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L i g t : i  4 a t  trs r i y wa>: monxtored by measuring the photocurrent resulting from 
l i g F r  r . t . a n s m i l  t e d  through the cell. The conversion factor between current 
and power 1 s  +' r~"OpA/mw ( o r  1.67pw/pA) at 795 nm for unit quantum efficiency 
at i h a 8  cietlectox a ' y p l c a l  photocurrents used are 10 pA which implies < 17 pw. 
17ne es t l r~ra ;~~:~ l  i ~ , ~ + e n s i t y  incident on the cell for a 10pA detected Cursent is 
.- JII)IZliu>"l> 

T n l < ~ t . a d  of an Inhomogeneous lineshape characteristic of the gas cell, the 
homopar.cn.tnss 1 ineshape vvhich results from use of an EWSC is one of its chief 
~ d v ~ x x r t a ~ e s ,  Thus even though light intensity does not uniformly illuminate 
k k e  FWF;f', a l l  atoms interact in the same way with the light due to the 
a v a r ~ , g  + n g  watia:h a given atom performs in bouncing against the cell walls. 
a n d e e d ,  I t i :; t h n s  a v e r a g i n g  which generates the homogeneous Lorsntzian 
1 i n e s h a p ~ : .  

0 
' T l ~ e  f:WFI: w a b  malntained at 40 C while the Rb side-arm was kept at - 2 2 ' ~ .  
HI li ilu Rb dens~ty attained under these conditions and using 1 0  pA on t h e  
( 2  c 1 - 1  transitiop2, the fractional absorption of light with no microwave 
pow(,: vins .- 1 , s  x 10 . This was determined by a rapid sweep of the laser 
t h ~ r  siglf i s l e  o p t i ~ a l  resonance -- optical pumping effects were present  to some 
r l t g i i : t .  !"he E'ructional 07-0 sig a1 under a high saturation condition by i' 
t r r l s r c r w & ~ a :  powerv g a s  3 , 4  x 10 . This is taken as evidence of good optical 
pumpingldetectaorm efficiency even at the low light levels used. The long 'TI 
n e :  axtut  rj ,kr  t ilnc available in wall-coated cells implies relatively low light 
i j 8 ~ c s r h  v k r  W X B ~  f r l * { r d ~ ~ c  signif icnnt level population differences. 

I r 8 t  a J , r i  LC,,. 1 h y p e r $ '  air ,  lrnmplng 1 i g h t  which establishes population d i  f f  orertcr:s 
I r u t v t t ~ r >  ~ b c ;  113 -" .? i ~ ~ t i S  1 l e v e l s  in the ground electronic state a n d  w h ~ c t  
 provide^ tho means  f o r  detecting the 0-0 hyperfine transition in t h e  
p l O ! ; r : l i r ' B  : p i :  :i ~ur.aitnaut microwave field also causes a broadening of the  0--0 
r e a l o l i e n c r  T'hr i n k r i u s i c  linewidth attained in this cell at - 1.5 pA l i g h t  
nnbcris l e y  w a s  . 20 Hz.  The following increases in the 0-0 width due to light 
~nfenslty wcrc determined: 

12 <--> 2 ' )  => - 4 HzIpA 
2 < -  1 =) - 2 Bz/pA . 

The 0-0 s i g n a l  amplitude vs. light intensity is shown in Fig. 3 .  The Ritachi 
l a s e c  w a s  used in this c a s e .  The microwave power was kept at an arbitrary 
but constant l e v e l  and was weakly saturating. The klystron signal source w a s  
l o ~ k e d  en the 0-0 resonance. Note the relatively low light intensities used .  
The d a t a  f o r  t h e  ( 2  < - >  2 ' )  and 2 - 1 '  transitions w e r e  taken 
indivrdually. B o t h  s e t s  of data are plotted on Fig. 3 for convenience. 

