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Experimental  data are  presented on the absorption coefficient of water  vapor in the r e s o -  
nance regions of the lines corresponding to the 1_ 1 -11 (Aij = 0.538 mm) and 22 - 3 _  2 (~ij = 
1,635 mm) t r ans i t i ons .  The measurements  were  ca r r i ed  out in atmospheric  air  using 
backward-wave tubes and pneumatic OAP-2 rece ivers .  The measured contours of the ab-  
sorption lines are  used to determine their  widths, intensities,  and resonance wavelengths. 
A summary  of the experimental  values of the half-width and integral  intensity (forces) of 
the rotational H2 O line obtained by various authors in the t > 0.05 mm range is given, and 
they are  compared with each other and with theoret ical  computations. 

Water  vapor, due to the fact that it has a complicated and very  extended (from infrared to cent imeter  
wavelengths) r0tationa[ spectrum, plays an important  role in various physical  phenomena which go on in 
the Ear th ' s  a tmosphere  - such as molecular  absorption, refract ion and fluctuation of microradiowaves ,  
radiative heatlexchange, etc. This fact  aroused the interes t  which has already been manifested for  approx-  
imately four decades by various r e s e a r c h e r s  in the theoret ical  and experimental  study of the s t ructure  of 
the rotational spectrum of H20 vapors.  

By now, the identification of spect ra l  lines has been  mainly completed as a resul t  of numerous spec-  
t roscopic investigations covering essential ly the entire range occupied by the rotational spect rum of H20. 
Fai r ly  complete and exact  data on the resonance frequencies of the lines [1-7] and the energy levels of a 
water  molecule [5, 8-10] have been obtained. 

The widths and intensities of the lines have been studied to a considerably lesser  degree.  Theore t i -  
cally,  the width of the rotational lines of water  vapor  for  the main types of broadening molecular  in te r -  
actions in the a tmosphere  (H20-N 2, H20-H20, and H20-02) were calculated by Benedict and Kaplan 
[11, 12]. However, without a reliable experimental  check of these calculations it is difficult to evaluate 
the extent to which the values of the widths obtained in [11, 12] are close to the true values. 

As far  as the intensities of the spect ra l  lines of H20 are concerned,  it follows that here  the theo- 
re t ical  data are based on computations [13] of the matr ix  elements of the direct ional  cosines for  the r ig id-  
a symmet r i ca ! - to  p model. The es t imates  of the cor rec t ions  due to centr ifugal  perturbation of the H20 
molecule have been performed in [6, 14, 15]. 

Systematic experimental  investigations of the widths and intensities of H20 lines have not been c a r -  
ried out until recently due to the absence of sufficiently sensitive and highly rotat ional  spectra l  equipment. 
Measurements  were  performed of the pa ramete r s  of the microwave line Aij = 1.35 cm [16-18] and of the 
width of two lines in the infrared range (Aij = 15.99 and 18.64 p) [19]. 

During the last  10 yea r s  the situation has changed noticeably. Due to the successful  advance of radio 
and optics methods in the submil l imeter  range and the development of new types of instruments ,  m i c r o -  
wave - spec t rome te r  measurements  have been car r ied  out of the pa ramete r s  of s t rong longwave lines Aij = 
1.635 mm [20'27], Aij = 0.922 mm [27-30], Aij = 0.788 mm [27, 31, 32], ~ij = 0.538 mm [24], Aij = 0.398 
mm [33], as well as spec t rometr ic  investigations [34-36] of the most  isolated lines in the 0.05 to 0.6 mm 
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range (hij = 53.1 and 58.7 p [34], ~ij = 0.108 mm [34, 36], kij = 0.212 and 0.398 mm [36], and kij = 0.538 mm 
[35, 36]). The methods of optical spect roscopy have likewise been used to investigate a ser ies  of lines of 
the rotational spec t rum of H20 in the infrared range - 19 lines in the k = 14.5-21 ~ sec tor  of the spec t rum [6] 
and the kij = 10.94 ~ line [37]. Finally,  the pa r ame te r s  of the microwave line ~ij = 1.35 cm [38-40] have 
been studied in g rea t e r  detail. 

The present  paper  pursues  two aims.  F i r s t ,  we reworked the data of our measurements  performed 
in [24] which were  cited in the review [14]. Now-, due to the use of a more  c o r r e c t  method of handling which 
takes account of the self -broadening of the lines and el iminates the systemat ic  e r r o r s  caused by t e m p e r a -  
ture and p re s su re  variat ions during the measurements ,  the resul ts  of these measurements  have been r e -  
fined. Below, a handling procedure  is expounded, and a previously unpublished descr ipt ion of the m e a s u r e -  
meats  themselves is likewise presented.  

