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Self-Focusing and Stimulated Raman and Brillouin Scattering
in Liquids*
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Experimental results on the self-focusing of a laser beam in many liquids are reported. It is shown that
the optical Kerr e6'ect and electrostriction cannot explain the temperature variation of self-focusing in
some liquids. Forward stimulated Brillouin scattering seems important in such cases. Measurements on
the generation of stimulated Raman and Brillouin radiation in liquids are presented. The eBect of self-
focusing and self-trapping on the forward-backward asymmetry in the Stokes generation is discussed.
Other qualitative features in the stimulated Raman and Brillouin scattering are explained.

I. INTRODUCTION

HEN a high-intensity laser pulse traverses a
certain distance in a liquid, the beam cross-section

often reduces, and in some liquids, thin 6laments of
extremely high intensity appear. This phenomenon,
which is generally known as self-focusing and self-
trapping of light beams, has been the subject of intense
theoretical' and experimental™ investigation re-
cently. It is self-focusing and self-trapping that give
rise to the many anomalies observed in stimulated
Raman and Srillouin scattering in liquids. Physically,
self-focusing arises because the refractive index (real
part) of the medium increases with the beam intensity
(a coherent elastic-scattering process), and because
stimulated Brillouin and Rayleigh scattering near the
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forward direction occur via acoustic and orientational
excitations in the medium (a coherent inelastic-scat-
tering process). An alternative way of describing
self-focusing is that the width of the beam intensity
distribution over its spatial Fourier components in-
creases with distance.

The intensity dependence of refractive indices has
been investigated by many authors. "In a nonabsorbing
medium, it is due to optical Kerr effect, electrostriction,
and nonlinear electronic polarizability. ' For ordinary
Q-switched laser intensity, the steady-state refractive
index can be written in the form

where E is the laser 6eld strength, and the coe%cients
e2, ~„and e2, are associated with Kerr effect, electro-
striction, and nonlinear electronic polarizability, respec-
tively. For most liquids which have been subject to
investigation, e2 ranges from 10 ' to 10 " esu, while

m2, is of the order of 10 "esu. In the normal dispersion
region, n2, is about 10 "or 10—'4 esu as estimated from
the nonlinear polarizability for third-harmonic genera-
tion,"and should be negligible compared with ~ and
n2~. It is, however, believed that the Kerr effect gives
the dominant contribution to the intensity-dependent
part of the refractive index in liquids. The reason is
simple. The Kerr effect, arising from molecular re-
orientation" and molecular redistribution, " responds
almost instantaneously to the Q-switched pulse, but
the electrostrictive effect, which involves mass transfer
to a region of high beam intensity, cannot follow the
rapid intensity variation of the pulse. One can actually
show that for a 10 '-sec pulse, the electrostrictive
contribution to the refractive index would be negligible
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TAsx.K I. The relative self-focusing strengths in different liquids measured in terms of the cell length of the liquid which reduces
the Raman threshold of 15-cm toluene by S%%uz when inserted in front of the toluene cell. For nonpolar liquids, n2 are obtained from
the dc Kerr constants in Ref. 30. For polar liquids, a& are either obtained from the experimental values of M. Paillette LCom t. Rend.
262, 264 (1966)g or from the calculated values of Y. R. Shen (Phys. Letters 20, 378 (1966)g. ga is calculated from Eq. 10) with
k„=2/d and d=0.1 cm for a 100-MW/cm ruby-laser beam. gs is calculated from Eq. (16) with k„=2/d, d=0.1 cm, Aa&=I', and
8=2X10 s sec for a 100-MW/cm' ruby-laser beam.
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easily determine the relative self-focusing strength of
different liquids using this method. With the laser peak
intensity at about 100 MW/cm', we measured the cell
lengths of liquids required to reduce the Raman thresh-
old of toluene in the second cell by 5%. The results,
together with n2 are given in Table I. Note that the
self-focusing strengths of various liquids, except perhaps
acetone and hexane, follow the same order as their
optical Kerr constants.

