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The effects of an external field consisting of two monochromatic electromagnetic waves of different
frequencies propagating in the same direction on the quantum processes of photon emission by electrons,
pair production, and elementary-particle decay are examined. Expressions for the probabilities of the
processes are obtained, the results of numerical calculations of the probabilities for specific values of the
invariant field-dependent parameters are presented, and the dependences of the probabilities on the

characteristics of the external field are discussed.
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1. INTRODUCTION

There has recently been considerable study of quan-
tum processes in external electromagnetic fields in
connection with the availability of lasers as sources of
intense electromagnetic radiation. These effects are
distinguished by their great variety. They include, for
example, problems of atomic excitation and ioniza-
tion, =81 photon emission by electrons and pair produc-
tion effects, {8 elementary particle decays, ' *) nuclear
capture and breakup in the field of a laser beam, {1
and others. The effects of external fields on quantum
phenomena have been most successfully and consistent-
ly traced for processes, such as photon emission by an
electron, pair production, and elementary particle de-
cays, that are not complicated by various side effects
(e.g the effect of the Coulomb field of the nucleus in
the case of the ionization of an atom). It is just these
processes that we shall be concerned with here. Quan-
tum effects of this type have been investigated in con-
siderable detail for the case of a plane monochromatic
wave and the case of a crossed field!"™%''=131; for these
fields, expressions have been obtained for the probabil-
ities of the processes and various limiting cases have
been investigated. Specific features of the dependence
of the probabilities for the quantum processes on vari-
ous characteristics of thé field (e.g., on the wave fre-
quency and polarization!® ") have already been noted in
the cited papers and in a number of others.

Since interest in such studies will doubtless be even
greater in the future, it seems desirable also to give
a detailed treatment of the behavior of the quantum ef-
fects for other external-field configurations for which
exact solutions of the Dirac and Klein-Gordon equations
can be obtained. One of the external-field configura-
tions of greatest practical interest is, for example, the
field of two monochromatic waves of different frequen-
cies propagating in the same direction. Explicit solu-
tions of the Dirac and Klein-Gordon equations for such
a model field can be obtained without difficulty by meth-
ods analogous to those given in!'¥); we present such so-
lutions below. The case of two waves propagating in the
same direction provides the simplest model of a non-
monochromatic wave and can be used as an example for
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a detailed study of the general behavior of quantum ef-
fects in external fields of similar type.

We note that a light beam consisting of two coherent
waves with different frequencies w, and w, has been
produced experimentally (see, e.g.,!'"®)), Multifre-
quency lasers have been described by a number of auth-
thors.!'™ A review of this subject will be found in
Yariv’s book, {181

It should also he mentioned that some effects involv-
ing atoms in the field of a nonmonochromatic wave have
already been treated in literature. An expression has
been obtained for the probability for the ionization of an
atom by the field of a nonmonochromatic wave. ! Ex-
citation effects and optical properties of atoms in the
field of a beam consisting of two waves with different
frequencies have also been treated, [*"¢ and the passage
of two-frequency laser light through a resonant medium
has been investigated.!'® The resonance interaction of
electrons and protons in the field of two waves was re-
cently treated by Fedorov. %1

A study of photon emission by an electron, pair pro-
duction, and elementary-particle decays in the field of
the waves of different frequencies propagating in the
same direction accordingly seems timely. We have
previously treated these effects for the simplest two-
wave model, [ 2] in which it was assumed that both
waves are linearly polarized with mutually perpendicu-
lar polarization vectors. Estimates of the probability
for photon emission by electrons in the field of two
waves have also been made by other investigators.[2!?2
However, Lebedev!?!! used a solution of the Klein-
Gordon equation for the electron wave functions and
thereby neglected important effects associated with the
electron’s spin, '23) and Zhukovskii and Herrmannt??
considered only the case in which both waves are cir-
cularly polarized.

