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We measure d the dependence of the absorption coefficient on the p r e s s u r e  for  the v ib r a t i ona l -  
rotational t rans i t ion  P20 (00~176 In CO 2 using a CO 2 lase r  as a light source.  We consider  
the question of the sys temat ic  e r r o r  due to the contribution of impact broadening, when finding 
the probabili ty f rom the experimental  absorption. The refined value of the t ransi t ion prob-  

0 
ability A~ = 0.169 sec -1. We obtain the values of the impact half-widths for  collisions of 
the type CO2-CO2, CO2-N2, CO2-He, the values of which at J =300~ are respect ively  3.28, 
2.74, and 2.27 MHz/ tor r .  

1. Certain P rope r t i e s  of Inverted Medium. A charac te r i s t i c  of an inverted medium is the difference 
between the populations of the work levels. This charac te r i s t i c  is  usually expressed  in t e r m s  of the signal 
gain 

~'~ A ~'s' In G,z, ] % = - -~  S (%) ,s [ ~'s' -- n~s -~7~a j (1.1) 

As applied to a molecular  medium, the indices v '  and J '  charac te r ize  the vibrat ional  and rotational 
levels of the upper state, and v and J do the same for the lower state, Accordingly,  g v ' J ' / g v J  is the rat io 
of the s tat is t ical  weights. In the case of t ransi t ions  along the P branch,  which will be investigated f rom now 
on, we have 

gv'Y" 2J - -  t 
gvJ 2J -}- t 

AV Tj ~] -1 Since the density of the inverted population is proport ional  to [S(u 0) " 'vJ  ' , the accuracy  with 
which the inversion can be measured is determined by the extent to which the probabili t ies of spon- 
taneous emiss ion Avj  v ' J '  and the fo rm factor  S(u0) at the center  of the line are  known. At low p re s su re s ,  
when impact  broadening can be neglected, we have 

I i f  f/~ 2 S (~0) = So (n)  = - ~  ~ - ~ -  (1.2) 

At high p r e s s u r e s ,  in prac t ice  at 

A~ L 60~L 

a~--7 = ~ p >  ~ 

Here 5~ L is the impact  half-width r e f e r r e d  to unit p r e s s u r e  

In the general  case, the form factor  is given by 

(1.3) 
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. . 1 l f l n 2  
ZS# '~ (%) = S~ (%) = ~ tPJ ~ V J h  (1.4) 

The dependence  of  ~(p)= SE/S  D on (APL/A~})~i 'n  2 is 
shown in Fig,  1. At a f ixed t e m p e r a t u r e  of  the med ium,  the quan-  
t i ty  ~ b e c o m e s  a funct ion of  the i m p a c t  ha l f -wid th .  I t  is  t h e r e f o r e  
n e c e s s a r y  to  find A v j  v ' J '  and 6~ L. 

�9 v ' J '  T h e r e  a r e  publ i shed  va lues  of the p robab i l i ty  of spontaneous  e m i s s i o n  Av j  fo r  the molecu le  CO 2. 
The  s c a t t e r  of the c o r r e s p o n d i n g  data is quite l a rge .  The  va lues  of the quant i ty  h 0~ fo r  the  molecule  

--10u0.20 
CO 2 lle In the  in te rva l  f r o m  0.32 sec  -I  [1] to 6.1 sec  - I  [2]. 

In [3] the  p robab l l l t i e s  of the  t r a n s i t i o n  w e r e  d e t e r m i n e d  in t e r m s  of the  in tegra l  abso rp t ion  coef f l -  
clent 

"<'~  ~"<>'- ~ ~ ' ~  ~ .<~,to~, 
B.S 0./ 0.Z B.d 0// 

Fig. 3 

k, dv = 8-~-~v, n,jn~s g"'J' [1 --  exp --  g~j [ kT ] J~  8nv~ n~sA,s gvs (1.5) 

As appl ied to  the CO 2 molecule ,  the mos t  exact  is the  method in which the  rad ia t ion  s o u r c e  is a CO 2 
l a s e r  ope ra t ing  on one ro ta t iona l  t r a n s i t i o n  [4]. If a m o n o c h r o m a t i c  rad ia t ion  sou rce  is used,  the  a b s o r p -  
t ion  coeff ic ient  (at the  c e n t e r  of the line) is given by 

