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Recent ly  i t  has been sugges ted  t h a t  t h e  performance 
c h a r a c t e r i s t i c s  of a rubidium gas  c e l l  a tomic f r e q u e n c y  
s t a n d a r d  might be improved by r e p l a c i n g  t h e  s t a n d a r d  
rubidium d i s c h a r g e  lamp w i t h  a s i n g l e  mode l a s e r  
d iode .  S ince  the s h o r t  term s t a b i l i t y  of t h e  rubidium 
frequency s t a n d a r d  i s  l i m i t e d  by t h e  s h o t  n o i s e  of t h e  
p h o t o d e t e c t o r ,  an  i n c r e a s e d  s i g n a l  t o  n o i s e  r a t i o ,  
from t h e  more e f f i c i e n t  l a s e r  d iode  pumping, might 
s i g n i f i c a n t l y  improve t h e  s h o r t  term performance.  
Because t h e  emiss ion  wavelength  of t h e  l a s e r  d iode  can 
be tuned ,  improved long term performance could  be 
a t t a i n e d  through the  c o n t r o l  of t h e  s h i f t  ligSt a t  NBs e f f e c t .  However, work done by Lewis e t  a1 
Boulder i n d i c a t e s  t h a t  a new source  of i n s t a b i l i t y  i s  
p r e s e n t  i n  t h e  l a s e r  pumped c l o c k ;  t h e  f requency i n s t a -  
b i l i t y  of t h e  l a s e r  induces  i n s t a b i l i t y  i n  the Ere- 
quency s t a n d a r d .  

We have been i n v e s t i g a t i n g  v a r i o u s  a s p e c t s  of the l a s e r  
pumped gas c e l l  a tomic clock.  Our i n v e s t i g a t i o n s  
i n c l u d e  e f f e c t s  due t o  l a s e r  i n t e n s i t y ,  l a s e r  de tun ing  
and t h e  cho ice  of t h e  p a r t i c u l a r  a tomic a b s o r p t i o n  
l i n e .  Our s t u d i e s  i n d i c a t e  t h a t  t h e  performance of t h e  
gas c e l l  c l o c k  may be improved by j u d i c i o u s  cho ice  of 
t h e  o p e r a t i n g  paramete rs  of t h e  l a s e r  d iode .  

The laser d iode  has  a l s o  proved t o  be a  v a l u a b l e  t o o l  
i n  i n v e s t i g a t i n g  t h e  o p e r a t i o n  of t h e  c o n v e n t i o n a l  gas 
c e l l  c lock .  Our r e s u l t s  concerning l i n e w i d t h s ,  t h e  
l i g h t  s h i f t  e f f e c t  and t h e  e f f e c t  of i s o t o p i c  s p i n  
exchange i n  t h e  conven t iona l  gas cell c l o c k  a r e  
r e p o r t e d  h e r e .  
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INTRODUCTION 

The recent  advances t h a t  have been made i n  the semiconductor l a s e r  
diode technology have been followed very c l o s e l y  by numerous app l i -  
c a t i o n s  f o r  t h i s  type of l a s e r  i n  p r a c t i c a l  devices .  The l a s e r  diode 
i s  extremely a t t r a c t i v e  because i t  possesses  t h e  f e a t u r e s  of high 
l i g h t  i n t e n s i t y  i n  a smal l  package r equ i r ing  only moderate t o  low 
power f o r  ope ra t i on .  

