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g r e a t . 1 ~  i.nlpr.crvcci. iil.30 :set, i.1, t , i~f: v~cuur: .  chr-irzbc:~ are t h o  
a ~ r r i u ;  c y l i n t i e r  P i ,  . Chi-: c;:vity tc,~!per:.iti.:r€ 
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a b s o r b e d  by a E c l l e v i l l e  p i .  As the  i t ,  t h e  
temperature c o e f  f i c ie r l t  o f  the c a v i t y  frequency i s  r educe t i  
t o  500Hz/K. 
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prt.;r;~::plif i e r  ai?d a r ~  I re;j t:cti(jfi i , :::.:nc! h ~ s  an 
o v e r a l l  n o i s c  figu1.e c;f '  4. 5dfi. The r > e c e i v e r  f'rYol;t. erld 3rd 
t he  phase  l o c k e d  f r e q u e n c y  ~ 1 . ~ 1  t , ip l ic : r~  f o r  t,hc f'irst l o ~ ! : ~ l  
o s c i l l a t o r  are tenperat ,bre-sti l ibij izeti  ! . ~ i t . h i c  5 1  by a 
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The  f r e q u e n c y  s t a b i l i t , ~  1 ~ ~ : ;  beer measureci be tween  t h e  
m a s e r s .  The ncasured s t z b i l i t y  i s  2x1Gd1j a t  1 s e c o n d ,  
2 .  4x a t  830  s e c o n d s , a n d  1.4~10"-" a t  1~8') :;ecocds. The 
e x t e r n a l  rilagiietic f j . c l d  s e f i s i t i v i t y  i s  2 .  ~ X I C - ~  ) / [ ; ,which  har,  
bcer: r r i e a s u r ~ d  by addj .ng a v e r t i c a l  r.iat::rietic ficld with a 
i e l o  z co i l . .  The t .er;iperatur~ s e r~s i  t i v i t y  i s  
2 . _ 1 ~ 1 0 - ' ~ / ~ , w t 1 i e n  jlas beell ob ta i r , ed  by c h a n ~ i : ~ ~  t h c  r o c s  
t e n p e r a t  u r e .  



1 .  I n t r o d u c t i o n  

The Radio Research L a b o r a t o r i e s  ( R R L )  h a s  developed t h e  K - 3  
VLBI sys tem [ 11,  [ 21, which is compat ib le  w i t h  t h e  Nark 111 VLBI 
sys tem of  N A S A ,  f o r  t h e  VLBI j o i n t  exper iment  between RRL and NASA 
[31. A s  a p a r t  of  t h i s  p r o j e c t  two f i e l d  o p e r a b l e  hydrogen masers  
have been developed as  t h e  time and f requency  s t a n d a r d  o f  t h e  K-3 
sys tem.  

I n  a VLBI sys tem a s i g n a l  from a r a d i o  s t a r  shou ld  be 
down-converted t o  t h e  v i d e o  f requency  w i t h o u t  t h e  l o s s  of  t h e  
coherence.  T h e r e f o r e  t h e  phase n o i s e  of  t h e  l o c a l  o s c i l l a t o r  of t h e  
V L B I  sys tem must be s m a l l  enough. The phase s t a b i l i t y  r e q u i r e d  o f  
t h e  l o c a l  o s c i l l a t o r ,  which i s  phase-locked t o  a  hydrogen maser ,  
depends on t h e  n o i s e  t e m p e r a t u r e  of  t h e  VLBI sys tem and t h e  s i g n a l  
s o u r c e ,  and t h e  sample t ime.  I n  t h e  K-3  system t h e  phase  f l u c t u a t i o n  
below 1/8 r a d i a n  f o r  t h e  sample t ime  of  600sec  and t h e  o b s e r v a t i o n  
f requency  of  8GHz was p r o j e c t e d .  

Jn a VLBI exper iment  s e v e r a l  r a d i o  s t a r s  a r e  observed and t h e  
d e l a y  t ime  must be measured f o r  each o b s e r v a t i o n .  T h e r e f o r e  t h e  
f l u c t u a t i o n  o f  t h e  sys tem c l o c k  d u r i n g  t h e  exper iment  must be 
s m a l l e r  t h a n  t h e  p r e c i s i o n  of  t h e  d e l a y  t ime  measurement. I n  t h e  
Japan-USA VLBI exper iment  t h e  p r e c i s i o n  of  subnanosecond was 
r e q u i r e d .  

