
THE HYDROGEN MASER PROGRAM FOR NAVSTAR GPS 

Roger L .  Easton 
U.  S .  Naval Research Laboratory ,  Washington, D .  C .  

ABSTRACT 

The Department of Defense has ass igned  t o  t h e  
Navy the  t a s k  of p rov id ing  both  ground and 
space maser f o r  NAVSTAR GPS. Two ground masers 
a r e  be ing  b u i l t  by t h e  Smithsonian As t rophys i ca l  
Observatory ( S A O )  and two c o n t r a c t o r s ,  RCA and 
Hughes, a r e  b u i l d i n g  p re l imina ry  space models. 
SAO has  a l s o  succeeded i n  having a  TEl l l  c a v i t y  
mase. The Nat iona l  Bureau of Standards  ( N B S )  
i n  Boulder i s  b u i l d i n g  a pass ive  maser. 
Supplementary r e s e a r c h  f o r  t h i s  program i s  be ing  
conducted a t  NRL. 

INTRODUCT TON 

I n  1974  t h e  O f f i c e  of t h e  D i r e c t o r  of  Defense Research and 
Engineer ing of t h e  O f f i c e  of t h e  S e c r e t a r y  of  Defense 
ass iqned  t o  t h e  Navy t h e  r e s p o n s i b i l i t y  of p rov id ing  
hydrogen masers f o r  NAVSTAR yround s t a t i o n s  and a space 
q u a l i f i e d  maser f o r  NTS-3 and f u t u r e  s a t e l l i t e s .  This 
paper d e s c r i b e s  t h e  NRL efforts be ing  made t o  respond t o  
t h e  NAVELEX PME 10G assignment.  

The reason  f o r  t h e  DDRLE i n t e r e s t  i n  masers i s  ev iden t  from 
f i g u r e  1. Here it i s  seen t h a t  t h e  pas s ive  maser i s  1 0  
t imes  more s t a b l e  than  t h e  smal l  cesium and t h e  a c t i v e  
maser has  much b e t , t e r  s t a l ~ i l i t y  than t h e  p a s s i v e .  

A word concerninq t h e  s t a t u s  of hydrogen masers.  A rough 
count shows t h a t  perhaps 50  such masers have been b u i l t  
and of t he se  about  one h a l f  a r e  i n  working c o n d i t i o n s .  Two 
f i f t h s  of  t h e  t o t a l  number w e r e  b u i l t  by Var ian.  A f t e r  t h e  
V a r i a n  time and frequency f u n c t i o n s  w e r e  bought by Hewlett  
~ a c k a r d  t h e  Hydrogen Maser p o r t i o n  was given t o  t h e  
Smithsonian As t rophys ics  Observatory (SAO) l o c a t e d  a t  
Harvard Observatory.  



Ground Masers 

SAO has b u i l t  9 ground masers and two space probes. Two of 
the  9 were de l ivered  t o  NRL. The one with which I am 
f a m i l i a r  has worked r e l i a b l y  f o r  more than one year .  
I n i t i a l l y ,  it had problems wi th  t h e  d i s s o c i a t o r  and wi th  
the  i s o l a t i o n  ampl i f i e r  bu t  s ince  these  were f ixed ,  i t  has 
operated r e l i a b l y  and we l l .  

SAO i s  bu i ld ing  two improved models f o r  the  NAVSTAR GPS 
program. I n i t i a l l y  these  u n i t s  w i l l  be used t o  check out  
the  space masers; u l t ima te ly  it  i s  planned t h a t  they be 
used a t  the  master c o n t r o l  s t a t i o n .  

Space Masers 

Competitive con t rac t s  have been l e t  t o  two f i rms,  the  
Hughes Research Laboratory i n  Malibu, CA, and the  RCA 
Sarnoff Laboratory i n  Princeton,  N. J .  These two f i rms a r e  
bu i ld ing  advanced development models of the  physics pack- 
ages and experimental development models of the  e l e c t r o n i c s  
packages. The winner of the  competition w i l l  then be 
determined. 

