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The depolarization coefficient near the critical point is calculated allowing for the effects of double scattering 
. of light. The results obtained for the range 3X <q2Rf < 11,  where q is the transferred wave vector in the 

case of scattering by an angle 8 = r/Z and R, is the correlation radius of the density fluctuations, are used to 
estimate the relative contributions of single and double scattering, as well as to study-near the critical 
point-the dependences of the scattering properties on the direction of observation for different polarizations 
and geometrical dimensions of the scattering region. The results of a numerical calculation of the 
depolarization coefficient are in good agreement with the available experimental data. 

PACS numbers: 42.20.Gg 

Investigations of the effects of multiple scattering of shall discuss the possibility of investigating double 
light near the critical point and the associated depolar- scattering and the spectral composition of the resultant 
ization of the scattered light have been attracting con- scattered light. We shall show that the results of a nu- 
siderable attention."13 The most thoroughly investi- merical calculation of the depolarization coefficient a r e  
gated process i s  the depolarization associated with the in good agreement with the available experimental data. 
scattering of light by anisotropic  molecule^.'^-^^ The 
mechanisms of the depolarization of light scattered by 1. We shall study depolarization of the scattered ra- 

diation near the critical point using the double scatter- isotropic molecules a r e  now known. For example, i t  
has been shown1' that the depolarization of singly scat- 

ing approximation As b e f ~ r e , ~ * ~ * ' ~  we shall assume 
that our medium i s  spatially inhomogeneous under the 

tered light may be due to the tensor nature of the per- 
influence of an external field (to be specific, we shall 

mittivity of small regions as a result of perturbations consider a liquid-vapor system in a gravitational field). 
of the distribution function of thermal fluctuations. 

Naturally, all  the results can be applied also to the 
Another depolarization mechanism is associated with case of a spatially homogeneous medium and to sys- 
multiple scattering and it i s  most important in the criti- tems of different physical nature (for example, a mag- 
cal region. netic material in an inhomogeneous magnetic field). 

The contribution of double scattering to the depolar- 
The main problem is to find the depolarization coef- ization coefficient near the critical point has been stud- 

ied t h e ~ r e t i c a l l y ~ * ~ * ~ * ~ ~  and e x p e r i m e r ~ t a l l y . ~ ~ ~ ' ~ ~  A ficient 

numerical calculation of the depolarization coefficient A=IUc=/I;", (1) 
A was carried out by Oxtoby and Gelbart3 using their 

and also of the polarization ratio 
own formulas for the intensity of double scattering in 
the case of Xe for the range 2. 1 0 - 4 ~  q 2 ~ : ~  0.18, where Ai=I==z/~==~,  
q= 2 3 / 2 r / ~  is the transferred wave veitoE whenlight i s  
scattered by an angle 9= r /2  and R, is  the correlation 
radius of the density fluctuations. In Refs. 3 and 7 the 
range of validity of the formulas for A i s  limited be- 
cause of lack of allowance for the doubly scattered 
light in the polarized component. This aspect becomes 
important in the range qR,Z 1, which corresponds to  
deviation of the temperature from the critical point by 
7 s  10'(4-5) along the critical isochore. It is  this range 
and temperatures closer to the critical point which have 
been studied in current experiments. 

where the lower index in the scattered-light intensity 
components indicates the direction of observation and 
the upper index gives the polarizations of the exciting 
and scattered light, respectively. The incident light 
travels along the z axis that coincides with the external 
field gradient. The intensity components in Eqs. (1) and 
(2) may be calculated using the general formulas (8) and 
(9) from Ref. 2 o r  (5) and (6) from Ref. 4 for fields of 
light scattered i times with the required polarization; 
one can also use the expressions which follow from 
these formulas [see Eq. (10) in Ref. 21 and describe the 

We shall report a self-consistent calculation of the intensities of singly and doubly scattered light. The ex- 
depolarization coeffcient A and find numerical values plicit expressions for the required components a r e  
of A in the range 3. 6 q 2 ~ , 2  d 11. We shall use these 4nzVL. 