I n  o r d e r  t o  s a t i s f y  t h e  above r e q u i r e m e n t s  o f  t h e  K-3 sys tem 
t h e  f o l l o w i n g  f r e q u e n c y  s t a b i l i t y  of t h e  masers  was p r o j e c t e d  as t h e  
minimum requ i rement .  

T h i s  pape r  p r e s e n t s  t h e  d e s i g n  and t h e  performance of t h e  
developed masers  and some d i s c u s s i o n  on t h e  e x t e r n a l  magnet ic  f i e l d  
d i s t u r b a n c e  on t h e  maser which has been obse rved  a t  Kashima Branch 
where t h e  K-3 sys tem is l o c a t e d .  

2. Design o f  t h e  masers  

The masers  c o n s i s t  of  a  p h y s i c s  package and a n  e l e c t r o n i c s  
package. The p h y s i c s  package i s  84cm wide,  94cm deep ,  and 160c:m 
high.  It weighs  550kg. The e l e c t r o n i c s  package i s  mounted i n  a r a c k ,  
which i s  175cm h igh  and 57cm wide. I n  Fig .  1 t h e  p h y s i c s  packages 
and t h e  e l e c t r o n i c s  packages  are  shown. 

2.1 P h y s i c s  package 

I n  Fig.  2 t h e  s t r u c t u r e  of t h e  p h y s i c s  package i s  shown. 



2.1.1 Ixfagnetic s h i e l d i n g  

The maser has  f o u r  p e r m a l l o y  m a g n e t i c  s h i e l d s ,  a l l  of  which  are 
2 m  t h i c k  and  s e t  i n  a vacuur,l chalnber. T h i s  structure h a s  two 
a d v a n t a g e s .  

One i s  t h a t  t h e  c o n d u i t  p i p c  which c o n n e c t s  t h e  ion pump 2nd 
t h e  r e s o n a n t  c a v i t y  car! Le e l i m i n a t e d .  T h i s  e n a b l e s  u s  t o  r.iakc t h e  
a p e r t u r e  of t h e  m a g n e t i c  z h i o l d s  fox. t;he hydroger; bear; p a t h  s r ~ a l l e r ,  
which  r e s u l t : ;  i n  b e t t e r  magno t i c  s h i e l d i n & .  The d i .~mreter  of  t h e  
a p e r t u r e  i s  4 0 m ,  w h i l e  tha t ,  of the l abo r&t ,o ry  t y p e  maser  of  HItL 
which h a s  a c o n d u i t  piplo i s  80nnn. The n a g n e t i  c  s h i e l d s  kiave a l s o  
s n a l l  h o l e s  f o r  t h e  s t a n d o f f ' s ,  which f i x  t h e  s h i e l d s ,  and f o r  t h e  
d r i v i n g  axis o f  t h e  c a v i t y  t u n i r . g  pos t .  The d i a m e t e r s  o f  t h e  h o l e s  
a r e  16r;lln and l o r n ,  r e s p e c t i v e l y .  T h i s  s t r u c t u r e  h a s  a l s o  e n a b l e d  u s  
t o  e l i m i n a t e  t h e  h e a t - f l o w  t h r o u g h  t h e  c o n d u i t  p i p e ,  and t h e  thermal 
i n s u l a t i o n  can be improved.  

The o t h e r  a d v a n t a g e  i s  t h a t  t h e  m a g n e t i c  s h i c l a s  f u n c t i o n  a l s o  
as t h e  thcrrnal, r a d i z t i o n  s h i e l d s ,  which c o n t r i b u t e  t o  i n p r o v i r , g  t h e  
t h e r n a , l  i s o l a t i o n .  The m a g n e t i c  s h i e l d s  a re  d e g a u s s e d  by a p p l y i n g  
d i r e c t l y  AC c u r r e n t  of 50A [4]. 