The temperature dependence of self-focusing was
investigated by varying the temperature of the first
cell (15 cm in length). The second cell was filled with
nitrobenzene in this case. The results for a few liquids
are shown in Fig. 2. It is seen that the self-focusing
action in toluene decreases with increase of tempera-
ture. This holds for all liquids with large Kerr constants.
The temperature variation is similar to that of Raman
and Brillouin threshold of liquid in a single cell.' This
supports the idea that stimulated Raman and Brillouin
scattering in these liquids are initiated by strong self-
focusing of the beam into hot filaments. However, in
acetone, hexane, and carbon tetrachloride, self-focusing
gets stronger with increasing temperature, suggesting
that besides the Kerr effect, some other mechanism
now comes into play. As we shall show in the next
section, the contribution of forward stimulated Brillouin
scattering to self-focusing is indeed non-negligible in
these liquids. The question also arises on whether self-
focusing in the first cell would eliminate the tempera-
ture dependence of Raman threshold in the second cell.
This was tested by using a 15-cm toluene cell with
variable temperature proceded by a nitrobenzene
focusing cell. As shown in Fig. 3, the temperature
variation of Raman threshold in toluene changes only
slightly with the focusing cell. The reason is that a
major part of self-focusing of the beam actually happens
not in the first cell but in the second ceU. The filaments
have not yet been formed in the erst cell. The tempera-
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FIG. 4. Variation of the square root of Raman threshold power as a
function of inverse of the cell length in CS2 and nitrobenzene.

ture variation in toluene did nearly vanish when the
nitrobenzene cell was above its own threshold, but the
results become less meaningful because of the possi-
bility of depletion of laser power by stimulated Raman
and backward Brillouin scattering in the nitrobenzene
cell.

Wang" has shown that for a single cell, the inverse
Raman threshold length varies linearly with the square
root of the laser power. ' We found the same result in
CS2 and nitrobenzene at relatively low power level,
as shown in Fig. 4. As the laser power increases, the
curves start to deviate from the straight line. This
suggests that another mechanism for self-focusing may
have set in at higher laser intensity.

We are also interested in the generation of stimulated
Raman and backward Brillouin scattering in liquid with
strong self-focusing properties. A toluene cell was used
in the measurements. One of the interesting anomalies
resulting from self-focusing and self-trapping is the
forward-backward asymmetry in stimulated Raman
process. Figure 5 shows the variation of the first-order
Stokes power as a function of the cell length at three
different laser powers. Note that the forward-backward
asymmetry varies with the cell length, although the
backward Stokes power is always higher just above
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threshold. The forward Stokes becomes more intense at
long cell lengths. Care was taken to insure that the
asymmetry was not induced by reflection from windows.
In Fig. 6, the variarion of Stokes power, generated from
a 20-cm toluene cell, as a function of laser power is
given. The set of curves on the left corresponds to the
case where a 2.5-cm nitrobenzene cell was inserted in
front of the toluene cell. As expected, the curves look
similar to those of Fig. 5. The variation of backward
Brillouin power with laser power is also incorporated
ln Fig. 6.

Laser power (MW)

FIG. 7, Variation of Stokes and Brillouin power with laser power
in 15-cm toluene at two different temperatures.

Figures 7 and 8 give the variation ot Stokes and
backward Brillouin power with the laser power in
toluene and hexane, respectively, at two diferent
temperatures. It is seen that at the higher temperature,
the Raman and Brillouin threshold for toluene is
higher, but as the laser power increases, the Brillouin
radiation finally becomes more intense than the one at
the lower temperature. In hexane, the Brillouin radia-
tion has lower threshold and higher power at the higher
temperature. Xo stimulated Raman radiation from
hexane was observed.
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The above measurements of intensities were made by
using silicon photodiodes and a Tektronix 555 oscillo-
scope. The intensity values correspond to the peak
values of the integrated pulses. The temporal structure
of the generated Stokes and backward Srillouin radia-
tion was investigated by using an FW-114 photodiode
and a Tektronix 519 oscilloscope. Both the forward and
the backward Stokes radiation from toluene were com-
posed of short pulses of about 10 ' sec long, in. partial
agreement with observations of other workers. ' '
The Srillouin radiation also contained short pulses,
somewhat similar to what was observed by Maier et al. ,"
but they are not as sharp as the pulses in the Stokes
radiation. Near threshold, both Stokes and Brillouin
radiation consists of a single short pulse. Because of the
short cells we used in our experiments, the depletion of
total laser power in the Raman and Brillouin generation
was not nearly as much as in the case of Maier et al."