Here we shall give a detailed treatment of the effects
mentioned above for a two-wave model under fairly
general assumptions about the polarizations of the
waves. We shall also develop a method of calculating
the probabilities for quantum effects of this type, our
method being a generalization to the two-wave model of
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the method proposed by Nikishov and Ritus!? for cal-
culating the same quantities for a monochromatic wave.
The proposed method can be easily generalized to the
case of three or more waves; this is of interest in con-
nection with multifrequency lasers. In the calculations
we use the same metric and represéntation of the y ma-
trices as in our previous papers. 1! 12

2. PHOTON EMISSION BY AN ELECTRON AND
PAIR PRODUCTION

We choose the field potential in the form
Au(@:192) =41 w(p1) +4:,u(@2), (l)

where

Ay u(91) =ay, , cos @+, ,sin @y,

) ()
As, 1(@:2) =Dy, u €08 @:+8:Ds,, 5in @s,
e=kz (i=1, 2),

treating the superposition of coherent waves in accord-
ance with Yariv.!'® This is evidently just the case of
greatest interest, since it is the one for which the ef -
fects will be maximum. The values of the parameters
8, corresponding to linear and right- and left-hand cir-
cular polarizations are ;=0 and 6, =+1, respectively.
Further, in the case of linear polarization we shall
assume that the polarization vectors are parallel to the
x axis. Thus, if 6,=0,=0 we have two linearly polar-
ized waves with parallel polarizations (we have previ-
ously treated the case of perpendicular polariza-
tionst 1 121),

The values | §,1<1{ for the polarization parameters
correspond to elliptically polarized waves; in this case,
however, we shall assume for simplicity that the axes
of the polarization ellipses are parallel. We thus see
that our field model (1) is fairly general and encom-
passes a wide range of wave polarizations. This en-
ables us to make a detailed study of the behavior of the
quantum effects as functions of the polarization states
of the external field.

With our choice of metric we have
0,8,=a,a,=—a’, b,b;=bb,=—Db"

An exact solution of Dirac’s equation for potential (1) is
given by the formula

Vo (2) =€~7F  (91) Fa(@2) F (@u@2) u(p)/ (2P0) ™. 3)
Here
Fi(p)= [1 9(pk) kA ] eXP{—i [(—,:—(prn)sin @
— et ((‘; 1:)) cos g — ; Ty (1m8sin 2@]} (4a)
F (i) = exp {—z [m sin(k,z—kuz) (146,8,)
ﬁ_{_bk—wysin(k,z+kzz) (1-8,62) ]} (4p)

We have used the following notation: 7,,=a,, T ;=25

(i=1,2).
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For the simplest two-wave modell!! 123 the solution of
Dirac’s equation has the form (3) with F(¢,¢,)=1 and
5,=0. Inthe case of the more general model (1), the
function F(¢,¢,) describes a peculiar frequency corre-
lation: only one sine term appears in the argument of
the exponential for the case of circularly polarized
waves, but both sine terms appear if the polarization of
even one of the waves deviates from circularity.

The method for calculating the matrix elements for
the quantum processes using the wave function (3) must
be discussed in somewhat more detail. Let us first
consider the case of photon emission by an electron.
The matrix element for this process is given, for exam-
ple, by formulas (5) of!!!! with expression (3) substi-
tuted for the electron wave functions ¥,, and ¢,. On
making this substitution we find that the matrix element
M for the process is expressed as an integral involv-
ing several functions of the variables ¢, and ¢,, and
these functions can be treated in two ways; first, by
introducing the frequency ratio »= kz/k, and noting that
@,=w¢,, we can treat the integrand in formula (5) of!!t
as a function of the single variable ¢;. We shall assume
that the wave frequencies are incommensurable; then
the integrand will not be periodic and can be expanded
in a Fourier integral. Second, the same functions oc-
curring in the integrand can be regarded as functions of
the two independent variables ¢, and ¢,; in this case the
functions will be separately periodic in each of the vari-
ables ¢, and ¢,, and can therefore be expanded in a
double Fourier series. As will be evident from what
follows, both these representations of the functions turn
out to be very useful in calculating the matrix elements
for the corresponding processes. R

Taking these considerations into account, employing
expression (3) for the electron wave function, and mak-
ing use of the conservation laws, we can express the
matrix element for photon emission by an electron in the
form
Mo e —ie (90720 2t 2 o [ akie” | &g

if ie (2po’- 2po - 2ky") Su (p ){6’ Coo + e[Zﬁ(p’k,) (k)

k1 é &'k by kegb” éky b,

5 Qg ,1 1 2:, , [ 1 g 2 1]

T ‘[2<pkl)+ 2k | ot o TR T 2Ry ]
by koé €"kq by

+36*[2<pk) + z(zzk)]c""}'u@)<2n)‘6(sk1+q—q’—k’)ds, (5)

where
e"=e —k' (e'ki)[(kik'),

pand p' (g and ¢') are the electron momenta (quasi-
momenta™) in the initial and final states, and %’ and ¢’
are the momentum and polarization of the emitted pho-~
ton. The quasimomentum

