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ABSTRACT 

The Naval  R e s e a r c h  L a b o r a t o r y  h a s  been  i n v e s t i g a t i n g  
t h e  a p p l i c a t i o n  of p a s s i v e  hydrogen  mase r s  t o  s a t e l l i t e s .  
T h i s  e f f o r t  h a s  i n c l u d e d  development  of a  work ing  s m a l l  
mase r  a t  NRL and c o n t r a c t r r a l  s u p p o r t  of work a t  Hughes 
R e s e a r c h  1 , abo ra to ry  and t h e  N a t i o n a l  Bureau  of S t a n d a r d s .  

The NRL mase r  i s  of compact d e s i g n  s u i t a b l e  f o r  t h e  
s p a c e  env i ronmen t .  It i s  based  on a d i e l e c t r i c a l l y  
l o a d e d  s a p p h i r e  c a v i t y  and  u s e s  a computer  o p t i m i z e d  
se t  of f o u r  s h i e l d s .  The m e c h a n i c a l  s t r u c t u r e  was 
d e v e l o p e d  i n  a c o o p e r a t i v e  e f I o r t  w i t h  t h e  Sn l i t h son ian  
A s t r o p h y s i c a l  O b s e r v a t o r y .  The s e r v o  d e s i g n  i s  a n o v e l  
p h a s e  s e n s i t i v e  method which  d i r e c t l y  measu re s  the  phase  
d i s p e r s i o n  of t h e  i n t e r r o g a t i n g  s i g n a l  a s  i t  passes t h r o u g h  
t h e  c a v i t y .  T e s t  r e s u l t s  w i l l  h e  presented. 

A b r i e f  s y n o p s i s  of t h e  r e s u l t s  of t h e  c o n t r a c t u a l  work 
w i l l  a l s o  be p r e s e n t e d .  

I N T R O D U C T I O N  

The Naval  Resea rch  T4abora torv  i s  i n v o l v e d  i n  deve lopment  of  
p a s s i v e  rnaser t e c h n o l o g v  f o r  a p p l i c a t i o n s  h o t h  i n  s p a c c c r a f t  
and  i n  ground s t a t i o n s .  T h i s  r e p r e s e n t s  a c o n t i r ~ u n t i o n  of t h e  
work done p r e v i o u s l y  i n  t h e  TIFZA'TION and  GPS p r o g r a m s .  The g o a l  
of t h i s  e f f o r t  i s  t o  p r o v i d e  a c l o c k  f o r  C:PS and o t h e r  p o t e n t i a l .  
u s e r s  which  i s  more s t a b l e  a t  p c r i o d s  of several  days  a n d  which  
i s  a l s o  c a p a b l e  of o p e r a t i n g  r e l i a b l y  i n  m i l i t a r y  e n v i r o n m e n t s .  
This p r o j e c t  i n c l u d e s  in-house  development  and  a l s o  r e l i e s  on  
o u t s i d e  t e c h n o l o g y  develnpment  bv o t h e r  g o v c r n ~ n e n t  and  i n d u s t r y  
l a b o r a t o r i e s .  

ThLs program began i n  t h e  e a r l y  1970's w i t h  tl:c work  by t he  
S m i t h s o n i a n  A s t r o p h y s i c a l  O b s e r v a t o r y  ( S A D )  i n  t h e  b u i l d i n g  of t h e  
f i r s t  VT,G-10 maser1. NRL a l s o  s u p p o r t e d  developmerit  of the f i r s t  



VLG-11 masers a t  S A O ~  and d i r e c t e d  t h e  c o n t r a c t u a l  program a t  
Frequency and Time Systems which produced t h e  f i r s t  space  
q u a l i f i e d  cesium clocks3.  We a r e  c u r r e n t l y  engaged i n  e f f o r t s  
t o  develop a d d i t i o n a l  s o u r c e s  of space  q u a l i f i e d  cesium s t a n d a r d s .  

