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This  study will p e r f o r m  an analys is  of e r r o r s  occur r ing  in the m e a s u r e m e n t  of the coefficient  
of ampli f icat ion of the optical  medium of a l a s e r  by the method of i r rad ia t ion  with monochro -  
mat ic  l a s e r  radiat ion.  These  e r r o r s  a r e  re la ted  to lack of cor respondence  in p a r a m e t e r s  of the 
probe  l a s e r  and the l a s e r  to be m e a s u r e d .  

1 .  F o r m u l a t i o n  o f  t h e  P r o b l e m  

The coeff icient  of ampli f icat ion is the basic  p a r a m e t e r  cha rac t e r i z ing  the act ive medium of a l a s e r .  
In the grea t  ma jo r i t y  of c a se s  the coefficient  of ampl i f ica t ion is m e a s u r e d  by i r rad ia t ion  of the active m e -  
dium with monochromat ic  radia t ion produced by the same  quantum t rans i t ion  as that employed in the l a s e r  
being studied. In many cases  the radia t ion source  is another  l a s e r  us ing the same  l a s e r  t rans i t ion  as the 
active medium being measu red ,  but with o ther  p a r a m e t e r s  (density, t e m p e r a t u r e ,  component  concen t r a -  
tion} poss ib ly  grea t ly  different .  

The difference in p a r a m e t e r s  between the probe and the medium m e a s u r e d  inescapably leads to di f -  
f e rences  between the contours of the probe and studied l ines.  When using a l a s e r  as the probe,  s o u r c e -  
generat ion mode s t ruc tu re  mus t  also be cons idered .  

The purpose  of the p resen t  study is to p e r f o r m  an analys is  of e r r o r s  which may  develop in m e a s u r e -  
ment  of the coefficient  of ampli f icat ion due to the above-ment ioned  var ia t ions  and to formulate  conditions 
for  minimiza t ion  of such e r r o r s .  We will make  two p r e l i m i n a r y  r e m a r k s  concerning the ambigui ty  of the 
t e r m  "coefficient  of ampli f icat ion n* i tself .  Frequent ly ,  in the l i t e ra tu re  the concepts  of coefficient  of a m -  
pl if icat ion K and unsa tura ted  index of ampl i f ica t ion  ~t a re  confused. While K is a d imens ionless  quantity, 
cha rac t e r i z ing  the effect  ove r  the ent i re  active medium K = P_/P+,  where P_ and P+ are  output and input 
power ,  ~r c h a r a c t e r i z e s  the ampl i f ica t ion pe r  unit length, reduced to an infinitely thin layer ,  i .e. ,  the local  
ampli f icat ion.  The two quanti t ies  a re  re la ted  as follows: 

g = exp [(u - -  8) L0] (1.1) 

where 5 is the index of dis t r ibuted losses  (scat ter ing) ,  and L 0 is the length of the act ive medium.  

Another  ambigui ty  is connected with in te rpre ta t ion  of the coefficient  of  ampli f icat ion without r e f e r -  
ence to the generat ion mode in which it is p roposed  to uti l ize the active medium studied. I f  the generat ion 
contour  is s ignif icantly n a r r o w e r  than the amplif icat ion contour,  it is na tura l  to t r e a t  this  t e r m  as being 
the ampli f icat ion coefficient  for  monochromat ic  light. Such a si tuat ion occurs  in s ing le -mode  (with r e -  
spec t to  axial  modes )ope ra t ion  and also,  a lmos t  always,  in so l id -s ta te  l a s e r s .  On the o ther  hand, if the gen-  
e ra t ion  contour  is comparab le  with the ampli f icat ion line contour  (for example ,  in an argon l a s e r  without 
mode select ion),  the t e r m  should obviously co r r e spond  to some tota l  amplif icat ion ove r  the contour.  Fo r  
the sake of brevi ty ,  we will r e f e r  below s imply  to single and mul t imode r eg imes ,  consider ing gas l a s e r s  
at p r e s s u r e s  below a tmosphe r i c .  Thus, the m e a s u r e d  value of the coefficient  of ampli f icat ion is de te rmined  
by the degree  of over lapping of the probe and studied l ines,  and i ts  t rue  value depends on the genera t ion 
reg ime  (Fig. 1). In the genera l  ease  four  va r i an t s  of the m e a s u r e m e n t  p roce s s  mus t  be analyzed,  depend- 

* Here  and below we cons ider  the unsa tura ted  coefficient  of ampli f icat ion.  
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ing on the mode s t ruc tu re  of the probe l a s e r  and the l a s e r  us ing the 
m a t e r i a l  being studied. 

