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AHY?'liA(1.'r 

A lo& noise synthes~zcr~ has been uevelapcc~ for usc i n  hyarogcrl nlsscr 
au tulunlng and perforn~ance evaluut~or~. This syrithes~zer replaces the 
frequency offset maser normhlly ubecl for' t h ~ s  purpose anu  allows tile user 
to rnaintarn all masers i n  the ensernbl~b a t  the sarne f requcrlcy. 

'X'tie syntrlesizer deb~dil utrlizes LI quartz oscillator n ~ t h  a 1LV.A. r.esurlato~. 
8 The oscillator has a f requcncy offset v i  5 x 10- . The H.V.A. oscilltitorl 1s 

phase-locked to 8 llyclruge~i nl,iser by rneiins of a higt~ gairl, 1i1g11 stabil~ty 
phase-locked loop, enlploylng l o w  nolse nl ul tlplicrs ;is phase error ar~lpll- 
hers. A furict~onal block o~~ ig ra  nt ol the syritllcs~ztx ma  pvr 101'11id1lce i ~ ~ l t d  
w i l l  bc preserrteu. 

IN?'HOl.)Ut.,1 lUf4 

l'he Johns  Hopkins U I I I  vcrsily App11ecl Pl~jslcs I,abor'atory rias beer1 ~nvolvecl 1 f i  tllc 1"- 

search, ukveloptlicnl dnci fzlurlcn t~otr o f  / lyut.uge~~ ~llasel's since 197 5. 1 he h K  (11 ASA 
Kesearchl liyclrogen ~lluscr, rlevelopea at  Jli  I)/ APl, hds several inr~ovat~ve fedlures WIN c t ~  
grecr t iy  enhance ~ t s  pel iol.rilanc.c. 0t1e of ttiese fccttuises 1s the ablilly oi the  N ft  rrltlsc, to 
tune r tself by rnaklng irequcncy d ~ f  f'e eiicc r,~easurcrnents I~ctweerl I tscli ,mu ~i ref erencc 
s~pnnl, offset i n  icpquency iri b A IU-'. ' lnr  best dululurir ~~ r~ fo r~~ . , i nc : t .  e obLaloeo wi~cri 
the  offset refer*erice signal IS ol)lt~~necl 1rbotll u~~otrier hycii-ogen rlltiser. b riforturiately tills 
rr~elhotl ~lraxlclates t h a t  t he  rel'erc~lcr !riaset- i,e o i t s e l  i x ttius rerllovlng ti valudulti  
maser. from the on-f raequency clock enserr~ljlc. (- ' lcurly i t  woulr~ ue  ucs~ral~le  i o  operate 
all rrrasers olk frequency urlrl to have u sjnthes~zcr pilase lockecl to the rndser to proviuc 
the offset f r+equency reference slgnal. To ue ur l  adequate rcplace~rlent for  t h e  reference 
maser, the syntheslxei- shorlld not clt'griirlc l h c  lriaser perf'or~nar~cc I n  uutotull~ng, ariu ~t 
should be srnall and rugged enough torn maser fleld repalls arid ulxgnment  operatloris. 
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LIESIGN AP?lIOA(:H 