2.1.2 Resonant  c a v i t y  

A s  wel l  known, t h e  f l u c t u a t i o n  of' t h e  r e s o n a n c e  f r e q u e n c y  of 
t h e  c a v i t y  d i s t u r b s  t h e  o s c i l l a t i o n  f r e q u e n c y  o f  t h e  macer .  The nhi n 
c a u s e s  o f  t h e  f l u c t u a t i o n  are t h e  t h e r m a l  e x p a n s i o n  o f  t h e  c a v i t y  
mater ih l ,  t h e  mechanical d i s t o r t i o n  o f  t h e  c a v i t y  r ~ ~ a t e r i a l ,  arld t h e  
thermal. f l u c t u a t i o n  o f  t h e  dielectric c o n s t a r l t  o f  t h e  s t o r a g e  bu lb .  
The  l a s t  c a u s e  c a n  be r e d u c e d  by using a l i g h t  s torage  b u l b  [5]. 
Fig. 3 shows t h e  c a v i t y  : : t ructut ,e .  

The c a v i t y  c y l i n d e r  and t h e  uppe r  end p l a t e  are made o f  g l a s s  
c e r a n ~ i c s  ( N E O C E R A M )  w i t h  a low thermal e x p a n s i o n  coefficient o f  
-5~10-' . S i l v e r  c o n d u c t i v e  c o m p o s i t i o n  i s  p a i n t e d  o n  t h e  i n n e r  
s u r f a c e  of t h e  g l a s s  c e r a m i c s .  The measured  l o a d e d  q u a l i t y  f a c t o r  i s  
50000. The c o a r s e  t u n i n g  i s  c a r r i e d  o u t  by moving t h e  uppe r  end 
p l a t e .  The screwed a x i s  f o r  a d j u s t i n g  t h e  u p p e r  end p l z t e  i s  made of 
molybdenum which h a s  r e l z t i v e l y  low therrnzl  e x p a n s i o n  c o e f f i c i e n t  of 
5 x 1 0 ~ ~  [ 6 ] .  The r e s o l u t i o f i  of t h e  c o a r s e  t u n i n g  i s  IkHz. 

I n  o r d e r  t o  f i x  t h e  caviCy c y l i n d e r ,  a stress i s  g i v e n  t o  t h e  
c e i l i n g  p l a t e ,  which  h o l d s  t h e  c o a r s e  t u n i n g  a x i s .  T h i s  s t r c s s  
d i s t o r t s  t h e  c e i l i n g  p l z t e  and  t h c  d i s t a n c e  between t h e  c a v i t y  end 
p l a t e s  i s  changed.  I n  o r d e r  t o  a c h i c v e  t h e  maser  f r e q u e n c y  s t a b i l i t y  
o f  I X I O - ~ ~ ,  t h e  f l u c t u a t i o n  of t h e  d i s t a n c e  s h o u l d  be below 0.3nrn. 
T h e r e f o r e  t h e  c a v i t y  m a t e r i a l  s h o u l d  be h i g h l y  r i g i d  and  t h e  s t r e s s  
shou ld  be s t a b l e .  The f l e x u r a l  r i g i d i t y  of  a p l a t e  depends  on i t s  



Young's modulus and t h e  t h i r d  power of i t s  t h i c k n e s s  [-(I. The 
c e i l ' n g  p  a t e  i s  made of alumina which h a s  h i g h  Young's modulus of s 3 3x10 kg/cm . The base  p l a t e  i s  29mm t h i c k  and made of  a lmi inium.  The 
f l u c t u a t i o n  o f  t h e  s t r e s s  i s  mainly  caused by t h e  thermal  expans ion  
of t h e  c a v i t y  hold-down can. Th i s  s t r e s s  change i s  absorbed by a 
B e l l e v i l l e  s p r i n g  [ 8 ] ,  which is  made of t i taniur, l .  The c h a r a c t e r i s t i c  
of a  B e l l e v i l . l e  s p r i n g  i s  g i v e n  by t h e  f o l l o w i n g  e q u a t i o n s ,  