The rubidium gas c e l l  a tomic clock is  one such device ,  among o t h e r s ,  
t h a t  could pos s ib ly  be improved by t h e  i nco rpo ra t i on  of a  l a s e r  diode 
which would be used i n  p l ace  of t he  convent ional  rubidium discharge  
lamp. Figure 1 is a schematic r ep re sen t a t i on  of t h e  rubidium gas 
c e l l  c lock.  In t h e  ' c l a s s i c '  des ign  of t he  clock, '  t h e  phys ics  pack.- 
age c o n s i s t s  of an o p t i c a l  abso rp t ion  c e l l  contained wi th in  a micro- 
wave c a v i t y ,  a hyper f ine  f i l t e r  c e l l  and a rubidium lamp provid ing  
the  o p t i c a l  pumping r a d i a t i o n .  The absorp t ion  c e l l  and t h e  lamp 
usua l ly  con ta in  $'~b whi le  t h e  hyper f ine  f i l t e r  employs t h e  8 5 ~ b  
i so tope .  A s i m p l i f i c a t i o n  of t h i s  des ign  uses  an ' i n t e g r a t e d '  
abso rp t ion  c e l l  i n  o rde r  t o  avoid t he  nkces s i t y  of t h e  hyper f ine  
f i l t e r  From Figure 1, i t  i s  r e a d i l y  apparent  t h a t  t h e  use of  
a l a s e r  diode as the o p t i c a l  pumping source i n  t h e  rubidium clock 
could be q u i t e  b e n e f i c i a l .  The l a s e r  would provide a much more 
i n t e n s e  beam of l i g h t  with b e t t e r  co l l ima t ion  and a s p e c t r a l  l i n e -  
width s u f f i c i e n t l y  narrow t o  a l low f o r  t h e  e l imina t ion  of the f i l t e r  
c e l l .  Add i t i ona l ly ,  because of t h e  t u n e a b i l i t y  of t he  l a s e r  diode,  
frequency o f f s e t s  due t o  t he  l i g h t  s h i f t  e f f e c t  could be r e a d i l y  
con t ro l l ed .  

Although t h e  idea  of u s ing  l a s e r  diodes i n  p lace  of d i scharge  lamps 
is not  a  new i d e a ,  i t  has only been v e r y  r e c e n t l y  t h a t  s i n g l e  mode 
l a s e r  diodes of s u f f i c i e n t l y  long l i f e  have become commercially 
a v a i l a b l e  a t  p r i c e s  t h a t  make t h e i r  use  somewhat reasonable .  I n  
a d d i t i o n  t o  our e f f o r t  i n  t h i s  a r e a  a t  The Aerospace Corporat ion,  
t h e r e  i s  a  very a c t i v e  e f f o r t  a t  NBS Bouldej t o  i n v e s t i g a t e  t h e  pos- 
s i b l e  u se s  of laser diodes i n  a tomic c locks .  

However, a s  i s  normally t h e  ca se ,  no simple s u b s t i t u t i o n  of one com- 
ponent i n  a device f o r  some o t h e r ,  a l though m c h  b e t t e r ,  component is  
eve r  pos s ib l e .  The new component i t s e l f ,  i n  t h i s  case  the l a s e r  
d iode ,  must be made t o  conform t o  t h e  c o n s t r a i n t s  of t he  device ;  t he  
clock.  Addi t iona l ly ,  new aspec t s  of the  device normally appear upon 
the inco rpo ra t i on  of t h e  improved component. We r epo r t  he re  on our 
obse rva t ions  of new c h a r a c t e r i s t i c s  of t he  rubidium c lock  when oper- 
a t e d  us ing  a  l a s e r  diode pump source.  