The offset generhator is busicully H sirlgle frxequctlcy ~nuirect synthesizer uslng a ~nultiply- 
mix - ptlase locked loop approuch. (Please refer to Figure 1). For clarity of presenta- 
tion, the synthesizer is divided into three purls: the frxed frequency, tile phuse multi- 
plier's and the phase locked loop. The flxcd frequency section contains a very stable, 
spectrally pure VCXO wlliclr is operated at 5 161112; + 5 x 'l'lie VCXU is ~nanufae- 
tured by Oscllloquartz using a B.V.A. rusonator. 'I'tle VCXO has excellerlt short terrr~ 
s tabi l~ty  below 1 second. T11e phase error. rr~ulliplicr section conta~ns two low noise 
multiplrers which rnultiply the 5 IVIHz oulpuls of the ofiset VCXO and the IVInscr to 
1 (illz. ?'he 1 Gllz signals ure then llrlxccl lo produce rl 50 klx signal whlch has 200 times 
the phase lnforination as the original 5 M H z  signals. The frequency of the 50 Hx signal is 
dep ndent on the J'ructional f'requcncy drfferencc betwecr~ the offset VCxO (5 ItlHz t 5 x -8 10 ) and the ref et'unce maser. The 50 Hz signal hrjs ri trecyueney sensitivity of 1 x 10- 9 
per bz. The phuse locked loop section contains r i  hlotorhold MC: 4044 phase lock loop LC., 
a divide by 100,000 circuit, and a rnlxer-low p i s s  f~ l t e r .  7 ' 1 1 ~  50 l1x signal resulting frorri 
the two 1 Glrz outputs which canttiins the Oil'set VCXO vs rntiser phase data 1s corlipured 
w i t h  u reference 50 W'L slgnal which is drv~decl rlowrr frorn t11e rnaser input. 'Fhe compari- 
son is made using ti Rlotorola IVIC 4044 digital yhuse detector used in  the quauruture 
mode. The resultin error. signal is trarlshted and fli tured and usea to lock tire offset 

Tntil froin the V i  :X(J rs the output at  the synthesizero. VCXO. l 'he 5 x 10-'offset sii, 

PEKE'OH&IANCI.: UArl'A 

'1 he data presenteu in  Figure 2 was takcrl at  ,JHI.i/i-\l3l, : l a ~ t i  sllows th(: results of cornpar- 
ing two lrlasers together ( N  K X  und N t i 9 )  i n  two corll~~urations. I he bottom truce 1s u 
sigrna tau plot of tllc NliX rnaser' co~~ iya r i~d  to l l i e  h l l9 rxiaser. wrth N ti9 offset In fre- 
quency 5 x lg8. The top trace shows n sigma tau plot of tiw same two rrlasers except in 
this instance the maser's are runrilng at  i f i t !  stlrne frequency. NR9 was placed utick on 
frequency v d  the offset generator was phnse locked lo the N K X  maser ttius prooucirig 
the 5 x 10- offset. Note there 1s very lrttle clllfcrcnce Ixtwcen the two traces and that 
for all practical purposes the offset generator performs as well ,is the maser which was 
lnterltionally offset in frequency. 

The offset generator was also perforn~unce testco in the fielil ut the iViojave Utlse 
Station, Goldstone Calif ornla, in the following manner. Y ivc N R  masers were autotuned 
using the offset generator. Later one of the Inusers was offset d1ld used to evaluate the 
other four rnllers tuned with the offset generator. The tlgreernent was  found to be 
within 1 x 10- tau. 

CONCLUSION 

The design features of n l o w  nolse single treguency syrlthrsizer used to provlde u 5 x lb8 
offset signal for tuning NR hydrogen masers has heen presented. Test data presented 
indicute that there is a negligible perfocrrlance penult when uslng tlie oftsct generator In 
place of all offset maser for providmg t h e  5 x offset r e fo r e~~ce  signal used for 
frequency diff ererice rneasureinents urlcl tur~ir~g of" N K masers. 
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QUESTIONS AND ANSWERS 

M R .  McCOlJBHEY: You p o i n t  out t h a t  t h e  u s e  o f  t h i s  s y n t h e s i z e r  
p e r m i t s  y o u  t o  o p e r a t e  a l l  t h e  mase r s  i n  a n  a s s e m b l y  a t  t h e  s a m e  
f r e q u e n c y .  I h a d  a l - w a y s  u n d e r s t o o d  t h a t  w h e n  y o u  g o t  a  n u m b e r  o f  
i d e n t i c a l  o s c i l l a t o r s  c l o s e  t o  t h e  s a m e  f r e q u e n c y ,  t h e y  t e n d  t o  
p u l l  e a c h  o t h e r  a n d ,  t , h e r e i ' o r e ,  b e c o r n e  n o t  a l l  i n d e p e n d e r ~ t ,  whi . ch  
y o u  l i k e  them t o  b e  i f  t h e y  a r c  t o  o p e r a t , e  i r l  a n  e n s c r n b 1 . e .  Is 
t h a t  a p r o b l e m ?  