Second, since a significant amount of experimental  mate r ia l  has already been accumulated on the 
widths and intensities of the lines of the rotational spectrum of H20 , it seemed expedient to per form a de-  
tailed compar ison  between available experimental  data both with each other and with the results  of theo-  
re t ical  computations.* Such a compar i son  is performed below for  the range of wavelengths ~ > 50 p. 

M e a s u r e m e n t  o f  t h e  P a r a m e t e r s  o f  t h e  k i j  = 0 . 5 3 8  m m  L i n e  

The absorption line ~ij = 0.538 mm (the transi t ion 1_ 1 -11) belongs among those strong and isolated 
lines in whose resonance region the background of the wings of the remaining lines is negligibly small .  
This allows a line contour undistorted by background to be obtained from experiments  even at a tmospheric  
a i r  p ressure .  

In order  to obtain the contour of the line, measurements  of the absorption coefficient  of a tmospheric  
water  vapor  were performed at a se r ies  of wavelengths in the 530-545 ~ interval.  The required spect ra l  
resolution was ensured by using a source of monochromat ic  radiation (a backward-wave tube) [41]. The 
recept ion of signals is accomplished by means of an OAP-2 pneumatic detector.  In the high-frequency 
portion of the installation an off-axial  elliptical m i r r o r  was used whose foci were made to coincide with 
the phase center  of the horn radiator  of the backward-wave tube and the receiving area of the OAP-2. The 
optical path in a i r  had a length L = 0.9 m. 

The absorption measurements  were performed by the method of variat ion of the absolute air  humidity. 
Since the exper iment  was ca r r i ed  out in the summer t ime ,  the lowest value of humidity was ~10 g / m  3. The 
a i r  humidity was raised art i f icial ly to p = 21-23 g / m  3. F o r  such a humidity variat ion,  the chosen optical 
path length (0.9 m) ensures  significant changes of the signals with humidity at  all f requencies  (at the r e s o -  
nant frequency of the line this change was by more  than a factor  of 100) and at the same time a completely 
rel iable recording  of it in the peak of the absorption line. 

The measurements  were ca r r i ed  out as follows. F i r s t ,  the signal level was recorded success ively  
at each of the chosen wavelengths at the highest  a i r  humidity. Then a rapid transit ion was effected to the 
lowest humidity corresponding to the humidity of the outside air ,  and the signal lever was measured  at the 
same wavelength. The mer i t  of such a "two-point ~ method res ides  in the fact that in o rder  to per form one 
complete cycle of measu remen t  one requires  a comparat ively  short  time {less than I h), as a consequence 
of which the effect  of various kinds of equipment instabilities turned out to be of little significance. 

The wavelength was measured  by a wavemeter  of the Fabry  - Pero t  in te r fe romete r  type. The accuracy  
of the measurements  was ~ ~0.02%. 

Let us dwell on the data-handling method. When measurements  are performed by the method of va r i a -  
tion of the air  humidity, the signal reduction is determined not only by the variat ion of the mass  Of absorb -  
ing gas pL but to a cer ta in  extent also by the fact  that due to self-broadening of the spectra[  line the magni -  
tude of the "specific ~ (for i g / m  3 of H20 vapors) absorption coefficient ~ of the water  vapor also var ies  
when p var ies .  Moreover ,  since 7 depends on the tempera ture  T and the p ressure  P of dry air ,  the v a r i a -  
tion of these pa ramete r s  which usually accompany the measurements  also affects the signal level. The c h a r -  
a s t e r  of the dependence of 7 on both p and on T and P in the region of the resonance of the line var ies  with 
wavelength. In principle,  these dependences may be established theoretically for each wavelength, and then 
one can use them to take account of the effect of p, T, P on the magnitude of - / in handling the experimental  

*The review table of linewidths which was published in 1967 in [14] current ly  needs both a ser ies  of re f ine-  
ments  and natural  supplementation as a resul t  of the data obtained f rom measurements  performed in recent  
yea r s .  
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mate r i a l .  The shor tcoming of such a method,  bes ides  its c u m b e r s o m e  nature ,  l ies in the fact that the 
inaccuracy  of the theoret ica l  functions 7~(P), Tk(T), TX(P) used may lead to the appearance  of sys temat ic  
e r r o r s .  Specifically,  the m e a s u r e m e n t s  pe r fo rmed  in [42] yielded a t empe ra tu r e  dependence differ ing 
f rom the theore t ica l  one. 

