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Self-focusing of the second harmonic radiation (A = 530 nm) of a single-mode neodymium laser result-
ing in the formation of filamentary fractures in glasses, sapphire, and ruby is investigated. Compres-
sion of the laser beam prior to filamentary fraction was observed. The threshold radiation powers
leading to formation of filamentary defects in materials with different absorption are measured as
functions of the conditions of laser—radiation focusing on the samples. The rate of ‘‘growth’’ of the
filamentary fractures towards the laser beam (~10° cm/sec) is determined. The dependence of the
filament lengths on the incident power is investigated. The magnitude of nonlinear changes in the
refraction index n, is estimated on the basis of the experimental results, and possible self-focusing

mechanisms in solid dielectrics are discussed.
INTRODUCTION

F OR many years, the phenomenon of self-focusing of
laser radiation'*®’ has been attracting the attention of
many investigators. In most experiments, this phenom-
enon was investigated in liquids (see, for example,m ).
At the same time, self-focusing of laser radiation takes
place also in many solid dielectrics. In such materials
as glassm , quartz, ruby, leucosapphire, or nonlinear
crystals'®*™ | the passage of a laser beam gives rise to
characteristic filamentary damage, which can be ex-
plained only as a result of self-focusing. Similar dam-
age can be observed directly in the active elements of

Q-switched lasers, namely ruby and neodymium glassm .

Self-focusing in laser materials can influence also the
formation of the laser radiation field, and determine the
limiting endurance of these materials under the action
of powerful optical radiation.

It was shown in'®’ that the filamentary damage ob-
served in solid dielectrics is not connected with the
waveguide propagation of light in the medium. This
damage occurs when the region in which the light beam
collapses as a result of the increase of the refractive
index of the medium propagates in the medium during
the time of the laser pulse in a direction opposite to the
incident radiation.

We report here further investigations of the self-
focusing of laser radiation in solid dielectrics, namely
transparent and colored glasses, leucosapphire, and
ruby. We show that the appearance of filamentary dam-
age is preceded by light-beam contraction caused by the
self-focusing. We measure the threshold laser radiation
power, at which filamentary damage occurs in materials
with different absorption, as a function of the conditions
for the focusing of the laser radiation in the samples.
We studied the dynamics of development of the filamen-
tary damage, determine the rate of ‘‘growth’’ of the
filament-like damage in a direction opposite to the inci-
dent beam. We investigate the dependence of the length
of the filaments on the incident power.

On the basis of the experimental results, we estimate
the values of the nonlinear additions to the refractive
index of the medium in the field of the light wave, and
consider possible mechanisms of self-focusing in the
investigated materials.
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EXPERIMENTAL PROCEDURE

The self-focusing investigations were carried out in
transparent dielectrics—optical glass K-8 and leuco-
sapphire. We also investigated colored materials—glass
ZhS-11, sapphire crystals with small additions of
chromium, and ruby crystals. In the experiments we
used second-harmonic radiation of a Q-switched neo-
dymium laser operating with one transverse mode. The
second-harmonic radiation (A = 0.53 u) led to the
formation of longer filamentary flaws with smaller
threshold than the radiation from a neodymium laser
(A =1.06 u). In this case the filaments were not accom-
panied by strong cracking of the material. The single-
mode laser operation made it possible to obtain one
filamentary flaw per flash with good reproducibility of
the results.

The laser consisted of a generator and one amplifier
with active elements of LGS-5 glass, measuring 10 mm
in diameter and 130 mm in length. The concentric
resonator of the generator was made up of a spherical
dielectric mirror and a flat glass substrate. The
Q switch was a phototropic liquid. To obtain stable
generation on one transverse mode, a diaphragm of
2.0 mm diameter was placed in the resonator.

The experimental setup is shown in Fig. 1. The
radiation from the master generator 1 was amplified
in amplifier 2 and directed to KDP crystal 3 to obtain
the second harmonic. The SZS-21 filter 4 absorbed the
radiation of the fundamental frequency of the neodymium
laser, while the neutral filters 5 made it possible to
vary the energy of the harmonic. The radiation passed
by the filters was focused by a lens 6 into the interior
of the investigated polished samples 7. Part of the