2.  S i n g l e - M o d e  L a s e r  I r r a d i a t i n g  A c t i v e  M e d i u m  

o f  A n o t h e r  S i n g l e - M o d e  L a s e r  

Since deviations of the l a s e r  f requency f rom the cen te r  of the 
amplif icat ion line may  va ry  ove r  quite wide l imits ,  we shall  introchce 
cer ta in  assumpt ions  for  the sake of s implif icat ion.  We will concern  
ourse lves  with the value of the ampli f icat ion coefficient at the center  
of the ampli f icat ion line of the act ive medium studied. This assumpt ion  
is natural ,  since this  value, genera l ly  speaking, co r r e sponds  to the m a x -  
imum of the amplif icat ion coefficient .  As for  the generat ion frequency 
of the probe l a se r ,  here  we mus t  commence  with the f requency in terval  
between axial  modes  A v = c / 2 L ,  where c is the speed of light and L, the 
length of the r e sona to r .  The goal of  mode select ion,  as a rule,  is the 
choice of the mode c loses t  to the cen te r  of the line. With this a s s u m p -  
tion it is obvious that  deviations of the generat ion frequency f rom the 
cen te r  of the ampli f icat ion line mus t  not exceed one half  of the in terval  

mentioned,  namely,  Av' =c/4L.  We will now introduce the function ~ (co) descr ib ing  the contour of the ampl i -  
f icat ion line and normal i zed  such that at the line cen te r  ~ (0) =1. Inasmuch as n (w) ~ ~(w) the max imu m 
relat ive e r r o r  in m e a s u r e m e n t  of  the index of amplif icat ion connected with uncer ta in ty  in the p r o b e - l a s e r  
f requency will be given by 

e =  (P (0) -- ~ ((o~) = - - I  i (2.1) 
(O)M) cp (c/4L) 

where ~ is the mode frequency.  It is known [1] that  for  a homogeneously broadened contour  

l 
(p (e )  = ~. + 4 (,~/,",%)~ (2.2) 

and for  a Doppler contour  

0) 2 ] (2.3) 

where A~o is the half-width of the contour.  In as  much as usual ly  L ~1 m,  we have r  ~ r  8 Hz). F ig -  
u re  2 depicts  the dependence of re la t ive  e r r o r  on ampli f icat ion line half-width for  homogeneous and Dop- 
p l e r  contours .  Independent of  the c h a r a c t e r  of the widening at ~ =0 the e r r o r  ~ = 0, and if oJ M >>r then 
s co.  

3 .  M u l t i m o d e  L a s e r  I r r a d i a t i n g  A c t i v e  M e d i u m  o f  A n o t h e r  M u l t i m o d e  L a s e r .  

In the p re sence  of a large number  of axial  modes  the index of amplif icat ion of the medium mus t  have 
a value close to that  which would p reva i l  in the case  of ampli f icat ion ove r  the en t i re  contour  ga2(oJ). An-  
alogous concepts  apply to the generat ion contour  gal(~) of  the probe l a s e r .  The spec t r a l  index of ampl i f i ca -  
t ion of  the medium is [1] 

x, (co) ---- ~ (P, (o) do ' ~ Ni - -  ~ N k (3.1) 

where Aik is the Einstein coefficient  for  emiss ion ,  co 0 is the line cen te r  frequency,  N i and N k a re  the popu- 
lations of  the upper  and lower  levels ,  and gi and gk a re  the s ta t i s t ica l  weights of the same leve ls .  

We will now define the value of the index of ampli f icat ion averaged  over  the ent i re  line which is ac -  
tual ly  obse rved  in ampli f icat ion m e a s u r e m e n t s .  It  is obvious that  this  value cannot be de te rmined  without 
r e fe rence  to the spec t r a l  composi t ion of the probe  radiat ion.  