The space  hydrogen maser program began s e v e r a l  y e a r s  ago w i t h  
p r e l i m i n a r y  work t o  l o c a t e  q u a l i f i e d  a e r o s p a c e  i n d u s t r y  s o u r c e s  
t o  develop and manufacture  a space  q u a l i f i e d  a c t i v e  maser. Th i s  
work was taken  on by Hughes Research Laboratory  (RRL)  and RCA i n  
a  c o m p e t i t i v e  e f f o r t .  Both c o n t r a c t o r s  d e l i v e r e d  o p e r a t i n g ,  
p r o t o t y p e  masers4,5.  HRL was s e l e c t e d  t o  do a d d i t i o n a l  work. 
It was a t  t h i s  p o i n t  t h a t  t h e  N a t i o n a l  Bureau of S tandards  (NBS) 
produced t h e i r  p a s s i v e  maser6. The p a s s i v e  concept  gave two 
d i s t i n c t  advan tages  o v e r  a c t i v e  masers.  The f i r s t  was t h e  o p t i o n  
of u s i n g  a s m a l l e r ,  lower Q RF c a v i t y .  That meant a l a r g e  reduc- 
t i o n  i n  weight and volume a l o n g  w i t h  some s i m p l i f i c a t i o n  i n  pumping 
and magnet ic  s h i e l d i n g  requ i rements .  The second advantage was t h e  
p o s s i b i l i t y  of a c h i e v i n g  b e t t e r  long  t e rm performance due t o  t h e  
a p p l i c a t i o n  of a c a v i t y  c o n t r o l  s e r v o .  

The work on p a s s i v e  masers h a s  s i n c e  been i n  t h e s e  a r e a s .  NRL 
and SAO have worked c o o p e r a t i v e l y  t o  b u i l d  a  s m a l l  p a s s i v e  maser. 
IIRL h a s  been c o n t r a c t e d  t o  f o l l o w  o t h e r  promising approaches  t o  
s m a l l  masers whi le  dcve lop ing  t echnology  which might be used i n  
o t h e r  p a r t s  of t h e  program. A s  o r i g i n a l l y  d e f i n e d  HRL remains t h e  
l i n k  t o  major ae rospace  c a p a b i l i t i e s .  NBS h a s  been funded t o  
c o n t i n u e  t h e i r  development of p a s s i v e  maser technology. 

NRL P a s s i v e  Maser 

In 1978 t h e  d e c i s i o n  was made t o  b u i l d  a s m a l l  p a s s i v e  maser a t  
NRT,. This  e f f o r t  n o t  o n l y  i n c l u d e s  NRL but a l s o  suppor t  from 
o t h e r  l a b o r a t o r i e s .  Th i s  maser i s  viewed as  a means of assembling 
t h e  most promising p a r t s  of t h e  e x i s t i n g  technology and a l s o  as a  
way of ex tend ing  knowledge i n  t h e  a r e a s  where t h e  e x i s t i n g  work 
f a l l s  short: of the g o a l s .  Like  t h e  NBS maser t h e  b a s i c  approach 
i s  p a s s i v e  w i t h  s e p a r a t e  s e r v o  c o n t r o l s  f o r  t h e  hydrogen l i n e  and 
t h e  c a v i t y .  A s  w i l l  be d i s c u s s e d  i n  t h e  s e c t i o n  on t h e  
e l e c t r o n i c s ,  t h e r e  a r e  some d i f f e r e n c e s  i n  t h e  a p p l i c a t i o n  of 
these c o n t r o l s .  The d e s i r e d  p roduc t  i s  summarized a s  f o l l o w s :  

1. S u i t a b l e  f o r  m i l i t a r y / s p a c e  o p e r a t i n g  environment 
2. Highly r e l i a b l e  
3. Long term s t a b i l i t y  of 1 x 10-l4 a t  10 days  



4. Compact s i z e  
5. Low weight  
6 ,  Low power 

To approach t h e s e  g o a l s  t h e  c l o c k  i s  examined i n  terms of i t s  
subassembl ies .  