liu parameters  are used for the light-induced frequency shift.[lll The 
p a r a m e t e r  uJ1)  g i v e s  the shift of the 0-0 frequency per unit optical 
in tens i ty  when the optical frequency is tuncd to resonance. 

a ( I )  = a r  /a1 
'Zhls the  0-0 frnyuancy shift 6~ causgioby the resonant light i n t e n s i  t y  I 

0- 0 
i s  g i v e n  by 

6-d = a ( I ) x I .  
0- 0 



A 1 l r ) S b d l  p ~ ~ a m t : t . c ~  fi ~ C ~ C L ~ ! > T : -  t h c  s h i f t  o f  t h e  0-0 frequency w h e n  the 
o p t ~ ~ a i  c a r ~ l r ~ t l c v t :  L'JI  Je L U P I ~ * ~  iron1 resonance,  

14, r j  - 3-, ; d z  
op t  ' 

'X'he freyut .rr~g s h ~ i s  due l o  k r l l %  e f f c c i  '{vx. R small de-tuning i s  

l i i  t, : K q ar z showrb L ~ G  rer.ui L 5 t ) f  t h e  :ieahurernen+ of the  0-0 frequency v s .  
s i g h t  ~ n c e r ~ : ~ t >  f o r  b#~tl;r k l j  l ~ i . 1 4 ~  i t ~ ~ d  M ~ * s ~ i l > l > h ~  l a s e i s .  'The s l o p e  o f  t h i s  
3 a L a  g ~ v e s  t h ~  I r g k i ,  s h ~ f t  pa~ame"r@.r' C L ( X : ,  Here the k l y s t r o n  was l o c k e d  t o  
t h e  C, 1) r e s i r n a n c e  a n d  Ihs. : s ; l zrw waq l o r k c d  t o  t h e  o p t i c a l  a b s o r p t i o n  
l e a c , ~ + i n , L  1 x 1  tua EWSt' r l i i b t ;  : I . rng  OTI T C S E ~ ~ B I I L ~ ~  ( 2  ( - - )  1 ' )  l i g h t  a t  - 10 FA 
rrr tex l$ l?y ,  tt 0 0 sfriltt r;ii *E 13 Hr w i t 4  i"ounci. Phus a f r a c t n u n r r l  i n t q 5 i t y  
stability a t  L,5 x S O  " wi;: v~roduce it ! r - 6 '  I ' r - a ~ t i o n a l  s h i f t  of I x 10 a t  
6.8 GHa. vrrder corxdntarbns trsrk:' L'he klirt.iifh1 l a s t : r  llnewldth w a a  - 3 0  MBZ 
w h t : ~ c j r h  h L t ,  f h j i ~ ~ ~ i ~ ~ s h ~  u h r l  4 ~ r ~ e ~ 1 ~ ! t h  Wa!i  -' 100 ~ I z .  l jo th  of these  w id ths  
were d z t e r m r h e d  f u r  f r e e - r u i l n ~ a g  i a s e r ~  ( n o t  l a c k e d  t o  an a t o m i c  r e s o n a n c e ) .  
I n  b p i t c ,  r > i   he f t i c t ~ ~ w :  o t  t h r t ; ~  d l f f e r a n c c :  i n  l i n e w i d t h s ,  both l a s e r s  have 
e lmos t  ~ d e n t l r , a l  i~ c o e f f ~ c l e n b  5 ,  a s  s e e n  f r o m  FI g .  4 .  Because  t h e  l a s e r s  
we:e l o c k e d  : t i  t l i ~  i t t ~ l r n r c  : i l , s i ~ r p * . ~ o x t ,  n a r r o w i n g  o f  t h e  s p e c t r a l  w i d t h  
o v i 8 n l s .  Wt: h a v e  nor y e 1  n r e a a u x t d  t h e  L e s t . ]  I ~ n e w i d t h s  i n  t h e  l o c k e d  
c o n d ~ t  worr. 