The averaged  index of amplif icat ion,  cons ider ing  Eq. (3.1) and the degree  of spec t r a l  over lap ,  may  
be wri t ten as 
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where  the funct ion ~ol(w)in the n u m e r a t o r  def ines the re la t ive  cont r ibu t ion  of  ampl i f i ca t ion  at f r equency  w 
to the to ta l  ampl i f ica t ion ,  and fgoldco is in t roduced  to p r e s e r v e  the n o r m a l i z a t i o n  in t roduced  above.  We will  
c o n s i d e r  s e v e r a l  spec ia l  c a s e s .  In the absence  of  any s p e c t r a l  ove r l ap  of  gol(w) and ~o2(co) the in teg ra l  

1% (o,) (P~ (o,) do) = O, x2 = 0 

An analogous  r e su l t  o c c u r s  in the case  where  the rad ia t ion  sou rce  p o s s e s s e s  a cont inuous s p e c t r u m ,  
i .e . ,  o v e r  the l imi t s  of  a f r equency  in te rva l  s igni f icant ly  exceed ing  the width of  the ampl i f i ca t ion  line gol(w) = 
oonst .  In th is  ca se  it follows f rom Eq. (3.2) that  

x2~-Ji~ / Ido ,  >0 

Of g r e a t e s t  p r a c t i c a l  i n t e re s t  is the case  where  the c e n t e r s  of  the con tou r s  ~ol(co) and ~o2(w) coinc ide .  
In this  case  it is poss ib le  to use  s imu l t aneous ly  two e x p r e s s i o n s  o f  the type of  Eqs .  (2.2), (2.3), wr i t t en  
with the a s s u m p t i o n  that  w0i =%2 =0. The n u m e r i c a l  value of  Eq. (3.2) then depends on the c h a r a c t e r  of  the 
broadening,  as  well  as  on the width i t se l f  of  the l ines  ~oi(co) and ~o2(o0). We f i r s t  define in t eg ra l s  of  the type 

(p (o,)do, = 2 ~ q0 (o,) &0 

fo r  the case  o f  homogeneous  and Doppler  b roaden ing  [1]: 

I ~Aod4 " 
~ , (o,) do, = ( V-~ ho,d/4V i ~  (3.3) 
o 

If  both l ines q~l(co) and ~a2(co) a re  b roadened  homogeneous ly ,  then f r o m  Eqs .  (3.2) and (3.3) we have 

8J~k Ix de 

Af t e r  t r a n s f o r m a t i o n s  we obtain  

(a Ai 

In tegra t ion  then gives  

Ii = 4 (ao~ s -- acol s) Ar176 + ms o Aco2~/4 + co s J (3.5) 

II ~ ~ AcoiA~oz 
4 A~ + Acos (3.6} 

Combining  Eqs .  (3.4) and (3.6), we obtain a s imple ,  phys ica l ly  desc r ip t ive  r e su l t  

• = :, (Aco~ 4- ao~2) ( 3 . 7 )  

If  &co t =Aco 2, then  

• ~ = J MnAO, (3.8) 
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If  Aw 1 ;~A~o2, then the value of ~ will be de te rmined  by the g r e a t e r  of these  quanti t ies.  

We will now es t ima te  the e r r o r  introduced by noncoincidence of the contours  r and r It is 
obvious that  the index of amplif icat ion defined by Eq. (3.8) co r re sponds  to the t rue  unsa tura ted  index of 
amplif icat ion of the medium studied, used in the mul t imode generat ion reg ime  (ampl i f i ca t ionover the  ent i re  
contour).  In fact ,  in this case  by definition gas(w) =~p2(w) and A~o 1 =A~o2. It thus follows that the e r r o r  may  be 
de termined f rom Eqs.  (3.7) and (3.8): 

x~~ x ~  ~ '  \-a~-~(a~--i} I, (3.9) 

I f  both contours  ~1(~o) and q~2(w) have Doppler  broadening 

8 In 2 J~l~ 
x~ = ~aco~ao)~ (3.10) 

co 

0 

After integration, 

Ia -- a(ol a(~ V ~ (3.11) 4 In 2 (Ar ~ ~- ho~s) 

Combining Eqs.  (3.10), (3.11), we obtain 

V In 2 • = 2Jr ~ (ar -4- a~o~) (3.12) 

I f  Aw 1 = A ~ ,  then 

2J~k ]/-~7"~" (3o13) 
• ~ = -~- p, ~-~ 

I f  Ac01 ~ /x~ ,  the value of ~42 will be essen t ia l ly  de te rmined  by the l a r g e r  of these  quanti t ies.  