M R .  I N G O L T I :  I h a v e n ' t  s e e n  t h a t  i n  t h e  T l r n e  a n d  F r e q u c r ~ c y  l a b  a t  
J o h n s  H o p ~ i r l s .  Maybe L a u r e n  R u e g e r  c o u l r l  a n s w e r  t h a t .  

M R .  R l J E G E H :  We h a v e  e n o u g h  i s o l a t i o n  I n  t h e  ~ n u t r u ~ e n t  t h a t  we 
c a n  r e a d i l y  s e e  p u l l i n g  if' i t  o c c u r r e d ,  arid we d o  r iot .  We look a t  
p h d s e  p l o t s  w i t h  r e s o l u k l o n  o f  s o r n c t h l r i g  o n  t l i e  o r d e r  o f  o n e  
picosecond a n d  s e e  n o  e v i d e n c e  of p u l l i n g .  We c a n  m o v e  t h e  C 
f i e l d s  u p  a n d  d o w n  t h r o u g h  t h e  r e : j o l u t l o ~ ~  v a l u e s  arltl s e e  n o  
e f f e c t  a t  t h a t  p o i n t .  

M R .  McCOIJUIIEY: So  y o u  i n t r o d u c e  c o n t r o l l a b l e  s h i f t s  anti  a c t u a l l y  
l o o k  f o r  t h i s ?  

M R .  RUEGER: E x a c t l y .  

MR. McCOURREY: I t ' s  v e r y  i m p o r t a r ~ t  t o  d o  t h a t .  As t h e y  g e t  closcr 
a n d  C ~ C I S ~ ~ ,  t h e  d i f f ' e r c n c e  is i n  t h e  d e n o m i n a t o r ,  a n d  y o u  
~ l l t l m a t e l y  g e t  t h e m  s o  c l o s e  t h a t  e v e n  a n  e x t r e m e l y  s m a l l  
c u u p l i n g  w i l l  i n f l u e n c e  t h e  s i t u a t  i n n .  

M R .  H I I E G E R :  We h a v e  i s o l a t i o n ,  i n  t h e  closed l o o p  sy : ; t em ,  cf' 
a b o u t  1 2 0  d B ,  a n d  we h a v e  an  a d d i t i o n a l  i s o l a t i o n  o f  a n  i n i t i a l  
1 2 0  d B .  T h a t ' s  a b o u t  t h e  l e a k a l : e  t h r o u g h  solid c o a x  c a b l e s .  

M I ? .  McCOUBREY: Ul.  t, i m a t e l y  200  d B .  

M R .  PETERS: A c t u a l l y  t h e  r e c e i v e r s  a r e  m o u n t e d  i n  v e r y  i n t i n a t e  
c o n t a c t  w i t , h  t h e  t o p  o f  t h e  c a v i t y ,  s o  t h e y  h a v e  c n o r r n o u s  
i s o l a t i o n .  B e s i d e s  t h a t ,  we h a v e  s y n t h e s i z e r ' s  w h i c h  h a v e  a  
r e s o l u t i o n  o f  5 t i m e s  t e n  tc t h e  m i n u s  s e v e n t e e n t h .  W i t h  e l e v e n  
d i g i t s ,  y o u  c a n  r u n  t h e  m a s e r  f r e q u e n c y  t h r . o u g h  a n o t h e r  o n e ,  
t h r o u g h  a n y  f r e q u e n c y  y o u  I ,  a n d  y o u  w i I I  n e v e r  s e e  a n y  
p u l l i n g  p h e n o m e n o n  w h a t s o e v e r .  U n l e s s  y o u  t a k e  t h e  r e c e i v e r  
a p a r t ,  o r  p u t  i n  a h i g h  p o w e r  s i g n a l  a t  o r  n e a r  t h e  m a s e r  
f r e q u e n c y ,  t h e r e  i s  n o  s i g n a l  i n  e x i s t e n c e  w h i c h  w i l l  e f f - e c t  i t .  