(1+612) kot ——

4( k) (1+8,") ko

qu=pu+ 4(k)

satisfies the condition ¢*=m} with
1 /ea\? , 1 [ eb\? 1"
mem [+ 5 () arentg-(1r) @ven]
We have also used the following notation in (5):
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L=
Crr(s)= o j. cos”™ @, cos* k@, exp[iB (g, xq,) + isq,]dp,. (6)

To obtain the functions C,(s) with primed subscripts
one must replace cos¢, by sing, on the right in (6). The
function B(¢,9,) has the form

B(‘Px@:) = ’/Z'Y— sin (‘I)‘—tpz) (1+6i52) + ‘/;‘Y+ sin (q)."l‘q)z) (1—6161)
+ Z {Itil [’ sin gi—a:'6; cos i1+ B (1—62)sin 29},  (7)

=12

where
W [(n.-P')_ (n;p)] _ e _1__#]
‘ k) k)1 T8 L'k (pky)
\ 1 1
Te=¢ ab[p'k,:tp’k,_ pk,xpk, ] @)

Here the n; are unit vectors parallel to the vectors a;.
To obtain o and B, one must make the substitutions
ky~k, and a~b in (8).

Now we make use of the adiabatic hypothesis, i.e.,
we assume, as is usually done, that A(¢,¢,)~0 as
[ @;|=, 16251 This can be assured by assuming that the
fields A;(¢,) in (1) contain factors of the type
exp(- al ¢,1), where a is an indefinitely small quanti-
ty.t') Taking this into account,?’ we can establish the

following important relation among the functions C; ,(s)
(seet™117).

[s—2B,(1—6,2) —2B2(1—82) 1Coot+ay'Ciot61c2'Cyo
+alzcux+azazzcoa'+451 (1—'61’) Czo
+4p,(1—6:2) CorH{Cus+8,8:YC.rr =0, (9)

where

—p2 1 1 /
y=e'ab [m—m] (9")
Relation (9) turns out to be very useful in calculating
specific expressions for the probabilities for the quan-
tum effects, and we shall make use of it in what follows.
We also note that it generalizes the corresponding ex-
pression for the case of a single monochromatic
wave, [ 111

We emphasize once more that up to now our treat-
ment has been based on the integral expression (5) for
the matrix element, so that &, is a function of %y, i.e.,
b, = uky, the formulas (6)—(9). As we noted above,
however, there is another possible way to represent
M. Thus, if we regard the functions in expression (3)
as depending on the two independent variables ¢, and
®,, then, since the functions are separately periodic
in each of the variables ¢,;, we can introduce the quan-
tities C,,(s;S;), which depend on two integers s; and s,,
in place of the quantities (6):

Cu(s18:) = I ! 0s™ @; cos* Pz€*2®® exp (is,@i+isaz) d: dPs.

-

(2n)* (10)
In this case we obtain an expansion of the matrix ele-
ment M, in a double Fourier series in s, and s, in place
of the Fourier integral expansion (5). Since the two
expansions are equivalent, we can obtain the following
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relation between the coefficient by comparing (6) and
(10):

Con(s)= 2 Con(5182) 8 (515, —3).

(11a)

As a consequence of this, the integration in (5) is re-
placed by a summation in accordance with the scheme

Idsé(sk.+...)->26(s1k.+szk,+...).

81,83

(11b)

Of course we must also make the substitution C,(s)
~ Cu(5152).

The advantage of using the integral representation (5)
of the matrix element is associated with the fact that in
calculating |M,|? it is useful to employ relation (9),
which is also obtained on the basis of such a represen-
tation. After performing the necessary mathematical
operations and obtaining the required values of | M| 2
we must use (11a) and (11b) to pass from an integration
over ds to a summation over s; and s, in the expressions
for the probabilities of the processes. We note that on
squaring the matrix element we obtain a summation over
new variables s} and s; in addition to the summation
over s; and s,. However, the same arguments as were
used previously!!!! easily show that s,=s] and s,= s},
so that we actually still have only a double summation
over s; and s,. This summation, unlike the one in the
case of a monochromatic wave, !’} taken over both
positive and negative values of the s;. This is due to
the fact that in the case of interaction with the field of a
nonmonochromatic wave the trend of the quantum effects
may be associated, in particular, with both the absorp-
tion from one of the waves and the emission into the
other wave of a definite number of quanta.