It  is the re fore  p re fe rab le  to use a different  method of handling which does not requi re  the use of 
specif ic  dependences of 3' on Pl, T, P. It cons is t s  in the following. Let  the s tate  of the absorp t ive  a i r  be 
cha rac te r i zed  by the p a r a m e t e r s  Pl, T1, P1 for  the lowest  humidity and by the p a r a m e t e r s  P2, T2, P2 for  
the highest  humidity. Then on the bas i s  of the Bouguer - B e e r  law for  the intensi t ies  I1 and 12 of the m e a -  
sured signals  in these s ta tes ,  we have 

in/1 = In I 0 - -  7 (h, T,, P~) h L; (la) 

In Iz = In I o - -  T (P2,' T2, P2) P, L, (lb) 

where  I 0 is the intensity in the absence of absorpt ion.  Subtracting (lb) f rom (la) and expanding the function 
7 into a s e r i e s  in the neighborhood of ce r ta in  values of P0, To, P0, we obtain 

L , (Pc, To, Pc) (P.~--h)+ \Op/o 

( )oi(r _ro) , _ (r_ro) ,ll+ oT o [ ( P 2 - - P ~ 1 7 6  (2) 

In view of the compara t ive ly  weak dependence of Y on p and the smal lness  of the re la t ive  var ia t ions  of T 
and P, only lifiear t e r m s  of the expansion are  taken into account in (2). 

If the expansion point is taken in such a way that 

Po=O*=h+P2, 

T O - -  T *  = T~P2~-- Tm h , Po---- p*  P2P2 - -  PlPl, , (3) 
P 2 -  Px P, . , -  Pl 

then in accordance  with (2) we have 

7(P*, T*, P* ) - -  1 In11-1n[2  (4) 
L 9~ ~ 9~ 

Thus,  for  m e a s u r e m e n t  of absorpt ion at some wavelength,  the effect  of se l f -broadening  and var ia t ions  of 
T and P can eas i ly  be taken into account by introducing the p a r a m e t e r s  p*, T*, P*. In o rde r  to obtain an 
undistorted contour  of the line, the values of these p a r a m e t e r s  for  al l  wavelengths mus t  be appropr ia te ly  
close to one another.  

In the p resen t  exper iment ,  s eve r a l  s e r i e s  of m e a s u r e m e n t s  we re  pe r fo rmed  for  which p* = 32 (-*0.5) 
g / m  3, T* = 303 (-.1.5) K, P* = 715 (J=3) m m  Hg. F igure  1 displays  the expe r imen ta l  absorpt ion coef f i -  
cients  of wa te r  vapor  for  these values  of p*, T*, P*. The m e a n - s q u a r e  e r r o r  of the data shown in Fig. i ,  
which is de termined according to the spread  of the resu l t s  obtained in individual s e r i e s  of m e a s u r e m e n t s ,  
amounts  to ~-*2% at  f requencies  close to the resonance  of the line and ~=L5% in its wings. 

In o rde r  to de te rmine  the p a r a m e t e r s  of the line [the resonant  frequency vii, the half -width  Avij, and 
the absorpt ion coeff icient  in the peak of the line Tij (vij)], an express ion  was used which desc r ibes  the shape 
of the isolated spec t r a l  line [14]: 

7ij(") 47q (~ij) v~j(A~,j) 2 (5) 

By choosing the p a r a m e t e r s  vii, Avij, and •ij (vij) in (5), one can find a curve  which bes t  app rox ima tes  the 
spec t r a l  distr ibution 3,exp(v) obtained in the exper iment  (Fig. 1). Under these conditions the contr ibution 
which the wing of the o ther  lines make to the absorpt ion is neglected [according to e s t i m a t e s ,  this c o n t r i -  
bution is only 0.3% of the value of "yexp(vij)]. 

The p a r a m e t e r s  of the line which were  found in this manner  and cor respond  to the values  p*, T*, P* 
indicated above turned out to equal 

vexp = 18.579+0.003 cm -1, 2,~xp :0.116+0.004 cm-1, 
t I - -  

~exP4~.3~ i] , ,r = 2050+40_ dB. km'Z/g �9 m "3. 
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Fig. 1. Experimental  contour of the spect ra l  line Xij = 0.538 
ram. The points are  the measured  values of the absorption 
coefficient of H 2 0  vapors;  the solid line is the approximating 
curve.  

Fig. 2. Results  of absorption measurements  in the region of 
resonance with the kij = 1.635 mm line. The solid line is the 
approximating curve. 

