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SPECTROSCOPY LETTERS, 8(9) ,  621-635 (1975) 

LETHOD OF SELhC'!2ITh INTHACAVITY ABEORP'I'IOlV 

U S I N G  DYE LASEdS 

B.I.Stepanov and A.lV.Rubinov 

of  Sc iences ,  Linsk,  USSR 
I n s t i t u t e  of  Physics ,  Byelorussian Academy 

1Ii"RODUCT I O N  

The method of  t he  s e l e c t i v e  i n t r a c a v i t y  absorpt ion i s  ba- 

sed  on the  high s e n s i t i v i t y  of  the  l a s e r  i n t e n s i t y  on the  ab- 

so rp t ion  o f  t h e  sample p laced  i n t o  the  resonator .  The method 

f o r  Nd-glass l a s e r  wi th  inhomogeneous broadening of  t he  ga in  

spectrum was grounded and experimentally checued by the  au thors  

of t h e  papers' 92 .  Later  demands for t he  s p e c t r a l  region expan- 

ding o f  t h e  method have l e d  t o  app l i ca t ion  of  dye l n s e r s  f o r  

the i n t r a c a v i t y  measurements. The c a p a b i l i t y  to  broadrband 

emission i n  the  d i f f e r e n t  s p e c t r a l  regions makes of dye l a s e r s  

the unique instruments  for i n t r a c a v i t y  spectroscopy. A number 

o f  t he  successfu l  experiments on the dye l a s e r s  a p p l i c a t i o n s  

t o  t h e  s e n s i t i v e  de t ec t ion  o f  Na, da,  Ho,  P r ,  12, B r 2  small  

concent ra t ions  was publ ished unti l  A t  t h e  same time 

one cannot consider  the  t h e o r e t i c a l  ana lys i s  09 t he  in t r aca -  

v i t y  absorpt ion c h a r a c t e r i s t i c s  of t he  dye l a s e r s ,  i . e ,  t he  

l a s e r s  w i t h  homogeneous s p e c t r a l  broadeninti o f  a c t i v e  media 

a s  s u f f i c i e n t l y  complete and r e l i a b l e .  The t h e o r e t i c a l  e s t i -  

mation of the  s e n s i t i v i t y  of t he  method f o r  Cl i  l a s e r  ope ra t i -  
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622 STEPANOV AND RUBINOV 

on was given i n  papers7". But analyt ical  formulae f o r  sensi-  

t i v i t y  i n  reference7 are  v a l i d  only f o r  near-threshold l e  - 
vels  of  pumping power which does not of ten correspond t o  ex- 

perimental conditions and leaves open the question about po- 

t e n t i a l i t i e s  of t h e  method a t  the higher pumFing power ( two 
o r  more times exceeding the  threshold 1. The authors o f  the  

reference' consider the problem a t  any pumping leve ls ,  but 

t h e i r  approach is  based on the s implif ied model which s e e m  

t o  be doubtful and requires  t h e  special  foundation. In par- 

t i c u l a r  they suppose the  existence i n  the  ac t ive  media of the  

number of N. p a r t i c l e s ,  which in te rac t  only  with one mode j J 
and do not i n t e r a c t  w i t h  other  l a s e r  modes, and a lso  of  the  

number of Bo molecules ( 80 c a l l e d  reservoir  ) equally inte-  

rac t ing  with every mode. In the  case of the  homoGeneous spe- 

c t r a l  broadening such dividing the molecules in to  types does 

not seem t o  be r igh t fu l .  I n  addition in the  both 

the gain and l o s s  of all modes ( except one ) are  assumed t o  

be o f  the same values so the  t o t a l  number of  modes is given 

arb i t ra ry  and not connected with resonator,  act ive media and 

pumping parameters. Because of this reason one cannot calcu- 

l a t e  cor rec t ly  the value of  the method s e n s i t i v i t y  or analy- 

ze it 's dependence on the parameters. 