DISCUSSION 

Our e x p e r i m e n t a l  a p p a r a t u s  i s  shown s c h e m a t i c a l l y  i n  F i g u r e  2. The 
e m i s s i o n  f rom a  P l i t s u b i s h i  11L 4001 GaAlAs l a s e r  d i o d e  was c o l l i ~ n a t e d  
and  used  t o  i l l u m i n a t e  t h e  a b s o r p t i o n  c e l l  o f  a n  E f ra tom FRK-L 
r u b i d i u m  freque11c:y s t a n d a r d .  This  p a r t i c u l a r  s t a n d a r d  employs t h e  
i n t e g r a t e d  a b s o r p t i o r l  c e l l  . Ttle l a s e r  d i o d e  l i n e w i d t h  w a s  measured  
t o  be a p p r o x i m a t e l y  400 M l k  and t h e  l a s e r  p r o v i d e d  o u t p u t  power of up  
t u  6 I i l ~ / c r n ~ .  The r u b i d i u m  lamp f rom t h e  f r e q u e n c y  s t a n d a r d  w a s  
removed t o  a l l o w  a c c e s s  f o r  t h e  l a s e r  l i g h t .  S i n c e  t h e  laser d i o d e  
e l e c t r o n i c s  were s u f f i c i e n t  t o  k e e p  t h e  wavelerlgtll  o f  t h e  l a s e r  f rom 
d r i f t i n g  f o r  a b o u t  a n  h o u r ,  no f u r t h e r  w a v e l e n g t h  s t a b i l i z a t i o n  of  
the d i o d e  was used  f o r  t h e s e  p a r t i c - u l a r  e x p e r i m e n t s .  The l a s e r  d i o d e  
w a s  t u n e d  t o  t h e  p r o p e r  h y p e r f i n e  a b s o r p t i o n  l i n e  of t h e  8712b by 
o b s e r v i r l g  t h e  t r a n s m i t t e d  l i g h t  t h r o u g h  t h e  a b s o r p t i o n  c e l l ,  and due 
t o  t h e  p a r t i c u l a r  d i o d e  used  we t u n e d  t o  t l lc  D l  (5S112-5P1/2) 
r e s o n a n c e  of r u b i d i u m  a t  794.7 nm. The 10 >lHz r l o c k  f r e q u e n c y  w a s  
m o n i t o r e d  w i t h  a n  1P-5345A f r e q u e n c y  c o u n t e r  and a  g a t e  o u t p u t  
i n d i c a t e d  l o c k i n g  of  t h e  c r y s t a l  f r e q u e n c y  t o  t h e  rub id ium h y p e r f i n e  
t r a n s i t i o n .  

P i g u r e  3 shows t h e  a b s o r p t i o n  s p e c t r u m  of the g a s  c e l l  a s  tile l a s e r  
w a s  tuned a c r o s s  t h e  Dl r e s o n a n c e .  The two c e n t r a l  peaks  a t  a t u n i n g  
of 2 and  5 GHz c o r r e s p o n d  t o  t h e  F = 3 and F = 2 h y p e r f i n e  a b s o r p t i o n  
l i n e s  of t h e  8 5 ~ b  p r e s e n t  i n  t h e  c e l l  f o r  t h e  normal  o p e r a t i o n  of 
t h i s  c l o c k .  ' he  s h o u l d e r  t h a t  a p p e a r s  on t h e  F = 3 h y p e r f i n e  l i n e  
of t h e  8 5 ~ b  near 0.5 GHz c o r r e s p o n d s  t o  t h e  F = 2 h y p e r f i n e  l i n e  
of  8 7 ~ b  and t h e  peak a t  7.3 Cliz r o r r e s p o n d s  t o  the F =I h y p c r f i n e  
l i n e  of d7~ lb .  Th i s  l ine a p p e a r s  t o  be asymmetr ic  b e c a u s e  of  t h e  
u n e q u a l  c o n t r i b u t i o n s  froin t h e  two h y p e r f i n e  s t a t e s  of  t h e  f i r s t  
exc i t ed  s t a t e .  