I,='=Io ;- aa  (z ,  z )  K," (a i ) ,  
results to estimate the relative contributions of single L  (3) - 

and double scattering to the depolarization coefficient. (nin.)'(ntmo)' do, 

We shall investigate the dependences of the scattering K'(ai)-l'  [ i+6(z ,  T) -6 (z ,  z)n1h0] [ i + 6 ( z ,  T) -6 (z ,  ~ ) n , [ n ~ , m ~ ]  ] ' 
properties in the critical region on the direction of ob- ( 3 4  
servation for various polarizations, and also on the 2aaL, a ( z ,  z )  4naVL. 
geometrical dimensions of the scattering region We I,===Io -- + I0 - 

LZ i+6(z ,  T )  La 
a s k  z ) K v P ( a t ) ,  (4) 
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We have retained here the notation adopted in Refs. 2 
and 4: I, is the intensity of the incident light beam of 
cross section o; V and L, are, respectively, the vol- 
ume and the characteristic linear size of the scattering 
region; L is the distance from the scattering region to 
the point of observation; 

6 ( z ,  T )  =8n211-'f* (2, r )  pT (2, r ) ;  

f * is the parameter representing the nonlocality of the 
fluctuations; &(z, 7 )  is the local value of the isother- 
mal compressibility; rb, m,, and n, a re  unit vectors 
indicating, respectively, the direction of incidence and 
the polarizations of the exciting field and the direction 
of single scattering. The integrals in Eqs. (3a), (4a), 
and (5a) are  summed along all the directions of single 
scattering in the investigated region (this scattering is 
responsible for the doubly scattered light entering the 
detector). 

Equations (3) -(6) give averaged (over the height) dif - 
ferential scattering intensities dl/& which have to be 
used in the case of a spatially inhomogeneous medium 
when the experimental information is recorded for lay - 
e r s  with local homogeneity.18 One should draw attention 
to the fact that the contribution of single scattering oc- 
curs only in the polarized (horizontal) component I? 
[the f i rs t  term in Eq. (4)]. The "interference" terms 
of second-order intensities a re  ignored in Eqs. (3) and 
(4) because their relative contribution is negligible.2*4 

Integrating over the solid angle u, in Eqs. (3a), (4a), 
and (5a), we obtain1' 

(2+46+6') "+IS 
-4(1+6)2(2+46+6z)'" ln- 

(2+46+6')'"-6 1 ' 

The expressions for the depolarization coefficient A 
and the polarization ratio A, rewritten with the aid of 
Eqs. (3)-(6) have the form: 

A = ~ J ( I + Y J ,  '(10) 
.f 1- -1 sv = tu == s(1+6)6KuZ', (11) 

yz=12,"/Zi,"=s (1+6)  6KvS, (12) 
A,=K===/K;, (13) 

where y, and y ,  a re  the coefficients which determine re- 
spectively the relative contribution to A of the depolar- 

ized I: and polarized Ig double scattered light (as 
compared with the contribution of the singly scattered 
light of intensity I:;); 

8- (p ae/ap) T 1 k B ~ ~ ~ ~ y  (14) 

is a parameter which depends weakly on the degree of 
proximity to the critical point. On the other hand, this 
parameter depends largely on the thickness L, of the 
layer from which the experimental information is ob- 
tained. 

In the immediate vicinity of the critical point (6 >> 1) 
the scattered-light intensity components included in the 
depolarization coefficient A are  given by 

(16) 
In Eqs. (15) and (16) we have retained not only the terms 
which dominate the contribution at the critical point, 
but also the slowly decreasing terms proportional to 
6" ln6 and 6". 

Extrapolation of Eqs. (15) and (16) to the critical 
point gives the following results: 

The depolarized (vertical) component I 7  remains finite 
at the critical point because the ratio is 0/6= const. 
The polarized component I? obtained in double scatter- 
ing has a weak (logarithmic) singularity at the critical 
point. It follows from Eq. (19) that the depolarization 
coefficient A tends to zero on approach to the critical 
point. However, it should be mentioned that this applies 
only to that part of the total depolarization coefficient 
which i s  described by the double scattering approxima- 
tion. 

