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A d e s c r i p t i o n  i s  given o f  some s p e c i f i c  f e a t u r e s  
31 t h e  L&crat:r:ire de 1 'Hor loge  Atorrique r rase r s ,  
t o g e t h e r  w i t 5  E discussi .or1 of  t h e  reas2r.s  o f  their 
c h ~ i c e .  'The g e r f o r n - ~ a ~ c e s  ach ieved  a r c  gLvcr.. , wri-th 
n W O U  3 c t i c r ;  cf .li c l a s s i c a l  zuto::lr.ing s y s -  
+ ,ern. Some p c s s i b l e  irn2roverer;~s ax-'e 2 1 5 ~  c!escribcd. 

1 NTRODUCT I ON 

Ces ides  twe e x p e r i m e n t a l  hydrogen masers ,  t w o  r c f e ~ e n c e  hydrogen ma- 

s e r s  a r e  i n  o p e r z ~ i c r -  ~t t h e  Labcrs to i rw de l lF io r loge  Atomique s l n c e  
. , 

1 9 7 2 .  F ig .  1 shows ;i sci-.erral:c c~awini: oi t 3 e s e  rracer->s, d c s i p : e d  f o r  
. .  ., o p e r a t i o n  i:: labor-'ator;. z-r . . -~t- icrs .  r\ie CL~:;C~:I>L' t ; lc i r  s p e c i f i c  fea- 

t u r e s  arid tlle perfor.r::ar_ce:-, :::h :i;ir:e3:. Thc l.ec.:l;7.icaL c;?r,ices a r e  di.s- 
. , -  . cussed ,  a s  w e l l  as p c s s i r j  ! e  :::>:-,cvz;r:ez~s. 

SPECIFIC FEATURES OF THE REFERENCE t?iASEE 

Three niajor poin:s will k e  :c<-.sid5ri;c-i : t:?e gfc~::1~t;:~r. i7f :F.E Set2!r, r;f 

a to r r~ ic  hydroger:, w i t h  L d i f t e r e r . c e  o f  pc;);llc3~C.3ri >e::.~e~ir. !hc le:re!,s 
. . 

i n v c l v e d  i n  t h e  maser. rr;ns:tlc::, ~ :qe  stcrag? -f t.i,e 2tcrr:s i:. the ~ , i -  

crowave c a v i t y ,  ar:l t h e  cbzcr s i g ~ ~ ~ c l  ~ r o c e s s l : ? ~ .  



I t  i s  des igned  t o  g ive  a  f a s t  r esponse  t ime t o  t h e  hydrogen fl.ow r e -  

g u l a t o r ,  s o  t h a t  t h e  dead t ime w h i l e  t h e  c a v i t y  i s  t u n e d  by v a r y i n g  

t h e  beam i n t e n s i t y  i s  very small. 

a. Low thermal  i n e r t i a  pa l l ad ium p u r i f i e r  I 
The pa l . l ad ium-s i lve r  a l l o y ,  shaped a s  a glove f i n g e r ,  i s  h e a t e d  d i r e c t l . y  

( F i g .  2 )  (1) . The hydrogen gas under  h i g h  p r e s s u r e  ( 3  x l o 5  Pa ( 3  b i l r s ) )  I 
i s  l o c a t e d  i n s i d e  t h e  p a l l a d i u ~  t u b e ,  s o  t h ~ t  t h e  h e a t  t r a n s f e r  t o  t h e  
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s u r r o u n d i n g  i s  minimized. The working p r e s s u r e  o f  7 Pa (5 x 10 t o r r )  I 
i s  o b t a i n e d  w i t h  a  c u r r e n t  of 2 .5  A i n  t h e  d o v e  f i n g e r .  The c o r r e s -  

poridirlg h e a t i n g  power i s  0 . 4  W o n l y  ; t h e  measured t h e r m a l  i n e r t i a  o f  

t h e  pa l l ad ium l e a k  e q u a l s  4 s. 

b.  Source p r e s s u r e  r e g u l a t o r  

A p r e s s u r e  gauge i s  made w i t h  a  t h e r m i s t o r ,  w i t h  a  s m a l l  t h e r m a l  i n e r -  

t i a .  A s imple  e l e c t r o n i c  sys tem m a i n t a i n s  c0nstar . t  t h e  v a l u e  o f  i t s  

e l e c t r i c a l  r e s i s t a n c e ,  and t h e r e f o r e  t h e  va lue  o f  i t s  t empera tu re  f o r  

a l l  t h e  u s e f u l  v a l u e s  of- t h e  hydrogen p r e s s u r e .  This  e l e c t r o n i c  systerr. 