1. Cav i ty  and s h i e l d s  
2. Mechanical  and the rmal  
3 .  Vacuum 
4. E l e c t r o n i c s  

C a v i t y  and S h i e l d s  

The p h y s i c s  u n i t  of t h e  NRL maser c o n s i s t s  of t h e  hydrogen 
beam s o u r c e  and o p t i c s ,  magnet ic  s h i e l d s ,  c a v i t y  t h e r m a l  
c o n t r o l ,  vacuum system and mechanical  s u p p o r t  f o r  t h e  micro- 
wave c a v i t y .  In  t h e  p r e s e n t  c o n f i g u r a t i o n ,  t h i s  c a v i t y  o p e r a t e s  
i n  t h e  TEOll mode and i s  loaded  w i t h  s i n g l e  c r y s t a l  ( low l o s s )  
s a p p h i r e ,  f i g u r e  1. Three s l o t s  i n  t h e  c a v i t y  cover  p l a t e  
p rov ide  t h e  n e c e s s a r y  c o u p l i n g .  The volume a v a i l a b l e  i n  t h e  
c a v i t y  f o r  t h e  hydrogen atoms i s  217  cm3 and r h e  su r f ace  of 
t h i s  volume i s  c o a t e d  w i t h  FEP 120 t e f l o n  i n  o r d e r  t o  minimize 
hydrogen-wall  i n t e r a c t i o n s .  The hydrogen atom s o u r c e  c o n s i s t s  
of a n  r f  d i s s o c i a t o r  from which t h e  atoms emerge i n t o  a hexapo le  
s t a t e  s e l e c t o r  magnet. 

The magnet ic  s h i e l d  s e t ,  c o n s i s t i n g  of 4 n e s t e d  molypermalloy 
s h i e l d s ,  was des igned  f o r  a l i g h t w e i g h t  small-volume c a n f i g u r a -  
t i o n  ( f i g u r e  2 )  w i t h  a s u b s t a n t i a l  s h i e l d i n g  s a f e t y  f a c t o r  t o  
p rov ide  a f requenc  s t a b i l i t y  of 1 p a r t  i .n  lo1'!+ f o r  any o r i e n t a t i o n  V i n  a 1 gauss  f i e l d  . 

Mechanical  and Thermal Design 

The importance  of t h e  mechanical  and thermal  c o n t r o l  d e s i g n s  i s  
e s p e c i a l l y  g r e a t  when o p e r a t i o n  o u t s i d e  t h e  l a b o r a t o r y  i s  r e q u i r e d .  
NRL h a s  chosen t o  make u s e  of t h e  e x t e n s i v e  e x p e r i e n c e  a v a i l a b l e  
i n  t h i s  a r e a  a t  SAO.  SAO's probe maser l aunch  f o r  t he  r e d  s h i f t  
exper iment  h a s  g i v e n  them a unique u n d e r s t a n d i n g  of  t h e  requ i re -  
ments f o r  s p a c e f l i g h t  a s  a p p l i e d  t o  t h e  Hydrogen  maser.  SAO h a s ,  
under  c o n t r a c t  t o  NRL, d e s i g n e d ,  f a b r i c a t e d  and d e l i v e r e d  two 
u n i t s  of a  developmental  model maser8. As i n p u t  SAO was g iven  
t h e  env i ronmenta l  r e q u i r e m e n t s ,  t h e  c a v i t y / s h i e l d  sys tem,  t h e  



vacuum system and hydrogen source  system. The f i r s t  design,  
t h e  Exploratory Development Model (XDM), was de l ive red  i n  1979. 
A r e f i n e d  ve r s ion  of t h e  XDM, t h e  Advanced Development Model 
(ADM) i s  scheduled f o r  d e l i v e r y  i n  l a t e  1980. 