III. t"ALCULATION AND DISCUSSION

Generally speaking, self-focusing arises as a result of
interaction of the light beam with the density variation
and molecular reorientation and redistribution in the
medium. The propagation of the light beam in liquid is
described by the wave equation

( ~ 8'') 4x 8'
~

—V'+ ——
~
E(r, t) = ———P" (r, t). (1)c'Bt2j ' c' R'

In this case, the polarization of the medium can be
written as

where terms with m&1 arise because of correlation
between molecules. " The nonlinear polarization I'
appears as a result of change in p and 0. induced by the
light 6elds.

P (r, t) =L(8x/Bp) Ap(r, t'j

+ g (Bx/Box )Aa (r, t)gE(r, t). (3)

The density variation hp obeys the acoustic wave
equation

2l'8 l
I Ap(r, E) =— V'

I E I2(r, ~)v' @j ' gvv'

Here, v=(1/pP)'I' is the acoustic velocity, P is the
isothermal compressibility, F is the acoustic damping,
p is defined as 7=p(8e/Bp), and I E I'(r, t) is the slowly

'4M. Maier, W. Kaiser, and J. A. Giordmaine, Phys. Rev.
Letters 17, 1275 (1966)."M. Maier, W. Rother, and W. Kaiser, Appl. Phys. Letters 10,
80 (1967).

varying part of E'(r, t). The change Aai, reflecting
variation in the orientational distribution, is governed
by the equation"

(8/@+1/r) Ani(r, t) = (A/r) ~
E i'(r, t), (5)

where A is a constant inversely proportional to tem-
perature, and v is the orientational relaxation time.
Similar equations probably govern Do which are
changes induced by molecular redistribution. The
relaxation time for molecular reorientation and redis-
tribution is usually rather short (~5X10 " sec).'6 If
we limit ourselves to the low-frequency variation of
E'( r, t) 2' then An ( r, t) would respond almost instan-
taneously to

~
E ~'(r, t). To the first order, we can write

Q (8x/Bu )Ao = (e/2v. )e2 -',
) E I'(r, t) . (6)

Self-focusing should therefore be described by the
solution of Eqs. (1), (3), (4), and (6) . If both Ap and

~
E ~' are Fourier-analyzed, then each Fourier com-

ponent of hp consists of two parts. The part in phase
with the driving component leads to change in the
(real) refractive index: This is known as electrostriction.
The part 90' out of phase with the driving component
leads to stimulated Brillouin scattering. From Eq. (4),
we Gnd that the electrostrictive part is given approxi-
mately by

(7)

It can easily be shown that for a Gaussian beam of
radius ro and pulse duration 8, the erst-order solution
of Fq. (7) with vB((ro yields at the peak of the laser
pulse,

(ax/ap) Ap- (Nv'b'/pro') 02, i
E i', .

where

~p
——y'p/Sv. e.

This is because the spatial density variation cannot
follow the rapid change in the laser intensity, so that
the —V term is small compared with the 8'/Bt' term in
Kq. (4). For liquids under investigation, ~, is about
1 to 10 times ~ . With v 10~ cm/sec, 8 10 s sec, and
ro 0.1 cm, one sees immediately from Eqs. (6) and

(8) that the electrostrictive effect is negligible com-
pared with the Kerr effect, and hence is not responsible
for the temperature variation of self-focusing in
liquids.