The probability for photon emission by an electron is
determined (after summing over the electron spin states)
by formula (28) of!!!), in which®

N(sis2) =|Coo|’[2(p"€”) (pe”) +(P'P) ]
+2\;(a Re CooCio’+b Re CooCoy”)
+2\. (a6, Re CyoCy/0"+b8: Re CooCm'.)
+e’ry (a‘]C,.,iz+2ab Re CiCoi*+02|Coy ] %)
+e’r, (azaazl(:a'o I 2+2ab8,6;, Re C,/oCoy'"

52627 Cot )+ (ae”) (nae”)
X[a*6, Re CyoCy'o"+ab (8, Re CoCoy*

+8, Re C1oCoy”) +5%6: Re CoiCor’*]. . (12)
Here we have used the notation
Ai=—2e(pe”) (nie”)+*/; (k.k") ast,
L (k) (13)
ri=2(n;e")* + ——r—.
2 (p'k:) (pk:)

In what follows we shall drop the arguments of the func-
tions C,, for brevity in calculating the probabilities of
the various processes.

Formula (12) determines the probability for photon
emission with allowance for the polarization states of
the photon. If we are not interested in the photon polar-
ization, we must sum over ¢’ in (12). This gives

(k&")?

)* 1a 14
Tr) Gk AT (14)

N(s‘sz)=—2m’|C“|’ +e? [2 +
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Here

R=— (azﬁ‘z_*_bzazz) Icwlz+azlclo|2+a25‘2|c‘,o|2
52| Cos [*+5%6:% | Cor’ |*~Re CooCara? (1—5,)
-—Re Coocaz‘bz( 1—622) +2Re (Cmcon._coocn‘) ab
+2Re (Cr/oCor " ~Conl't7) b8 S, (15)

As is evident from (14), we have succeeded in ob-
taining an expression for the square of the matrix ele-
ment for the two-wave model whose form is analogous
to that of the expression obtained for the case of a sin-
gle wave. " There appears a new quantity R, which
depends on the variables describing the external field
and generalizes the corresponding quantities derived
earlier!™!! for the case of a single monochromatic
wave. For example, R reduces at once for the case of
b=0 to known expressions, [ 1]

The probabilities for processes in the field (1) de-
pend on invariants of the type!”

zy=ea/m, z,=eb/m, x=(kp)z/m* (i=1, 2).

As in earlier papers, [8 =131 we shall be interested
here in values of these parameters of the order of
unity. This region of parameter values corresponds to
a nonlinear dependence of the probabilities for quantum
processes on the characteristics of the external field,
and that, in particular, is why it is of interest to exam-
ine this parameter region for the two-wave model (1).
The method of calculating the probabilities is the same
as for the model treated earlier.t!!? It is not difficult
to obtain expressions for the invariant quantities (8),
on which the photon emission probability depends, in
terms of the integration variables by analogy withm],
and we shall not give them here. The same values of
the parameters x; and x; were used in the present cal-
culations as in the earlier ones, !

The results of the calculations are presented in Fig.
1. As before, %111 the probability W, for emission of a
photon by an electron was calculated for various polar-
izations of the waves and, as is evident from the re-
sults, W,, depends significantly on the wave polariza-
tions, this dependence becoming stronger with increas-
ing values of the x;.

The probability W, for pair production by a photon of
momentum [ is given by formula (32) of!!!J, We ob-
tain the value of N(s,s,) for this case from formulas
(12) —(15) after making the substitutions &’ = - and

0050 700 730 200 250

Z,
FIG. 1. Photon emission probability V_V, calculated for x; =1
and X, =1.2; for 6;=6,=0 (curves 1 and 1’), 6;=1 and & =0
(2 and 2°), and 6;=6,=1 (3 and 3’); and for x,=0.5 (1, 2, and
3) and x,=1.5 (1’, 2’, and 3").

455 Sov. Phys. JETP 45(3), Mar. 1977

FIG. 2, Pair production probability
W, calculated for =1, x,=1.2, and
6,=6,=1.

AEEEENEEE
0 0z 04 06 08 10 1Z
Iy

p— - p and changing the sign of N (sys;).'"? Figure 2
shows the calculated values of W, for circularly polar-
ized waves. As in the case of a single monochromatic
wave, (%111 %, has a nonmonotonic frequency dependence,
which is due to the presence of a threshold for the pair
production process. ¥ The nonmonotonic character of
the x dependence of W, is more strongly expressed for
the two-wave model (1) considered here than for the
case of a single monochromatic wave of the same polar-
ization. ! It should also be noted that the x dependence
of W, is stronger in the region x £0.5 for model (1) than
for the model treated earlier. !