F igure  3 shows t h e  XDM design.  The c a v i t y  i s  mounted t o  a 
B e l l e v i l l e  s p r i n g  t o  provide e s s e n t i a l l y  cons t an t  f o r c e  on 
t h e  end p l a t e s .  The c a v i t y  i s  enclosed i n  a s e p a r a t e  vacuum 
can r a t h e r  t han  us ing  t h e  c a v i t y  a s  t h e  vacuum envelope. This  
adds weight and volume but a l lows g r e a t e r  i s o l a t i o n  of t h e  
c a v i t y  from i t s  environment. The e n t i r e  assembly i s  designed 
t o  meet t h e  GPS v i b r a t i o n  ( " 19 g rms) requirement.  

The thermal  des ign  i s  s i m i l a r  t o  t h a t  of t h e  VLG series a c t i v e  
masers u s ing  a multi-zone, double oven approach. The vacuum tank 
i s  t h e  primary temperature  c o n t r o l  su r f ace .  A second oven i s  
used t o  i s o l a t e  t he  tank from e x t e r n a l  h e a t  paths .  The XDII 
masers used a convent iona l  foam i n s u l a t i o n  between t h e  s h i e l d s .  
A s  an  enhancement, t h e  ADM masers use  a vacuum type  i n s u l a t i o n  
which t a k e s  advantage of t h e  vacuum environment of space t o  
reduce h e a t  l o s s  and weight.  The nominal oven power of XDM-1 
i s  about  7.4 wat t s .  For ADF1-1, i n  vacuum, t h e  measured 
power i s  2 wat t s .  While t h i s  s u p e r i n s u l a t i o n  scheme i s  b e s t  
app l i ed  i n  vacuum, i t  has  been found a l s o  t o  provide e x c e l l e n t  
thermal  s t a b i l i t y  i n  a i r  a t  increased  inpu t  power. The oven 
system was designed t o  provide a temperature  s t a b i l i t y  of b e t t e r  
t han  5 m i l l i d e g r e e s  a t  t h e  cav i ty .  It may be argued t h a t  t h e  
c a v i t y  c o n t r o l  se rvo  reduces t h e  need f o r  such e x c e l l e n t  thermal  
s t a b i l i t y  but f o r  non l a b o r a t o r y  a p p l i c a t i o n s  t h i s  conserva t ive  
des ign  can g r e a t l y  reduce system problems. 

Pumping System-Hydrogen Supply 

The design l i f e  of a space borne maser i s  f i v e  yea r s  of opera t ion .  
H i s t o r i c a l l y  vacuum systems have been a weak a r e a  i n  maser r e l i a -  
b l i l i t y .  The i o n  pumps themselves do not  t h r i v e  on pumping hydrogen 
and t h e  r equ i r ed  h igh  vo l t age  power s u p p l i e s  a r e  also troublesome, 
p a r t i c u l a r l y  i f  vacuum ope ra t i on  i s  des i r ed .  The d i s s o c i a t o r  i s  
l ikewise  a s e n s i t i v e  a r e a  i n  masers9. While most contemporary 
masers show good d i s s o c i a t o r  l i f e ,  they  do tend t o  run hot and thus  
r e q u i r e  forced  a i r  cool ing.  Fo r tuna t e ly ,  s o l u t i o n s  are a v a i l a b l e  
f o r  both problems. 