I n  t h i s  paper the attempt; is made t o  describe analyti-  

ca l ly  the charac te r ie t ice  of the intracavi ty  absorption i n  

dye l a s e r s  under a r b i t r a r y  pumling power l e v e l  f o r  steady- 

s t a t e  l a s e r  operation taking i n t o  account the spectral depen- 

dence of  the  gain. 
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SELECTIVE INTRACAVITY ABSORPTION 623 

INITIAL KLJUATIONS AND ANALYTICAL FORMULAE 

The approach in use i s  based on t h e  rate  equat ions me- 

thod. I n  t h e  case o f  l e n g t h  dependent ga in  and loss t h e  con- 

d i t i o n  of s teady-s ta te  opera t ion  of i-mode could be evident-  

l y  given a s  

Nhere Ki(x) and Ki (x)  a r e  the  gain and l o s s  c o e f f i c i e n t s  p e r  

cm o f  a c t i v e  media l e n g t h  and Ui(x) the  volume dens i ty  o f  i - 
mode r a d i a t i o n  a t  t he  poin t  x. The value o f  Ki(x) denotes t h e  

l a s e r  r a d i a t i o n  l o s s e s  due t o  the  inac t ive  absorp t ion  ( in - 
cluding the  absorp t ion  by  t he  exc i t ed  molecules ) and s c a t t e -  

rine, edge l o s s e s  and l o s s e s  connected wi th  output  o f  rad ia-  

t i o n  throubhout the  mir rors  of  the  resouator .  Assuming a l l  

these l o s s e s  iiidepeuderit on x, we may transform (’I) t o  

a 

(2) 
I ‘ l~; (XI U, <x) dx 

J (X I  dx 
k,  = 

b o r  t h e  sake o f  the s i m p l i c i t y  we s h a l l  consider  a small 

overlapping o f  luminescence aiid absorpt iou oands when f o r  K1(x) 

the  expression below i s  v a l i u  

hS where 2; = ---k& 

molecules n , 
r e l a t i v e  populat iou of t he  exc i t ed  l e v e l  a t  the  poin t  x .Using 

(j) and represent ing  the dens i ty  o f  l a s e r  r a d i a t i o n  as a pro- 

is  the  gain c o e f f i c i e n t  p e r  f u l l  number o f  
2r 

B, the  E i n s t e i n  coef f ic ien t ,and  n*cx)/, t h e  
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6 2 4  STEPANOV AND RUBINOV 

where Uy is the amplitude o f  U ; ( x )  , one may rewrite (2) i n  

the form 
ki n" 
'i n 
_ -  _ .  

* We denoted by ni the va1u.e 
.e 

which is an average densi ty  o f  the exci ted molecules in t e -  
x r ac t ing  w i t h  mode i. To f ind  

lance equation f o r  the steady-state regime 
n; we s h a l l  use the  ba - 

Here b;U,(x) and B.U.(x) a r e  the p r o b a b i l i t i e s  o f  induced 

emission a t  i and j f requencles ,  and T is the l i f e t i m e  
J J  

of the exci ted s t a t e .  The r a t e  of pumping &u and the t o -  

t a l  concentration 

dependent on x . 
P * n =n,(x) + n.(x) are  assumed t o  be in- 

Multiplying the equation (7) by $; (x) , then integra- 

t ing the left-hand and right-hand s ides  by x f r o m  0 t o  

and dividing the result i n t o  Jt;C.)dx * one can obtain 

the equation f o r  the unknown value o f  ni : 

Here 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



SELECTIVE INTRACAVITY ABSORPTION 625  

('10) 

If modes under cons idera t ion  a r e  plane s tanding  waves 

the  d i s t r i b u t i o n  func t ion  f;(x) may be represented  as 

where k and i are  t h e  whole numbers. In terms o f  n e g l i g i b l y  

small o s c i l l a t i o n s  o f  t he  value h(x)over s t m d i n g  wave pe r i -  