F i g u r e  3 a l s o  shows t h o s e  r e g i o n s  of l a s e r  t u n i n g  where  t h e  c l o c ~ k  
l o c k e d ,  and  i t  s h o u l d  be remembered t h a t  t h e  c l o c k  w i l l  o n l y  l o c k  
when t h e r e  i s  a  p o p u l a t i o n  imba lance  between t h e  two 8 7 ~ b  h y p e r f i n e  
s t a t e s ,  Not s u r p r i s i n g l y ,  t h e  f i g u r e  c l e a r l y  shows t h a t  t h e  c l o c k  
loc l ted  when t h e  laser was t uned  t o  e i t h e r  of t h e  8 7 ~ b  h y p c r f i n e  
a b s o r p t i o n  l i n e s .  l iowever, when t h e  laser was t u n e d  t o  t h e  F = 3 
a b s o r p l i o r l  l i n e  of  8 S ~ b ,  t h e  c l o c k  locked  t o  the 8 7 ~ b  ,uicrowave 
r e s o n a n c e .  This  e f f e c t  show- t h a t  t iyperf  i n e  p o l a r i z a t i o n  i s  b e i n g  
s h a r e d  be tween the 8 5 ~ b  and '?Rb p o p u l a t i o n s .  The most o b v i o u s  mel-ir 
anisni  t o  accot lnr  f o r  t h i s  s h a r i n g  oE p o l a r i z a t i o ~ r  i s  sp in -exchange  
be tween t h e  two i s o t o p e s .  4 I'he p r e scn r - e  o f  s p i n  e x r  hange  be tween 
t h e  8 5 ~ b  and  8 7 ~ b  may r e s u l t  i n  a f r e q u c ~ w y  s h i f t  i n  t h e  c l o c k  t h a t  
i s  p r o p o r t i o n a l  t o  t h e  r u b i d i u m  d e n s i t y .  Whether t h i s  p roposed  f  re- 
quency s h i f t  h a s  any  d e l e t e r i o u s  e f f e c t  on t h e  o p e r a t i o n  of t h e  c l o c k  
i s  n o t  p r e s e n t l y  known. 



Our p r e l i m i n a r y  i n v e s t i g a t i o n  of t h e  l i g h t  s h i f t  e f f e c t  i n  t h e  gas  
c e l l  c l ock  invo lved  i t s  dependence on l a s e r  i n t e n s i t y  and wavelength.  
The laser d i o d e  emiss ion was f i r s t  c e n t e r e d  on t h e  F = 1 8 7 ~ b  absorp- 
t i o n  l i n e  and t h e n  subsequen t ly  tuned t o  t h e  h i g h  and low s i d e  of 

2 t h i s  l i n e .  The l a s e r  i n t e n s i t y  was 6 mW/crn . S i n c e  t h e  10 M H z  out- 
pu t  and t h e  Rb h y p e r f i n e  t r a n s i t i o n  f requency  a r e  d i r e c t l y  
p r o p o r t i o n a l ,  i t  i s  a straightforward procedure  t o  relate a change 
i n  t h e  c l o c k ' s  o u t p u t  t o  a s h i f t  i n  t h e  Kb h y p e r f i n e  t r a n s i t i o n  
f r e q u e n r y .  The results of t h i s  l i g h t  s h i f t  measurement a r e  d i s p l a y e d  
i n  F igure  4 .  

From t o p  t o  b o t t o y  t h e  f o u r  c u r v  s of F igure  4 r e p r e s e n t  l a s e r  detun- F i n g  from t h e  5s - ( F  = 1) - 5P - (F  = 2 )  r esonance  of approx imate ly  
-700 MHz, -200 dk, 0, and +260 MHz r e s p e c t i v e l y .  A l l  of  t h e s e  
c u r v e s  show t h e  same g e n e r a l  behav ior :  t h e y  a r e  l i n e a r  a t  low laser 
i n t e n s i t y ,  r e a c h  an extremum, and f i n a l l y  s a t u r a t e  t o  a  l i g h t  s h i f t  
v a l u e  dependent o n l y  on t h e  l a s e r  d e t u n i n g  from t h e  a tomic 
resonance .  The l i n e a r i t y  of t h e s e  c u r v e s  a t  low l i g h t  i n t e n s i t y  and 
t h e i r  symmetry about  z e r o  f requency d e t u n i n g  a r e  c o n s i s t e n t  w i t h  t h e  
s t a n d a r d  t h e o r y  of l i g h t  s h i f t s  f i r s t  developed by B a r r a t  and Coherr 
~ a n n o u d  ji5 and t r e a t e d  s e m i - c l a s s i c a l l y  by Ilapper and Mathur .6 We 
b e l i e v e  t h a t  t h e  new features of t h e  l i g h t  s h i f t  cu rve ,  t h e  e x t r  ma 
and s a t u r a t i o n  r e g i o n s ,  a r e  due t o  an  Autler-Townes type  s p l i t t i n g  7 9 8  
of  t h e  microwave r e s o n a n r e .  This s p l i t t i n g  would occur  because  t h e  
microwaves a r e  no l o n g e r  probing a n e a r l y  unper tu rbed  Rb atom; t h e y  
a r e  probing a  Kb atom whi le  it i s  i n t e r a c t i n g  w i t h  t h e  i n t e n s e  laser 
emiss ion .  A r d i t i  and Picque proposed a  s i m i l a r  mechanism f o r  d i s t o r -  
t i o n s  t h a t  t h e y  observed i n  t h e  microwave s i g n a l s  from a C s  vapor 