Even if the electrostrictive effect is neglected, it is
still diQicult to And an analytical solution from the

~6 C. W. Cho, N. D. Foltz, D. H. Rank, and T. A. Wiggins,
Phys. Rev. Letters 18, 107 (1967).

"Stimulated, Rayleigh scattering with a large frequency shift
may be less important for self-focusing, since it is essentially
initiated at the noise level.
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above equations to describe self-focusing. However, as
we mentioned earlier, self-focusing can be described by
the ampliGcation of Fourier components propagating
in the off-axis direction.

Let us assume a plane wave

Ep ———', ap exp[zkp. r—in pig (9)

as the pump Geld propagating in the medium along the
z direction. %e are interested in the ampliGcation of a
weak wave E, with wave vector k, and frequency ~,.
Sespalov and Talanov and Chiao et al.'8 show that the
change of refractive index (essentially due to Kerr
effect) actually induces an exponential gain for the
ampliGcation of E,.

giz =k.,[ (k„—/kp) '+2 (ns/np) Sp'g'", (10)

assuming (cop —co,)(&1/r. It turns out that the e-folding
length for the growth of E, with k„=2/d is just the
self-focusing distance zg„of a beam with a diameter
d, if (k„/kp) '(&2 (ns/np) 8ps. "

direction, k,+k„=kp, the Brillouin power gain is"

g& = (k, I'/vk«) +[(k,l'/vk„) '+ (cog''P8 p'/32zrcs) jil'.
(14}

Ordinary liquids have y~i and P 10 'P. Therefore, at
the same laser intensity, g~ would be much greater
than gg, if the laser beam were continuous.

In practice, however, the Q-switched laser generates
a short pulse of pulse width b. The ampliGcation of E,
due to Kerr effect is still given by Eq. (10) with 8p'

replaced by 8ps(1), since the response of Kerr effect to
Sp (t) is almost instantaneous. The Brillouin gain, on
the other hand, is greatly reduced. To estimate the
reduction, let us assume that Ep and E, are inhnite
plane waves which can be represented by

N/2

Ep=Apkco g exp[i(cop+nzAco) (npkp'r/c 1) $ (15)
m N/2

N/2

E,= g A„(s)dco exp[i(co,+nzdco) (n,k, r/c —1)],
s&.,=d/2[2(ns/np) 8p'] "'

The optimum gain is

( gi)c. ,pkp(np——/np)8ps (12)

os +/2

where Ãd, co=i/b and Aphco=(8p) /X. Then, the
driving term for Ap in Kq. (13) with wave vector

= (copnpkp co n,,k,) /c and frequency co„=cop—co, is

which occurs at (kgs)ovz=kp[(ns/np)8pspls. As 8p' in-
creases, (gs),vc would finally become much larger than
the gain at k„=2/d. Then, one may find. that in a
distance less than sc„, the wave E, with (k„),v„
becomes stronger than E, with k„=2/d, although
initially the former is much weaker than the latter.
The actual self-focusing distance would then become
smaller than sc„,4 and. would depend on Fp '" with
&(n(1. This is likely to happen in liquids with large
Kerr constants. As an example, we have ~=1.13X10 "
for CSs. For a 100-MW/crn' beam with d =0.1 cm, and
&p'=8X10' esu, we find (ger) Ovz=0. 92 and (gic) s,. s~o=
0.067. This probably explains why in Fig. 4 the inverse
of the self-focusing distance depends on the laser
intensity as E"~80'" with e&2 at high intensity. For
liquids with small Kerr constants, (gir),vc is not very
diferent from (gic)&,. s~@ even at an intensity of 100
MW/cm'.

The weak wave E, can also be amplified through
forward stimulated Brillouin scattering, governed by
the coupled equations

(—V' —coPe,/cs) E,= (4zrco, '/c') (p/4zrp) Ephp*,

( V' co '/v' —i—2co„I—'/z') hp* = —(y/8zr v') i7P (Ep*E,),
(13)

with co,+co„=cop. For scattering in the near-forward

28R. Y. Chiao, P. L. Kelley, and K. Garmire, Phys. Rev.
Letters 17, 1158 (1966).