0d9 we may s impl i fy  (9) and (10) t o  

* 

S u b s t i t u t i d b  (11) i n t o  (12) and (13) one f i n d s p  = 3 / 4 , d =  

=1/2. Independence of the  parameters on the  mode numbers i and 

J means t h a t  uoth parameters  a r e  of t he  same va lues  f o r  any 

modes. heepiIi& t h i s  i n  mind one obthins  from (9) a:id (6) 

m 
-7 ? R  11' id (14) car1 be fourid by summarizing the  The sum 

, = 4  ' J 

l e f t -hand  sill t he  right-kiaiic s ides  o f  equntioii (14) uy i iu- 

dex from 1 t o  m ( rn i s  the t o t d  riumber OP o s c i l l a t i n g  modes). 

fiavirlt s u o s t i t u t e d  the  r e s u l t  jack  t o  (lit) oiie czn f i n d  a f t e r  

some sin!;li a l t e b r a  t h e  followiri, esprcssior i  f o r  t h e  r a d i a t i -  

011 uerisity o f  i mode 
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626 STEPANOV AND RUBINOV 

;;ere 7 = ( f o r  the  plane s tanding waves 8 = 2 / 3  ). 

&ow we s h a l l  take i n t o  account the s p e c t r a l  dependencd o f  

t he  ,am and the  l o s s  c o e f f i c i e n t s .  Let  t h e  ga in  band be de- 

sc r ibeu  b, r,ispersiori curve.  If the  bebinning of  the  mode 

number count is put a t  the  maximum of the  ga in  band the  spec- 

t r a l  funct ioi i  2; assumes the f o r m  

where f a  i s  the  .sin halswidth a:d 89 is the  s p e c t r a l  

space between neibhoour modes. Taking i n t o  account t h a t  

s p e c t r a l  s e l e c t o r  ( prism, difSraction b ra t ing  and o the r s  ) 

can be i n s e r t e d  i n t o  a r e sona to r  and assuming the add i t io -  

n a l  l o s s e s  A k ,  and A k +  a re  present  a t  the  f requencies  

j and t,rsspectivel,y,vvJe s h a l l  wr i t e  down the  l o s s  coe f f i -  

c i e n t  i n  t h e  form 

where 2L is  the  tialf?uidth of  the s e l e c t o r  t ransmission 

and 6i. , , 8;t a re  the d e l t a  functioris. 

Prom formulae (12) - (17) using the connection bet - 
ween t o t a l  number o f  osc i l la t in :>  modes m alld the maximum 

number of the  l a s t  o s c i l l a t i n g  moue io ( m = 2i0+ I j and 

baKing i n t o  tjccourit; the  t o t d  s p e c t r a l  a i a t h  o f  l a s e r  emis- 

s i o n  l o a d  bein, always l e s s  than t;he hal$wiutrl o f  the ga in  

Sand  (a )  ( o r  the  halSwicith of the s e l e c t o r  trarismissiori 

L I ~ U  b, i f  :lily ) one ciiri come t o  expreosioii 
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SELECTLVE INTRACAVLTY ABSORPTION 627 

Deduction of (18) is made uriiier condi t ions  k, / Z, (< 1, 

i; 7> 1, which a re  p r a c t i c a l l y  always va l id .  The va lue  o f  

c= d m  
is  equiva len t  t o  a i f  the re  i s  no a s e l e c t o r  i n  the  resona- 

t o r  ( b 3 - 9 o r  t o  b when the  s e l e c t o r  is  used w i t h  

b<< a. Solv ing  t h e  equat ion (18) a t  i = i,, which makes Uo ( i= 

= io ) = 0 one can f i n d  t h e  maximum number of o s c i l l a t i n g  moue 

TBUp 

0 K O / %  

Here x = i s  the r a t i o  of the  pumping power t o  t h e  

threshold  power f o r  mode i = 0 ( i t  i s  easy t o  see  t h a t  t h rc s -  

hold f o r  i = 0 is Twkp K,/ ‘Zo ) . For plane s tanding  wa- 

ves  ( r = 2 / 3  ) the  t o t a l  number of o s c i l l a t i n b  modes i s  

= 

which is in exac t  coincidence wi tn  t h e  corresponding expres- 

s ion  i n  t h e  paper9 obta ined  by o the r  means. 