9 o p t i c a l l y  pumped w i t h  a G a A s  laser d i o d e  , and we have s e e n  s i m i l a r  
d i s t o r t i o n s  i n  our  microwave l i n e s h a p e s .  

As evidenced by F igure  4, t h e  l i g h t  s h i f t  i s  a s e n s i t i v e  f u n c t i o n  of 
l a s e r  f requency  d e t u n i n g .  I n  f a c t ,  even when t h e  l a s e r  i s  tuned on 
resonance  t h e r e  is  a very  s m a l l  l i g h t  s i f t  e f f e c t  whi h  we b e l i e v e  P F 
i s  due t o  t h e  o v e r l a p  of t h e  87~<b (5s ( F  = 1) - 5P - (F  = 1 and 

2 
2 )  ) a b s o r p t i o n  l i n e s .  I n  o r d e r  t o  more f u l l y  unders tand  t h e  e f f e c t  
of l a s e r  d e t u n i n g ,  we  measured t h e  l i g h t  s h i f t  a s  t h e  l a s e r  w a s  tuned 
a c r o s s  t h e  I? = 1 h y p e r f i n e  resonance  f o r  a f i x e d  l a s e r  i n t e n s i t y .  
F igure  5 shows t h e  results of one such exper iment  where t h e  r e l a t i v e  
l a s e r  i n t e n s i t y  was h e l d  f i x e d  a t  about  U.31 rnw/cmZ and thf zero of 
f requency  de tun ing  cor responds  t o  t h e  5s (F  = 1 )  - 5P - (F = 2 )  
a tomir  resonance.  The s o l i d  c u r v e  i s  a c a l c u l a t i o n  of {he l i g h t  
s h i f t  as a  f u n c t i o n  of de tun ing  based on t h e  t h e o r y  of Happer and 
Mathur. The d i s c r e p a n c y  between t h e o r y  and exper iment  i n  t h e  r e g i o n  
of l a r g e  n e g a t i v e  d e t u n i n  may be due t o  s p i n  exchange s h i f t s  r e s u l t -  
i n g  from t h e  pumping of &Rb by t h e  wing of t h e  l a s e r  l i n e .  We pre- 
s e n t l y  do no t  have enough d a t a  t o  d e f i n i t i v e l y  de te rmine  t h e  o r i g i n  
of t h i s  d i s c r e p a n c y .  



Two i m p o r t a n t  f a c t o r s  whicti e f f e c t  t h e  s h a p e  of  F i g u r e  5 are t h e  
e x c i t e d  s tate  h y p e r f i n e  s p l i t t i n g  and t h e  b road  l a s e r  l i n e .  It: i s  
t h e  c o m b i n a t i o n  of t h e s e  two f a c t o r s  whi r  p r o d u r e s  t h e  n e a r l y  f l a t  
r e g i o n  a t  a laser d e t u n i n g  of - - ,015 rm-' (-450 MHz), and i n d i c a t e s  
t h a t  t h e  atornil- h y p e r f i n e  f requer-lry is r e l a t i v e l y  i n s e n s i t i v e  t o  
a l i g h t  c h a n g e s  i n  t h e  l a s e r  f r e q u e n c y .  We refer t o  t h i s  f l a t :  r e g i o n  
as t h e  " d e c o u p l i n g "  r e g i o n ,  s i n c e  t h e  r l o c k  f r e q u e n c y  c o u l d  be con- 
s i d e r e d  as d e c o u p l e d  f rom l a s e r  f r e q u e n c y  n o i s e  i f  t h e  Laser was 
t u n e d  i n t o  t h i s  r e g i o n .  