Recently a v e r y  e f f e c t i v e ,  h i g h  c a p a c i t y  hydrogen g e t t e r  pump 
h a s  become a v a i l a b l e .  Both H R L  and NRL have i n v e s t i g a t e d  t h e s e  
pumps f o r  maser u s e  4 ~ 1 0 .  S i n c e  t h e  g e t t e r  pump i s  a p a s s i v e  
d e v i c e  i t  r e q u i r e s  no external power a f t e r  a c t i v a t i o n  and i s  a l s o  
i n h e r e n t l y  r e l i a b l e .  For the NRL maser ,  a combinat ion pumping 
sys tem u s i n g  g e t t e r s  and m u l t i p l e  s m a l l  i o n  pumps has been b u i l t .  
This sys tem,  more f u l l y  d e s c r i b e d  e l sewhere  i n  t h e s e  proceedings 10, 
pumps the pr imary hydrogen g a s  l o a d  w i t h  t h e  g e t t e r  and r e q u i r e s  
on ly  a small i o n  pumping c a p a c i t y  t o  m a i n t a i n  t h e  d e s i r e d  vacuum. 
Redundant i o n  pumps w i t h  i s o l a t e d  s u p p l i e s  f u r t h e r  i n c r e a s e  
r e l i a b i l i t y .  

There  a r e  s e v e r a l  approaches  t o  t h e  problem of o p e r a t i n g  the 
d i s s o c i a t o r  i n  vacuum. A s i m p l e  pyrex bu lb  d e s i g n  from HRL 
o p e r a t e s  a t  under 50°C. Other  d e s i g n s  a r e  a l s o  be ing  i n v e s t i g a t e d .  
One obv ious  method t o  o b t a i n  c o o l i n g  i s  t o  conduct  h e a t  away th rough  
t h e  w a l l s  of t h e  bulb .  Pyrex,  which i s  t h e  most p o p u l a r  material i n  
d i s s o c i a  t o r s ,  h a s  r e l a t i v e l y  poor the rmal  c o n d u c t i v i t y .  HRT, and RCA 
b o t h  exper imented w i t h  q u a r t z  b u l b s  b u t  t o  d a t e  t h e r e  i s  l i t t l e  
a s s u r a n c e  t h a t  t h e s e  will have long  life. SAO has  designed a p y r e x  
b u l b  which r u n s  cool  by v i r t u e  of t h i c k  w a l l s  and s h o r t  p a t h s  t o  
heat  s i n k s .  A r a d i c a l  d e p a r t u r e  i n  d e s i g n  i s  b e i n g  pursued a t  NBS. 
They p ropose  a s m a l l  dc  d i s c h a r g e .  S i n c e  t h e r e  i s  no l o n g e r  a re- 
quirement  t o  p a s s  RF energy  through a w a l l ,  t h e  c h o i c e  of m a t e r i a l s  
and c o n f i g u r a t i o n  broadens.  Such a d e s i g n ,  i f  s u c c e s s f u l ,  would a l s o  
have  t h e  advan tage  of reduced RF i n t e r f e r e n c e  t o  t h e  e l e c t r o n i c s .  

ELECTRONICS 

The s e r v o  subsystem c o n s i s t s  of t h e  e l e c t r o n i c  c o n t r o l  t o  l o c k  a  
v o l t a g e  c o n t r o l l e d  c r y s t a l  o s c i l l a t o r  (VCXO) t o  t h e  hydrogen hyper-  
f i n e  t r a n s i t i o n  and the  e l e c t r o n i c  c o n t r o l  t o  t u n e  the c a v i t y  
symmet r i ca l ly  about  t h e  hydrogen l i n e .  NRL has dev i sed  a scheme t o  
compare t h e  phases  of a s e t  of c o h e r e n t  microwave f r e q u e n c i e s ,  which 
are coup led  th rough  t h e  d i e l e c t r i c  loaded  c a v i t y ,  v e r s u s  t h e  VCXO. 

The phase  comparison t e c h n i q u e  u s e s  a h i g h  pe rcen tage  of  d i g i t a l  
c i r c u i t s  i n  the  s y n t h e s i s  of the microwave f r e q u e n c i e s  and i n  t h e  
phase  d e t e c t i o n  networks.  The d i g i t a l  c i r c u i t s  r educe  the  n e c e s s i t y  
f o r  a n a l o g  ad j u s t m c n t s ,  and o f f e r  1 o w  o p e r a t i n g  power consumption,  
reduced w e i g h t ,  compactness,  and a broad environmental  o p e r a t i n g  
range .  These f e a t u r e s  a r e  i d e a l  f o r  space a p p l i c a t i o n s .  