In the opposite limiting case (6- O), i.e., far from 
the critical point where we can ignore the correlation 
effects (Rayleigh-Einstein approximation), the depolar- 
ization coefficient A, should be calculated using the 
formula 

Extrapolation of this thermodynamic result to the cri- 
tical point gives a constant value A, = 1/8. This re-  
sult differs from that given by Eq. (19). The neglect 
of the correlation effects results in identical singulari- 
ties of the vertical I T  and horizontal I? components 
( IT a Iya f ig ) ,  which cancel out a t  the critical point 
and ensure that the depolarization coefficient A, re- 
mains constant. 

The dependence of the depolarization coefficient on 
the linear size L, of a layer from which the experimen- 
tal information is obtained changes on approach to the 
critical point. In the range s(l+ 6)6~?<<  1, where the 
contribution of double scattering is small compared 
with the single scattering, we have A a L,. In the re- 
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gion where the opposite inequality s ( l  + 6)6KP >> 1 ap- 
plies, i.e., where the contribution of the double scat- 
tering to the horizontal component becomes dominant, 
the depolarization coefficient ceases to depend on the 
linear size L,. The intervals of the thermodynamic 
quantities where these singularities of A(L,) a re  ob- 
served will be given later. 

It is  also of some interest to study the scattered ra-  
diation of different polarizations near the critical point 
in the direction of polarization of the incident wave. 
Since the polarization ratio q does not include (as 
pointed out earlier) a contribution due to the single 
scattering but is governed solely by the contributions of 
the double scattering, the geometrical factors VL, can- 
cel out in A,. This means that the experimentally de- 
termined polarization ratio A, is  independent of the 
thickness of the layer for fixed values of z and 7 in the 
region where the triple o r  higher orders of scattering 
can be ignored. 

In the immediate vicinity of the critical point ( 6 s  1) 
the vertical I: and horizontal I F  intensity components 
occurring in the ratio A, a re  given by 

It follows from Eqs. (21) and (22) that the value of A, 
remains finite a t  the critical point. 

2. We shall report a numerical calculation of the val- 
ues of y, and y, and also of the depolarization coeffi- 

FIG. 1. Dependences of the depolarization coefficient A (a) 
and of the quantities y, (b) and y2 (c) on 6 = $ ~ :  for various 
values of the parameter s. The arrows identify the extrema. 

cient A (which i s  of immediate experimental interest) 
for the parameters s =  lo', 1, and 10 in the interval 
3. s qZR: & 1 in steps of and in the interval 
1 q2R:< 11 in steps of lo',. The results of this calcu- 
lation a r e  presented in Fig. 1 on a logarithmic scale. 
A numerical calculation of A,  particularly in the range 
q2R: << 1, requires high precision because the results 
represent the difference between two numbers close in 
absolute value. Insufficient accuracy of the calculations 
may give r ise  to false extrema in the dependence 
A(q2R:) (Ref. 13). 

It is  clear from Fig. la  that the depolarization coef- 
ficient A goes through a minimum 

Ami,=4.1. 10-' if 6,i.=(qzR2),~,=4.15. iO-' and S-IO-', 
~ , , , ,=4 .0 . i0 -~  if 6mm=(q2R,'),i,=4.28~10-5 and 8-1, 

~, , .=3.1.  10-2 if 6,,,= iqzR,') ,(,=4.65. 10-a and s=10. 

Then, the depolarization coefficient begins to rise on 
approach to the critical point but this r i se  i s  not un- 
limited. Eventually, A reaches its maximum: 

Am-6.2. 10-Vf 6,-=(q'R,'),=7.8 and s=lO-', 

A--8.5. 10-' if 6-- (qaR:),.=1.28 and s-1, 

A-=0.9.10-' if 6,,= (qzR,Z)-=4.25. lo-' and s=10, 

and then A begins to fall smoothly on further approach 
to a critical point. It should be noted that the extrema 
of the dependences A(~,R;) and y,(q2R:) a r e  not very 
pronounced. 