N /2'

+ (y'/8zrvs) k„' Q ApA, „(aco)' exp[zk„r —zco„tj
m~N/2

for sufficiently large Ace. The coupling of hp with the
X frequency modes A,„of E, leads to (X+I) coupled
equations, whose solution is of the form

2, (s) = Q Ccexp(g, s&,

where g; are the eigenvalues. The maximum g; gives
the reduced Srillouin gain, which can be shown to be

gs =—(k.I'/vk. .) +[(k,I'/vk„) '

+ (co,sy'Pbhco/32zrcs) Sp 'j"' (16)
~(co,'y'Pvk„bhco/64n csk, l') 8p~~'

This gain would remain roughly unchanged for a beam
of finite cross-section (d))X). Obviously, for g& &I'/v,
we should take Aco I'. Then, with a 100-MW/cm' laser
beam of d=0.1 cm and 6=2X10 sec, the Brillouin
gain at k.,=2/d in CSs(y=2.2, P=0.92X10 ") is
g~~4.6X10 '. This gain is small compared with the
gain gg due to Kerr eGect in CS2, but in media with
small Kerr constants, it can be important. %e believe
that this forward-stimulated Srillouin scattering is
responsible for the temperature dependence of self-
focusing in chloroform, CC14, hexane, and acetone as
shown in Fig. 2.

'9 Y. R. Shen and ¹ Sloembergen, Phys. Rev. 13V, AQ8'l
(1965).Here, the solution is actually valid only for scattering at
a suilrciently large angle such that b /k, ))gs/b„.
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assuming that the temperature dependence of quanti-
ties other than res and P in g can be neglected. Figure 2
shows dg/d T=0 for chloroform at about 100 MW/cm'.
With go=1.57&&10 and dP/PdT=0. 01' for chloro-
form at T=300'K, we should have g~ ——2.62X10 '.
Equation (16) with y=1.27, and P=10 'P for chloro-
form gives g~=1.7)&10 '. In Table I, we calculated gg
and g& at k„=2/d for various liquids, using the experi-
mental g~ for chloroform as reference and assuming the
same dependence of gii on y, P and rs (Ref. 30) as in Eq.
(16). Then, with Eq. (17), one can easily show that
for CC14, hexane, and acetone, dg//dT) 0, and for other
liquids in the table besides chloroform, dg/dT(0 in
agreement with our observation.

Experiments on stimulated Raman scattering in
liquids show many anomalous effects, " such as the
anomalous gain, " spectral broadening, ' class-II anti-
Stokes radiation, " etc. Most of the anomalous effects
can now be explained by self-focusing and self-trapping.
Nevertheless, the anomalous forward-backward asym-
metry in the Stokes radiation has not yet received a
satisfactory explanation, although it is believed that
this must also be a consequence of self-focusing and
self-trapping.

In the self-trapped region essentially all the Stokes
radiation is generated in the self-trapped 6laments.
Assume that individual 6laments are isolated from the
surrounding, and the Stokes generation in each 6lament
can be described by the steady-state equations'4:

clN, p/cjz =o Ni(N, p+ 1),

KV,s/cjz =—oNi(N, ii+1),

aNi//as= ~(NtN. p+ÃiN. is), (18)

with N, s(0) =1V,is(L) =0, where Nt(z), N, r (z), and
N,s(z) are the average photon numbers per unit length
for laser, forward, and backward Stokes fields, respec-
tively, and 0- is the scattering coefficient. Then, the
solution of Eq. (18) is

N.p(L) =N,s(0)
I

=exp trNi(z) dz —1
0

(19)

'0 International Critical Tables, Eati onal Research Council,
(McGraw-Hill Book Co. , New York, 1930).Hosdboote of Chemss
try, edited by N. A. Lange (Handbook Publishers, Inc. , Sandusky,
Ohio, 1956)."See, for example, B.P. Stoichefl, Phys. Letters 7, 186 (1963).