The e r r o r  in this case  is defined f rom Eqs.  (3.12), (3.13): 

IV+[ I e---- I ~-~-~-~] - -  i (3.14) 

In both cases  cons idered  e =0 if he) 1 =Ac02. The e r r o r  & as a function of A~ol/Aw 2 for  both homogeneous 
and Doppler broadening is p resen ted  in Fig. 3. 

I f  the source  spec t r a l  line has Doppler broadening,  and the medium line is homogeneously broadened,  
Eq. (3.2) t akes  on the form 

• = s ael Ae~ (3.15) 

co 

I ,  = I exp [ - -  41n2 (-~-~-) 2] d~ i -4- 4 (~/Aco@~ 
0 

The in tegra l  is the well-known Voigt in tegra l  [2]. After  t r ans fo rma t ions  we can obtain 

where �9 is the probabi l i ty  in tegra l  tabulated,  for  example ,  in [3]. Combining Eqs.  (3.15), (3.16), we obtain 

x~ ---- i r e  a~l A~x,/ Jk 

The e r r o r  in this case  is de te rmined  f rom Eqs.  (3.13) and (3.15): 

= n a i l / 4  ~f l-n-2 i ~ -  i (3.1 8) 

It is obvious that  for  the case  where the source  line is broadened homogeneously with the medium 
line posses s ing  Doppler  broadening,  the express ion  for  ~ will coincide with Eq. (3.17) with interchange of 
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indices 1 and 2. The e r r o r  a r i s ing  in this si tuation is given by Eqs.  (3.8) and (3.15): 

= ~f~ A~0~/8 V In 2 I2 - I (3.19) 

4 .  S i n g l e - M o d e  L a s e r  I r r a d i a t i n g  A c t i v e  M e d i u m  o f  M u l t i m o d e  L a s e r  

The index of ampli f icat ion of the active medium of a mul t imode l a s e r ,  as  follows f rom Eq. (3.2), is 

As was shown above, in the pa r t i cu l a r  cases  of homogeneous and Doppler broadening this  leads to 
Eqs.  (3.8), (3.15). The index of ampl i f ica t ion obse rved  upon i r rad ia t ion  differs  f rom these  values  and is 
dependent on the d isp lacement  of the generat ion line toni re la t ive  to the cen te r  of the source  spec t r a l  
line. If  tOM=0, it follows f rom Eq. (3.1)that  

If  o ~  =rrc/2L, then 

us J~ I (P2 (0)) do = / ,~ (4.2) 

• = JigP~ (uc]2L) / 1% (co) do) (4.3) 

----0. 

From Eqs.(3.1), (3.4) it follows that the re la t ive  m e a s u r e m e n t  e r r o r  

e = I [% (c~ dco]ep~ (co~) 1% @) do) - -  t (4.4) 
t o  o~ 

For  a homogeneously  broadened contour,  f rom Eqs.  (2.2), (3.3), (3.6), and (4.2) we have 

e = I(t + 4 (o)~/A(os)~/2 - -  1 ] (4.5) 

I f  WM = 0, then r = l/2. If a~ M >> A o~2, the m e a s u r e d  value x2-- 0 and ~- -  0% while if o)M/A ~ = 1/2, then 
For  Doppler broadening f rom Eqs.  (2.3), (3.3), (3.1), and (4.2) we have 

' [ ( ~ ~] 
s = ~exp [41n2 \ A~ / J-- I i4.6) 

If  COM>>O~2, then R - - 0 ,  e ~  and e =0, if  tOM/ACe2 =1 /24~ .  The e r r o r  e as a function of Aa~vi/Ao~2 for  
the cases  of homogeneous and Doppler  broadening of the ampli f icat ion line is p resen ted  in Fig. 4. For  
monochromat ic  i r rad ia t ion  of a contour broadened s imul taneous ly  by two independent mechan i sms ,  de-  
s c r i b e d s e p a r a t e l y b y  fluctuations gol(~) and ga2(co) , the to ta l  spec t rum is given by the packet  fo rmula  [4] 