In est imating the e r r o r s  of the resu l t s ,  the accuracy  with which the wavelength was measured ,  the mean-  
square deviation of the points f rom the approximating curve,  and the resul ts  of comparing the behavior of 
the experimental  points with the curves  (5) plotted for  various values of the line pa ramete r  were taken into 
account. 

M e a s u r e m e n t  o f  t h e  1 0 a r a m e t e r s  o f  t h e  /lij = 1 . 6 3 5  m m  L i n e  

The absorption line ~ij = 1.635 mm is considerably lower  in intensity than the line ~ij = 0.538 mm 
considered above; therefore ,  measurements  of the absorption in its resonance region require  the use of a 
long optical path. In our  measurements ,  the distance between the t ransmi t te r  and rece iver  amounted to 
1.58 kin. The measurements  were  ca r r i ed  out in the fall of 1966 under field conditions by the va ry ing-  
humidity method. The equipment and procedure  used for the measurements  were  analogous to those de -  
scribed in [43]. 

In handling the data, the self -broadening of the line was taken into account by introducing the humidity 
p* as in the case of two-point measuremen t s ,  and here too we have p* = Pl + P2- As far  as considering hhe 
changes in tempera ture  and p re s su re  is concerned,  the mos t  important  thing is to eliminate the sys temat ic  
e r r o r s  of T(p) and 10(p). It may be shown that when the behavior of T(p) and P(p) is a lmost  linear,# the 
sys temat ic  e r r o r s  will be eliminated if the resul ts  of the measurements  are re fe r red  to T* = T(p*} and 
lP* = 10(p*). In the given exper iment  p 1 ~ 3 g / m  ~, P2 ~ 7 g / m  3, and, consequently, p* ~ 10 g / m  3. The 
variat ions of temperature  and p res su re  were  sat isfactor i ly  approximated by the dependence of T = 272 + 
1.7(o - Pl), 10 = 759 - 4.2(p - Pl) so that T* ~ 284~ and P* ~ 730 mm Hg. 

The measured  resul ts  corresponding to these values p*, T*, 1 ~ are  displayed in Fig. 2. The mean-  
square e r r o r s  of the measured  values of T amount to 4-6%. 

In determining the pa ramete r s  of the line we took into account the fact that ti-,e spect ra l  distribution 
yexp(v) obtained f rom the measurements  constitutes the sum 

~ P ( ' , )  = "~'~ (~) + %(~), (6) 

whose f i rs t  term descr ibes  the absorption which is associated solely with the investigated q- t rans i t ion  
[viz., (5)], while the second takes account of the contribution (the "background") f rom the wings of all the 

~Such a case is frequently realized in measurements  performed under field conditions when the growth 
in humidity is associated with an increase  in temperature ,  while the atmospheric  p ressure  10at m generally 
va r i es  little and on the average may usually be assumed constant,  since the p ressu re  variat ion of dry air  
10 = 10atrn - P H 2  O may be described approximately by a linear function of p. 
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remain ing  lines. In o rde r  to de te rmine  Tb, the exper imen ta l  data in [23, 44] on absorpt ion in the t r a n s -  
pa rency  windows adjacent  to the considered line were  used. According to e s t i m a t e s ,  3/b ~ 0.2 dt3" k m - 1 /  
g .  m -3 in the resonance  region of the line. 

The choice of p a r a m e t e r s  in (6) in seeking the curve  which approx ima tes  the behavior  of the point 
i n F i g .  2 led ( f o r p * = 1 0 g / m  3, T * =  284"K 1 9 * = 7 3 0 m m H g ) t o t h e v a l u e s  

,~xp= 6,117+0,005 cm'*,~ A ~j -- 0,105+0J~96 cm "*, 

-[e]xp(.~,]) __ 3,9--+0.2 riB. km-t/g �9 m "s. 

The e r r o r s  of the m e a s u r e m e n t s  were  es t imated  by the same  method as that used for  the Aij = 0.538 m m  
line. The possible  e r r o r  due to the inaccuracy  of the value of 7b was additionally taken into account. 

D i s c u s s i o n  o f  t h e  R e s u l t s  o f  t h e  M e a s u r e m e n t s .  B r i e f  

R e v i e w  o f  E x p e r i m e n t a l  D a t a  a n d  C o m p a r i s o n  w i t h  T h e o r y  

The Widths of the Lines. The compar i son  of the exper imenta l  half-widths of the A[j = 0.538 m m  and 
Aij = 1.635 m m  lines with resu l t s  of o ther  m e a s u r e m e n t s  and computat ions [11, 12] is made in Table i .  
This table likewise includes all  the exper imenta t ion  known to us {with the exception of data having a low 
accu racy  which were  repor ted  in [16, 20, 45]) on the widths of other  submi l t ime te r  l i nes  (Aij > 50 p) and of 
the mic rowave  line Aij = 1.35 cm. 