The nonrnonotonic dependence A(~'R:) can be under- 
stood by considering the ratios of the contributions of 
the doubly scattered depolarized and polarized light 
relative to the contribution of single scattering, i.e., 
yl(q2~:) and y,(qZ~:). In the interval q2R: < 5- 
where y, passes through a minimum (Fig. lb), we have 
y , s  4 x10m3 for s= lo-', y , ~  4 x lom2 for s= 1, and y ,  
5 0.4 for  s=  10 (Fig. lc). This means that the polarized 
component is dominated by single scattering and, 
therefore, the depolarization coefficient is  given by A 
= y,. A characteristic minimum in the dependences 
A ( ~ , R , ~ )  and y,(q2R,2) i s  associated with a more rapid 
r i se  of the singly scattered component I:: in the range 
6 <6,,, and its less rapid r i se  in the range 6 > B m h ,  
compared with the depolarized component I$ The 
slowing down of this r ise  and the appearance of a max- 
imum in the dependences A ( ~ ~ R , ~ ) ,  observed on approach 
to the critical point, can be explained by a considerable 
increase and predominance of the contribution of the 
double scattering to the polarized component I? (Fig. 
lc). The subsequent reduction in the depolarization 
coefficient i s  associated with the more rapid r ise  of 
the component I;; compared with the component I z  
of the doubly scattered light. 

An analysis of the results reveals the above-men- 
tioned strong dependence of the values of A, y,, and 
yz on the parameter s. We shall now quote an estimate 
of the parameter s for L,= 6 x 10" em, which repre- 
sents the minimum transverse dimensions of the layers 
used in the experiments of Ref. 10, on the assumption 
that A =  5 x lom5 cm and that the quantities in Eq. (14) 
have the following values typical of high-temperature 
materials such as benzene: 
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which gives s= 10'UtOO). 

An analysis of the curves corresponding to the pa- 
rameter s = 10" shows that, throughout the investi- 
gated range of qZR:, the depolarization coefficient and 
the value of y, remain less  than unity, whereas y,= 1 
for 6 = 4 and it continues to  r ise  to y ,= 2 for 6 = 11. 

These results can easily be explained on the basis of 
the following qualitative considerations. Polarized 
light incident on a medium consisting of isotropic 
molecules retains, for scattering of low multiplicity, 
the predominant direction of the initial polarization. 
In this case the relative magnitude of the depolarized 
component y, should be relatively small. However, the 
contribution of the double scattering to the polarized 
component r ises  continuously on approach to the criti- 
cal point and under certain thermodynamic conditions 
{for the estimates given above this applies to T 

= [X26(y,= 1 ) /8 r2~ i ] -Y c lo4 on the critical isochore, 
where R, i s  the correlation radius far  from the critical 
point and V =  2/3 i s  the critical index of the temperature 
dependence of the correlation radius} i t  begins to pre- 
dominate over the contribution of the singly scattered 
light. In the direct vicinity of the critical point (q2R; 
>> 1) the light scattered few times simply does not reach 
the detector and i ts  contribution to the depolarization 
coefficient vanishes [in the approximation of double 
scattering this result is  illustrated by Eq. (19)]. The 
scattering thus becomes dominated by the multiple 
processes. The initial polarization of the incident light 
ceases to predominate. The contributions of different 
polarizations to the intensity of the critical scattering 
become equalized. The asymptotic value of the depo- 
larization coefficient a t  the critical point then tends to 
unity. 

3. We shall now compare our results on the depolar- 
ization of the scattered light near the critical point with 
the published theoretical and experimental investiga- 
tions. 

A comparison with theoretical calculations3 shows 
that for X =  271 x cm and LC= 0.1 cm, the parameter 
s i s  =loe2 for Xe i f f*= 10-13H and (p8&/ap);= lo-'. In 
the range q2~:<0.18, where the results of Ref. 3 a r e  
reliable, it is  meaningful to compare the depolarization 
coefficient calculated in Ref. 3 with the value of y, be- 
cause-as mentioned earlier-the contribution of the 
double scattering to  the polarized component i s  ig- 
nored (y,= 0) in Ref. 3. It i s  then found that for the 
values of X,  LC, f *, and (p8&/8p)$ used above, the cal- 
culated values of the depolarization coefficient given in 
Ref. 3 and in the present study a re  practically identi- 
cal: for example, the minimum value is A,,,= 5- 
and 4.6 x in Ref. 3 and, in our case, respectively. 