From (16) i t  i 8  easy t o  f i n d  the  gap depth i n  the  l a s e r  

emission spectrum a t  the mode j t o  be 
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628 

when a s e l e c t o r  i s  used o r  

STEPANOV AND RUBINOV 

without a s e l ec to r .  If Ak,' = 0 expression (18) may be simpli- 

f i e d  t o  

The r a t i o  of (21) or (22) to (23) gives the r e l a t i v e  value of 
the gap depthAu:/ui I . For  the cen t r a l  frequency j = 0 the  va- 

l ue  i s  

o r  a f t e r  subs t i t u t ing  (19) f o r  io 

where 

A = (  3 ( p ) ( i 4  I \2'3 ' ( 2 6 )  

4 n LC, 

xo - n i s  the mean r e f r ac t ion  index of the media i n  t he  resona- 
and 

t o r ,  1, the resonator base;/CO = 2 C t he  half-hidth o f  the 

act ive media gain band ( o r  s e l ec to r  t ransniss ion band ). If 

the r e l a t i v e  e r r o r  o f  experiment i s  (AU / U  the  ab- 

so lu t e  s e n s i t i v i t y  o f  the in t r acav i ty  absorption measurements 
)min = 8 

a t  frequency j= 0 is 
in c a v  8k,C 

= __- 
A k 0 4 ) m i h  A 
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SELECTIVE INTRACAVITY ABSORPTION 629 

where A k ,  i s  the  absorp t ion  c o e f f i c i e n t  a t  t h i s  f requency and 

e, t h e  t h i c k l e s s  of  t h e  sample. 

It is  easy t o  see  t h e  absolu te  s e n s i t i v i t y  o f  t he  op t i -  

c& dens i ty  measurements w i th  the  convent ional  method t o  be 

equal t o  the r e l a t i v e  e r r o r  

If the  parameter 0 is  of  t h e  same va lue  in both cases  t h e  

enhancement of t h e  s e n s i t i v i t y  f o r  i n t r a c a v i t y  method is 

For  comparison we s h a l l  give the  corresponding formulae 

f o r  t h e  s i n g l e  frequency l a s e r  operat ion.  In  t h i s  case i n s t e -  

ad  o f  the  s p e c t r a l  gap one r e g i s t e r s  the d i f f e rence  A U  o f  in- 

t e n s i t i e s  w i th  and without t he  absorbing sample in the  resona- 

t o r .  Prom (5) and (7) under uj = 0 one obtairis 
j + i  

It is q u i t e  evident  t he  formulae (29) - (31) are  a l s o  v a l i d  

f o r  any frequency of mul t imode  l a s e r  emission if the  ga in  spec-  

trum i s  completely inhomogeneous and each mode i n t e r a c t s  only 

w i t h  i ts  own type of  molecules. 
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6 30 STEPANOV AND RUBINOV 

To analyze the  above formulae one needs t o  know t h e  l o s s  

c o e f f i c i e n t  k, . According t o  reference" i t  may be pre-  

s en ted  i n  t h e  form of 

where 9. i s  s c a t t e r i n g  and i n a c t i v e  absorp t ion  c o e f f i c i e n t ,  

2 ,  arid 'Z2 a r e  r e sona to r  mi r ro r  r e f l e c t i v i t i e s ,  y is angle 
aad i S  divergency, v d an ape r tu re .  