1 I P 
K0 in ~ = S (v0) \ K,dv Y (1.6) 

w h e r e  I 0 is the  incident  r ad ia t ion  power  and I is the  r ad ia t ion  power  pa s s ing  a path 1 in the  m e d i u m .  Ex-  
p e r i m e n t  a imed  at f inding A v j V ' J '  r e d u c e s  to  a m e a s u r e m e n t  of t he  t r a n s p a r e n c y  I / I  0 at the cen te r  of the  
abso rp t ion  l ine in the r eg ion  of low p r e s s u r e s ,  fo l lowed by drawing  a tangent  to the cu rve  In I / I  0 = f (p ) .  
The  r e su l t s  of the  m e a s u r e m e n t s  of the  p robab i l i t i e s  of the t r ans l t i dn  by this  method a r e  given in [4, 5]. 
Drawing  a tangent  to  the  expe r imen ta l  points  can lead to  apprec i ab le  s y s t e m a t i c  e r r o r s ,  i nasmuch  as at 
p r e s s u r e s  on the  o r d e r  to  s e v e r a l  t o r r  It ls imposs ib l e  to  neglec t  the  cont r ibut ion  of the  impac t  b roaden ing  
to  the f o r m  f a c t o r  of the line. The  s y s t e m a t i c  e r r o r  is given by 

A J '  ~ v --~---a~. P 

and r e a c h e s  N25% at p ~ 2  t o r r .  

2. M e a s u r e m e n t  of the  P roba b i l i t y  of the P20 T r a n s i t i o n  of the CO 2 Molecule.  M e a s u r e m e n t s  of the  
t r a n s m l s s l o n  w e r e  c a r r i e d  out in the  p r e s e n t  s tudy in the r eg ions  p < 0.5 t o r r .  The  expe r imen ta l  setup is 
shown in Fig. 2. The  rad ia t ion  s o u r c e  was  a s t ab i l i zed  CO x l a s e r  1 (length 200 cm, ins tde  d i a m e t e r  of d i s -  
cha rge  tube 13 mm).  The  l a s e r  r e s o n a t o r  was  made  up of a s p h e r i c a l  m i r r o r  (R =10 m) and a p lane-  
p a r a l l e l  g e r m a n i u m  plate.  Af t e r  cons ide rab l e  a t tenuat ion with f i l t e r  2, the rad ia t ion  was  in t roduced  Into 
the abso rb ing  ceil ,  in the f o r m  of a t h r e e - p a s s  cel l  3 with path length l =677 cm. The  cel l  was  evacua ted  
beforehand ,  and the gas was  then admi t t ed  into it s lowly with the  aid of a p r e c i s i o n  leak valve .  The  p r e s -  
su re  in the  cel l  was  m e a s u r e d  with a c a l i b r a t ed  rad ia t ion  v a c u u m  mete r ,  the  s ignal  f r o m  which,  a f t e r  
ampl i f i ca t ion  with an e l e c t r o m e t r t c  ampl i f i e r ,  was  fed  to  the  hor i zon ta l  Input of an x - y  r e c o r d e r  ( "Cimat ic"  
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TABLE 1 

Authors [,] ['l p] Present work 

AOO~ 
1000,20 

$~C -1 

0.2i3_~tt% O. i92=f=3.6 % o.~64~5% 0.169~3% 

TABLE 2 

A uth om 

~~ 2 
MHz/torr 

I Result of i 
P] I Kostokovskii [4] ['1 

3.19-}-(>5%) i 3.32~7% "1 3.t2--~t0% 

[~] 

5.2~3% 

Present 
work 

3.28_+4% 

M-100). The p r e s s u r e  r eg i s t r a t ion  s y s t e m  insured  good l inear i ty  up to p g 7  t o r r .  A signal propor t iona l  
to I / I  0 was  s imul taneous ly  applied to the ve r t i c a l  input of the x-y  r e c o r d e r  f r o m  a de tec tor  5 (Ge-Au) .  

The ref lec t ing  echele t te  grat ing 4 (50 l i n e s / m m )  s e rved  to identify the P20 t rans i t ion ,  on which all the 
expe r imen t s  w e r e  pe r fo rmed .  The dis tance f r o m  the grat ing to the de tec tor  was 8 m. The  apparatus  e r r o r s  
consis ted  of Ap/p=0.4% in the AT/T =0.07%. The nonlineari ty  of the r eg i s t r a t ion  s y s t e m  was ~0.1%. 