F i g u r e  4 i s  a block diagram of  t h e  SERVO e l e c t r o n i c s .  



The hydrogen l i n e  s e r v o  employs t h r e e  microwave s i g n a l s  t h a t  
are s y n t h e s i z e d  from t h e  VCXO. These s i g n a l s  a r e  t ime  shared, 
coupled th rough  t h e  c a v i t y ,  phase  d e t e c t e d ,  and used t o  c o n t r o l  
t h e  VCXO. One s y n t h e s i z e r  f requency  is  a t  t h e  hydrogen resonance.  
The o t h e r s  are symmetr ical  abou t  t h e  hydrogen resonance but w e l l  
o u t s i d e  t h e  hydrogen l i n e  width  and s t i l l  n e a r  t h e  c e n t e r  of t h e  
c a v i t y  resonance  wid th ,  T h i s  method i s  used t o  e s t a b l i s h  a phase 
r e f e r e n c e  f o r  t h e  hydrogen l i n e .  

The o u t p u t  of t h e  set of f r e q u e n c i e s  coupled th rough  t h e  c a v i t y  
is  a m p l i f i e d ,  t r a n s l a t e d ,  phase  d e t e c t e d ,  averaged i n  an up-down 
c o u n t e r ,  t r a n s f e r r e d  t o  a  d i g i t a l  a n a l o g  c o n v e r t e r  (DAC),  and used 
t o  c o n t r o l  t h e  VCXO. These f r e q u e n c i e s  a r e  a l l  passed th rough  t h e  
same broadband r e c e i v e r  and a r e  t r a n s l a t e d  w i t h  a n  o f f s e t  set  of 
f r e q u e n c i e s  from t h e  s y n t h e s i z e r .  The r e s u l t i n g  s i g n a l  f requency 
w i t h  p l u s  o r  minus t h e  phase of t h e  hydrogen l i n e  o r  c a v i t y  l i n e  
i s  narrowband f i l t e r e d .  The f i l t e r e d  s i g n a l  i s  shaped i n  a  z e r o  
c r o s s i n g  d e t e c t o r  and phase  compared w i t h  a s i g n a l  d i v i d e d  down 
from t h e  VCXO. 

The o u t p u t  of t h e  phase  comparator i s  used t o  c o n t r o l  a n  updown 
c o u n t e r .  Phase comparator  o u t p u t  cor responding  t o  the  hydrogen 
resonance  f requency  is  averaged f o r  a p e r i o d  of t ime i n  a n  up 
coun t  d i r e c t i o n  a f t e r  a s e t t l i n g  t ime ,  Phase comparator o u t p u t  
cor responding  t o  t h e  symmetr ical  f r e q u e n c i e s  i s  averaged o v e r  one- 
h a l f  t h e  p e r i o d  of t h e  hydrogen resonance  f requency each  a f t e r  a 
s e t t l i n g  t ime i n  a down count  d i r e c t i o n .  T r a n s f e r  of t h e  up-down 
c o u n t e r  c o n t e n t s  t o  the DAC which contro1.s t h e  VCXO f requency i s  
execu ted  a f t e r  complet ion of t h e  up-down c o u n t e r  c y c l e .  