where E and \J a r e  t h e  Young's nlodulus and t h e  P o i s s o n t  s r a t i o  of t h e  
s p r i n g  m a t e r i ~ l ,  r e s p e c t i v e l y .  (5 i s  t h e  d i s t o r t i o n  of t h e  s p r i r &  and 
I I  i s  t h e  f r e e  h e i g h t  of  t h e  s p r i n g .  P i s  t h e  l o a d  g i v e n  t o  the 
s p r i n g .  Other pa ramete r s  a r e  g i v e n  i n  Fig .  4. The l o a d  o f  t h e  s p r i n g  
o f  which H e q u a l s  J 2 h  becomes c o n s t a n t  i f  (i is  H. Using t h : ~ s  
c o n s t a n t - l o a d  c h a r a c t e r i s t i c  t h e  s t r e s s  on t h e  c e i l i n g  p l a t e  can be 
s t a b i l i z e d .  A s  shown i n  Fig .  5 t h e  change i n  t h e  c a v i t y  f requency 
becomes v e r y  s m a l l  when t h e  s p r i n g  d i s t o r t i o n  i s  between 1 and 2mm. 
The c a v i t y  can  be s t a b i l i z e d  by s e t t i n g  t h e  s p r i n g  i n  t h i s  r e g i o n .  

The s t o r a g e  b u l b  i s  s p h e r i c a l  and made of q u a r t z  g l a s s .  I ts  
d i a e t e r  i s  18Ormn and t h e  we igh t  i s  260g. The o v e r a l l  thermal  
c o e f f i c i e n t  of  t h e  c a v i t y  f requency  is  5 O O H z / K .  

2.1 .3 Thermal c o n t r o l  

The s t a b i l i t y  of  t h e  c a v i t y  t empera tu re  s h o u l a  be b e t t e r  t h a n  
I m K  t o  a c h i e v e  t h e  maser f requency change of l e s s  t h a n  1xlG Tlne 
thermal c o n t r o l  i s  c a r r i e d  o u t  by doub le  ovens. The c a v i t y  hold-down 
can  on which h e a t e r s  and t h e r m i s t o r  c o n t r o l  s e n s o r s  a r e  a t t a c h e d  i s  
used as  t h e  i n n e r  oven. The h e a t e r s  a r e  d i v i d e d  i n t o  two zones ,  eamch 
of which i s  i n d e p e n d e n t l y  c o n t r o l l e d  t o  minimize t h e  thermal  
g r a d i e n t .  The o u t e r  oven i s  made of a t h i c k  aluminiunl c y l i n d e r  w i t h  
heaters and s e n s o r s  and p l a c e d  on t h e  o u t s i d e  of  t h e  i n n e r m ~ ~ s t  
magne t i c  s h i e l d .  It i s  a l s o  d i v i d e d  i n t o  t h e  c y l i n d e r  zone and t h e  
base  zone,  each of  which is i n d e p e n d e n t l y  c o n t r o l l e d .  S i n c e  t 'he 
heat- f low through t h e  c o n d u i t  p i p e  i s  e l i m i n a t e d  and t h e  thermal  
r a d i a t i o n  i s  s h i e l d e d  by t h e  magnet ic  s h i e l d s ,  t h e  r e ~ i d u ~ a l  
heat - f low p a t h s  are t h e  c a b l e s  and t h e  s t a n d o f f s  which s u p p o r t  t h e  



c a v i . t y ,  C - c o i l ,  m a g n e t i c  s h i e l d s ,  and  t h c  ovens .  The s t a n d o f f s  a r e  
nlade o f  poLy i m i d e  (VESPEL) u i t h  low t h e r m a l  c o n d u c t i v i t y  o f  
0.28kcal /m.  hr . '  C. They are o u t g a s s e d  ir- a vacuun e n v i r o m e n t  by 
b e i n g  baked  a t  200" C f o r  s e v e r a l  h o u r s  b e f o r e  t h e  a s s e m b l e  o f  t h o  
maser. T h i s  p r o c e s s  i s  needed  t o  a c h i e v e  h i g h  vacuum. The cab le s  a re  
t h e r m a l l y  c o n n e c t e d  t o  t h e  b a s e  of t h e  outer  oven  t o  p r e v e n t  t h e  
h e a t  from flow in^ d i r e c t l y  i n t o  t h e  c a v i t y .  Thus t h e  c a v i t y  
t e m p e r a t u r e  s t , a S i l i t y  o f  InlK i:: a c h i e v e d  wil ,hout  ;Iny o t h e r  t h e r ~ i a l  
i n s u l a t o r s .  