p r o v i d e s  t o  t h e  t h e r m i s ~ o r  t h e  e l e c t r i c  power which compensates i t s  

the rmal  l o s s e s .  The h e a t i n g  c u r r e n t  i s  a l t e r n a t i n g ,  wi th  a  f requency o f  

15 kHz, i n  o r d e r  t o  a v o i d  t h e  d r i f t s  a s s o c i a t e d  w i t h  t h e  o p e r a t i o n  o f  

a DC c u r r e n t  p r e s s u r e  gauge. The emf o f  t h e  s o u r c e  p r o v i d i n g  t h e  power 

to the  t h e r m i s t o r ,  which i s  a  f u n c t i o n  of  t h e  hydrogen p r e s s u r e ,  i s  

d e t e c t e d  a t  a h i g h  s i g n a l  l e v e l  and compared t o  an a d j u s t a b l e  r e f e r e n c e  

v o l t a g e  i n  o r d e r  t o  s e r v o  t h e  h e a t i n g  c u r r e n t  o f  t h e  pa l l ad ium l e a k  and 

t o  main ta in  t h e  source  p r e s s u r e  a t  t h e  d e s i r e d  l e v e l ,  

The t ime  c o n s t a n t s  in t h e  s e r v o  loop  a r e  t h e  t ime  c o n s t a n t  of t h e  p a l -  
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ladium ( 4  s ) ,  t h e  t ime  c o n s t a n t  o f  t h e  p r e s s u r e  gauge ( 1 0  s ) ,  t h e  

pumping t ime o f  t h e  gas  i n  t h e  s o u r c e  ( 1 . 5  s )  and t h e  t r a n s i t  t ime  o f  

t h e  gas  between t h e  pa l l ad ium and t h e  gauge ( 0 . 5  s ) .  

c ,  Performances 

Fig .  3 shows t h e  response  o f  t h i s  p r e s s u r e  r e g u l a t o r  t o  s t e p s  o f  t h e  

r e f e r e n c e  v o l t a g e .  The pressure, measured by t h e  gauge, i s  e s t a b l i s h e d  



w i t h i n  2 0  s. Tkis t i r e  :,:uL:i 5.. 1~c2uced  by a  :actor o f  2 by decreasing 
- .  

t h e  t r a n s i t  t i n e  o f  t h e  Aycr-Len pas between t h e  p a l l a d i u m  l e a k  and 

t h e  d i s c h a r g e  tube 
(1) 

The s t a b i l i t y  o f  I-he p ~ ~ e s s u r e  so~?ce i s  q ~ i t , e  gc3C : ?he ?rift  is 

srnaller than 1 % p e r  d;1y fcr ;I w c : r k i r . ~  pre:.,sxrle :~f 19 Fa  ( 0 . 1  t o r r ) .  

HYDROGEN DISSOCIATOK 

. . 
Moi.ecular hydrogen i s  d i s s c c i a :  ec-: i:1 a cyl.',rlc',rical d i s c h a r g e  t u b e ,  

2 cm in diamete r  and 2C err. Ic r - ,~ .  The r:.ear, t lme  spezi; by a  molecule in 

t h e  dTscharge is :.cng, sc t h a t  i t s  d i s s o c i a t i o r i  p r c b n b i l i t y  i s  ve ry  

h i g h .  
. - - The a t o x i c  bear!: is i s s u e d  -1'~cr: 3 c ; r . g ~ e  2 y .  :nrr.rica- c u k e ,  c o a x i a l  w i t h  

t h e  d i s c h a r g e  t h e .  ';'hi.: deslpr-  is e a s y  k c  impierr.rr.t, and does not. 

s i g n i f i c a n t l y  a f f e c t  t h e  d i r e c t i v i t y  o f  rhe bean, ar:tl the e f f i c i e n c y  o f  

t h e  d i s s o c i a t i o n  : t h e  measured a tomic  c o n c e n t r a t i o c  in t h e  bean  i s  o f  

(2) t h e  o r d e r  of  0 . 6  f o r  a  worlking p r e s s u r e  o f  1 3  Pa (C.l torr) . 

STATE SELECTOR 

-, The p o l e  t i p s  of t ? i ~  !iex<:pc;.e ;re s h a 9 e l  i:- f>rde:- tc :I: [he t h e o r e t i c a l  
( 3 )  

-.L. - . . e q u i p a t e n t i e l  cu rves  . I..= . - e a s ~ ~ - e d  5 i c i ; l  :\e-ar:l.-:.cr. Tn -ti-~c maglet 
. . i s  very  c l o s e  t c  ihe - 6 . i :~c ; re t , i c .~ l .  f i ? l L  repa.irt: t~.cjr, ,  ;IS shown i;~. f i g .  4. 