Note that in a number  of the papers  cited (in [23, 25, 28, 29, 31-33] and par t ia l ly  in [27]), as  well  
as in the p resen t  m e a s u r e m e n t s ,  the values  found for  the half-widths apply to wet  gases  (i.e., in genera l ,  
they a re  de termined by two types of mo lecu la r  col l is ions:  H20 and dry  expanding gas,  and H20-H20 i.n- 
volving se l f -broadening of the line). Due to the d i f fe rences  in the humidi t ies  of the gas ,  the values of zav i . A  exD 
obtained in different  exper imen t s  obviously contain a nonidentical contr ibution caused by H20-H20 colli  -j 
sions; this makes  compar i son  of avai lable  data somewhat  difficult.  In view of this, the contribution of s e l f -  
broadening (from 3 to 11%) was subtracted f rom the exper imenta l  values of • xp contained in the papers  
indicated above in compil ing Table  1. The recomputa t ion  was ca r r i ed  out acco@ding to the formula  

"~ij ~(cm.l.atm.t)~= • ~,~,O-H~O PH,O 760 
760 p~ , (7) 

where  Px and PH.O are  the par t ia l  p r e s s u r e s  (in m m  Hg) of the expanding gas  x and the wa te r  vapor  which 
correspo-nd to the-value  Ave~ p. The half-widths A~ij20-H20 w e r e  taken in accordance  with the e x p e r i m e n -  
tal data displayed in Table 1.- 

As is evident f rom Table 1, the exper imenta l  values  of the haLf-widths obtained for  the major i ty  of 
the lines by var ious  methods and with different  equipment a re  on the whole in good a g r e e m e n t  with one 
another .  True ,  there a re  also g rea t ly  differ ing resu l t s ,  but they "drop out of" the genera l  picture  which 
is given by Table 1. Such evidently e r roneous  resu l t s  include data f rom the spec t roscopic  investigation 

of the Xij = 0.538 m m  line (excluding the data for AV~20__H20)TT and the m e a s u r e m e n t s  [18] of the ha l f -  [35] 

width AI "~'20-I'I20tj of the ~ij = 1.35 cm line. 

The values of par t i a l  half-widths of the lij  = 0.108 m m  line obtained spec t roscopica l ly  in [34] a re  
a lso  not f ree  f rom significant  sys temat ic  e r r o r s .  Actually,  as shown in [36], the products  Sij~vij (Sij is 
the s t rength of the line) which were  found in [34] for  this line and were  used subsequently to de te rmine  the 
ha[f-widths A~.ij20"{N2 and A~"20-H2OIj are  overes t ima ted  by a fac tor  of ~1.5. Since the  value of Sij ob-  

tained by the authors  of [34] f rom independent m e a s u r e m e n t s  evidently does not contain significant s y s -  
tematic  e r r o r s , $  it follows that the indicated half-widths should likewise be considered overes t ima ted .  

%Experimental data on the width of the 2,ij = 1.35 cm line a re  of specia l  in te res t  for  es t imat ing  the a c -  
cu racy  of the computation~ pe r fo rmed  in [11], since the resu l t s  of the f i r s t  m e a s u r e m e n t s  of it in [17] 
we re  used in [11] to de te rmine  the f ree  p a r a m e t e r s  enter ing into the computat ion formulas .  
SThe fact  that, jus t  as fo r  o ther  lines that were  invest igated exper imenta l ly  by var ious  authors ,  the m e a -  
sured quantity Sij for  the AIj = 0.108 m m  line and also the values of AviIJ20-dry a i r  and AuiH.20-tt20 obtained 

f rom the data of [36] using this value a r e  in good a g r e e m e n t  with theore t ica l  data (viz., Tables  1 and 2) 
suppor ts  what has been stated.  
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In [36] the magnitude of this e r r o r  is re la ted  to the insufficiently c o r r e c t  method of taking account of the 
over lap  of spec t r a l  l ines which was used by the authors  in [34] in handling the exper imen ta l  ma te r i a l .  In 
this connection,  the p rob lem a r i s e s  of the re l iabi l i ty  of the m e a s u r e m e n t s  in [34] with r e s p e c t  to the ha l f -  
widths of the hij = 58.7 and 53.1 p lines as well ,  s ince the p rocedure  for  de te rmin ing  them was the s ame  as 
that used for  the ~ij = 108 ~ line. 