M ~ w s I ~ ~ c T ~ ~ ~ : Y I ~  t>ri  lie srr,onA t g i ~ r - r h i f  i p ~ r a m e t e r  5 were  more  d i f f i c u l t .  Ilx 
t h x s  c a s t :  m i i , r ! b t r  t h e  l a x r : n +  I L ( , X  t h e  k l y s t r o r r  w a s  l o c k e d  t c ,  t h e  0-0 
i . r a a s ~ t  ~ r r r b ,  Thi: i t i : , t $ r  w ~ z ,  ri~*!trrrc~a! trsrm o p t i c a l  resonance t y p i c a l l y  by . 150 
WIl r  , 'E'h ~a : smtq l l t,;anipa:ed t r t i t  r l l  r e a l  Licpy le r  w l d t h  and there fore  
~ m p l  i e s  reme?usrlk % u  t h e  11nea, scgxorr t h e  d i s c r i m i n a t o r  shaped 0--0 s h i f t  
C I I L S ~ ~ ~ C : .  F ~ ~ h o w h  I I -  3~~~ 2 ' 1  and ( 2  C > 1') 
~ ~ * ~ U S I L I J ~ I S  W ~ ~ X G  I) 4 / J > I ~ L L Z :  v r  1 : l h h t  ~ n t r n b ~ t y  b y  d ~ v a t l r i ~ g  t h e  
observer :  i r  ' 1  r r njrLvrr~-~r  shu t1  I r j  rhr: Y , ~ . ~ c t *  d c t u n ~ n g  from u p z i c a l  resonance. 
' n r  j! ( * t i t l ; q h  lilt.! l i i l $  d : 4 b L ~  heez7 r e p d ~ t i i ?  K'b g a s  cell i l c v x c e s . [ f i , * l ]  'Table 

a J ~ : I > U ; J ~ K I Y ~ I I ~  ;-- ~ u e  . , c ,  enu to7 g a s  c e l l s  and the EWSC. 

I J s a ~ r k  ~ h i s  d a l h  t: L c l m p i i a  i i , . r ;  9e;wet f .c  Llr~: g a s  cell and the EWSC I S  difficult 
~ ~ . n r , t "  d x i i t ? ~  e n \  1 ~ 1 1 ( 1 ~ \  r ~ , t i \  W L  r e  I I S P ( ~  I I ?  e a c h  c a s e ,  N e v e r t h e l e s s ,  a 

ao7 -malnzeb  L O  urrrt  an( tnsr7 , ! ,  ~s c a l c ~ l i a t e d  i t1  t h e  l a s t  c o l u m n .  In t h i s  2 
'% ' ab l e  ~ U L  ~ . r n ~ l s r n ~ t . ~ e r l  i f i ~ e u s ~ t y  I ~ C  * 8 j l 1 r f c r n  i a s  i n f c r r e d  b y  - 1 0 p A  
~ L L L ~ L I I Y ; U ~ ~ A I ~ T  1 t ~ l k ~ i .  1 ,  :mpl r' " *  I l i O p . ~ / c m  I n t e n s ~ t y  inc ident  on the  g l a s s  
c e l l  , 

A d a s c r i p l ~ o ~ i  has h e e n  given by L e w r s  al ld  F e l d m a n [ S I  on t h e  u s e  o f  d i o d e  
! a s e r s  zn atomnv t ~ e i ~ n e n c ,  s t a n d a r d s ,  I h e )  repor ted  l ong - t e rm  locking of t h e  



l e s e r  t o  an atomic absorption line. Other researchers have also reported 
aockxng d i o d e  lasers. [12,131 For the initial determinations reported in this 
paper of various parameters characterizing the 0-0 hyperf ine transit ion in 
the P:WSI:, it was convenient to stabilize the diode laser to the Rb optical 
absorption of interest. Methods useful for this purpose are presented 
b r ~ e f l l y .  