Consequen t ly ,  tk,e el'fec-tlve ::-::rr.eter o f  t l e  rr.agletic ?.ens i s  ve ry  cl.ose 

t o  t h e  p h y s i c h i  c l izne- te-  zf :kc :.ai=rle?:, z1l.cwir.g e f f i c i e n t  use of 

the a tomic  flux i s s u e d  f r ~ m  t: l t :  sou-ce, d::? t:p.~: cptiilal p m p e r t i e s  o f  

CAVITY PULLIYIC 

, ,  . 
I n  or>der  tc Lower T!ie ;:-;v-ty >L--::-~E eCL~i . i : : - ,  , I!. Is : - . e c - , ~ ~ <  - -ad2r3" ,  f o r  ~3 

given a t o r i c  l i r i e  w l l ~ t r . ,  Lc: r e d - x ?  ?he T-P----= 1 ccei- . i icier?t  cf t h e  

c a v i t y  , t o  cont l rc l  i.13 Terr;Jcr'i;lLrt , 7::; X;l:ii! .t p ~ ~ p e 1 ~ 1 y .  

a .  Thcrmzl conpc~:sctla: :  cf ::1e zav i ty  



The c a v i t y  i s  made o f  q u a r t z ,  wi th  m e t a l l i c  compensation r o d s .  The com- 

p e n s a t i o n  i s  a d j u s t e d  i n  o r d e r  t o  b e  e f f e c t i v e  f o r  t h e  c a v i t y  Loaded by 

t h e  s t o r a g e  bu lb .  The c a v i t y  is  e n c l o s e d  i n  a the rmal  s h i e l d  s i t u a t e d  

i n s i d e  t h e  vacuum t a n k .  I n  a r e c e n t  r e a l i z a t i o n ,  t h e  measured the rmal  
-1 

c o e f f i c i e r l t  i s  o f  t h e  o r d e r  o f  0 . 1  kHz K . 
b. Thermal c o n t r o l  o f  t h e  c a v i t y  
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The tempera tu re  o f  t h e  c a v i t y  i s  r e g u l a t e d  w i t h i n  1 0  K f o r  20  days 

and K f o r  f o u r  y e a r s .  

The t h e r m a l  c o n t r o l  i s  prov ided  by t h r e e  c o n c e n t r i c  ovens ; each  o f  

them b e i n g  d i v i d e d  i n t o  t h r e e  independen t ly  r e g u l a t e d  p a r t s  : 

- t h e  magnetic s h i e l d  no 2 ( t h e  two end caps and t h e  l a t e r a l  w a l l ) .  

I t s  t empera tu re  i s  main ta ined  a t  about  28O C. 

- t h e  magnet ic  s h i e l d  no 5 ( t h e  two end c a p s  and t h e  l a t e r a l  w a l l ) .  

I ts  tempera tu re  i s  mainta ined a t  abou t  4 3 O  C .  

- t h e  copper  t ank  e n c l o s i n g  t h e  c a v i t y .  The l a t e r a l  p a r t  of t h e  

t ank  and t h e  upper  p a r t  of  .the pumping t u b e  are  main ta ined  a t  48O C .  

The Lower p a r t  of t h e  pumping t u b e ,  made of s t a i n l e s s  s t e e l ,  i s  main- 

t a i n e d  a t  35O C a t  t h e  l e v e l  o f  s h i e l d  no 2 .  

The s e p a r a t i o n  between each m a ~ e t i c  s h i e l d  is f i l l e d  w i t h  a t h e r m a l  

i n s u l a t o r .  

The microwave c a v i t y  i t s e l f  and t h e  s t o r a g e  bu lb  a r e  t h e r m a l l y  i n s u l a -  

t e d  f ram t h e i r  e n c l o s u r e ,  b e i n g  s u p p o r t e d  by quar tz  p o s t s .  A cupper  cup 

i s  s e t  a t  t h e  t o p  o f  t h e  pumping t u b e ,  i n  good Thermal c o n t a c t  w i t h  t h e  

copper  vacuum t a n k .  It p r e v e n t s ,  a s  much a s  p o s s i b l e ,  t h e r m a l  r a d i a t i o n  

exchanges wi th  lower  parts o f  t h e  maser. The t ime  c o n s t a n t  o f  t h e  tem- 

p e r a t u r e  v a r i a t i o n s  of  t h e  c a v i t y  i s  15 hours  abou t .  