The  expe r imen t s  w e r e  p e r f o r m e d  in the t e m p e r a t u r e  in terva l  283-293.5~ but all the exper imenta l  
data w e r e  r eca lcu la t ed  to 330~ 

Owingto the high l a s e r  stabil i ty,  we w e r e  able to p e r f o r m  the m e a s u r e m e n t s  tn the p r e s s u r e  region 
p < 0.5 t o r r  (see Fig. 3). Before  each cycle  of measu remen t ,  the l a s e r  was tuned to the max imum power  by 
means  of t r ans l a t iona l  motion of a g e r m a n i u m  plate.  Such tuning ensured  coincidence of the genera t ion 
f requency with the cener  of the absorpt ionat  line. Each point is the resu l t  of averaging  over  40 e x p e r i m e n -  
ta l  curves .  The P20 t rans i t ion  probabi l i ty  calculated f r o m  the slope o f  the tangent is given in Table  1, 
which indicates  the most  re l iab le  data by o ther  authors  obtained for  the same  t ransi t ion.  

In [7] the l a s e r  opera ted  s imul taneous ly  on th ree  t r ans i t ions  (P18, P20, P22). 

3. Impact  Broadening by CO2-CO 2 Collisions.  In the case  of l a rge  p r e s s u r e s ,  when the contr ibutions 
of the Doppler  broadening can be neglected,  the absorpt ion  col l is ion at the light cen ter  is de te rmined  by ex-  
p r e s s ion  (1.6) with f o r m  fac tor  (1.3). 

The  exper imen t  reduced  to a r eg i s t r a t ion  of the re la t ive  t r a n s p a r e n c y  of the medium I/I0,  but s ince 
the p r e s s u r e  was v a r i e d  in the region p ~ 100 t o r r ,  a s t andard  monovacuummete r  was used to  moni tor  it 
a t p  > 7 t o r r .  

F igure  4 shows the comple te  expe r imen ta l  t r a n s m i s s i o n  curve of the cell  as a function of the p r e s -  
sure .  (The r e su l t s  w e r e  r eca lcu la t ed  to 300~ The value of 60g L calcula ted  f r o m  the t r a n s m i s s i o n  at the 
plateau of the curve  is given in Table  2. 
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TABLE 3 

Authors 

(~O?c02--N~ 
MHz/torr 

6%CO~--He 

MHz/torr 
~0~C02--N. 

8 ~ VCOz_GO z 
0 
vGO~--He 

~~ s 

t ion 

[,] 

3. i2+i0% 

2.38Ai0% 

1___20% 

O. 76-(-20 % 

[q 

O. 75+4 % 

0.59__+4% 

Present work 

2.74+7% 

2.27+7% 

0.84+t1% 

O. 69-{-li % 

The half-width reduced to 1 atm, in the case of 

The resul ts  of all the measurements ,  with the 
exception of [5], a re  in good agreement  with one an- 
other. 

4. Broade , i ag  by CO2-N 2 and CO 2 - H e  Colli- 
sions. In the present  paper  we determined the impact 
half-widths for  CO2-N 2 and CO2-He collisions of the 
P20 transit ion.  To obtain the co r rec t  resul ts ,  it is 
important  that the mixture be homogeneous. The 
gases were  mixed in our experiment in a separate  
chamber,  with the aid of a high-power fan that was 
turned on for a few minutes. The mixture prepared  in 
this manner  was admitted into the working cell. After  
numerous repeti t ions of the experiment,  the part ial  
composition of the mixture was maintained constant 

(PCO2/P x = 1). 

broadening by an extraneous gas, is given by the r e l a -  

~O~co,_x = PaO, PCO, g'lnI/I~ "% 8%CO,-CO,] (4.1) 

Here 6 ~ v,~ O - ' ~ O  and 50 Vco - X  are  in cm -1. arm -1. It follows f rom (4.1) that 6~ _X is de- 
~ 2 ~ 2 2 

t e rmined  with the lowest accuracy,  since the e r r o r  in the determination of the half-width includes also 

e r r o r s  in the determination of the t ransi t ion probabil i ty and 6~ 2 . 

Table 3 includes resul ts  pertaining to the broadening by nitrogen and helium, obtained in [7, 8] and in 
the present  experiments.  All the quantities are  given for  K =300~ When account is taken of the exper i -  
mental e r r o r s ,  the data in Table 3 agree  with one another. A slight discrepancy,  exceeding the limits of 
e r r o r s ,  occurs  when the value ~YCO2-He/6 vCO2-CO 2 obtained in [8] and in the present  paper  are  com-  
pared. The reason for the discrepancy is not clear .  

The authors thank A. K. Konyukhov for  interest  in the work and for  valuable discussions.  
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