FIG. 1. Diagram of experimental setup. 1 — Neodymium-glass laser
(A =1.06 p), 2 — amplifier, 3 — KDP crystal, 4 — SZS-21 filter, 5, 15 —
neutral filters, 6 — focusing lens, 7 — investigated sample, 8 — glass
plates, 9 — calorimeter, 10, 11 — FEK-09 photodiodes, 12 — S1-11
oscilloscope, 13 — photographic objective, 14 — microscope with
camera.
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radiation was diverted by glass plates 8 to a calorime-
ter 9 in order to measure the energy and to a photo-
diode 10 in order to trigger the sweep of the S1-11 os-
cilloscope 12. A high-speed FEK-09 photodiode 11 was
used to register the scattered laser radiation on the de-
veloping filamentary flaw. The field distribution of the
laser radiation was investigated with the aid of photo-
graphic lens 13 and a microscope with photographic
camera 14, placed behind the output surface of the sam-
ple. The neutral filters 15 made it possible to obtain
photographic images of normal density.

The energy of the neodymium-laser harmonic
reached 0.02 J at a pulse duration of approximately
10 nsec. The beam diameter in the plane of the lens
was 1.5 mm. The length of the filamentary flaw follow-
ing application of the total radiation power and using a
focusing lens with f = 110 cm fluctuated for different
samples from 15 to 30 mm. The longest filaments in the
colored glass ZhS-11 greatly exceeded the focal length

FIG. 2. Filamentary flaw: a — in glass, b — in sapphire. The arrow
shows the direction of propagation of the laser beam. Magnification
50X.

a b]

FIG. 3. Field distribution at the focus of the lens: a — P = 0.5P¢py,
b — P = 0.9Pthr. Magnification 65X.

of the lens. The diameter of the filament at the region
of the focus of the lens was approximately 5 u, increas-
ing to 10—12 p towards the end the diameter increased,
and the filament usually terminated in a crack measur-
ing 0.1—0.5 mm. As a rule, practically continuous fila-
mentary flaws were observed (Fig. 2a).

However, in many cases intermittent filaments with
a clearly pronounced periodic structure were observed.
The most distinct periodicity (with a distance of ap-
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proximately 20 u between the flaws) was observed in
leucosapphire crystals (Fig. 2b). This character of the
damage may be connected with the high-frequency
modulation of the laser pulse, with approximate fre-
quency 5 X 10'° Hz, due to beats of the neighboring axial
modes.

Filamentary flaws induced by the fundamental fre-
quency of the neodymium laser reached up to 20 p in
diameter and was accompanied by appreciable cracking
of the material.

2. CHANGE OF TRANSVERSE LASER BEAM STRUC-
TURE PRECEDING THE FILAMENTARY DAMAGE

The 0.53-p radiation was focused with a lens of
f = 40 cm into a sample of ZhS-11 glass. Over the
length of the sample (! = 60 mm), the cross section of
the laser beam remained practically constant (at low
intensities) at about 107 cm. The ZhS-11 glass has the
lowest threshold of filamentary damage among all the
investigated materials, making it possible to use long-
focus lenses. Under such conditions, it is possible to
observe most clearly the contraction of the light beam.

Figure 3 shows photographs of the transverse cross
section of the laser beam passing through the sample
at powerlevels close to the threshold of the filamentary
damage Ptphp. At a power P = 0.5Pthy, the radiation
field has a Gaussian character (Fig. 3a). Raising the
power to 0.9P;p, leads to the appearance of a bright
central region in the beam, with diameter 30—50 . At
a power corresponding to the threshold of the filamen-
tary damage, the diameter of the bright region is close
to the diameter of the filament (approximately 10 u).

These results show that filamentary damage in solid
dielectrics is directly connected with the phenomenon
of self-focusing of the laser radiation. We note that the
action of a single-mode laser leads to the appearance of
one central spot in the distribution of the radiation field,
and consequently, to one damage filament. At the same
time, in the case of a multimode regime, a number of
filaments per flash is producedls"’] : the most intense
regions of the laser beam are focused separately into
filaments.

3. THRESHOLDS OF FILAMENTARY DAMAGE. DE-
PENDENCE OF THE FILAMENT LENGTH ON THE
RADIATION POWER

We measured the threshold of filament-like damage
with a lens (f = 10 cm) at a radiation wavelength 0.53
in the K-8 and ZhS-11 glass, in sapphire with varying
absorption, and in ruby. The table lists the thresholds
for the investigated materials, and also the values of the
absorption coefficient ¥ at the generation wavelength.

