t u n i n g  t h e  maser, you measure t h e  
Zeeman frequency, then  us ing  an independent r e fe rence  such as a 
q u i e t  cesium, bu t  p r e f e r a b l y  a good s p e c i a l l y  prepared rub id ium,  
such as t h e  5065, and you use t h a t  t o  tune t h e  c a v i t y  over  t h e  
hydrogen 1 i ne. 

QUESTION FROM THE AUDIENCE: 

Yes. What i s  t h e  s tandard t ime  f o r  t u n i n g  t h e  maser? 

MR. WARD : 

I t  i s  a f u n c t i o n  o f  how q u i e t  your  source i s .  If you used another  
maser, you can do i t  i n  a few hours. If you use a rub id ium,  i t  pe r -  
haps w i l l  t ake  you a day, I f  i t ' s  cesium, as we i n  many cases have 
t o  use, i t  may t a k e  f i v e  days. 

QUESTION FROM THE AUDIENCE: 

Okay. Another quest ion.  D id  you change t h e  o r i e n t a t i o n  o f  t he  
maser, and how much does t h e  frequency o f f se t  change? Because I 
was wondering even i f  you d i d n ' t  change t h e  p o s i t i o n  o f  t h e  maser, 
b u t  t h e  surrounding magnet ic would change f o r  some reason? 

MR. WARD : 

Wel l ,  f i r s t  we have e x c e l l e n t  s h i e l d i n g .  And we t r y  t o  p u t  them i n  
m a g n e t i c a l l y  s t a b l e  environment second, and t h e  r e s u l t s  show t h a t  
n o t h i n g  has happened i n  t h e  magnet ic domain o r  we c o u l d n ' t  g e t  those 
numbers t h a t  you j u s t  saw. 