'Yvu :?na$de laser stabilization schemes have been implemented. For apparatus 
simp1 ici ty, the first scheme uses the normal Doppler broadened optical 
absorption in the EWSC itself. ( A  separate non-wall-coated cell could have 
been u s e d . )  The other scheme uses Doppler free saturated absorption in a 
s e p a r a t e  c e l l .  Both of these methods require that the laser be frequency 
m o d u l a t e d  in order to interrogate the optical line center.[l4] Long-term 
drift is tuned out by a temperature servo and short-term noise is removed by 
fcedback to the laser current. 

The block d i a g r a m  for the basic scheme to observe saturated absorption[l5] 
is shown in Pig. 6. To suppress the non saturation features, the saturating 
beam can be chopped. This selectively modulates the saturation effect. 
Subsequent lock-in detection produces the sub-Doppler features shown in Fig. 
7 c ,  Also shown is the normal Doppler broadened absorption signature (Fig. 
723) and the absorption-saturation signature without suppression of 
hairkgrf iaud (Fig. 7b). All of these traces are shown using wide-band ( 5  kHz) 
sagnu% recovery channels. Either the 7b or 7c signature can be used to lock 
$ h e  Baser. W i t h  the $-coefficient measured for the 2 - >  1' optical 
transition at 10 FA intensity, a signal-to-noise ratio of - 145 would be 
r e q u i r e d  t o  sl2bilize the laser so that the 0-0 frequency would be stable to 
1 pmlt in 10- . Adequate SIN appears to be present. 

F i g  a r e  X R  shows the block diagram of the system used in acquiring most of 
1h4; d a l *  presented in this report. Both the laser and the klystron were 
locked t o  the Rb atoms. Figure 8b shows the saturated absorption laser lock 
d l  agrxm. 

S e v e r e l  parameters have been determined relating to the potential for use of 
 he e v a c u a t e d  wall-coated sealed cell coupled with diode laser signal 
a c q u i s i t i o n  in an atomic frequency standard. This work may be regarded a s  
preliminary -- measurements need to be repeated, refined, and expanded. The 
encouraging results on the 3 0 c c  cell provide excellent motivation f o r  
corltirlued research. 

Work supported in part by Frequency and Time Systems, Inc. and by the Duke 
University Research Council. 
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F i g u r e  1. Schematic of bas ic  o p t i c a l  pumping a p p a r a t u s  used with t h e  EWSC. 
The thermal e n c l o s u r e  was  o p e r a t e d  a t  40C whi le  the  Rb was main ta ined  a t  22C 

Lens Attenuator 

Figure  2. I& D l  o p t i c a l  t r a n s i t i o n s  ava i l ab le .  T h e  ( F  - F ' )  = ( 2  - 2')l 
and ( 2  - 1;) t r a n s i t i o n s  were used f o r  t h i s  work. 
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F i g u r e  3. The 0-0 h y p c r f i n e  signal vs. l i , ; h t  i n t c ~ l s i t : ,  ,.: ;1 ~~t'al.;~ 
s a t u r a t i n g  m i c r o w a v e  p o w e r .  

I n t e n s i t y  ( u d )  

Fl'lgure 4 .  T h e  0-0 f r e q u e n c y  vs.  li..glit intensity as a 1urlc:i.lcri n f  opr~c-3.1.  

t r a n s i t i o n  and t y p e  of  laser used. 'The s lope  o f  t h i s  d;tt.:i gklc.:; the? lj g11t. 
s h i f  L parameter OC (I). This  data w a s  taken w i  fl.1 Llle laser  ! ~ ; c k d d  LL) t-lic H b  
o p t i c a l  a b s o r p t i o n  and t h e  kl.ystron locked  t o  the. 0-0 i i y p i r r . i n e  transition, 



Light I n t e n s i t y  (uA) 

F i g u r e  5. Light: shift paramete r  f i  =,@&/>dpt, as a function of light intensity. 
Data used optical detuning o f ~ 1 5 0 M l z ,  small relative to the optical Doppler 
width. 
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Figure 6. Block diagram for observation of saturated absorption features. 