The two c u r v e s  of F i g u r e s  4 and  5 s u g g e s t  a n o v e l  t e c h n i q u e  f o r  oper -  
a t i n g  a l a s e r  d i o d e  g a s  c e l l  r . lock whicti m igh t  r e s u l t  i n  improved 
p e r f o r m a n c e .  The laser d i o d e  would be o p e r a t e d  a t  l i igh  i n t e n s i t y  s o  
as to be i n  t h e  s a t u r a t i o n  r e g i o n  of F i g u r c  4,  and d e t u n e d  i n t o  t h e  
d e c o u p l i n g  r e g i o n  of F i g u r e  5 .  111 t h i s  way t h e  a tomic  r e s p o n s e  t o  
t h e  o p t i c a l  pumping c o n d i t i o ~ l s  would d e c o u p l e  l a s e r  i n t e n s i t y  and  
f r e q u e n c y  n o i s e  f rom t h e  c l o c k  o u t p u t .  We are i n  t h e  p r o c e s s  o f  
p e r f o r m i n g  A l l a n  V a r i a n c e  measurements  on a g a s  c e l l  c l o c k  o p e r a t e d  
w i t h  t h i s  o p t i c a l  pumping scheme,  and  t h e  r e s u l t s  w i l l  d e t e r m i n e  i f  
any  improvement  o c c u r s .  
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Figure  3: Rb absorption spec t rum in the integrated cel l  showing 

the hyperfine s t ruc tu re  of both 8 7 ~ b  and 8 5 ~ b .  The 

solid line represents  the locked condition of the clock. 

This was determined by observing the cur rent  flow in 

the phase lock indicator. W e  observed conditions 

between unlocked and full-lock of the feedback loop, 

and thus this plot essentially maps potential operating 

points of the clock. 



Figure  4: Microwave resonance frequency a s  a function of light 
1 

intensity for  various l a s e r  detunings f r o m  the 5 S L  
1 2 

(F :: I )  - 5P - (F = 2 )  optical  resonance.  The 
2 

detunings f r o m  top to bottom a r c  = -700 MHz, 

-200 MHz, 0 ,  and 2 0 0  MHz. Maximum laser 
L intensity i s  b m W / c r n  . The solid lines a r e  linear 

fi ts  of  the  low intensity light shift points. This 

l inear  relationship is  expected f r o m  the c lass ic  

theory of the light shift: effect. The  dashed l ines  a r e  

for  the convenience of the r eade r  to follow the l ight  

shif t  along a par t icular  l a s e r  detuning. 



Figure 5: Microwave resonance frequency shift as  a function of 

l a s e r  detuning f o r  a fixed relative intensity of about 
'l 
L 0 . 3  mW/crn . The zero of detuning corresponds to 

1 1 
the 55 7 (F = 1 )  - 5 P  - (F = 2 )  optical resonance, and 

2 
the solid curve i s  a theoretical es t imate of the light 

shif t .  



QUESTIONS AND ANSWERS 

PROFESSOR ALLEY: 

What do you use t o  l a s e r  these c h i s e l s  by? 

MR. COMPARO: 

Cur ren t .  

DR. DAVE WINELAND: 

One minor  p o i n t .  When you tuned on resonance, what you c a l l  a 
resonance c o n d i t i o n ,  d o n ' t  you g e t  p o l i n g ,  d o n ' t  you p o l e  t h e  o t h e r  
h y p e r f i n e  l e v e l  i n  t h e  ground s t a t e ,  s i nce  y o u ' r e  o f f  resonance 
w i t h  t h a t  l i n e ?  