Let  us make st i l l  another  r e m a r k  which appl ies  to m i c r o w a v e - s p e c t r o m e t e r  m e a s u r e m e n t s  [21, 22, 
26, 27]. As is evident f rom Table  1, the di f ference between the values  of A~ij20-N2 obtained in [21, 22, 26, 

27] for  the Zij = 1.635 m m  line is substant ia l ly  g r e a t e r  than the random m e a s u r e m e n t  e r r o r s .  This  indi-  
ca tes  that even in m e a s u r e m e n t s  of this kind it is n e c e s s a r y  to improve  exper imen ta l  p rocedures  in o rde r  
to obtain that a ccu racy  of which the equipment  is capable.  It is of in te res t  to compa re  the data of [21, 22, 
26, 27] with the r e su l t s  of our  m e a s u r e m e n t s  and the m e a s u r e m e n t s  of [23,25] of thehalf -width  Av.H.20-drY a i r  

D 
F o r  this purpose  it is n e c e s s a r y  to use the values  found f o r  A~ij20-N2 and A~"20-O2D in [21, 22, 26, 27] to 

calcula te  the value of A~..20-dry~] a i r .  Compar i son  shows that the values of Av~20"drY a i r  obtained on the 

bas i s  of the data given in [22, 27] coincide with the r e su l t s  of [23, 25] and with the r e su l t s  of the p resen t  
work;  however ,  the data of [21, 26] lead to values  of Av[I..20-dry a i r  which a r e  15 to 20% lower. ij 

Let  us now go over  to the compar i son  between expe r imen t  and theory.  In accordance  with the r e v i -  
sion which Benedict  and Kaplan [12] made of thei r  computed data in [11] for  Av.H.20-N2 we took the la t ter  lj 
as  the theore t ica l  values  of Av~..2 O-dry  a i r  while we took values 1.12 t imes  g r e a t e r  than the tabulated values 

D 
of  11j as the theoret ica l  va lues  of   , 20-N2, The values  of  and w e r e  taken from ~ j  lj 1] 
the calcula t ions  of [12]. The data on the t empe ra tu r e  dependence which we used in calcula t ing the theore t i -  
cal  half-widths cor responding  to the t e m p e r a t u r e s  for  which the values of Av exp were  obtained a re  likewise 
contained in [11, 12]. 

- j  

Based on the data of Table  1, it may  be concluded that for  the quanti t ies  A~..20-dry a i r ,  AvH20-N2, 
D Ij 

and AvH20-H2 O the m e a s u r e d  values  coincide with the theore t ica l  values within the l imits  of the e x p e r i -  ij 
menta l  sca t t e r .  Specif ical ly,  for  the half-widths AvH2 O-dry a i r  which are  of g r e a t e s t  s ignificance in ca i -  lj 
culat ions of the a tmospher i c  absorp t ion ,  expe r imen t  substant ia tes  the data of [11] within at w o r s t  6%. With 
r e spec t  to the substant ia l  (by a fac tor  of ~1.5) excess  of the exper imenta l  data above the calculated data 
for  the half-widths Av.H.20-O 2 i t  follows that,  as  was noted by the authors  of [12], due  to the uncertainty of 

l] 
the values of the quadrupole momen t s  of O~ the resu l t s  of the calculat ions of AvH20-Oz in [12] a r e  only 

~j 
crude.  * 

It should be noted that for  a more  comple te  check of the computat ions pe r fo rmed  in [11, 12] it is 
des i r ab le  to have avai lable  expe r imen ta l  data fo r  the rotat ional  t rans i t ions  cor responding  to a wider  range 
of quantum numbers  J and ~ (the resu l t s  of Table  1 cor respond  to values  J ,  I TI -< 6). In this r e spec t ,  the 
m e a s u r e m e n t s  [6] of the half-widths of the lines in the in te rva l  ~ = 14.5-21 p which cor respond  to the values 
5 _ J _< 13 could se rve  as a useful supplement  to Table 1, but r egre t t ab ly  the accuracy  of these m e a s u r e -  
ments  was low. The compar i son  between the measu red  widths of 19 H20 lines with the calculated values 

O - m r  ex O axr theo cited in [11, 12] which was p e r f o r m e d  in [6] yielded values for  the r a t io  (gi~. 2 " ) P/{AvH2 - " ) 
ij - i j  - 

which var ied  f rom line to line f rom 0.8 to 1.,9 while for  (AvH20-H20)exPij - /-(AuH20-H20)the~ . th~ _ a l _ _ _ ~ .  ~ v ,~.q 

�9 The computat ion in [11] was pe r fo rmed  in the approximat ion  based on dipole - q u a d r u p o l e  interact ion;  the 
addit ional cons idera t ion  of quadrupole - q u a d r u p o l e  in teract ion [46] yields  noticeable co r r ec t ions  only for  
v e r y  weak l ines.  