The in tegra l  fr is introduced to p r e s e r v e  normal iza t ion ,  while it is obvious in the given case  that  

I chdc~ = 1%dee 

If  o~ = 0,  then 
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which in combination with Eq. (3.1) gives an express ion  for  de terminat ion of ~ analogous to Eq. (3.2). I t  
then follows that  upon i r radia t ion  of the amplif icat ion contour  (multimode reg ime)  by the probe contour  
(in the case  of a l a s e r  this impl ies  the mul t imode reg ime)  the m e a s u r e d  index of amplif icat ion will appear  
the same as if a monochromat ic  source  were  to i r rad ia te  the cen te r  of an amplif icat ion contour developed 
f rom the functions ~l(w) and ~2(w), descr ib ing  the fo rm of the source  line and the ampli f icat ion line of the 
medium examined.  

5 ,  M u l t i m o d e  L a s e r  I r r a d i a t i n g  A c t i v e  M e d i u m  o f  S i n g l e - M o d e  L a s e r  

The index of amplif icat ion of the medium in the cen te r  of the amplif icat ion line in this case  will be 
descr ibed  by Eq. (4.2), and the m e a s u r e d  index of amplif icat ion will be given by F,q. (3.2). Hence ,  i t fol lows 
that  the e r r o r  is 

= S / S - ,  (51) 
G a  �9 

For  homogeneously broadened lines gol(co) and ga2(co) it follows f rom Eqs. (3.3), (3.6), and (5.1) that 

= 1 ao),/ao)~ I (5.2) 

For  Doppler  broadening of the lines gal(w) and ga2(c0) it follows f rom Eqs.  (3.3), (3.11), and (5.1) that 

= I V  i + (ao),/ao)~)~ - l I (5.3) 

In both cases  e--- 0 only if Aco i << Aco 2. The e r r o r  e as a function of Acot/AoJ 2 for  homogeneous and Dop- 
p l e r  broadening with the same  broadening m e c h a n i s m s  for  (pl(w) and q~2(w) is p resen ted  in Fig. 5. For  dif-  
fer ing  broadening m e c h a n i s m s  it follows f rom Eqs.  (3.3), (3.15), and (5.1) that  

e ---- nAo)1/4/~ - -  i (5.4) 

for  homogeneous broadening of the source  line, and 

~hco~ i 
s = 4 g i ~ x ~  (5.5) 

for  Doppler  broadening of the source  line. 

6 .  M e t h o d  o f  C a l i b r a t e d  L o s s e s  

This method is based upon the introduction into the r e s o n a t o r  of e lements  having sharp ly  defined 
lo s ses  [5]. The c r i t i ca l  loss  value at which generat ion ceases  is taken as the amplif icat ion coefficient .  An 
undoubtable advantage of  this method is the el iminat ion of the p rob lem of noncorrespondence  of the probe 
and studied l ines .  I t  is neces sa ry ,  however ,  to cons ider  that powerful  l a s e r s ,  as  a ru le ,genera te  in a mul t i -  
mode reg ime .  At the same  t ime  t e rmina t ion  of generat ion mus t  obviously occur  in a s ingle-mode reg ime .  
This means  that  e r r o r s  occur  analogous to those cons idered  in Sec. 3. 

This  effect  involves not only axial,  but a lso  t r a n s v e r s e  modes,  the c r i t i ca l  lo s ses  for  which are  
s t rongly dependent on the o r d e r  of  the mode because of diffract ion.  