The lowest threshold was observed in colored glass

n, from nz from
2
Material x, em™ | Pthro | Pore threshold meas) of :‘:ll;m::ts ns, theory [ ]
MW MW urements
lengths
1.5-10714
K-8 glass —: 210~ - (striction)
gl ~1073 0.3 |0.7 3.107 1 1.6-10714 { striction)
X (thermal)
Leucosapphire 1.1072 0.5 0.6.10718 1.0.1078
Sapphire 2.3-1072 0.25 | 0.5 0.6.10718 1.2-10718 2.1078
Ruby 1,5 0.14
Zhs-11 glass 4.2.1072 0,4 [0.15| 1,7-1078 4.10718 4.10712
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ZhS-11. In sapphire, the threshold dropped with in-
creasing absorption coefficient. In a ruby crystal with
absorption coefficient ¥ = 1.5 cm™ at a wavelength

0.53 u, the threshold depended on the position of the
focal region in the sample. If the distance from the in-
put surface of the sample to the focus /; exceeds 1/k,
then the threshold in ruby is higher than in sapphire,
owing to the strong absorption in the sample. In the
opposite case, when g < 1/k, the threshold in ruby is
lower than in leucosapphire. The table lists the value of
the threshold in ruby for Iy = 0.5 cm. At the same time,
the thresholds in materials with small absorption

(lt < 1/K) remain practically unchanged when l¢ varies
in a wide range.
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FIG. 4. Dependence of threshold power of formation of filamentary
damage, Pthr, on the square of the diameter of the focal spot, d3. O—
ZhS-11 glass, X — sapphire, ® — K-8 glass.

FIG. 5. Dependence of filament length L on the radiation power.
O — ZhS-11 glass, A — leucosapphire, X — sapphire (k = 2.3 X 10%cm™),
® — K-8 glass.

b

FIG. 6. Oscillograms of laser pulse passing through a sample at a
power below threshold (a) and a power corresponding to the threshold
(b). Sweep rate 20 nsec per division.

It follows from the table that in both glass and sap-
phire the thresholds of the filamentary damage decrease
with increasing absorption coefficient.

We measured the dependence of the thresholds of
filamentary damage in the glasses K-8 and ZhS-11 and
in sapphire with absorption coefficient 2 x 102 cm™ on
the diameter do of the focal spot. do ranged from
2 x 107 to 8 X 10 cm, when lenses with focal lengths
from 4.8 to 19 cm were used. As seen from Fig. 4, for
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the glass K-8 the threshold power Py, ~ dj, whereas
for ZhS-11 and sapphire the dependence of Py ;. on do is
closer to linear.

We investigated also the dependence of the length of
the filamentary flaws in K-8 and ZhS-11 glasses and in
sapphire crystals with different absorption on the laser
radiation power. The lengths of the filaments, using a
focusing lens with f = 10 cm, ranged from 0.5 mm at the
threshold to 10—20 mm in sapphire and K-8 glass, and
up to 30 mm in ZhS-11 glass at the total radiation power
(2 MW).

Figure 5 shows the dependence of the lengths of the
filaments on the quantity (P — Py,y)"%, where P is the
radiation power. This dependence is extrapolated by
straight lines. The largest slope is observed for the
glass ZhS-11.

4. DISTORTION OF LASER-PULSE WAVEFORM
FOLLOWING OCCURRENCE OF FILAMENTARY
DAMAGE

To determine the inertia of the development of self-
focusing in solid dielectrics, we investigated the wave-
form of a laser pulse passing through the ZhS-11 glass
and sapphire samples at a power close to the threshold
of the filamentary damage. The radiation passing
through the sample was directed to an FEK-09 photo-
diode and registered with an S1-11 oscilloscope with
2 nsec time resolution.

Figure 6 shows oscillograms of laser pulses at a
power 10—20% below the damage threshold (Fig. 6a)
and at a power slightly exceeding the threshold (Fig. 6b).
The distortion of the pulse, observed in Fig. 6b, is due
to absorption and scattering of the beam, which has been
compressed by self-focusing, by the produced filamen-
tary flaw. If the radiation is attenuated by a neutral
filter in such a way that no self-focusing of the beam
occurs, and the beam is passed again through a region
of the sample where filamentary flaw is already pres-
ent, then no distortion of the laser waveform will be ob-
served. At low radiation intensity, a thin filamentary
flaw (5—10 u diameter) has little effect on the propaga-
tion of the light beam through a focal region of about
50 u diameter. The time during which the change in the
pulse waveform is observed corresponds to the time of
existence of the compressed state of the light beam,
when its diameter is close to the diameter of the fila-
mentary flaw.