A quantitative agreement is also obtained in the range 
q2~,2s 0.1 between the values of the depolarization coef - 
ficient of CO, calculated by us  and in Ref. 7 using the 
following parameters occurring in Eq. (14): LC = 0.07' 
cm, X =  6.3 x cm (Ref. 7), (p8&/€Jp);= 5.10", f*  
= 10-13~. 

The formulas for the depolarization coefficient given 
in Refs. 3 and 7 cease to be reliable in the range q2R: 
2 1 and the difference between the calculated values of 
A increases, reaching tens of percent. 

In discussing the experimental  investigation^^**'^ of 
the depolarization of multiply scattered light in the 
critical region we shall concentrate especially on the 
temperature dependence of the depolarization coeffi- 
cient ~ ( 7 ) .  In most experimental investigations it is 
found that a sharp minimum of the dependence A(T) in 
the region of T =  is  followed by a considerable r ise  
of the depolarization coefficient on approach to the cr i -  
tical point. The maximum reported values a r e  as fol- 
lows: 

A=1.2-10-x if L,=0.4 c m , r ~ i . l . l O - ~  for CO, [lo], 

A=5.10-' if L,--0.5 cm, ~ = 6 . 1 0 - ~  for Xe [lo], 

A ~ 1 0 - ~  if L ,zO. i5  cm, ~=3.4.10-' for Xe [11], 

A z4.10- '  if L, zO.18 cm, T = 1.4.10-S for Xe [12]. 

In connection with the results of the present study it 
is interesting to  note that Trappeniers et al.lo reported 
that a maximum of A is  followed by a slight (up to 10%) 
fall of the depolarization coefficient of light doubly 
scattered in CO, in the range TS lo4. 

The large value of the depolarization coefficient A 
= 5 X 10'' reported in Ref. 10 for Xe indicates, accord- 
ing to the authors, that triple scattering takes place. 
This explanation is very likely to be true if we bear in 
mind the nonmonotonic dependence of the depolarization 
coefficient on the linear dimensions of the layer, r e -  
ported in Ref. 10, which can be described-after allow - 
ance for  the triple scattering characterized by I,a L: 
(Ref. 4) -by the formula 

A = ( y , + y ~ ) /  ( 1 + ' f ~ + ~ b ) .  (23) 
Here, y, and y, represent the contributions of triple 
scattering (compared with the single scattering) to the 
depolarized and polarized components and i t  is  found 
that y3(L,) a y4(L,) Lf and y3(r) ~ Y , ( T ) =  8 2 , ~  T'~' on the 
critical isochore when q2Rf << 1. 

Reliable experimental support i s  now available for 
one of the most important theoretical consequences of 
double s ~ a t t e r i n g , ~ * ~  which i s  the dependence of the in- 
tensity on the fourth power of the linear dimensions 
(I,= L:) and the directly associated dependence A a L, 
in the region where y, << 1. The f i rs t  verification of 
these results was reported in Ref. 6 and this was fol- 
lowed by Refs. 10 and 11. 

4. Naturally, on approach to the critical point we 
can expect an increase in the contribution not only of 
the double scattering but also the triple etc. scattering. 
However, there i s  a range in which the double-scatter- 
ing corrections to the integrated and spectral intensi- 
ties of the scattered light predominate in the polarized 
component I? and this is true also of the contributions 
of the double scattering to the components I:', I:, and 
ICY. The relative contributions of the scattering of 
higher multiplicities can be estimated using 

Il+t/It=ht+i/h<9 (24) 
where h,= I&~/I,v is the scattering coefficient which 
determines the relative contribution of the intensity of 
the scattering of k-th multiplicity in a given direction 
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The relationship (24) must be used in studies of the ef - 
fects of depolarization of the scattered light, where 
Eqs. (11)-(13) apply, and in similar cases. In general, 
estimates of the relative contributions along a l l  direc- 
tions of successive scattering multiplicities can be ob- 
tained conveniently using the extinction coefficients 