We note that  in the i r rad ia t ion  method di f ferences  in t r a n s v e r s e  modes  a re  of little significance,  since 
the f requency shift with different  t r a n s v e r s e  indices is much  less  than c / 2 L  [1]. Noncorrespondence  be-  
tween m e a s u r e d  and r ea l  coeff icients  of amplif icat ion can occur  with any form of se lec t iv i ty  curve in the 
introduced los ses ,  i .e. ,  introduction of p l an -pa ra l l e l  plates  produces  i n t e r f e r o m e t e r  effects ,  leading to 
mode select ion.  Another  example  of se lec t iv i ty  is the introduction of BaF 2 pla tes  into the r e sona to r  of a 
CO 2 l a se r ,  which leads to a sha rp  change in the genera ted  wavelength f rom 10.6~ to 9.6~ because of the 
nea rne s s  of the bar ium fluoride absorpt ion  boundary. Moreover ,  this  method is applicable only to media  
with ve ry  high ampli f icat ions ,  in which the c r i t i ca l  lo s ses  introduced grea t ly  exceed the remain ing  types  
of loss .  In that  case  the ca l i b r a t ed - lo s s  method will agree  sa t i s fac to r i ly  with the i r rad ia t ion  method.  

7. M e a s u r e m e n t  o f  t h e  I n d e x  o f  A m p l i f i c a t i o n  in  M o l e c u l a r  L a s e r s  
i 

As an example  of  the above we will analyze the methods employed in measu r ing  the index of ampl i f i ca -  
tion in mo lecu l a r  l a s e r s  us ing ca rbon  dioxide. A c h a r a c t e r i s t i c  pecul ia r i ty  of CO 2 l a s e r s  is the except ional  
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divers i ty  of  t he i r  p a r a m e t e r s  and methods of ac t i ve -med ium excitat ion.  Since the form and width of amp l i -  
f icat ion l lnes a r e  de te rmined  by mo lecu l a r  veloci ty  and col l is ion frequency,  gas t e m p e r a t u r e  and densi ty 
a re  m o s t  s ignif icant .  As a probe  source  it is usual  to employ  CO 2 l a s e r s  with axial  d ischarge  in sea led  
tubes ,  o r  with axial  injection [6-10]. Fo r  such devices  the gas  t e m p e r a t u r e  is usual ly  that  of the room 
(300~ with composi t ion  CO2, N2, He, 1, 2, 5, m m  Hg, respec t ive ly .  In this case  Doppler broadening is about 
55 MHz. Shock broadening may  be de te rmined  f rom the values  of specif ic  shock half-widths [11] for  CO~- 
CO 2 col l is ions (3.3 MHz), CO2--N 2 col l is ions (2~7 MHz), and CO2-He col l is ions (2.3 MHz). The tota l  b road-  
ening for  the above mix tu re  is then ,~20 MHz. L a s e r s  of this  type usual ly  opera te  in one axial  mode,  since 
A v M = e / 2 L ~ 1 0 0  MHz, which i n c r e a s e s  the line width. It is sufficient,  however ,  for  the line width to in- 
c r e a s e  s e v e r a l  t imes  for  this condition to become inoperat ive .  Fo r  s impl i f ica t ion of the analys is  we m a y  
a s sume  a Doppler  contour  in the probe.  The additional e r r o r  introduced by ignoring shock broadening is 
[11] 

8 -- 2 dc~ p (7.1) 

where p is the gas p r e s s u r e .  We will now cons ider  act ive media  which are  at p resen t  widely employed.  

A. E l e c t r i c a l - D i s c h a r g e  L a s e r s  with T r a n s v e r s e  Injection [12-14].. T e m p e r a t u r e s  lit t le different  
f rom room t e m p e r a t u r e  and p r e s s u r e s  of the o r d e r  of 10-100 m m  Hg a re  c h a r a c t e r i s t i c  of  these  devices .  
At the lower  l imit  of this in te rva l  we may  a s sume  Doppler broadening; at the upper ,  homogeneous broaden-  
ing. At the lower  l imit  AC01/Ac02~I, at the upper  Acol/Aco2~4. 

B. Gasdynamic and C h e m i c a l  L a s e r s .  Room t e m p e r a t u r e  and p r e s s u r e s  of ~100 m m  Hg are  c h a r -  
ac t e r i s t i c  [15-17]. Then Aa~/A~01~4. 

C. P u l s e - T y p e  TEA L a s e r s  [18-20]. Atmospher ic  p r e s s u r e  and t e m p e r a t u r e s  of 600-800~ a re  c h a r -  
ac t e r i s t i c .  The ampl i f ica t ion line contour  in these  l a s e r s  is homogeneously  broadened,  while Aco2/&a) 1 ~20 -  
100. A unique quality of these l a s e r s  is that due to the grea t  broadening,  over lap  of lines cor responding  to 
differing v i b r a t i o n - r o t a t i o n  t rans i t ions  develops [20]. Thus,  the rea l  width of the ampli f icat ion contour  may  
exceed Ao) 2 by a fac tor  of tens .  