M R .  McCOUBREY: A p p a r e n t l y  t h i s  h;as  b e e n  l o o k e d  a t  i n  d e p t h .  

VICTOR REINHARDT, HUGHES AIRCRAF?' COMPANY: W h a t  y o u  h a v e  t o  
r e a l i z e  i s  t h a t  w h a t  y o u  a r e  d o i n g  i n  a  h y d r o g e n  m a s e r  w h e n  y o u  
c h a n g e  t h e  s y n t h e s i z e r  i s  j u s t  t o  m o v e  t h e  VCO, b u t  n o t  m o v i n g  
t h e  maser  f r e q u e n c y .  You car)  s t i l l  s e e  e f ' f e c t s  i f  y o u  a r e  n o t  
c a r e f u l .  T h e y  d o n ' t  e f f e c t  t h e  rn;Aser, b u t  t h e y  d o  e f f e c t  t h e  VCO, 
a n d  y o u  c a n  s o m e t i m e s  s e e  i n t e r a c t i o r ~ : ;  a n d  b e a t s  b e t w e e n  t h e  
c r y s t a l s  i f  y o u  a r e  n o t  c a r e f ' u l .  



You h a v e  t o  r e m e m b e r  t h a t  t h e  t w o  m a s e r s  a r e  a l w a y s  r u n n i n g  
a t  1 4 2 0  m e g a h e r t z  r e g a r d l e s s  o f  w h a t  y o u  d o  w i t h  t h e  
s y n t h e s i z e r s .  

M R .  R U E G E R :  T h e y  a r e  n o t  r e a l l y  t h e  same f r e q u e n c y .  

M R .  McCOUBREY: Yes. I f  t h e  C f i e l d s  a r e  o f f ,  t h e  f r e q u e n c i e s  w i l l  
b e  s l i g h t l y  d i f f e r e n t .  

A L B E R T  K I R K ,  J E T  PROPULSION L A B O R A T O R Y :  H a v e  y o u  a c t u a l l y  
m , - a su red  t h e  n o i s e  c o n t r i b u t i o n  o f  t h e  o f f s e t  g e n e r a t o r  i t s e l f ?  

MR. I N G O L D :  Yes, we h a v e  m e a s u r e d  t h a t .  I t ' s  a p p r o x i m a t e l y  o n e  
p a r t  i n  t e n  t o  t h e  t h i r t e e n t h ,  t a u  t o  t h e  m i n u s  o n e - h a l f .  T h i s  
was  f o r  a m a s e r  w i t h  t h e  e x t e r n a l  s y n t h e s i z e r  c o m p a r e d  t o  a n o t h e r  
m a s e r .  

MI]. K I R K :  Yes, b u t  h a v e  you t r i e d  t a k i n g  o n e  m a s e r  a n d  o f f s e t t i n g  
i t  and  t h e n  c o m p a r i n g  i t  a g a i n s t  i t s e l f ?  

M H .  I N G O L D :  Yes, i t ' s  a b o u t  o n e  p a r t  i n  t e n  t o  t h e  t h i r t e e n ,  t a u  
t o  t h e  m i n u s  o n e - h a l f .  

M R .  ALLAN: To t h e  m i n u s  o n e ?  

M R .  REINHARDT: To t h e  m i n u s  o n e - h a l f .  Why i s  i t  t a u  t o  t h e  m i n u s  
o n e - h a l f ?  

M R .  INGOLD: I c a n ' t  e x p l a i n  i t .  