DISCUSS I O N  

If t h e r e  i s  no a s e l e c t o r  i n  t h e  r e sona to r  t h e  abso lu te  

va lue  o f  t h e  gap depth  a t  t he  frequency of  t he  sample absorp- 

t i o n ,  according t o  (22) ,  does riot depend on the  mode number j 

( i . e .  on the  p o s i t i o n  o f  t he  absorp t ion  l i n e  of  t h e  sample re -  

l a t i v e  t o  t h e  cel i ter  of t h e  l a s e r  emission spectrum ) and i s  

t o t a l l y  determined by t h e  va lue  o f  t h e  sample absorp t ion  

l o s s  L I ~ ;  . I n  the  presence of  a s e l e c t o r  ( see (21) ) t h e  

gap depth ciecreases as frequency moves o f f  t he  maximum o f  t he  

s e l e c t o r  transmissiori  band. I n  both cases  t h e  absolu te  gap 

depth i s  p ropor t iona l  t o  t he  pumping power. As is seen  from (21)  

and (23) i n  c o n t r a s t  t o  t h e  absolu te  va lue  ( ALL' ) t h e  r e l a -  

t i v e  one ( A l l y  / u, 
ga in  band c e n t e r .  

J * 
) i n c r e a s e s  a s  f requency moves 9ff t h e  

rak ing  i n t o  accourit t h e  r a t i o  nu@ / tl,A c a m o t  exceed 1 
I 

= 1 corresponds t o  zero i n t e n s i t y  of t he  l a s e r  ( AU,' / U' 

emission a t  t he  frequency j ) one can conclude from (21) ,  ( 2 3 )  

and (19) t n a t  f o r  any mode ;lumber 

J 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



SELECTIVE INTRACAVZTY ABSORPTION 631 

t he  presence o f  the  add i t iona l  l o s ses  a k j  w i l l  reduce the  

i n t e n s i t y  of  the  mode t o  zero ( i n  ( 3 3 )  i t  is  assumed f o r  t h e  

sake of t he  s impl i c i ty  c = a ). The maximum value of A t i  

over which the f u l l  gap o f  the  i n t e n s i t y  a t  frequency j = 0 

w i l l  be observed is 

Considering the  absorpt ion l o s s  of the sample A k  I klncrr 

and assuming A >> 1 we may transform (25) i n t o  t h e  s i n p l e  

l i n e a r  func t ion  

According t o  (34), (35) and (26) the  l i n e a r  dependence 

ofnu / u on Ak is true a t  any l e v e l  o f  pumping. This 

property is o f  t h e  g rea t  p r a c t i c a l  value and may serve a s  t h e  

bas i s  f o r  t h e  simple quan t i t i ve  method o f  t he  i n t r a c a v i t y  se- 

l e c t i v e  absorp t ion  measurements. A s  i t  fol lows f r o m  (25) and 

(26) the  l i n e a r  func t ion  ( 3 5 )  i s  v a l i d  only  under the  condi- 

t i o n  A s, 1. The A es t imat ion  f o r  t he  t y p i c a l  parameters 

( 1, 50 cm, C, 2000 cm”, x,,>> 1, y = 2 / 3 ,  - 1 ) 

gives  A = 4.103, which ?leans the  i n e q u a l i t y  A >> I f o r  dye 

l a s e r s  is  f u l l y  guaranteed. In con t ra s t  t o  t h e  multimode re- 

gime the  s i n s l e  frequency opera t ion  ( o r  multimode opera t ion  

wi th  completely inhomogeneous bain spectrum o f  t he  a c t i v e  me- 

d i a  ) is charac te r ized  by norilincar dependenceofAU / u on 

t8 

nk , making i t  inconvenient f o r  t h e  p r a c t i c a l  usage. 
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632 STEPANOV AND RUBINOV 