MR. COMPARO: 

Oh, you mean t h e  s p l i t t i n g  t h e r e ?  

DR. WINELAND: 

Yes. 

MR. COMPARO: 

That  e x c i t e d  s t a t e  s p l  i t t i n g ?  

DR. WINELAND: 

No, no. The ground s t a t e  s p l i t t i n g .  You ' r e  tuned t o  one ground 
s t a t e  -- you know, f rom one o f  t h e  ground s t a t e  l e v e l s  t o  t h e  
e x c i t e d  s t a t e .  

And d o n ' t  you p o l e  then  t h e  o t h e r  ground s t a t e  l e v e l ?  

MR. COMPARO: 

Oh, because I 'm detuned? 

DR. WINELAND: 

Yes. O r  i s  t h a t  j u s t  a n e g l i g i b l e  e f f e c t  a t  t h i s  p o i n t ?  

MR. COMPARO: 

I t h i n k  i t  would be n e g l i g i b l e  because my laser line which i s  400 
megahertz, and t h a t ' s  s i x  g i g a h e r t z  away, 



uKay. InaK was r e a l  ~y m e  quest ion I meant. AX Enis poinL, any- 
way, i t  i s  n e g l i g i b l e .  

MR. COMPARO: 

I would t h i n k  so. 

DR. WINELAND: 

The o the r  quest ion -- and maybe I j u s t  d i d n ' t  understand -- when you 
say -- t h e  numbers you got,  where you were a t  l i n e  center ,  and the  
s t a b i l i t y  tu rned up, were you a c t u a l l y  locked t o  l i n e  center?  O r  
were you j u s t  nomina l ly  tuned t o  l i n e  center?  

MR. COMPARO: 

No. Jus t  nomina l ly  tuned. 

DR. WINELAND: 

0  kay . 
MR. COMPARO: 

The t h i n g  i s  t h e  o n l y  way t h a t  t he  l a s e r  i s  r e a l l y  s t a b i l i z e d  t o  
the  atomic absorp t ion  l i n e  i s  as long as the  c u r r e n t  and tempera- 
t u r e  d o n ' t  cause you t o  d r i f t  away. 

DR. WINELAND: 

Okay. So presumably you might  be ab le  t o  improve, i f  you a c t u a l l y  
locked. 

MR. COMPARO: 

Exac t ly .  Exact ly .  And t h a t ' s  one t h i n g  we want t o  do. We've 
t a l k e d  t o  Lyndon Lewis about his l o c k i n g  scheme. And we're going 
t o  be doing something s i m i l a r  t o  see what happens t o  those mea- 
surements when the  c l o c k  i s  locked t o  t h e  absorp t ion  l i n e ,  so you 
d o n ' t  have t o  worry about d r i f t .  

DR. FRED WALLS, Nat iona l  Bureau o f  Standards 

Another poss ib le  scheme, o f  course, i s  t o  pulse the  l i g h t  on and 
o f f .  That has a couple o f  advantages. One, o f  course, i s  t h a t  i t  



removes t h e  f requency  p u l l i n g  f rom t h e  source. And t h e  o t h e r  
t h i n g  i s  t h a t  you can have an improvement i n  t h e  l i n e  w id th ,  be- 
cause p a r t  o f  t h e  microwave l i n e  w i d t h  i s  t h e  f a c t  t h a t  you ' re  
d i s t u r b i n g  i t  w i t h  a pumping process. 

FR. COMPARO: 

I t h i n k  t h a t ' s  a b s o l u t e l y  t r u e .  And I d o n ' t  know i f  w e ' l l  be g e t -  
t i n g  t o  some t y p e  o f  scheme l i k e  t h a t  i n  t h e  near f u t u re ,  b u t  i t ' s  
d e f i n i t e l y  something t h a t  should  be looked i n t o .  