Av~j20-dry-- a i r  = 1DN2AV~j20-N2- + PO2A'J~j20-O2"" and the data of Table 1, it is not d i f -  tUsing the re la t ionship  

ficutt  to find that, for  example ,  for  the Aij -~ 1.35 cm and ?~ij = 1.635 m m  lines an inc rease  in A~ H20-O2 by a 

f ac to r  of 1.5 leads tO a change of only 4.8#o in Av.H.20-dryair. This explains the fact  that, notwithstanding "~ 1j 

the p resence  of a subs tant ia l  d ivergence  between (A~,ijH~O-O2)exp and (AvijH20-O2)the~ , i t t u rns  out that  for  

coincidence of the measu red  and theore t ica l  values  o f  ~ i j 2 0 - N 2  (or of Au.H.20-drY air)  these values  a lso  
1] 

turn out to be close fo r  A,~H20-dry a i r  (A~..20-N2). 
1j Lj 
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T A B L E  2. 
the Lines of the Rota t iona l  Spec t rum of H20 Vapors  

Expe r imen ta l  and T h e o r e t i c a l  Values  of the St rengths  of 

Quantum k~], ] T, b: S~jXP, cm.g -1 thee 1 sexp 
transition mm Sij ,cm.g- " ~ 

5_1~6 5 13,483 

22 ~ 3 _ 2 

3U-4_ 3 

l _ l - - I  l 
2_ 2 --20 

t l--2r 
31--41 
40--50 

1,635 

0,788 

0,538 
0,398 
0,108 
0,0587 
0,0531 

318 
300 
300 
300 
284 
302 
286 
295 
2.99 
303 
3O0 

~300 
~ 300 

300 

1,40.10-2 [1~] 
(1,42-'_0,03).I0 -~ [~*] 

1,44.10 -2 [40] 
2,77• [~] + 
2,96+_0,22 Pf2~'" 
2,24+-0,13 

28,2+1,4 [31] 
26,3+1,3 [,a2] 
26,4:-t,3 [~T] 

t720a:70 p.m. 
1070:t=40 [33] 

(2,94 +-- 0,59)- I0~ [:~'] 
(6,3"l,3).104 [~} 

(1,76 d= 0,35). 104 [3t[ 

t ,382.10 -~ 
1,407.10 -~ 

2,'51~ 
2,780 
2,481 

28,76 
27,47 
26,97 

1671 
1135 

3,278.104 
6,436. I0~ ~- 
I, 540.104 

1,01 
1,0] 
1,02 
1,10 
1,06 
0,90 
0,98 
0,96 
0,98 
1,03 
0,94 
0,90 
0,98 
1,14 

*Due to the neglect of the background from the wings of the other lines during the deter 
mination of 7ejxP (vii) and A~j xP, the value of seeP is overestimated. According to es- 
timates, the correcti.bn amounts to about 10%. 
?The 1errors p.m. denote the remits of the present measurements. 
Sin [84] the theoretical value of Sij is indicated to equal 5.1ql-104cm �9 g_l (88.01 
cm -2. atm -~) for some ununderstood reason. 

va r i ed  f r o m  0.6 to 1.7. However ,  notwi ths tanding such large  devia t ions  of the m e a s u r e d  ha l f -wid ths  f r o m  
the ca lcu la ted  va lues ,  the au thors  of  [6], having in mind the insuff ic ient  a c c u r a c y  of the r e su l t s  which they 
obtained,  did not find it poss ib le  to draw any conc lus ion  conce rn ing  the ex i s tence  of the d i s c r e p a n c y  b e -  
tween e x p e r i m e n t  and computa t ion.  I t  m a y  a l so  be added that if one speaks  of the ave r age  (over al l  the 
l ines)  devia t ions  of the expe r imen ta l  data [6] f r o m  the theo re t i ca l  r e s u l t s ,  then it amounts  to ~25% fo r  the 
ha l f -wid ths  ~v.H.2 O-a i r  and is c lose  to z e r o  fo r  Av~..20-H2 O. 