The t empera tu re  s e n s o r s  a r e  t h e r m i s t o r s ,  which a r e  main ta ined  i n  two 

o p p o s i t e  arms o f  a  Wheatstone b r i d g e .  

The v o l t a g e  produced by tempera tu re  f l u c t u a t i , o n s  i s  a m p l i f i e d  by a  low 

d r i f t  o p e r a t i o n a l  a m p l i f i e r  and de te rmines  t h e  du ty  c y c l e  o f  a m u l t i v i -  

b r a t o r .  The p e r i o d  o f  t h e  p u l s e s  i s  about 1 m s .  T h e i r  wid th  determine 

t h e  h e a t i n g  power. 



w e f  f i c i excy  Is very gcc : , 

t e m p e r a t u r e ,  v i a  ;: plat ir lurn r e s i s t a n c e  tenper.a:ur-c :rar,sducer for The 

10 mK s t&i . l i , t y  over 1, ye;.:??. 

I . . ,  . - 
The a t o m  are sf'lE-: c.ec rrEr, < . - . . Y - :  -,>>..? 

,....mT.e + : -  -. . . 
- d u A  k dL ...L. L, lAk .  , ., ... ; ; . c . ~ ; ~  -:rir:at-12;17 kby s i x  

nagrietic shields, a;: r ~ i l ~ .  FF +:.-;r;c t,; , wit:-: a. t:l.'*c:q~:~ss of 2 mn. T'l~e 

fyuctuations of the m a g r i ~ t i c  field rj'-;ir,l; i s  a p p l i e d  ?r ,  t h e  l ~ ~ i d r o g e f i  

I . . . * .  . . .- cxper imcr l t a i  maser er,uipp:"" :~:.ti-. sirr.lj #,r S:,:EL::~. .:c ;~>eaz~lpe ;?er ! t  51 

I Ccllisions zit i ,  p:.r;.i:.i~j:~,e~l fii:r;es : x y  :";~vF i c 2 c r 1 + 2 n  r cf fects or: t h e  

I The best wzy TC: gct  r5d cf t ? e s z  s p ~ r i s ~ ~  nffecis i s  to maintain ;.is 

I pumps and twc scp;.r,i?e -r;ic7L!l:::. ::-.~?~?';I.\ES, r.?e ,>f s+a j .n less  s t e e l  o r  



copper  ( i n s i d e  t h e  magnet ic  s h i e l d s ) .  Only m e t a l l i c  g a s k e t s  a r e  used.  

PIICROWAVE SIGNAI,  PROCESSIIJG : ELECTRONIC CIRCUITS WITH NO SPURIOUS 
PHASL SHIFT ASSOCIATED WITE V A R I A T I O N S  OF THE SIGNAL LEKL 

When a  hydrogen maser i s  used a s  a f requency o r  t ime s t a n d a r d ,  i t s  

c a v i t y  i s  tuned  by t h e  c l a s s i c a l  "Erequericy method" t u n i n g .  I n  t h i s  

rrethod, t h e  a tomic l inewid- th  i s  modulated and t h ~ ?  c a v i t y  i s  tuned i n  

o r d e r  t o  c a n c e l  any f requency modulat ion a s s o c i a t e d  w i t h  t h e  l i n e w i d t h  

rnodulat5on. The l e v e l  of t h e  o s c i l l a t i o n  v a r i e s  wi th  t h e  a tomic l i n e -  

width .  If t h e  r e c e i v e r  i n t r o d u c e s  phase  s h i f - t s  r e l a t e d  t o  t h e  l e v e l  o f  

t h e  s i g n a l ,  t h e s e  phase  s h i f t s  a f f e c t  t h e  s h o r t  'ierm frequency sTa- 

b i l i t y  o f  t h e  f requency s t a n d a r d .  

Fur thermore,  t h e  i i p p l i c a t i o n  o f  an alternative method f o r  t h e  c a v i t y  

turlinrr c r i t i c a l l v  d e ~ e n d s  on t h e  use. cf e l e c t r o n i c  c i r ~ c u i t s  showing, a s  

far i  a s  p o s s i b l e ,  a l e v e l  i ~ d e p e n d e n t  phase s h i f t .  In t h i s  a p p l i c a t i o n ,  

t h e  l e v e l  c o r r e l a t e d  s p u r i o u s  phase  s h i f t  must be s m a l l e r  t h a n  a  few 
- 3 

. 10 degree  f o r  ampl i tude  v a r i a t i o n  o f  3 dB. 

These phase  s h i f t s  a re  due t o  non l i n e a r i t i e s  i n  b i p o l a r  t r a r i s i s t o r s  

pa ramete rs  and t o  therrri l l  e f f e c t s .  