F i g u r e  7a. Norlnal Dopplcr  broadened a b s o r p t i o n .  

Figure 7b. Absorption-saturation signal. 

Figure 7c. Saturation feature o b s e r v e d  wit11 5lctiz bandwidtll. 



F i g u r c  83. Block diagram of s y s t e m  used t o  l o c k  bo th  laser and k l y s t r o n  t o  
Rb . 

At tenuator De t.ec tor 

F igure  8b. Block diagram showing s a t u r a t e d  a b s o r p t i o n  laser lock.  



QUESTIONS A N D  ANSWERS 

J A C Q U E S  V A N I E R ,  NATIONAL R E S E A R C H  COIJNCIL:  Y o u r  a l p h a  
c o e f f i c i e n t ,  c o u l d  i t  b e  d u e  t o  d i s t o r t i o n  o f  t h e  s p e c t r u m  o f  t h e  
l a s e r  d i o d e ?  

M R .  ROBINSON: I w o u l d  h a v e  t o  g o  b a c k  t o  W i l l  H a p p e r  who h a s  
w o r k e d  o u t  t h e  t h e o r y  f o r  l i g h t  s h i f t s .  He h a s  w o r k e d  o u t  a  
t h e o r y  u s i n g  o p e r a t o r  f o r m a l i s m  w h i c h  i s  a n  e a s i e r  t h i n g  t o  g r a b  
h o l d  o f ,  a n d  t h e y  a r e  r e l a t i v e l y  c c ~ r n p l i c a t e d .  T h e  t h i n g  ! ; ha t  
H a p p e r  a c t u a l l y  w o r k e d  o u t  w a s  f o r  l i g h t  t h a t  w a s  v e r y  b r o a d  
c o m p a r e d  t o  t h e  h y p e r f i n e  s e p a r a t i o n ,  a n d  h e r e  we h a v e  e x a c t l y  
t h e  o p p o s i t e  c a s e .  We h a v e  l i g h t  t h a t ' s  n a r r o w  c o m p a r e d  t o  t h e  
h y p e r f i n e  s e p a r a t i o n .  T h e  t h e o r y  i s  r i g t i t .  T h e r e  i s  n o  q u e s t i o n  
t h a t  t h e  t h e o r y  i s  g o i n g  t o  w o r k  i f '  y o u  a c t u a l l y  t r y  a r ld  
c a l c u l a t e  i t ,  I t h i n k .  

T h e r e  a r e  s e v e r a l  d i f f e r e n t  e f f e c t s  t h a t  s h i f t  t h e  t h i n g .  
One i s  a s e c o n d  o r d e r  S t a r k  e f f e c t .  You a c t u a l l y  h a v e  a p p l i e d  a n  
A C  f i e l d  t o  t h i s  g r o u n d ,  and  you a r e  a c t u a l l y  t i c k l i n g  l e v e l s  u p  
a n d  d o w n ,  a n d  you see  t h e n  t h e  a v e r a g e  r e s u l t  oi'  t h a t .  T h a t ' s  o n e  
o f  t h e  w a y s  y o u  c a n  g e t  a l i g h t  s h i f t .  T h e r e  a r e  v i r t u a l  
t r a n s i t i o n s ,  t h e r e  a r e  t e n s o r  s h i f t s ,  t h e r e  a r e  a l l  s o r t s  o f  
s h i f t s  t h a t  c o m e  i n .  U s u a l l y  t h e  t e n s o r  s h i f t s  h a v e  b c c n  
n e g l e c t e d ,  b u t  a p p a r e n t l y  i n  t h i s  c a s e  t h e y  may n o t  b e  a b l e  t o  
b e .  