As seen from the oscillogram on Fig. 6b, the distor-
tion appears after the maximum of the laser pulse
(2—3 nsec later) and is observed practically to its end.
From the considerable depth of the dip in the pulse it
follows that a large section of the beam cross section is
involved, carrying up to 70% of the power. The delay of
the dip relative to the maximum of the laser pulse offers
evidence that the mechanisms that lead to self-focusing
are subject to inertia.

5. DYNAMICS OF DEVELOPMENT OF FILAMENT-
LIKE DAMAGE

As shown in®’ , filamentary damage in solid dielec-
trics develops in a direction opposite to the incident
radiation as a result of motion, in this direction, of a
region of collapse of the light beam. This is due to the
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growth of the refractive index of the medium in the field
of the light wave during the laser pulse.

We have investigated the dynamics of the develop-
ment of filamentary damage and determined the rate of
motion of the filament in a direction opposite to the
laser beam. 0.53-p radiation at full power was focused
into a ZhS-11 glass sample, in which the filamentary
flaws are longest. An FEK-09 photodiode located near
the sample, perpendicular to the laser beam (Fig. 1),
registered the laser radiation scattered from the de-
veloping filamentary flaw. After each flash, the sample
was moved 1—2 mm in a direction perpendicular to the
light-beam axis. The signal from the photodiode was
fed to an S1-11 oscilloscope (the resolution of the os-
cilloscope with the amplifier was 4 nsec). Figure 7a
shows an oscillogram of the pulse scattered by the
filamentary flaw. The oscillogram of Fig. 7b shows the
laser pulse scattered only by the ends of the filament.
Its central part was covered with an opaque screen
15 mm wide, and the ends projected approximately
5 mm from each side of the screen. It is seen from this
oscillogram that the damage in the filament occurs dur-
ing the time of the laser pulse, and that the delay be-
tween the time of formation of the start and the end of
the filamentary flaw is 8—10 nsec, corresponding to a
filament ‘‘growth’’ rate (1.5—2) x 10% cm/sec. By mov-
ing the screen, it is easy to show that the filament is
generated in the focal region of the lens and develops in
a direction opposite to the laser beam.

6. DISCUSSION OF RESULTS

Let us examine the self-focusing of the powerful
laser beam in a medium near the focus of the lens.

In a low-intensity beam, the diameter of the focal
spot do is determined by the diffraction:

dy = 2)oR / niany,

where A, is the wavelength of the light in vacuum, R and
a are the radii of curvature and of the transverse cross
section of the beam at the entrance to the nonlinear
medium, and n, is the refractive index of the medium.
The focal diameter of the powerful laser beam will be
decreased by self-focusing.

The propagation of an intense beam in a medium with
an instantaneous nonlinearity response, whose refrac-
tive index n increases in the field of the light wave
(n = no + n, E?), was analyzed in'®*"! by solving the wave
equation in the quasioptical approximation. From this
solution we can obtain an equation for the dimension of

diameter 6 with allowance for diffraction'® :

ax 1 1

@ __ 1 (1)
where z is the coordinate along the beam axis, Ry

= (1/2)avny/n; E? and R4 = ka®/2 are the wave-front
curvature radii connected with the nonlinear refraction
and with the diffraction, respectively, and k is the wave
vector. At the entrance to the nonlinear medium we have
8(z) = 6(0) = 1. The integral in Eq. (1) is"’

dd\2 1 1 1

2V_ 2 —_— )

(2) ===+
c=t_ 1

@)
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Putting
1/Fd2—1/R,,,12=1/Rdn’-, (3)
we rewrite (2) in the form

do\2 1 1 1
(%) =g+ 7+ gy

“)

Unlike'®, where the case Rp; < Ry is considered
(the beam power is larger than critical), we consider
the behavior of the beam when Ry, ; > Ry, or when the
power of the beam P is lower than critical P.,. In this
case self-focusing leads to a decrease of the diameter
of the focal spot compared with the diffraction diameter
do. Let us find the minimal dimension of the beam d, by
equating the derivative dd/dz to zero:

2 2
FoH R S ®
The approximate equation (5) is valid for a medium with
low nonlinearity.
1t follows from (3) that

P, —s
Ro=Ru (1)

Poy = ho?c / 320na.