It h a s  been shown "' t h a t  t h e  non J r i n e a r i t i e s  o f  t h e  t r a n s i s t o r  pa ra -  

nleters are p ropor t i .ona1  t o  t h e  s q u a r e  o f  t h e  v o l t a g e  ampl i tude and t o  

t h e  phase  lag i n  t h e  c o n s i d e r e d  c i r c u i t .  

111 low f r e q u e n c i e s  a m p l i f i e r s ,  t h e  t h e r m a l  e f f e c t s  r e s u l t  o f  t h e  varia- 

t i o n  of t h e  e l e c t r i c a l  pa ramete rs  o f  t h e  t r a n s i s t o r s  which a r e  induced 

1 by t h e  v a r i a t i o n s  of t h e  power d i s s i p a t e d  i n  t h e  t r a n s i . s t o r s .  Th i s  I 
v a r i a t i o n  has  a component i n  q u a d r a t u r e  w i t h  t h e  c o l l e c t o r  c u r r e n t ,  

owing t o  t h e  t h e r m a l  ine1.ti.a o f  the  device. An ampl i tude  dependent phase 

s h i f t  may r e s u l t .  

This  e f f e c t  can be avoided if t h e  t r a n s i s t o r  i s  p o l a r i z e d  f o r  an e x t r e -  

mum (maximum) power d i s s i p a t i o r ,  : t h e  fundamental  o f  the  paramete rs  

v a r i a t i o n s  t h e n  d i s a p p e a r s .  

We have b u i l t  5 . 7 5  kHz a m p l i f i e r s  (F ig .  5 )  a c c o r d i n g  t o  t h e  f o l l o w i n g  I 
design r u l e s  : 



. . 
- t r ' a n s i s t o r s  wi+n r_ Is-ge Trar.s:T:ci.: :req.Aency arc used 

- . - t h e  col;ecrc-,r t_c 332~3 V C I - ; C < ~ ~ >  2 : ~  1:1?k. P F ~ ~ O L ~ :  t~ reduce t h e  

v a l t a g e  depe1:ier:ce 35 -c?:c ::,:,;;nrtc:, L155e capacLtor  

- "the high f r e q u e s c y  ctlt-:i:' '5 a2 l;i-ge ~3s ~ c s s i b l e ,  and the 

low frjcque.ncy cu ' r -o f f -  2s s~.;l_ possible 

- t h e  coliec!.'lor i s  pc;l;:.izi.:i t c r  t h e  rriixricur.: v d u e  sf t h e  ais- 

s i p a t e d  pcuer 

- feed t ; , ;~ :~  i;, eT;it:'ll ,::iyC-;;.L _re:'_;-tzc: L f : t ( - T S i 3 C  l + - t p  ilg,d 

Linearizes t h e  <1-.31::1 i:-.,3e:j,3:-A:~ 

- o~tput vciLhge 7 : ~ s :  I-:%:: LF: -?: , . . - + - -  .:.i r;laxi~!?~rr a ~ p ? . i ~ u d e  

i s  1 V at 5 k 5 z  znc :. 1 Y st 5;:! kFz,.  

On t h e  o t h e r  hiind, i'c lis kncwn that phase  c o r n p a r a t c : ~ ~  ape n o t  < d e a l  

d e v i c e s  and t h a t  a modulation oi- t h e  ampl i tude  o f  t h e  s i ~ ~ a l  i ~ d u c e s  

a modula t io r  i n  t h e  3 . C .  o u t ? u t ,  even when the s i ~ ~ a l  and  t h e  r e f c -  

rence a r e  very close tc tile quairatur>e ccnditLr>ri. Conseque;~t ly ,  t h e  

use  ir. t h e  pij~ise-leek l o ~ p  ::f (2;: a:??:i!u.'e li-:itcr s'lo~iring a  l e v e l  

., r,p r 7.- 2 -7 ,- indeperderit ~;laze s t l i f t  i z  of ~ r i r , e  I - .  ...*" !,..c x!-:P:-. : ; A ~  .Gzser ,::?<::l- 

1 a t i . c ~  l e v e l  i s  niodi;: a t cc .  

Such arapl i tude  irirriters, ;it z workiilg i-requcncy of 5 . 7 5  kHz, have beer1 

built ( F i g .  6) , a c c o r d i n g  tc t h e  F r a n c k ' s  (8) a n a p y s i s  of t h e  wave 

form dependent phase  s h i f t .  