The c a v i t y  l i n e  s e r v o  c o n s i s t s  of t h r e e  microwave s i g n a l s  which 
a r e  s y n t h e s i z e d  from t h e  VCXO. These s i g n a l s  a r e  t i m e  s h a r e d  w i t h  
t h e  hydrogen l i n e  s i g n a l s  d u r i n g  a p e r i o d  when t h e  hydrogen s e r v o  
i s  q u i e s c e n t .  One of t h e  f r e q u e n c i e s  i s  the  hydrogen t r a n s i t i o n  
f requency used  w i t h  t h e  hydrogen s e r v o  and t h e  o t h e r  two f r e q u e n c i e s  
a r e  symmetr ical  about  t h i s  t r a n s i t i o n  f requency and f a l l  w i t h i n  the 
passband of t h e  c a v i t y  resonance.  The symmetr ical  f r e q u e n c i e s  a r e  
t ime s h a r e d  and s i m u l t a n e o u s l y  coupled th rough  t h e  c a v i t y  w i t h  t h e  
hydrogen t r a n s i t i o n  f requency.  

The s i g n a l s  coupled o u t  of t h e  c a v i t y  a r e  a m p l i f i e d  and t r a n s l a t e d  
t o  an  i n t e r m e d i a t e  f requency  ( I F )  wi th  the  same broadband c i r c u i t s  
used w i t h  t h e  hydrogen se rvo .  T h i s  I F  i s  d e t e c t e d ,  narrowband 
f i l t e r e d ,  shaped w i t h  a  ze ro  c r o s s i n g  d e t e c t o r ,  and phase compared 
v e r s u s  a s i g n a l  divided from t h e  VCXO. The phase comparator  c o n t r o l s  
a n  up-down c o u n t e r  which averages  t h e  t i m e  s h a r e d  s i g n a l s  a f t e r  a  



s e t t l i n g  t ime .  C o n t r o l s  a l l o w  a n  up c o u n t  c o r r e s p o n d i n g  t o  
t h e  c o m p o s i t e  l ower  s y m m e t r i c a l  f r e q u e n c y  and  hydrogen t r a n s i t i o n  
f r e q u e n c y  and a down coun t  c o r r e s p o n d i n g  t o  t h e  compos i t e  uppe r  
s y m m e t r i c a l  f r e q u e n c y  and hydrogen t r a n s i t i o n  f r e q u e n c y .  T r a n s f e r  
of t h e  up-down c o u n t e r  c o n t e n t s  t o  a  DAC i s  e x e c u t e d  upon comple- 
t i o n  of t h e  up-down c o u n t e r  c y c l e .  Tuning of t h e  c a v i t y  i s  
accompl i shed  by c o n t r o l l i n g  a  v a r a c t o r  w i t h  t h i s  DAC o u t p u t  v o l t a g e .  
The v a r a c t o r  i s  c o u p l e d  t o  t h e  c a v i t y  and  r e a c t i v e l y  t u n e s  t h e  
c a v i t y  p r o p o r t i o n a l  t o  t h e  DAC c o n t r o l  v o l t a g e .  

Sys  tem Pe r fo rmance  

The XDM masers from SAO have  been used  t o  e x p e r i m e n t a l l y  v e r i f y  
sys t em performance .  The wid th  of t h e  hydrogen l i n e  unde r  optimum 
p r e s s u r e  and m a g n e t i c  f i e l d  i s  2.0Hz t h u s  g i v i n g  a l i n e  Q of  7 x 
lo8 .  The phase  s l o p e  a t  c e n t e r  f r e q u e n c y  i s  a b o u t  6' p e r  Hz. 
The s t a b i l i t y  of t h i s  mase r  measured a t  t h e  o u t p u t  of  t h e  e l e c t r o n i c s  
i s  7x10-12/J7 f o r  t h e  r a n g e  T = 1 0  t o  3000 seconds  ( f i g u r e  5 ) .  
Work i s  c u r r e n t l y  underway t o  o p t i m i z e  t h e  c a v i t y  s e r v o  and e x t e n d  
t h i s  s t a b i l i t y  l e v e l  t o  b e t t e r  t h a n  1 x 10-14. 