2.2 E l e c t r o n i c s  package 

F ig .  6 shows t h e  b l o c k  d i ag rm of  t h e  phase - lock  r e c e i v e r .  The 
o u t p u t  s i g n a l  of t h e  maser  i s  a m p l i f i e d  by t h e  low n o i s e  a m p l i f i e r ,  
which i e  p r e c e d e d  by t h e  v a r a c t o r  d i o d e  f o r  t h e  c a v i t y  a u t o - t u n i n g  
and t h e  60dB i s o l a t o r .  The n o i s e  f i g u r e  of  t h e  l aw  n o i s e  a m p l i f i e r  
i s  2.2dB and t h e  o v e r a l l  n o i s e  f i g u r e  of t h e  r e c e i v e r  i s  4.5dB. The 
s i g n a l  is  t h e n  mixed with t h e  1.40GIIz l o c a l  s i g n a l  f r o n  t h e  
phase - locked  m u l t i p l i e r  i r ~  t h e  i rna~,e  r c  j e c t i o n  mixe r .  The r e s u l t a n t  
1 s t  I F  s i g n a l  ( 2 0 . 4 0 5 M ~ z )  i s  a g a i r A  down-converted t o  405kHz. The 2nd 
ZF s i g n a l  i s  phase-compared wit,h the r e f e r e l l e e  s ~ g n a l  f r o n  t h e  
s y n t h e s i z e r  (hp3336B) .  The r e s u l t a n t  e r r o r  s i g n a l  1s f i l t e r c d d  by t h e  
Low-pass a m p l i f i e r  and u s e d  t o  t u n e  e l e c t r o n ~ c a l l y  t h e  1 CIltlz 
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  maser  f r e q u e n c y .  
The 10PIEIz o u t p u t  s i g n a l  o f  t h e  VCXO i s  d i s t r i b u t e d  t o  t h e  
mu1 t i p l i e r s ,  t h e  s y n t h e s i z e r ,  t h e  s econd  p u l s e  g e n e r a t  o r ,  t,he c a v i t y  
a u t o - t u n e r  afid the VLBI s y s t e m ,  v i a  t h e  d i s t r i b u t i o n  a m p l i f i e r  w i t h  
l2OdB r s o l a t i o n .  

The t e n p e r a t u r c  f l u c t u a t i o n  w i l l  c a u s e  t h e  phase  f l u c t u a t i o n  o f  
t h e  r e c e i v e r  f r o n t  end .  T h e r e f o r e  t h e  f r o n t  end ,  which i s  e n c l o s e d  
by t h e  b roken  1 i n e  i n  F i g .  6 ,  i s  t h c r n l a l l y  c o n t r o l l e d  by t h e  p e l t i e r  
module t o  improve  t h e  phase  s t , ab i l  i t , y .  The s t a b i l i t y  of t h e  
t e m p e r a t u r e  i s  5mK. The f r o n t  end i s  mounted i n  t h e  p h y s i c s  package .  

In t h e  V L B I  e x p e r i m e n t  t h e  f r e q u e n c y  d i f f e r e n c e  be tween t h e  
l o c a l  o s c i l l a t o r s  o f  t h e  VLBI  s t a t i o n s  s h o u l d  be l e s s  t ha r ,  1 x 1 ~ 1 ~ ~  
i n  o r d e r  t o  s u p p r e s s  t h e  phase  r o t a t i o n  of t h e  c r o s s - c o r r e l a t i o n  
spec t rum.  T h e r e f o r e  t h e  f r e q u e n c y  of t h e  10MHz o u t p u t  s i g n a l  is  
r e q u i r e d  t o  be f i n e l y  a d j u s t e d ,  T h i s  c a n  be c a r r i e d  o u t  by t h e  
s y n t h e s i z e r  of which  t h e  s e t t i n g  r c ; s o l u t i o n  i s  7x10-13, 