The analys is  p e r f o r m e d  in this study has shown that  the question of the methodology of ampl i f ica t ion-  
coefficient  m e a s u r e m e n t  mus t  not be t r e a t ed  without considera t ion  of the modal  composi t ion of generat ion.  
Depending on this mode s t ruc tu re  inc rease  in Aco2/AoJ l may  lead to improved  (See. 2) o r  degraded (See. 3) 
accu racy .  We have evaluated the e r r o r s  which may  develop due to lack of control  ove r  what v i b r a -  
t i o n - r o t a t i o n  t rans i t ions  a re  involved in generat ion.*  In a number  of cases  analys is  of the e r r o r  develop-  
ing f rom this cause  may  be p e r f o r m e d  in a manne r  analogous to that  used for  differ ing modal  composi t ion.  
Fo r  the probe  l a s e r  this may  be accompl ished  by substi tution of axial  modes  for  spec t r a l  l ines .  When r e l -  
a t ively  low-power  l a s e r s  a re  used  for  probing, it is quite poss ible  that  generat ion due to concur rence  of 
v i b r a t i o n - r o t a t i o n  t rans i t ions  will occur  on only the mos t  powerful  line P (20). However,  f o r t h e  medium 
being studied such an analogy is inapplicable,  since the ampli f icat ion contot{r is the envelope of separa te  
modes ,  but not of s epa ra t e  l ines .  An exception is the TEA lase r ,  in which the individual l ines over lap  into 
a continuous band. 

In conclusion we will turn  to the question of the re l iabi l i ty  of s tudies where the ampli f icat ion coef -  
ficient of  CO 2 l a s e r s  has been m e a s u r e d  without spec t r a l  [6-8] o r  modal  control  (all s tudies known to the 
authors ,  for  example ,  [6-10]). As was shown above,  in many  cases  the e r r o r s  a re  reduced by l a s e r  g e n e r -  
ation on one line in one mode.  However ,even  then the re  r ema in  e r r o r s  re la ted  to uncer ta in ty  in the f r e -  
quency of the axial  mode within the l imi ts  e / 4 L  and e r r o r s  connected with ambigui ty  in in te rpre ta t ion  of 
the value of index of ampl i f ica t ion obtained due to ignoring the genera t ion reg ime  in which it is p roposed  
to uti l ize the medium studied. Analys is  of such e r r o r s  was p e r f o r m e d  in Sees.  1 and 3. The index of a m -  
plif icat ion m e a s u r e d  in these expe r imen t s  defines within an e r r o r  given by Eqs.  (2)-(4) the index of amp l i -  
f ication of the medium in the s ing le -mode  reg ime ,  while the e r r o r  is s m a l l e r ,  the g r e a t e r  Ac02/Ac01, i .e. ,  
in the final considera t ion,  P2/Pl, where P2 and Pl a re  the gas p r e s s u r e s  inthe medium studied and the r ad i a -  
t ion sources .  ~ This  fact explains the sa t i s f ac to ry  ag reemen t  of the resu l t s  obtained in [6-10]. To conver t  
the expe r imen ta l  data to mul t imode-genera t ion  r eg imes ,  Eqs.  (4.5), (4.6) (Fig. 4), and Eq. (4.8) shouldbe used.  

* It is to be unders tood that  the question of  which of the v ibra t iona l  modes  00"1-10~ or  00"1-02"0 occurs  in 
generat ion has been c lar i f ied  exper imenta l ly .  
fAt p r e s s u r e s  above 10 m m  Hg, homogeneous broadening p redomina tes .  
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In general then, it is necessary to give more attention to careful control over spectral and modal 
composition. The first of these may be accomplished with diffraction devices and the second, with inter-  
ference devices of high resolving power (for example, F a b r y -  Perot interferometers) .  Stabilization of the 
mode position may be accomplished by adjustment of resonator length (for example, with piezoceramics) 
[21]. 
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