~J ~J 
The Strength  of the Lines.  The s t reng th  ( integral  intensi ty)  of a line is by def ini t ion 

co 
Sv = .I 7q(~) d,. (8) 

0 
In view of: a ) the  unbounded naIure  of the domain  of  in tegra t ion ;  arid b) the over lap  of  the s p e c t r a l  l ines ,  
i t  is diff icul t  to p e r f o r m  d i r e c t  m e a s u r e m e n t s  of  the quant i ty  Sij. T h e r e f o r e ,  ind i rec t  methods  of d e t e r -  
min ing  it a r e  used. 

In those c a s e s  when the r e so lu t ion  of the equipment  is suf f ic ient  to p e r f o r m  d i r e c t  m e a s u r e m e n t s  of: 
1) the absorp t ion  coef f ic ien t  in the peak of  the Yij (vii) line; and 2) the ha l f -wid th  Avij of  the line (for e x -  
ample ,  in the p r e s e n t  m e a s u r e m e n t s ) ,  the value of 8ij m a y  be found f r o m  the re la t ionsh ip  

Su = =~zj ("~j) . l~ j .  (9) 

It d e r i ve s  f r o m  (8) when the s p e c t r a l  line has  the f o r m  (5). 

By now, such a method has been used to d e t e r m i n e  the s t r eng th  of the following l ines:  ?qj = 13.483; 
1.635; 0.788; 0.538; and 0.398 ram. T h e i r  va lues  a r e  d isp layed in Table  2. 

F o r  the shor twave  lines in Table  2, which w e r e  studied by the in f r a red  s p e c t r o s c o p y  method in [34], 
the va lues  of ,qexp - i j  w e r e  de t e rmined  by ano the r  method based  on m e a s u r i n g  the in teg ra l  abso rp t ion  in the 

so -ca l l ed  l inear  r eg ion  [(1/2)Yij  (vij)pL << 1] and using the known Lade n b u r g - R e i c h e - [ 4 7 ]  expres s ion .  

We p e r f o r m e d  the ca lcu la t ion  of the theo re t i ca l  va lues  of Sij indicated in Table  2 using the f o r m u l a s  
der ived  on the bas i s  of (9) by m e a n s  of Eq. (6) of [14]- 

1,393. i0 ~~ F 2 ~ii [ /w \ / \ l h c  

G ( T) t.i] RI / \ I~1/] 

w h e r e  ~ is the d i p o l e m o m e n t  of the H20 molecu le ;  fiij is the o s c i l l a t o r  f o r c e  of the quantum t rans i t ion ;  
G{T) is the s t a t i s t i ca l  sum  o v e r  the ro ta t iona l  s t a tes ;  vi and vj a r e  the e n e r g y  t e r m s  of the i - t h  and j - t h  
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states .  F o r  the quantity p we adopted the value 1.8546.10 -18 CGSE in accordance with the la tes t  m e a s u r e -  
mea ts  [48, 49] of Stark splitting. The values of fiij were  determined on the basis  of tabulated data [14]; 
G (T) was calculated according to the approximation formula  [50] 

G(T) ~ 3.4264.10 -2 T 3/2, (Ii) 

while the energy t e rms  were  taken f rom [8]. 

A compar i son  of the data in Table 2 shows that the theoret ical  calculat ions of the s trengths of the 
iine for  smal l  quantum numbers  J a re  well  substantiated by exper iments .  Specifically,  for  lines studied 
by radio methods (Xij _> 0.398 ram) the difference between the average measured  (for each line) values of 
Sij and the calculated values,  just  as for  the half-widths,  amounts to <6%. 

As far  as an exper imenta l  check of the calculations of the s trength of the line corresponding to large 
values  of J is concerned,  he re  we may mere ly  r e f e r  to the measuremen t s  in [6] in the infrared range 
which were  mentioned above, in accordance with [6], the rat io between the measured  values of Sij and the 
values calculated on the basis of the r ig id -asymmet r i ca l - top  model  for  the investigated 19 lines lies in the 
0.8 to 1.5 range. The authors  of [6] also calculated the strengths of these lines with allowance for  cen t r i -  
fugal per turbat ions ,  but its ag reement  with exper iment  did not undergo an overa l l  improvement  in com-  
par ison with the preceding case  (here s exP /S  the~ = 0.95-1.7). Evidently, the difference between the m e a -  ij 
sured and calculated values of Sij is caused here  not so much by an inaccuracy of the theore t ica l  ca lcu la -  
tions as by exper imenta l  e r r o r s .  

In conclusion,  the authors  thank V. I. Anikin, B. A. Sverdlov, and A. 2. Khvostova for  thei r  help 
in the prepara t ion  and per formance  of the measu remen t s ,  and S. A. Zhevakin for discussing the resul ts  
and going over  the manuscr ipt .  
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