From (21) and (22) one can draw a conclusion of t h e  me- .. 
thod s p e c t r a l  r e s o l u t i o n  which i s  of t he  most impdtant charac- 

t e r i s t i c s .  It i s  seen from (21) the  gap depth i n  the  l a s e r  

spectrum a t  j mode is determined by the  add i t iona l  l o s s e s  a t  

frequency j and independent on the  value of the  add i t iona l  

l o s s e s  a t  frequency t .  As t h i s  is v a l i d  f o r  any j and t unclu- 

din& t = j I , the  conclusion can be made t h a t  t h e  s p e c t r a l  

r e so lu t ion  corresponds t o  the  intermode d i s t ance  

r a t h e r  h i t h  ( f o r  example 89 = 

84 , i . e ;  

cm”’ if L Z  50 cm 1. 
A s  i t  fol lows from (22) t h e  r a t i o  of the  gap values  a t  

1) i s  propor t iona l  f requencies  j and t ( under A k ,  / K O  (( 

t o  t h a t  of t he  loss c o e f f i c i e n t s  a t  t he  f requencies  

It i s  easy t o  show t h e  r e l a t i o n s h i p  is  t r u e  a s  well i f  

the  add i t iona l  l o s s e s  a re  present  n o t  only a t  two f requencies  

( J arld t ) but a t  any number m* of f requencies  a s  f a r  a s  m* 

i s  s u f f i c i e n t l j  l e s s  than  the  t o t a l  number of  modes m = 2i0+ 

+ I . It means the  simple measurements of t h e  und i s to r t ed  ab- 

so rp t ion  l i n e  shape can be litads by t h e  method i f  only t h e  li- 

ne width under i n v e s t i g a t i o n  i s  s u f f i c i e n t l y  narrower than  

the  f u l l  width o f  t he  l a s e r  emission spectrum. One should keep 

in mirid the  shape o f  the  absolu te  (AU: ) but  not r e l a t i v e  

( AU,’ / U: ) i n t e n s i t y  gap g ives  the  r i g h t  shape of  t he  ab- 

so rp t ion  line. 

how l t t  us consider  the  s e n s i t i v i t y  of the  i n t r a c s v i t y  

nosorption measurements. A s  is seen from ( d b )  iiiid ( 2 6 )  t he  

s e n s i t i v i t y  enhancement f a c t o r  deperids 011 the  l a s e r  radi:lti- 
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SELECTIVE INTRACAVITY ABSORPTION 633 

on losses p e r  a resonator  pass  ( k o t  
( 

excess over the  th re sho ld  ( x 0  ) and parameter [ which des- 

c r ibes  the  s p a t i a l  overlapping of modes i n  the  a c t i v e  media. 

One can see  the  dependence on the  pumping power i s  e s s e n t i a l  

on ly  a t  low pumping l e v e l s .  The s e n s i t i v i t y  reaches i t s  maxi- 

mum i f  a l a s e r  opera tes  a t  t h e  very threshold .  h u t  u s u a l l y  

such a regime i s  i n s u f f i c i e n t l y  s t a b l e  and inconvenient f o r  

p r a c t i c a l  use.  If the  l a s e r  pumping exceeds the  th re sho ld  by 

a f a c t o r  of  l , 5  o r  more the  r e l a t i v e  s e n s i t i v i t y  becom(as p z c -  

t i c e l l y  independent on i t .  Hut the  absolu te  cap depth inc rea -  

s e s  permanently along wi th  the  pumping power ( sDe formula 

>,  the  resonator  base 

),  the  ga in  baud halEwidth ( C, ), t h e  pumping power 

(22) 1. 
The broader  the ga in  band o f  t he  l a s e r  a c t i v e  media ( C , )  

thd h i t h e r  s e n s i b i v i t y  of  the  i n t r a c a v i t y  method. l n s e r t i o n  

of any s p e c t r a l  s e l e c t o r s  i n t o  the  rcsonotor  r e s u l t i n g  i n  the  

narrowing of the  l a s e r  emission spectrum ( c, decreases  ) re-  

duces the  s - l i s i t i v i t y  . On the  cont ra ry  t h e  p a r t i a l  compensa- 

t i o n  o f  the  ga in  s p e c t r a l  dependence l eac in6  t o  the  broade - 
ning o f  t h e  l a s e r  emissioa spectrum could r e s u l t  i n  hibiler se:i- 

s i t i v i t y  o f  measurements. 