2.2.2 C a v i t y  a u t o - t u n e r  

The maser i s  e q u i p p e d  w i t h  t h e  c a v i t y  a u t o - t u n e r  [ g ]  , o f  which  
t h e  b l o c k  d i ag ram i s  shown i n  F i g ,  7 .  The o u t p u t  s i g n a l  of  t h e  low 
n o i s e  a m p l i f i e r  of /I1 maser (1.42CHz) and t h e  o u t p u t  s i g n a l  o f  t h e  



phase-locked m u l t i p l i e r  of  it2 maser (1.4OGHz) a r e  mixed i n  t h e  image 
r e j e c t i o n  mixer.  The r e s u l t a n t  I F  s i g n a l  (20.405MI.I~) i s  mixed w i t h  
t h e  I F  s i g n a l  of 82 maser and t h e  b e a t  s i g n a l  between t h e  masers  i s  
o b t a i n e d .  The b e a t  s i g n a l  i s  t h e n  d i v i d e d  and i t s  p e r i o d  is  measured 
by t h e  coun te r .  The hydrogen beam i s  modulated by t h e  mechanical  
s h u t t e r ,  which i s  d r i v e n  by t h e  p u l s e  motor. The CPU ( ~ 8 0 )  
c a l c u l a t e s  t h e  d i f f e r e n c e  between t h e  b e a t  p e r i o d s  a t  H i  beam and Lo 
beam, and g e n e r a t e s  t h e  v a r a c t o r  c o n t r o l  s i g n a l s  and t h e  s h u t t e r  
c o n t r o l  s i g n a l s .  The CPU a l s o  c o n t r o l s  t h e  l o o p  g a i n ,  t h e  
measurement mode, and t h e  o t h e r  measur ing p a r a m e t e r s  o f  t h e  c a v i t y  
au to - tun ing .  

If a miscount  of t h e  b e a t  p e r i o d  happens,  t h e  v a r a c t o r  c o n t r o l  
v o l t a g e  and,  hence,  t h e  c a v i t y  f requency  may be changed by a l a r g e  
amount. To avo id  t h i s  miscount  t h e  CPU moni to r s  t h e  d i f f e r e n c e  
between t h e  newly and l a s t  g e n e r a t e d  v a r a c t o r  c o n t r o l  v o l t a g e s .  If 
t h e  d i f f e r e n c e  exceeds  t h e  p r e s e t  l i m i t ,  t h e  CPU r e j e c t s  t h e  new 
v a l u e  as  abnormal and h o l d s  t h e  v a r a c t o r  c o n t r o l  v o l t a g e  a t  t h e  l a s t  
v a l u e .  Then t h e  measurement i s  r e p e a t e d  aga in .  

3. Frequency s t a b i l i t y  of  t h e  masers  

The f requency  s t a b i l i t y  of t h e  f r e e  runni-ng masers  was 
measured. The p e r i o d  o f  t h e  b e a t  s i g n a l  from t h e  c a v i t y  au to - tuner  
was measured by t h e  c o u n t e r  (hp5300B) and O y  (T ) was c a l c u l a t e d .  The 
bandwidth of  t h e  measur ing sys tem was 2Hz. A C- f i e ld  o f  20mOe was 
added t o  one of t h e  masers  t o  o f f s e t  t h e  maser f r equency  by 1.2112. 
During t h e  f requency  s t a b i l i t y  measurement both  masers  were p laced  
i n  t h e  same thermal  and magnet ic  environment.  The room tempera tu re  
was c o n t r o l l e d  w i t h i n  A. 1 ° C  and t h e  c o n t r o l  c y c l e  was abou t  1000 t o  
2000sec. 