3. ELEMENTARY PARTICLE DECAYS

It is of interest not only to investigate the effect of an
external field on the photon emission and pair produc-
tion processes, but also to investigate the effect of such
a field on elementary particle decays. Problems of this
type have been repeatedly examined, both for various
constant external fields, and for the field of a laser
wave, (8% 1224 1n particular, it is of interest to investi-
gate particle decay processes in external fields in or-
der to explore the effects of various characteristics of
such fields (frequency, polarization, etc.) on parity
violating processes. We have previously used the sim-
plified two-wave modelt'!? to investigate elementary
particle decays.!'?? Here we investigate pion and muon
decay processes, using the more general two-wave mod-
el (1),

. The simplest process of this type is the 7= u(e) +v
decay. Using this decay as an example, it has been
shown!®! that the external field of 2 monochromatic elec-
tromagnetic wave may either accelerate or retard par-
ticle decays, depending on the specific mass relation-
ships. We have confirmed this effect for a particular
two-wave model.!?! It is therefore of interest to exam-
ine this effect for the field (1), too. After performing
calculations similar to those presented int?), we obtain
the following expression, in place of expression (18) of
oft121 for the square of the matrix element for the
7— u(e) + v decays;

(ki)
M= (mi_m’?)+ e
| tI [Col (m*—m')+e (q'kl)

1 (ki)
- _—Il kl - z'—'—'nllz.
“ gk BTy (16)

Here
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FIG. 3. Probabilities for the decays m—pu+v and r—~e +v cal-
culated for X; =X, =1; for 6,=8 =0 (curves 1), 6,=8,=1 (curves
2), and 6;=6,=~1 (curves 3); and for x,=0.5 (plot a) and x,
=1,5 (plot b).

I,(k:)=(2Im CoiC10'at2Im CooCoy"b) j, (Ki)
+(2ImCooCy’0°ady+21m CoiCoy’ b82) j2 (ki) ,

17
1,=2Im CC,""a*0,+ (2Im C,oCoy'*5:

+2Im CosCy'0"64) ab+21m Co,Coy *b*62.

The rest of the notation in (16) and (17) is the same as
in the previous paper. !

The probability for -~ u(e) +v decays is given by for-
mula (20) oft™?), in which, however, N,(s;s,) now has
the form

Noa(5482) = (1—p) |Cool*+uR+2(u+1) Pz, Im C,,Co,° sin @o
—2,8,Im C,+Cos" c08 oz, Im Co,Co0" sin @o—2,8; Im Co,r Coo” €08 @o]

—2u[2°8, Im CoC,ro+2,2:6: Im CyoCoyr+2,2:6, Im Co,Ciro

+x2252 Im Cmca.l' ] . (18)

It is not difficult to obtain expressions for the invari-
ants (8) in terms of the parameters of the problem and
the integration variables, much as analogous expres-
sions were obtained inf'?}, We give only the expression
for E,;1?): in place of Eq. (15) of!'®), we have

EZ 2s,

2 1 2
£t et L (e B B (19)
m* 2 2 z, z,

The results of numerical calculations of the decay
probabilities are presented, together with the values of
x; and x; used in the calculations, in Fig. 3, aand b.
As in the case of a single monochromatic wave, (%121 so
in the case of model (1) the probabilities for 77— u(e)+ v
decays depend substantially on the polarization charac-
teristics of the external field. The difference in the de-
pendences of the total probabilities for the 7~ u +v
and 7~ e+ v decays on the §; as the latter vary within
the limits — 1< 6, <1 should also be noted. And finally
we note that, as is evident from the results of the cal-
culations, turning on the external field also increases
the probability for 7~ 1 + v decay and reduces that for
7m— e+ v decay when the field is deecribed by model (1).
This confirms the corresponding effect established for
the model fields investigated earliert®1?! and shows that
this is a fairly general effect.