Then, Eq. (24) becomes 

Ii+i/I,=-k'+i/ki. (26) 
We shall apply the relationships (24) and (26) to esti- 

mate the relative contribution of the double scattering 
process in the Rayleigh range (q2R:<< 1). Since 

hIv=2na, h,v='81rnzazL., 
kt-"/,naa, k,=k,'L., 

it follows that 

I'JIi.-kJhtv='ItokLLi, IJIt-kdkl=kiL=. (27) 
A calculation, which will be described in detail later, 

shows that the total intensities obey the relationship 

I,+ilIi-ktL, (28) 
valid for any value i 1 both when q2R: < 1 and when 
q2R,2> 1. 

If q2R:> 1, the relative contributions of the successive 
scattering multiplicities can be obtained from Eq. (28) 
by taking the extinction coefficient k, from the Orn- 
stein-Zernike theory, namely 

which-subject to Eqs. (14) and (28)-gives 

It follows from Eqs. (27) and (28) that in the Rayleigh 
range on the assumption that LC = 10-I cm, A = 5 x 
cm, and B,s Pa, which corresponds to materials 
such a s  benzene, and for 12  on the critical iso- 
chore, we have 

and the contribution of the double scattering to the total 
scattering intensity i s  about 30qb. 

On approach to the critical point in the range 6= q '~ :  
2 1 a reduction in the linear size L, ensures predomi- 
nance of the contribution of the double scattering in the 
correction to the single scattering. For example, the 
relationships (31) between the intensities of the scat- 
tered light of increasing multiplicities i s  retained for 
6= 10, which corresponds to T =  on the critical iso- 
chore if we assume that LC= 10-'3'4' cm ( s =  lo-'). 

Closer to the critical point and for small scattering 
angles we find from Eqs. (15) and (22) of Ref. 2 that 

I' ha* -=-= 
I1 hi. 

It i s  clear from Eq. (32) that the relative contribution 
of the single and double scattering i s  also governed by 
the geometrical factor ( s  a L,) and for actual experi- 
mental values s = 10"2'2' in the range 6 >> 1 the ratio 
1,(9 = 0)/1,(9 = 0) may change considerably. 

These estimates allow us to identify the range where 
the effects of double scattering play the dominant role. 
Clearly, this should be the range where 1,/1, < 1. Then, 
the relative contributions of the higher multiplicities of 
scattering to the total intensity of multiple scattering 
decrease on increase in the multiplicity. Our calcula- 
tions of A, y,, and y, carried out for s= lo-' indicate 
that this situation occurs when 6 <  6,,= 7.8 (12  10"). 

It should be noted that on increase in the parameter 
6 from 6,,, to 6 = 11, used in our calculations, the con- 
tribution of the double scattering to the polarized com- 
ponent I? begins to r ise  without limit [see Eq. (18)] 
and the values of the depolarization coefficient A de- 
crease significantly (Fig. la).  It follows that a further 
increase in the depolarization coefficient becomes 
meaningless in the double scattering approximation, 
since in the range 6> 6,, the scattering of higher mul- 
tiplicities becomes important. 

5. We shall conclude by considering briefly the pos- 
sibility of determining the integrated and spectral in- 
tensities of the scattering of higher multiplicities in the 
critical region. 

An analysis of the depolarized component free of the 
contribution of the single scattering is promising in 
this respect. An investigation of the temperature de- 
pendence of this component makes it possible to check 
one of the nontribial theoretical consequences obtained 
in Ref. 2, which is the gradual reduction (on approach 
to the critical point) of the exponent of the temperature 
dependence of the intensity of the doubly scattered 
light. The f i rs t  experimental confirmations of the cor- 
rectness of these theoretical predictions have already 
been p u b l i ~ h e d . ~ - ~ . ' ~  F a r  from the critical point in the 
range where T =  10-(2-3) the temperature dependence 
I ~ ( T )  has the exponent 2.52, which i s  in good agreement 
with twice the value of the critical index y. When T - lo-*, there is  a gradual transition from the dependence 
I,a T - ~ ~  to the dependence 12a T", in accordance with 
Eqs. (21) and (22) of Ref. 2. 