T h e  p o i n t  i s  t h a t  y o u  c a n  g e t  a r o u n d  t h e r n  if y o u  n e e d  t o  b y  
u s i n g  p u l s e d  l i g h t ,  b u t  t h e y  c e r t a i n l y  a r e  i n  a l l  o f  t h e s e  o t h e r  
s y s t e m s .  T h e  g a s  c e l l  h a s  t h e s e  t h i n g s  i n  t h e r e .  I t ' s  j u s t  t h a t  
you d o n ' t  s e e  t h e m .  They a r e  masked  by o t h e r  t h i n g s .  

I t  j u s t  e x p l o r e s  a n  e x p l i c i t  p a r a m e t e r  t h a t  n e e d s  t o  b e  
l o o k e d  a t  i n  an  e v a c u a t e d  w a l l - c o a t e d  c e l l .  

C A R R O L L  A L , I , E Y ,  UNIVERSITY OF M A R Y I , A N L > :  D i d  I h e a r  y o u  s a y  a 
t w e n t y  H e r t z  l i n e w i d t h ?  

MR. ROBINSON: Yes. 

M R .  A L L E Y :  T h a t ' s  f o r  6835? 

M R .  ROBINSON: T h a t ' s  f o r  t h e  6035 l i n e .  You h e a r d  r i g h t .  

M R .  ALLEY: T h a t  s o u n d e d  v e r y  g o o d .  

M R .  ROBINSON: T h i s  s t u f f  w o r k s .  

M R .  ALLEY: Oh y e s ,  we know. What wa l l .  c o a t i n g  w e r e  you u s i n g ?  

M R .  ROBINSON:  T h i s  i s  s t i l l  t h e  s a m e  o l d  w a l l - c o a t i n g ,  
T e t r a c o n t a n e ,  a n d  I d o n ' t  h a v e  a n y  i d e a  t h a t  t h a t  i s  t h e  best 
w a l l - c o a t i n g .  I t ' s  j u s t  t h a t  we a r e  m o v i n g  r e l a t i v e l y  s l o w l y ,  
d o i n g  o n e  t h i n g  a t  a  t i m e ,  arid we h a d  g o t t e n  t h a t  t o  w o r k  b e f o r e ,  
s o  t h a t ' s  w h a t  we t r i e d  a g a i n .  

S o  t h i s  i s  t h e  f i r s t  o n e  - -  we h a d  a 200 c u b i c  c e n t i m e t e r  
c e l l  t h a t ' s  a b o u t  f i f t e e n  y e a r s  o l d  t h a t  i s  s e a l e d  o f f .  T h e s e  
c e l l s  a r e  a b s o l u t e l y  s e a l e d .  T h e r e  i s  n o  vacuum s y s t e m  a s s o c i a t e d  



w i t h  t h e m .  You c a n  c a r r y  t h e m  a r o u n d  i n  y o u r  f i n g e r s .  T h a t ' s  t h e  
c e l l  t h a t  we h a v e  t a l k e d  a b o u t  h e r e .  

So  t h e y  a p p a r e n t l y  h a v e  l o n g e v i t y .  T h e r e  a r e  a  l o t  o f  
q u e s t i o n s  -- I I a r r y  P e t e r s  a s k e d  o n e  t o d a y  a b o u t  w h a t  h a p p e n s ;  i n  
t h e  t i m e  h i s t o r y  o f  t h e s e  t h i n g s .  We d o n ' t  k n o w  t h a t  y e t .  We 
h a v e n ' t  g o t t e n  t h e r e  y e t .  T h a t ' s  s t i l l  t o  c o m e ,  c l e a r l y .  B u t  
e v e r y t h i n g  we d o  seems t o  b e  v e r y  a t t r a c t i v e  s o  f a r  i n  g e t t i n g  
t h e  s y s t e m  t o  w o r k .  