Var ious  tests on amplifie1:s ar,d 21rplj.t~~~ l im i t e r s  g.i.ve c o n f i z e n c c  

- > t h a t  t h e  ach ieve?  ;;:r,pltl~cc cc-r'el-.i:ec ~ . : ' s c  :-l-;j.:: -KC:-. s::.;i~:pp 

. . .. - . thar.  LC-' degree  f:r : I  2 .r;r: ; ~ : c n ~  : : .: ::E. 

- .  We have ncl yet perr2rt:e:t 2 ,I:-ecr.: p~e~:~ : , :~   re:::^:.: :,f T ~ C ?  h - ~ . ' ~ l  

. . .. . s h i f t  ir, o u r  ref'e:'e:i-e ;r,:Lcrmi;, l;,ic;-. ; r:,easul-,c!r;.e~-~: i\,!. , _  he p o s s i b l e  
- - .  , . i n  a n e u r  F.A;LI'C, x z i ~ : ~  T-::c :(;I.;_'.> h.:1> i e ~ i ; ' ~ :  ile:;c:-;~e~j l a t e r .  



FREQUENCY STAEILITY WITHOUT A U T O T U N I N G  SYSTEM 

The s i g n a l s  d e l i v e r e d  a t  t h e  o u t p u t  o f  t h e  1420 MHz low n o i s e  a m p l i f i e r  

o f  t h e  two r e f e r e n c e  masers a r e  mixed and a p p l i e d  t o  t h e  i n p u t  s t a g e  

o f  an  e l e c t r o n i c  he te rodyne  r e c e i v e r .  A f t e r  d e t e c t i o n ,  t h e  b e a t  n o t e  i s  

f i l t e r e d  i n  a  low p a s s  f i l t e r ,  w i t h  a  bandwidth o f  6 Hz.The d i f f e r e n c e  

i n  f requency between t h e  two masers i s  s e t  between 0 . 1  and 1 Hz by 

a d j u s t i n g  t h e  magnet ic  f i e l d .  

F i g .  7 shows a p l o t  o f  t h e  r o o t  mean s q u a r e  o f  t h e  Al lan v a r i a n c e  of  

each maser,  t h e  s t a t i s t i c a l  p r o p e r t i e s  of which b e i n g  assumed t o  be 

i d e n t i c a l .  
4 

For each va lue  of t h e  averag ing  t i m e - T ,  ( T  < 10 s )  each e x p e r i m e n t a l  

p o i n t  i s  determined from a  s e r i e s  o f  more t h a n  100 samples .  The uncer-  

t a i n t y  i n  t h e  e s t i m a t i o n  of t h e  Al lan v a r i a n c e  i s  t h e n  l e s s  t h a n  

10 % ( 9 )  

The f r a c t i o n a l  f requency s t a b i l i t y  i s  4 x 10-13/T f o r  I s < T < 40 s 
-15 

and 3 x 10 f o r  T = 1000  s ( f o r  t h a t  l a s t  f i g u r e ,  600 non s e l e c t e d  

d a t a  p o i n t s  of a cont inuous  run  have been used t o  cor~putc  the Allan 
14 

v a ~ i a n c e ) .  The d a i l y  f requency f l u c t u a t i o n s  e q u a l  a few p a r t s  i n  1 0  . 

E'FXQUENCY STABILITY WITH AN A U T O T U N I N G  SYSTEM 

A c l a s s i c a l  autotuxling system h a s  been buil-t.  and t e s t e d .  The f requency 

o f  t h e  5 MHz q u a r t z  c r y s t a l ,  phase  l o c k e d  t o  t h e  maser under  t u n i n g ,  i s  

measured f o r  h i g h  f l u x  and low flux. 

The d i f f e r e n c e  between t h e  two r e s u l t s  i s  used t o  t u n e  t h e  c a v i t y .  I n  

t h i s  d e v i c e ,  t h e  f requency i s  n o t  measured whi le  t h e  f l u x  changes ( t h e  

dead t ime e q u a l s  30 s ,  which i s  l o n g e r  t h a n  t h e  t ime needed f o r  the 

p r e s s u r e  change i n  t h e  s o u r c e ) .  