Fig.  8 shows t h e  f r e q u e n c y  s t a b i l i t y  o b t a i n e d  It shows t h e  
- 1 c h a r a c t e r i s t i c  between 1  and 20 s e c  and 'r -'I2 c h a r a c t e r i s t i c  

between 20 and 1000sec. I n  t h e  VLBI  exper iment  t h e  o b s e r v a t i o n  
p e r i o d  of a r a d i o  s t a r  is between abou t  10 and 20min. and t h e  
f requency  s t a b i l i t y  i n  t h i s  r e g i o n  i s  t h e  most impor tan t .  The 
f requency  s t a b i l i t y  o b t a i n e d  i s  b e t t e r  t h a n  3x10-l5 f o r  t h e  
a v e r a g i n g  p e r i o d  between 500 and 5000sec and i s  2 . 4 ~ 1 0 - l 5  for 
830sec ,  which i s  enough f o r  a  VLBI exper iment .  

The l o n g  term f requency  s t a b i l i t y  g r a d u a l l y  d e t e r i o r a t e s  f o r  
t h e  a v e r a g i n g  p e r i o d  o f  more t h a n  3000sec ,  and i s  1 . 4 x 1 0 - ' ~  f o r  
105sec .  The main r e a s o n  f o r  t h e  d e t e r i o r a t i o n  may be t h e  r e l a t i v e l y  
h i g h  C - f i e l d  o f  2OmOe, which i s  added t o  one of t h e  masers ,  and t h e  
i n a d e q u a t e  s t a b i l i t y  of  t h e  C - f i e l d  c u r r e n t  sou  ce .  The 
s p e c i f i c a t i o n  o f  a t a b i l i t y  of  t h e  c u r r e n t  s o u r c e  i s  5 ~ 1 0 - ~ / d a y .  Th i s  
co r responds  t o  t h e  maser f r equency  s t a b i l i t y  of  7 ' . 8 ~ 1 0 - ' ~ / d a ~ ~  f o r  
t h e  C- f i e ld  o f  20mOe, though t h e  measured s t a b i l i t y  i s  1 . 0 ~ 1 0 -  f o r  
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env i ronmenta l  magnet ic  f i e l d .  The f l u c t u a t i o n  o f  t h e  magne t i c  f i e l d  
i n  t h e  maser room, which is l o c a t e d  abou t  20m d i s t a n t  from t h e  
basement of t h e  a n t e n n a ,  has been measured by u s i n g  a magne t i c  f l u x  
g a t e  meter .  The r e s u l t s  a r e  shown i n  Fig.10 and Fig.11.  Fig.10 shows 
t h e  v a r i a t i o n  o f  t h e  magne t i c  f i e l d  i n  t h e  maser room when t h e  
az imuth of t h e  an tenna  i s  swept.  Fig.11 shows t h e  f l u c t u a t i o n  of  t h e  
magne t i c  f i e l d  i n  t h e  maser room d u r i n g  t h e  VLBI exper iment  which 
was c a r r i e d  o u t  a t  t h e  end o f  August 1984. The magne t i c  d i s t u r b a n c e  
amounts t o  more t h a n  10mG. During t h e  VLBI exper iment  one maser was 
o p e r a t e d  under t h e  O.2mOe C- f i e ld  and used a s  t h e  t i m e  and f requency  
s t a n d a r d  o f  t h e  K-3 sys tem,  w h i l e  t h e  o t h e r  maser was o p e r a t e d  under 
t h e  2OmOe C - f i e l d  and used a s  t h e  r e f e r e n c e  maser. The magnet ic  
v a r i a t i o n  d i s t u r b e d  t h e  r e f e r e n c e  maser. L a t e r  t h e  C - f i e l d  o f  t h e  
r e f e r e n c e  maser was s e t  t o  6mOe and t h e  f l u c t u a t i o n  of  t h e  maser 
f r equency  reduced t o  1x10-' 4 .  

T h e r e f o r e  i t  shou ld  be recommended t o  check t h e  e x t e r n a l  
magnet ic  f i e l d  v a r i a t i o n  and t o  o p e r a t e  t h e  maser under low C- f i e ld  
a t  VLBI  s t a t i o n s .  E s p e c i a l l y  a t  mobi le  VLBI s t a t i o n s  t h e  magnet ic  
d i s t u r b a n c e  o f  t h e  an tenna  may be large because  t h e  maser is placed 
v e r y  c l o s e  t o  t h e  antenna.  