A theoretical study of the spectral composition of the 
doubly scattered light is  given in Ref. 4. The main re-  
sults which have to be checked experimentally a r e  a s  
follows: Double acoustic modes can be expected; the 
profile of the central component is  complex; the half- 
widths of the quintet found in the spectrum of the doubly 
scattered light obey the relationship r"'= (l?U'r'3')1/2, 
which is Eq. (36) of Ref. 4; the temperature depen- 
dences of the half-widths should be described by Eqs. 
(10)-(13) and (19b) of Ref. 4. All these results can be 
obtained by analyzing the spectrum of the depolarized 
component I$. 

Considerable progress has been made recently in de- 
veloping high-resolution experimental m e t h ~ d s , ~ "  
which brings closer practical applications of the spec- 
t ra  of critical opalescence, subject to allowance for 
the multiple scattering effects. 

The authors a r e  grateful to A. D. Alekhin for valuable 
remarks and to V. I. Gun'ko for his help in the com- 
puter calculations. 
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''In the calculation of the integrals (3a), (4a). and (5a) we used 
certain integral identities employed in Ref. 19. In the sub- 
sequent formulas we have omitted the arguments of the func- 
tions a(%, 7) and 6(z, r), which should cause no confusion in 
respect of the notation for the critical indices used in the 
published literature. 
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Theory of drift motion of molecules in the field of resonant 
infrared radiation 

A. M. Dykhne and A. N. Starostin 
(Submitted 29 February 1980) 
Zh. Eksp. Teor. Fiz. 79, 121 1-1227 (October 1980) 

The distinguishing features of the effect of molecule drift in the field of resonant infrared radiation are 
discussed. The kinetics and hydrodynamics of the drift streams in a multicomponent gas mixture, which take 
place at a constant summary gas pressure, are formulated with account taken of the collision quenching of the 
excited molecules and of the rotational relaxation. The stationary distribution of the concentrations of the 
resonant molecules and of the buffer-gas particles are obtained for a closed cuvette as well as in the case of 
drift of the gas-mixture components from one vessel to another. Instability of the two-stream flow in a 
mixture of neutral gases, reminiscent of two-stream instability in a plasma, is predicted. 

PACS numbers: 51.10. + y, 33.90. + h 

Gel'mukhanov and  hal lag in' have predicted theoreti- 
cally the existence of a very interest ing phenomenon- 
the onset,  under  the influence of a t ravel ing resonant  
wave, of macroscopic a tom s t r e a m s  directed along or 
against  the light flux. T h e s e  s t r e a m s  appear  only in  the 
presence of a n  extraneous buffer gas ,  which moves in 
this  case opposite to  the resonant  par t ic les ,  so that the 
summary  mat te r  flux is zero. A s i m i l a r  phenomenon 
w a s  apparently observed in the experiment  of Ashkin 
and co-workers,' but the cause  of the effect remained 
unexplained. In a r e c e n t  experiment3 performed under  
conditions close to those of Ref. 2, a par t i a l  separat ion 
of a mixture of sodium vapor and a noble g a s  (He, Ne) 

was  observed," and the direct ion of the effect was  i n  
agreement  with the predict ions of the theoryi and with 
the  observation^.^ At  the opt imal  choice of the mixture 
p a r a m e t e r s  and of the radiation, the equivalent f o r c e  
acting on the resonant  a toms  can exceed the fo rce  of 
the spontaneous light p r e s s u r e  by six o r d e r s  of magni- 
tude. It is there fore  of in te res t  t o  invest igate  various 
aspec t s  of this  phenomenon in g r e a t e r  detail. 

Par t i cu la r ly  urgent  is the a s s e s s m e n t  of the possibil- 
i ty of obtaining molecule s t r e a m s  in an in f ra red  (IR) 
resonant  field. First, s o u r c e s  of in f ra red  radiat ion are 
available, such  as tunable C02 lasers: with average 
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