Cav i t i e s  

One of t h e  major problems i n  t h e  space maser i s  t h a t  of 
making t h e  u n i t  small .  The u n i t  s i z e  i s  determined l a r g e l y  
by the cav i ty  s i z e .  For the TEOll type cav i ty ,  almost 
un ive r sa l ly  used, t h e  s i z e  before  loading i s  approximately 
11" i n  diameter and 11" long. This s i z e  i s  increased 
s u b s t a n t i a l l y  by t h e  c a v i t y  s h e l l ,  a pressure  vesse l ,  and 
numerous magnetic s h i e l d s  and hea te r s .  

Another candidate  c a v i t y  i s  t h e  T E l l l  which recen t ly  has  
worked i n  an opera t ing  maser a t  SAO. This c a v i t y  i s  smaller  
i n  diameter by a  f a c t o r  of 2 . 1  than t h e  TE type and 
hence l e s s  than 1/4 the  volume. A paper o i lkhis  c a v i t y  i s  
scheduled f o r  tomorrow's program. 

The second method of making a smaller  c a v i t y  i s  t o  load it 
with d i e l e c t r i c .  Mattison of SAO and Folen, Schel l ing  and 
Lynch of NRL have worked on t h i s  problem. Both the  TEOll 
and T E l l l  c a v i t i e s  have been solved a n a l y t i c a l l y  f o r  most 
purposes. The TEOll  i s  t h e  most i n t e r e s t i n g  of the  two. 
The s i z e  of a T E o l l  cav i ty  loaded by a  A1203 i s  consider- 
ably smaller  than the  unloaded T E l l l  c av i ty .  Figure 2 
shows t h e  r e l a t i v e  s i z e s  of these  devices .  





R i t z ,  Bermudez and Folen. I t  i s  apparen t  t h a t  carbon i s  a 
probable  v i l l a i n .  F igure  5 shows t h e  atomic f r a c t i o n  o f  
carbon ob ta ined  f o r  two samples. An obvious s o l u t i o n ,  a s  
brought  o u t  by J P L ,  i s  t h a t  a  b e t t e r  c l ean ing  method i s  
i n d i c a t e d .  

Another problem be ing  supported by non G P S  funds involves  
the bulb  c o a t i n g s .  These c o a t i n g s  have been much maligned 
a s  p o s s i b l e  weak p o i n t s  i n  maser des ign .  While maligned, 
t h e  measurements suppor t ing  any problem w i t h  bu lb  c o a t i n g  
a r e  s c a r c e  o r  non e x i s t a n t .  This  program i s  in tended  t o  
determine if a problem e x i s t s  i n  t h e  coa t ings  by measuring 
bo th  o l d  and new c o a t i n g s  by Auger and ESCA spectroscopy 
and Attenuated T o t a l  R e f l e c t i o n .  I n  a d d i t i o n  t h e  use of 
h i g h l y  f l o r i n a t e d  epoxy r e s i n s  of the d i c l y c i d y l  c l a s s  w i l l ,  
be evaluated. 

Summary 

I n  summary it can be s a i d  t h a t  t h e  hydrogen maser program 
f o r  GPS i s  going w e l l ,  e s p e c i a l l y  w e l l  i n  t h e  a r e a s  which 
make a  smal l  maser appear e s p e c i a l l y  f e a s i b l e .  The T E l l l  
c a v i t y  has  been opera ted  i n  an o p e r a t i n g  maser by SAO. The 
NBS work on t h e  p a s s i v e  maser looks  most encouraging,  and 
t h e  SAO-NRL work on d i e l e c t r i c a l l y  loaded c a v i t i e s  make a  
r e a l l y  smal l  hydrogen maser concep tua l ly  p o s s i b l e .  



~ i q u r e  1 comparison of Stabilities of Three Hydrogen Masers and 
One C e s i u m  B e a m  Tube 

F i g u r e  2 Sizes of Three Types of 1420 MHz Cavities 

Figure 3 Shieldinq Factors on 16.6"  n i a r n ~ f ~ r  . C h i  old I n l A l l  

~iqure 4 The Hydrogen Dissociator I 

Dissociator Glass Samples 