5. Conclus ion 

Two f i e l d  o p e r a b l e  hydrogen masers  have been developed as  t h e  
t ime  and f requency  s t a n d a r d  o f  t he  K-3 VLBI system. The measured 
performance f u l l y  s a t i s f i e s  t h e  r e q u i r e m e n t s  o f  t h e  K-3 sys tem,  a.nd 
t h e y  are now p l a y i n g  a n  i m p o r t a n t  r o l e  a s  t h e  t ime  and f requency  
s t a n d a r d  of t h e  K-3 sys tem a t  Kashima Branch. 

The magne t i c  d i s t u r b a n c e  by t h e  VLBT an tenna  t r a c k i n g ,  which 
h a s  been obse rved  a t  Kashima s t a t i o n ,  s u g g e s t s  t h a t  i t  i s  n e c e s s a r y  
t o  check t h e  magne t i c  environment  i n  t h e  maser room and t o  o p e r a t e  
t h e  maser under low C- f i e ld  f o r  VLBI exper iments .  
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Fiq.10 Change of thc external magnetic field 
when azimuth of the a n t e n n a  i s  sweeped 

Fig.11 Change of the external maqnetic field 
during the VLBI experiment 



QUESTIONS A N D  ANSWERS 

LAUREN RUEGER,  JOHNS H O P K I N S :  Did y o u  h a v e  b o t h  o f  t h e  f i e l d  
o p e r a b l e  m a s e r s  a t  t h e  s i t e  i n  y o u  o p e r a t i n g  m o d e ,  o r  d i . d  y o u  
have o n l y  o n e ?  

Mli. MORIKAWA: We h a v e  two h y d r o g e n  mase rs  a t  t h e  V L B l  s t a t , i o n .  We 
u s e d  t h e  f i r s t  m a s e r  a s  t h e  f r e q u e n c y  s o u r c e ,  a n d  t h e  o t h e r  i s  
I J S ~ ~  a s  a m o n i t o r ,  b u t  t h e  s e c o n d  m a s e r  c a n ,  o f '  c o u t - s e ,  
d i s t r i b u t e  s t a n d a r d  s i g n a l s  t o  t h e  system i f  t h e  f i r s t  m a s e r  h a s  
sorne t r o u b l e .  

A L B t H ' T  K I R K ,  JET P R O P U L S I O N  L A B O R A T O R Y :  What i:; t h e  o u t p u t  power 
of '  t h e  m a s e r ?  

M R .  M O H I K A W A :  I t  d e p e n d s  o n  t h e  f l u x  o f '  t h e  t l y d r o ~ e n  bear r i .  T h e  
maximum power i s  m i n u s  9 5  dBm.  

Mli. KTRK: F o r  t h e  d a t a  t h a t  y o u  h a v e  s h o w n  o n  t h e  g r a p h ,  what i s  
t h e  o u t p u t  p o w e r  w h i l e  t h a t  d a t a  was t a k e n ?  

M H .  M O R I K A W A :  Minus 95 d B m .  

Mh. KIHK: iiow l o n g  d o  y o u  e x p e c t  t k , e  i o n  pumps t o  l a s t ?  

M R .  MORTI<AhlA: A b o u t  t w o  y e a r s  o r  rrrore, One maser o p e r a t e d  ahout. 
t w o  y e a r s ,  a t  w h i c h  t i m e  t h e  i o n  p u m p  w e n t   OWX XI, b u t  i t ,  
r e c o v e r e d .  

M R .  M C C O U P I R E Y :  And t h e y  o p e r a t e d  c o n t i n u o u s l y  d u r - i n g  t h i s  time'? 

MR. M O H I K A W A :  Yes. 

V l C T O 1 3  HEINHARDT, HlJGHES AIRCRAFT COMPANY: I n  t h e  A 1  Lan vat"i;ini3c. 
d a t a  y o u  s h o w e d ,  was t h e  d r i f t  r e m o v e d ?  

M H .  M C ) R I K A W A :  I t  was n o t  r e r n o v e d .  

M Z .  Hb:INIIARDT: What w a s  t h e  f r e q u e n c y  d r i f t  p e r  d a y ?  

% F l u  M O H I K A W A :  a  few p a r t s  i n  t e n  t o  t h e  m i n u s  1 4 .  