F ig .  7 shows t h e  frequency s t a b i l i t y  of t h e  phase  locked  5  MHz q u a r t z  

c r y s t a l  o s c i l l a t o r s  m u l t i p l i e d  up t o  400 MHz. The f requency s t a b i l i t y  

niea::urement data a r e  t aken  c o n t i n u o u s l y ,  even when t h e  f l u x  i s  v a r y i n g ,  

and w i t h o u t  c o r r e l a t i o n  w i t h  t h e  a tomic f l u x  modulat ion,  The s h o r t  ?e r r .  

frequency s t a b i l i t y  cou ld  be improved by u s i n g  b e t t e r  f requency mul t i -  







The fundav.efital ~ 2 v ; l n t a g e  ci t n e  ~;':;lse metho2 s h c u l d  be  a large reduc- 

t i o n  c;f the per icd  cf , o ~ ~ l z t i : j : .  ( i . r . .  L ~ I ; S  ~CI - id  cf 300 s when t h e  

bezm ir , ter:si t j i  is ::;ci:i;_c.red) . L:::r.seq~er.+,ly, tl:e F~~c ; (E :T  n o i s e  o f  f r e -  
. ? (>= , 3.. f ..:-'-,- quency of  5 c,r.ysr,;^, :req12?:-. r;' s("--,' ..,,:-.: ;ic, 3. !.?roquency r e f e r e n c e  

. . . . 

I n  t)le auto+ilfiir-Ag i y s : ~ ,  , j ; ~  i:l;: cc:-. iy:.::u:r. 7: s;..,? : . l e y  exten-. ?a  t h e  

n o i s e  iri t k e  e r r ~ r  c . ~ ~ I . . L _  w ? i i ~ : l  is U S G U  TO tune  the cavity. 

COUE;LL S'SOFJ~GE 5 ~ ~ 3 3 3 5  IrT; 

The s t a n d z r d  rr.ethcd 5 3 ~  z e ~ ~ z ~ r i r ~ g  t h e  f~eque:-icy s n i . f t  due t o  t h e  a t o -  

mic c o l l i s i c n s  cr. ::ye wall of t:;e s tcrc ,ge  kc1k  c o r l s i s t s  i n  m e a s u ~ i n g  
. . 

t h e  n.,aser osc,-.l;l;ior, Gri2quercj- 3s . .., ,,, +.I~-::_.-'---.-- .I L.., ,-.+ \. ::e : :o l l i s lon  f requen-  
- .  

cy byL , jsir:g bl;lbz cf vzrl;.,Js < i : i T ~ T e p ~ .  I: :. ..L-., I C - I >  7 , - : : ~ '  d k , L L , i h l e  t~ V~P;; 
> .  (13) 

co,,isicn fr7e~ue:icy :j: ::sir:g . s i n g l e  ~711~5 w i t 1 1  ;i v a r i a b l e  shape . il-, -, - - 

These irist bev ices  Lnply t:kc use cf a  i l e x ? b l e  t e f l o n  s h e e t  which i s  

s u b m i t t e d  TO d i f f e r e n t  s t r e s s e s  for. t h e  d i f f e r e n t  c o n f i g u r a t i o n s .  

We a r e  s t u d y i n g  a  double  c o n i i g u r a t i ~ n  b u l b  w i t h o u t  any f l e x i b l e  s h e e t  

and which a l l c w s  2 large v a ~ i a t i o c  o f  t h e  c o i l i s i o n  f requency .  F i g .  9 

shows t h e  prti;lci.ple 3f t1:is huh. The t w o  co l l i s io r - .  f r e q u e n c i e s  arc 

cb ta i r i ed ,  f o r  z giver.  t e r . p r > r - t ~ r e ,  for- t h e  :v> pcsLtion:; s f  t h e  va lve .  
.- * They d i f f e r ,  ay ti f r , c t c r  ;r _ . k 5 ,  
. - The oscillatic.n LS ; : !~E; - ,~~-T.Fc _raL- c:7c 4 - , . - ,  c h L  p ~ ~ : l l ~ : - ~ :  31 the p l a t e ,  cind 

f-op bL],b L ~ ~ l d  zav:4-)- ~e ::.$< ~-3~:;;1-,p Le;~!;~e:: 79 2 7 : .  :-> A (' .A :? . 3 :< ~ 7 :  PJL 4-1)  - A 2 go(1d 

f requeccy  s tabi- i : )" .  
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This  work h a s  bcerl spcccored LJ- 12.!:,?L.5. inf 3.iLT.P. 