(6)
(7)

Substituting (6) and (7) in (5), we obtain the depen-
dence of the focal diameter d on the radiation power:

d=dy(1 —P[Pc)'h, (8)

With increasing radiation power, the diameter d de-
creases until the power density at the focus reaches the
threshold value Ity sufficient to damage the given ma-
terial’. Using (8), we find the dependence of the thres-
hold power Pip, on the focal diameter do:

P, — @l
thr 1+d021t.hr/Pcr,

©)

where Iihy = 4Pihr/7d>

If the term dgly),./P., in the denominator of (9) is
small compared with unity, the compression of the beam
at the focus as a result of the self-focusing is negligi-
ble, and self-focusing does not play an important role in
the damage of the material. This takes place when the
radiation is focused with a short-focus lens into a sam-
ple with a low damage threshold and with low nonlinear-
ity.

If ddly /Py > 1, then Py ~ Py, and d is much
smaller than do as a result of self-focusing.

Thus, in order to observe experimentally the strong
compression of the beam, it is necessary to choose a
lens with maximum possible focal distance (maximum
do) and a material with maximum nonlinearity (i.e., with
the smallest value of P.;). In our experiments the
maximum nonlinearity was possessed by ZhS-11 glass.
Using a lens with £ = 40 cm, we observed contraction of
the laser beam preceding the filamentary damage
(Fig. 3).

Let us employ the obtained expressions for the inter-
pretation of the experimental results. It should be borne

DSince we do not consider a concrete damage mechanism, we as-
sume that the damage threshold is determined by the power density (or
energy density) of the laser radiation.
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FIG. 7. Oscillograms of laser pulse scattered by a developing fila-
mentary like flaw: a — scattering by the entire filament, b — scattering
by the end of the filament.

in mind here that the theory does not take into account
the experimentally observed inertia of the nonlinearity.
Figure 4 shows the solid curves describing the de-
pendence of Pypp on d in accordance with expression
(9). The values of I, and P, are the parameters of
these curves. The curves were plotted for the following
values of Itpy and Pep: 1.3 X 10" W/cm? and 1.5 x 10° W
for ZhS-11 glass, 2.5 x 10'® W/cm? and 5 x 10° W for

sapphire, and 3 x 10° W/cm? and 7 x 10° W for K-8 glass.

The values of Iip, and Py can be determined by writing
(9) in the form

]:eas= It_hlr + AP (10)

(where Iyeqg = 4Pthy/7d?), and by plotting the experi-
mental curve of I;neas against d%. Then the intersection
of the experimental lines with the ordinate axis, as fol-
lows from (10), gives the value of L}, and the slope
relative to the abscissa axis gives P! . The values of
P, and the corresponding values of n, are listed in the
table.

It is seen from Fig. 4 that the experimental results
are well described by expression (9) for ZhS-11 glass
and sapphire. However, for K-8 glass at do > 5
X 107 cm, the experimental values of Py, increase
with dj more strongly than would follows from (9). This
discrepancy may be connected with the fact that P,
increases in this region like ~d2. The reason for the
dependence of Pyp,. on do will be considered below.

The most probable mechanisms of self-focusing in
solid dielectrics may be connected with thermal effects
and with electrostriction. According to Litvak‘?? | heat-
ing of a medium in the light channel can lead to self-
focusing, if the refractive index of the medium increases
with temperature (i.e., dn/dT > 0). Sapphire and glass
are substances of this kind. A characteristic feature of
thermal self-focusing is the dependence of n, on the time
t and on the absorption coefficient k. The experimen-
tally observed decrease of the threshold Py, for the
formation of self-focusing filaments with increasing ab-
sorption for sapphire and ZhS-11 glass shows that self-
focusing in these materials is determined by the
thermal mechanism.

The value of P, calculated in accordance with!®?! is
2.5 X 10° W for sapphire with ¥ = 2 x 102 ¢cm™ and
0.7 X 10° W for ZhS-11 glass. These values are approxi-
mately half the values of P, calculated from the ex-
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perimental data using expression (10). Taking into con-
sideration the approximate character of the stationary
theory, from which expression (10) is derived, we can
regard the agreement between the calculated and ex-
perimental values as satisfactory. The differences be-
tween the calculated values of P, and the experimental
ones may be connected also with the large relaxation
time of the excited states, compared with the duration of
the pulse, and with the saturation of the absorption. We
note that for thermal self-focusing the increment of the
refractive index increases with time and reaches a
maximum at the end of the pulse. The values of n, esti-
mated from experiment pertain to the second half of the
laser pulse, when the power density at the focus reaches
a maximum.