M R .  A L L E Y :  I w i l l  g i v e  y o u  a  t h i r t y  y e a r  o l d  c e l l  a n d  s e e  if' i t  
w i l l  w o r k .  

M R .  ROBINSON:  I s h o u l d  s a y  t h a t  C a r r o l  A l l e y  t r i e d  p u m p i n g  w i t h  
l a s e r s ,  d i o d e  l a s e r s ,  a n d  w h a t  we h a v e  d o n e  h e r e  i s  c e r t a i n l y  n o t  
u n i q u e .  T h e r e  a r e  s e v e r a l  J a p a n e s e  a u t h o r s  t h a t  h a v e  l o c k e d  
l a s e r s  t o  s a t u r a t e d  a b s o r p t i o n  t h i n g s .  I k n o w  p e o p l e  a t  N .  Em. S. 
h a v e  d o n e  t h a t .  L y n d o n  L o u i s  h a s  d o n e  t h a t ,  we a r e  j u s t  f o l l o w i n g  
i n  t h e  t r a c k .  

I: t h i n k  t h a t  we m a y  h a v e  sorne r e a l l y  g o r g e o u s  c u r v e s .  :I am 
n o t  s u r e  t h a t  a n y b o d y  e l s e  h a s  a n y t h i n g  c o m p a r a b l e  t o  t h i s  s o r t  
o f  b e a u t i f u l  s a t u r a t e d  a b s o r p t i o n  c u r v e .  I h a v e n ' t  s e e r ]  i t  
a n y w a y .  B u t  t h e  s t u f f  j u s t  w o r k s .  I t ' s  j u s t  g o r g e o u s .  

M R  AUDOIN:  T h e r e  i s  a t h i r d  r e s o n a n t  f e a t u r e  o n  y o u r  c u r v e .  I s  
t h a t  a l e v e l  c r o s s i n g ?  

M R .  ROBINSON: T h e  t h i r d  r e s o n a n t  f ' e a t u r e ?  O h ,  i n  t h e  s a t u r a t e d  
a b s o r p t i o n  c u r v e .  T h a t ' s  c a l l e d  a  c r o s s - o v e r  r e s o n a n c e ,  a n d  i t ' s  
n o t h i n g  p a r t i c u l a r 1 . y  u n u s u a l .  I w o u l d  l i k e  t o  e x p l a i n  t h a t  t o  
y o u .  T h e  s a t u r a t e d  f e a t u r e ,  o r  c u r v e s  a r e  o n l y  f o r  c e r t a i n  a t o m s .  
S i n c e  t h e  two b e a m s  a r e  s h o t  t h r o u g h  i n  o p p o s i t e  d i r e c t i o n s ,  t h e  
o n l y  a t o m s  t h e y  b o t h  t a l k  t o  a r e  t h o s e  w h i c h  a r e  m o v i n g  
p e r p e n d i c u l a r  t o  b o t h  b e a m s .  I n  o t h e r  w o r d s ,  t h e  n o n - d o p p l e r  
s h i f t e d  t h i n g .  T h a t ' s  t h e  r e a s o n  y o u  g e t  t h e  m a i n  s a t u r a t e d  
a b s o r p t i o n  f e a t u r e ,  w h i c h  d o e s n ' t  h a v e  a n y  D o p p l e r  w i d t h  t o  s p e a k  
o f .  

T h e  o t h e r  r e s o n a n c e  o c c u r s  w h e n  t w o  o p p o s i t ; e  c u r v e s  c r o s s  
o v e r ,  a n d  t h o s e  t a i l s  c a n  b e  m a d e  t o  d o  t h e  same t h i n g .  T h a t ' s  an  
a r t i f a c t ,  i t ' s  n o t  r e a l l y  a r e s o n a n c e .  Y o u  d o n ' t  w a n t  t o  l o c k  on  
t h a t ,  y o u  w a n t  t o  l o c k  o n  t h e  t w o  c e n t r a l  o n e s .  