» F. J. McClung, W. G. Wagner, and D. Weiner, Phys. Rev.
Letters 15, 96 (1965).

33 E. Garmire, Phys. Letters 1V, 251 (1965).
~ R. W. Hellwarth, Phys. Rev. 130, 1850 (1963).

Since the total gain for E, is g gs+gs, the tem-
perature dependence of g at k„=2/d is

dg/d T gs/—2 T+gsdP/Pd T,

which shows that the forward-backward symmetry in
the Stokes generation would persist.

The observed forward-backward asymmetry suggests
that the 61aments are not isolated. The Stokes radiation
generated elsewhere in the medium is expected to self-
focus together with the laser beam into the self-trapped
filaments. Generally, this would increase the rate of
forward Stokes generation in the filaments. In fact, the
Stokes generation in the filaments is perhaps a transient
rather than a steady-state phenomenon. As we men-
tioned earlier, the Stokes radiation appears as a series
of sharp pulses. It was suggested that each filament
lasts not much longer than 10 ' sec." The Stokes
generation in a 6lame~t is therefore described by

(c7/Bz+ n ii7/cBt) Ni = oN i (N—,p+ N,s),

(r7/i7z+st, it/c8t) N, s. oNi(N, —p—+1),

(8/Bz —rt,.B/citt) N,z =—oNi(N, s+1), (20)

neglecting other nonlinear processes in the 6lament.
The solution of Eq. (20) is difficult, but it can be shown
that when the laser peak power is highly depleted in
the Stokes generation, and N, .~(z=0) is not too much
larger than N,s(z=L), where L is the length of the
filament, the peak intensity of X,& can be many times
higher than that of E;,p.'4 This would then enhance the
backward Stokes radiation. Of course, the reverse will
be true if Ns (z=0) is sufliciently larger than Naz(s =L) .
Because of our lack of knowledge on how the self-
trapped filaments are formed, and because of other
nonlinear processes in the 6laments, it is quite im-
possible to describe the analytical details of stimulated
Raman scattering in liquids. However, on the basis of
what we have just discussed, we can explain qualita-
tively the observed forward-backward Stokes asym-
metry (Fig. 5). After the laser traverses a distance zr
(the self-focusing length) in the liquid, filaments start
to show up. The average number of filaments W(z)
increases with distance z rapidly, say

W(z) = expL f(z—zr) $

and the laser input into individual filaments is nearly
a constant depending only on the properties of the
liquid. Because of self-focusing of Stokes radiation, we
would expect that N,F(z=zp) &N e(z=zp+L) for a
filament initiated at zp, and that N.rs(z=zp) increases
with zo and the laser intensity in the nontrapped region.
Thus, when the cell length is increased above zy, both
forward and backward Stokes radiation begin to be
generated in the 6laments with extremely high gain
before saturation in the Stokes generation sets in. This
appears as a sharp threshoM for the stimulated scat-
tering. After saturation sets in, the backward Stokes
radiation would become more intense than the forward
as a result of transients, if N,s(z=zp) is not too much
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larger than X,ts(s=sp+I. ). As the cell length is in-
creased further, more filaments show up, and the in-
crease of X,»(s=sp) with sp enhances the forward
Stokes generation in these filaments. The Stokes
intensity in the forward direction now grows faster
than in the backward direction. Eventually, for a
sufliciently long cell, the forward Stokes radiation will
become more intense than the backward Stokes, al-
though the reverse is true near the threshold. This
explains the crossover of the forward and the backward
Stokes curves in Fig. 5."Since N, » (s= so) also increases
with the intensity of the laser beam, the crossover
would appear closer to the threshold length for higher
laser intensity as we have observed. A similar argument
explains the qualitative behavior of the Stokes curves
in Figs. 6 and 7, if we remember that the self-focusing
distance z~ in toluene is nearly proportiona~ to the
square root of laser intensity. ' In Fig. 6, the nitro-
benzene focusing cell helps the self-focusing action in
toluene, enhances slightly the forward Stokes intensity
with respect to the backward Stokes, and hence brings
the crossover point closer to threshold. Since most of
the Stokes amplification comes from the self-trapped
region, " the slight change in the threshold would not
affect greatly the Stokes generation above threshold.
The two sets of Stokes curves, with and without the
focusing cell, look very much alike except that one is
shifted from the other. The Stokes curves in Fig. 7,
however, seem to indicate the fact that the Stokes
amplification is greater at lower temperature because
of a smaller Raman linewidth.