In a similar manner one can also obtain expressions
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for | M| 2 for more complicated decays such as u*-e*
+v+vand *=1"+e*+v, Thus, for the p*t=e*+v+7o
decay we obtain the following expression for N(s,s,) in
place of expression (6) oft 123

N(8:52) = | Coo| 6 (1) +€*Rho (k) +ehy (ki) I, (ki)
+etha (ko) fue’ (k) I:A-2eths (ko) fra(ko) I, . (20)

Here, as above, we retain the notation of our previous
paper, 1

One can treat the 7*— 7° + ¢* + v decay in a similar
manner. The expression for |M|? has the form of
(23) oft'®) but with R replaced by | Cyl% and the L,,
by the following expressions:

L,=2Re Cno(C|oa+Cmb) 't1+2Re qu(C,’oats|+Co,’b62) *ta, (2 1)
Lz=az(lcwlz'i'lci’ﬂl2 511) + b ( lCo||’+ICM’ |2 512)

+ 2ab(Re C1oCoy’ + Re C,7oCor8,5:),

L;=2Im Coo (Coafi+C, 0af:d,+Coibfi+Coy bfb:2) ",
L=21m Co(C,"4ad,+Co,'b8:) *a+2Im Co, (Cy"0ad;+Cos  b8:) *b.

Here, too, we have retained the notation of!!%,

The probabilities for the u*—~¢e*+v+7 and 7*~17°
+ ¢* + v decays are given by formulas similar to those
presented in‘'?), In this case, however, these prob-
abilities involve a fivefold integration, and this makes
it substantially more difficult to calculate them numer-
ically. More powerful computing facilities will there-
fore be required for calculating the probabilities for
these decays, although one may expect such calculations
to become quite feasible in the future. In concluding,
the author thanks V. V. Lomonosov for discussing a
number of problems treated here.

Dwe note that an integral representation of the matrix element
M, has also been used for the case of a constant crossed
field, 24!

2)We also note that this assumption assures that sufficient con-
ditions for the expansion of the matrix element M, in the
Fourier integral (5) will be satisfied.

31n what follows we shall retain the notation of our previous
papers!!! 2} wherever possible.
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Multiple scattering of light in an inhomogeneous medium
near the critical point. Il. Spectral composition of

scattered radiation
E. L. Lakoza and A. V. Chalyi

Kiev State University
(Submitted June 18, 1976)
Zh. Eksp. Teor. Fiz. 72, 875-887 (March 1977)

The spectral composition of light after multiple scattering in an inhomogeneous medium is examined. The
number of components, the positions of their centering points, the half widths, the relationships between
the. components, and the characteristics of the components in the spectra are determined. Conditions for
mode conservation and decay during multiple scattering are formulated. The “field” and temprature
dependence of the properties of the single- and double-scattering spectra near the critical point are
described. The dependence of these spectra on the transferred wave vector is also discussed. An
experiment designed to investigate multiparticle correlations in a condensed medium is outlined.

PACS numbers: 42.20.—y

Multiple scattering of light near the critical point has
been attracting increasing attention among researchers.
The theory of integrated multiple scattering of light in
the critical region has now been developed in consider-
able detail, t1=% Thus, among the new and interesting
results of these studies is the prediction'®?’ and dis-

covery' 5! of a nontrivial dependence of the doubly-scat- -

tered intensity on the fourth power of the linear size of
the scattering volume; the gradual reduction of the ex-
ponent in the temperature dependence of doubly scat-
tered radiation'"®? as the critical point is approached is
in agreement with theoretical predictions based on the
theory of scaling transformations'’’; the role of external
factors in the description of critical opalescence has
been elucidated'®=!!J; the properties of the scattering
indicatrix in the critical region has been investi-
gated'»%%11); and soon, . Considerable success has also
been achieved in the study of the depolarization of criti-
cal opalescence. [12:13:4=61

Higher-order scattering effects are just as important
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for the spectra of critical opalescence. Unfortunately,
a theory of multiply scattered spectra, capable of pre-
dicting and explaining their experimentally accessible
properties, is not as yet available. In this paper, we
solve this problem for the liquid-vapor critical point.

In addition to the study of temperature dependence, which
is now traditional in the investigation of critical opal-
escence, we have here the further possibility of exam-
ining the “field” properties connected with departures
from the homogeneity of the medium under the influence
of external factors (for example, the gravitational field).
This was used in our earlier work on the physical prop-
erties of such inhomogeneous media near the critical
point in the single-scattering approximation. (8,9, 141

We shall devote particular attention to the number of
components in spectra of different order, the position
of the centering points, the half-widths, and the rela-
tionships between the components in the spectra, as
well as the temperature, “field,” and angular depen-
dence of the multiply-scattered spectra. The general
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