The ana lys i s  of enhancement f a c t o r  dependence on parame- 

t e r  L shows the  ex is tence  of  the  optimum resonator  bsse  

correspondin6 t o  the maximum s e n s i t i v i t y  o f  measurcmerits. k’or 
i t t y? i ca l  va lues  

= 0.5 formula (37 )  g ives  ,LP N 

j.IO’3 rad,  2d = C . 5  cm, pot + ;- b~ --- L I ”  

* ’, i^ o t  jo cm. 
.. 
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634 STEPANOV AND RUBINOV 

Parameter '6 amounts 2 / 3  while us ing  t h e  plane m i r r o r  

resonator .  But it can be increased t h e  resonator  being exchan- 

ged f o r  a sphe r i ca l  one. This change i s  accompanied by mode- 

competition s t rengthening and a s  is seen f rom ( 2 0 )  and (28) 

by s e l e c t i v e  absorpt ion s e n s i t i v i t y  r i s e .  

The value of  the  l a s e r  r a d i a t i o n  l o s s  per a resonator  

pass ( k,!, 

t i v i t y  enhancement f a c t o r  is  inve r se ly  dependent on the 

parameter k,t . As it fol lows from (32) t h i s  parameter can 

be reduced by increas ing  o f  t h e  mirrdm r e f l e c t i v i t i e s ,  decre- 

asing of t h e  angle  divergency and increas ing  o f  an aper ture .  

Unfortunately,  t h e  value of k,t f u r  pulsed dye l a s e r s  is  

comparatively l a r g e  ( k O t  - 
f a c t o r  6 equals  parameter A , which t y p i c a l l y  has a va- 

l u e  of 4.103. If r e l a t i v e  experimental e r r o r  i s 8  5%the 

o p t i c a l  dens i ty  values  a s  low a s  dk,~,  - 
red. Parameter k,[ for Ch dye l a s e r s  apparent ly  could be re -  

) i s  o f  a g r e a t  importance f o r  t he  method. Sensi-  

1 ). In  such a case enhancement 

10-5 cwI be r eg i s t e -  

duced by a f a c t o r  o f  l o 2  or I 0  3 which should permit t h e  incre-  

as ing  o f  t he  absolute  s e n s i t i v i t y  up t o  the  o p t i c a l  d e n s i t i e e  

10-7- IO-? 

In the  case o f  the  s i n d l e  frequency opera t ion  the  sens i -  

t i v i t y  of t he  i n t r a c a v i t y  method is bibher  than  conventional 

one only a t  k,e < 1 ( we cons ider  Xo7> I ). If k , [ >  1 the  conven- 

t i o n a l  measurements a re  p re fe r r ed ( the  same i s  t r u e  f o r  multi- 

frequency l a s e r  opera t ion  i f  the  Gain spectrum o f  ac t ive  media 

is completely mhomogeneous) . The t y p i c a l  s e n s i t i v i t y  of t he  

mlt imode in t r acav i ty  method exceeds one o f  t he  s i n b l e  f requ-  

ency opera t ion  ~y a f a c t o r  of  A -  4 . ? 0 3 .  
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SELECTIVE INTRACAVITY ABSORPTION 635 

The r e s u l t s  presented above d i f f e r  g r e a t l y  f r o m  t h e  con- 

c lusion o f  t he  paper8. It i s  a s se r t a ined  i n  the  paper t h a t  a t  

the high pumpinb l e v e l s  t h e  s e n s i t i v i t i e s  o f  the  i n t r a c a v i t y  

absorpt ion measurements wi th  homogeneous and completely inho- 

mogeneous spectrum broadenin& o f  ac t ive  media a re  adequate.In 

both cases  according t o  t h e  reference' enhancement parameter 

( is  equal t o  ? / toe which is  th ree  orders  l e s s  than  t h e  value 

5 &ven by formula (28) above, 
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