The sharp rise of the Brillouin curves near Raman
threshold in Figs. 6 and 7 show that the stimulated
Brillouin scattering in toluene is also initiated by the
appearance of self-trapped filaments. Nevertheless,

"The qualitative features of Fig. 5 can be obtained if we assume
that the Stokes radiation generated in each filament is approxi-
mated by

N r (zp+ L) =N F (zo) exp (gL)
0& L,&L,~

N n (zp) N o (zo+L) exp (g'L)

N.»(zo+L) N.»(zo)X=o/[Np»(zo)+fNZ(zo+L)],

N, o(zp) = C,

L„p= (l/g) lnINto/(N. »(zo)+fN. Z(-'o+L)3I,

g'= (&/L«4)»[C/N. B(zo+L)],

and N( p»), zNao(zp+L), g, f, and C are numerical constants
properly chosen.

~The Stokes gain in the nontrapped region is only about
0.25 cm ' even for a 100 MW/cm' laser beam. See Ref. 29.

since the lifetime of the filaments is short, the Brillouin
generation in these filaments is greatly reduced. Thus,
relatively, the Brillouin amplification in the nontrapped
iegion is much niore important than in the Stokes case.
It has a steady-state gain of 0./ cm ' for a 100 MW/cms
laser beam. "This large gain is presumably responsible
for the higher Brillouin intensity than the Stokes. The
Brillouin amplification in the nontrapped region could
explain the cross over of the two Brillouin curves in
Fig. 6 with and without a focusing ceL. At suf6ciently
high laser intensity, the Brillouin amplification in the
nontrapped region would dominate over the Brillouin
generation in the filaments. Since the Brillouin arnpli-
fication depends positively on the isothermal com-
pressibility P, which increases sharply with tempera-
ture, the Brillouin intensity is expected to be higher
at higher temperature, just as shown in Fig. /, although
the threshold in toluene at higher temperature is higher.
In hexane, there is no evidence of the presence of
filaments. The Brillouin curves in Fig. 8 also give no
indication of sharp threshold. It is believed that in
hexane the effect of self-focusing and self-trapping on
stimulated Brillouin scattering shouM be negligible.
Then, since the Brillouin amplification increases with
temperature, the Brillouin radiation should have higher
intensity and hence a lower apparent threshold at
higher temperature, as shown in Fig. 8.

IV. CONCLUSION

In most organic liquids, the optical Kerr eGect is the
dominant mechanism for self-focusing. However, the
Kerr effect fails to explain. the fact that the self-focusing
strength increases with temperature in liquids such as
CC14, hexane and acetone. For a Q-switched laser pulse,
the electrostrictive contribution to self-focusing is often
negligible. It is concluded that forward stimulated
Brillouin scattering should be responsible for the tem-
perature eGect in these liquids. Self-focusing and self-
trapping affect drastically the stimulated Raman and
Brillouin scattering in liquids. The increase of number
of self-trapped filaments with cell length and laser
intensity, together with self-focusing and transient
eBects, explains qualitatively the observed forward-
backward asymmetry in the Stokes generation. Other
qualitative features in the stimulated Raman and
Brillouin scattering can also be explained.

' See Ref. 29. The acoustic damping used to calculate the gain
is taken from R. Y. Chiao and P. A. Finery, in Proceedings of Con
ference on Physics of Qppontpprn Electronics, P44erto Rico, 1965,
edited by P. L. Kelley, et ul. (McGraw-Hill Book Co., New York,
j966), p. 24i.