( 1) J. Vienne t ,  P. P e t i t  and C.  Audoin, J o u r n a l  o f  P h y s i c s  E : Scien- 

t i f i c  Ins t rumen-ts  - 6 257 (1973) 

( 2 )  M .  D e s a i n t f u s c i e n ,  Revue de Physique Appliquge - 2 235 (1967) 

( 3 )  C .  Audoin, Le J o u r n a l  de Physique app l iquge  - 2 6  71A (1965) 

( 4 )  C. Audoin, M. D e s a i n t f u s c i e n  and J . P .  Schermann, Nuc lea r  I n s t r u -  

ments and Methods 69 1 (1969) 

( 5 )  C.  Audoin, J . P .  Schermann, P. G r i v e t ,  Advances i n  Atomic and 

Molecular  P h y s i c s  - 7 1 (1971) 

( 6) S.B. Crampton and 1I.T.M. Wang, P h y s i c a l  Review A - 1 2  1305  (1975) 

( 7 )  R. B a r i l l e t  and C. Audoin, C.P.E.M. Boulder  1976. To be p u b l i s h e d  

( 8 )  R.L .  Franck,  Proc.  o f  t h e  IEEE 58 257  (1970) - 
( 9 )  P. Lesage and C.  Audoin, IEEE T r a n s a c t i o n s  on I n s t r u m e n t a t i o n  and 

Measurement IfiI-22 157 (1973) ; IM-24 86 (1975) ; IM-25 270 (1976) 

(10) C .  Audoin, M. D e s a i n t f u s c i e n ,  P. P e t i t ,  J . P .  Schermann, E l e c t r o n i c s  

L e t t e r s  5 292 (1969) - 
(11) M. D e s a i n t f u s c i e n ,  C .  Audoin, Le J o u r n a l  de Physique - 35 829 (1974) 

(12) P. P e t i t ,  J. Viennet , R. B a ~ i l l e t ,  M. D e s a i n t f u s c i e n  and C .  Rudoin, 

Met ro log ia  - 1 0  6 1  (1974) 

(13)  D.  Brenner ,  J o u r n a l  o f  Appl ied  P h y s i c s  - 41  2942 (1970) 

P.E. Debely,  The Review o f  S c i e n t i f i c  I n s t r u m e n t s  4 1  1290 (1970) - 
H.E. P e t e r s ,  Proc .  o f  t h e  29 L'' Annual Synlposiurn on Frequency Con- 

t l r o l  362 (1975) F o r t  Monmouth, N.J. 



Fig. 1 - S i r r . p l i f i e <  r>epr.ese::-:ailcr: , f  ? h e  s t r x c r u r e  o f  t h e  masers 

Fig. 2 - [.iec~:2fiic;;~ ~ s ~ ~ ~ b l : -  2f p a l '  l c ~ l u ~ - ~ i l ~ e r  -- ' '  l e a k  

F i g .  3 - Response ci- r:?e p r e s s l J r e  r e g u l a t o r '  tc s t e p s  o f  t h e  r e f e r e n c e  

v o l t a g e  

F i g .  4 - Measured mapetic i i e l d  v a r i a t i o n s  3s a  f u n c t i c n  of  t h e  d i s -  

t a n c e  tc t h e  axis 01 t h e  hexapole  magnet 

F i g .  5 - A ~ p l i f i c r  a t  5 . 7 5  kEz  wi th  a  ga in  o f  40 dB 

Fig. 6 - Easic c i r c u i t  _F>r ampl i tude  l i ~ . ; . k t e r  

F i g .  7 - P l o t  i?f cne roat rr,ezr, square cf ?!he .4llar, var iar lce  

a for t h e  r e fe re r i ce  masers ~ i t h ~ l ; t  a u t o t z n i n g  

@ f o r  t h e  r e f e r e n c e  masers w i t h  an a u t o t u ~ i n g  system 

F i g .  8 - Exper imenta l  r e s u l t s  f o r  t h e  t e s t  of  t h e  phase method f o r  

t h e  c a v i t y  t u n i n g  

Fig. 9 - Double s t o r a g e  b u l b  s e t - u p  
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V a c u u m  f e e d t h r o u g h  
,,/- . . -. 

H 2  
d 

H i g h  p ressure  u l a t e d  l o w  

F i g  - M e c h a n i c a l  a s s e m b l y  o f  t h e  p a l l a d t u r n - s ~ l v e r  l e a k  

p r e s s u r e  

Fig. 3-Response of the  pressure regulator l o  steps of the reference voltage 
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Fig .4  , M e a s u r e d  m a g n e t i c  f i e l d  variat ions a s  a f o n c t i o n  of 
t h e  d i s t a n c e  to t h e  ax is  o f  t h e  h e r a p o l e  m a g n e t  





2 - f o r  the reference masers w ~ t h  a n  a r t r t r r i a g  system 
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Fig.7-Plat af t h t  root m ~ a n  square o f  the A l l r n  var iance 
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F i g . 8 - E x p e r i m e n t a l  resul ts  for the test of the phase method  for the c a v i t y  tun i r ig  
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Fig.9 - D o u b l e  s t o r a g e  b u l b  s e t - u p  