O u t s i d e  Wa r k  

I n  a d d i t i o n  t o  t h e  work done w i t h  S A O ,  NRL h a s  a l s o  c o n t r a c t e d  
w i t h  Hughes Resea rch  L a b o r a t o r y  ( H R L )  and  t h e  N a t i o n a l  Bureau of 
S t a n d a r d s  a t  Bou lde r  ( N R S ) .  

The  c u r r e n t  c o n t r a c t u a l  r e l a t i o n s h i p  w i t h  HRL h a s  grown f rom t h e  
o r i g i n a l  c o m p e t i t i o n  e f f o r t s  on t h e  a c t i v e  maser .  Fo l lowing  t h e  
s h i f t  i n  emphas i s  from t h e  a c t i v e  t o  p a s s i v e  mode, HRL w a s  d i r e c t e d  
toward  small maser c o n c e p t s  and  development of t e c h n o l o g i e s  
a p p l i c a b l e  t o  s m a l l  mase r s .  D r .  Wang h a s  p r e v i o u s l y  r e p o r t e d  on  
HRL maser  development 11, 12. HRL i s  p r e s e n t l y  working  on Q- 
m u l t i p l i e r  t y p e  s e r v o  u s i n g  a s m a l l ,  s l o t  l oaded  c a v i t y .  T h i s  
maser was t e s t e d  a t  NRI, ( f i g u r e  6 ) .  T t  had 3 s t a b i l i t y  of 
2 x l 0 - ~ ~ / ~ ~ ~  f o r  T = 1 0  t o  10000 s e c o n d s .  HRZ, h a s  a l s o  done 
i n v e s t i g a t i o n s  of g e t t e r  pumping s y s t e m s ,  f r e e  i n d u c t i o n  s e r v o  
t e c h n i q u e s  and d i s s o c i a t o r  d e s i g n .  

NRL h a s  been  p r o v i d i n g  f u n d i n g  s u p p o r t  t o  NBS f o r  p a s s i v e  maser 
development .  NBS h a s  d e l i v e r e d  one of t h e  f i r s t  s m a l l  p a s s i v e  
masers ( f i g u r e  7 )  t o  N R L .  T h i s  maser  uses a ce ramic  l o a d e d  c a v i t y .  



It i s  a l abo ra to ry  model which has re la t ive ly  s t r i n g e n t  
requirements  on its environment and opera t ion .  Tes t s  a t  NRL 
show a s t a b i l i t y  o f  2 x 1 0 ~ ~ 1 / ~  for T = 1 t o  10,000 seconds. 
Th i s  i s  v i r t u a l l y  i d e n t i c a l  to t h a t  of t h e  Hughes maser, both 
a r e  shown i n  figure 8. 

NRL has  a l s o  cont inued suppor t  of t h e  VLG-11 maser program 
with t h e  purchase of a t h i r d  VLG-11 last year.  Our t e s t s  on the 
VLG-11 confirm the published SAO d a t a  on performance i n  t h e  1 t o  
3000 second region.  W e  have, however, observed that  a new maser 
has a s i g n i f i c a n t  c a v i t y  tun ing  d r i f t  r a t e  i n  t h e  f i r s t  6 months 
t o  1 year  of i t s  l i f e .  A brief s e r i e s  of t e s t s  have j u s t  been 
completed on two masers over  a year old.  In  t h i s  case i n s t e a d  
of f i n d i n g  a decrease  i n  s t a b i l i t y  beyond 3000 seconds, t h e r e  s t i l l  
i s  a gradual improvement as far out  as 10000 seconds. 
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PASSIVE MASER PERFORMANCE 

T (SECONDS) 

I Figure  8 NBSlHRL Performance 



QUESTIONS AND ANSWERS 

MR. PETERS: 

I j u s t  wanted t o  say t h a t  t h e  maser t h a t  you showed us i n  P h i l a -  
de lph ia  was b u i l t  by Ha r r y  Wang, Hughes Research. 

MR. WHITE: 

Oh, I am so r r y ,  Harry .  I g o t  t he  wrong H a r r y  indeed. 