In K-8 glass, where the absorption coefficient is
small (¢ ~ 10 ¢cm™), an important role may be played,
besides the thermal mechanism, also by the mechanism
of electrostriction, which was considered in'®?, The
striction self-focusing can be regarded as a stationary
process, if a quasiequilibrium density of matter, corre-
sponding to the striction pressure produced in the light
field, is established in the light channel during the time
of the laser pulse. The nonlinear increment n, of the
refractive index, calculated in accordance with!#? s
amounts to 1.5 X 107** cgs esu, while the thermal effects
yield n, & 1.0 X 107* cgs esu. The critical power deter-
mined by the joint action of the striction and thermal
mechanisms amounts to 9 x 10° W, which is close to the
experimental 7 X 10° W. If the beam diameter at the
focus is do > 5 X 10 ¢m, then the density of the matter
in the channel does not reach the equilibrium value dur-
ing the pulse time 7,y ge; Since do > TpylseVac (Vac—

velocity of sound in the medium). In this case it is
necessary to take into account the nonstationary charac-
ter of the striction self-focusing, which leads to a de-
pendence of the critical power on the beam diameter.
According tol®! s Pop ™~ d3. This apparently explains the
deviation of the dependence for the K-8 glass in Fig. 4
from the calculated value at a diameter do > 5 X 10 cm,
starting with which P, increases approximately quad-
ratically with increasing d,.

The possible action of the striction mechanism of
self-focusing in K-8 glass is qualitatively confirmed
also by the appearance in this glass of stimulated
Mandel’shtam-Brillouin scattering at a power approxi-
mately half as large as the threshold of the filamentary
damage (for a focusing lens with f = 10 cm). This is
evidence of the appreciable value of the constant
(pd€/dp) for glass, which determines also the threshold
of the striction self-focusing'®*’. At the same time, we
were unable to observe stimulated scattering in sapphire
crystals, at a radiation power 4—5 times larger than
the threshold of filamentary damage.

Let us examine now the development of filamentary
damage during the time of the laser pulse at a radiation
power exceeding the threshold. At the first instant, the
collapse of the beam occurs in the focal region of the
lens, where the filamentary damage is initiated. The
subsequent increase of the radiation power leads to an
increase of the refractive index of the medium and to a
decrease of the self-focusing length. The region of col-
lapse moves in a direction opposite to the incident
beam. The position of the end of the filamentary flaw is
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determined by the maximum value of the increment An
of the refractive index of the medium. For inertialess
self-focusing, the maximum value of An is reached at
the maximum of the laser pulse. In the case of mechan-
isms with inertia, on the other hand, the maximum of
An can lag the pulse maximum.

The length of the filamentary flaw is determined thus
as the difference between the focal distance of the lens
in the sample z¢, where the filament-like damage begins,
and the minimum length of self-focusing zg¢ which de-
termines the position of the end of the filament.

In accordance with' we have

1/z4=1/Ry+1/|R|, (11)
where
Ry=Ry(1—Pg[P) z;=IR|.
Then the length of the filament is L = z¢ — 24
= R*/(IR| + Ryq). For the case Ryq > IRI, we get
—7 ny \'%/ R\ .
L=4‘VZ( c—n.,z'> (T) (P— Py )" (12)

The inequality R4y > [R| corresponds to small
changes of the focal distance of the lens due to the self-
focusing, compared with the focal distance itself.

We note that zgs determines the position of the col-
lapsed region, where the beam diameter d vanishes. At
the same time, from the preceding analysis it follows
that filamentary damage occurs when d > 0. We take
this circumstance into account by writing in place of
(12) an approximate equation, in which P, is replaced
by Pipy:

L~ 42| (i)'< R )Z(P—Pu“)'/'. (13)

cng? ra

The filament length L, as follows from experiment
(Fig. 5), depends linearly on (P — Py,)""” in accordance
with (13). From the slopes of the lines we determine
the values of n, for the investigated materials. These
values, which are listed in the table, are in satisfactory
agreement with the values of n, obtained from the thres-
hold experiments.

We note once more that the foregoing analysis, as
well as the analysis of the results of the threshold
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measurements, is based on a stationary self-focusing
theory, in which n; is a constant of the material and does
not depend on the spatial coordinates or on the time.
For real nonstationary processes, this analysis is ap-
proximate. At the same time, satisfactory agreement
between the foregoing analysis and the experimental re-
sults offers evidence that the inertia of the nonlinearity
does not change radically the course of the self-focusing
in solids

In conclusion, we are grateful to T. N. Mikhallova
for help with the work.
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