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FIG. 2. Experimental pholographs skawing spatial periodicity of focal spots: ind, b, and (ob show focal =pol patterns for F 2]y
progressively higher beam powers: ) is the 6840=3 diffraction pattern of the end of ihe ooll Tar F =4, while de) and [} are the
-'_'|:-|':|_-:-:r_|'|r_:||-;u {foeal apod patterns (19 [orced into aperiadicity by asymmatrle intensity distribotion?]: gl is the foal spat pattern
far a straight edge diffractlaon pattern

Appl, Phos, Ler, Vol 23, Mo, 11, 1 Decembaer 1973
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metrized by placing the aperture slightly off axis of the
Gaussian intensity distribution, one slde of the ring
pattern sell-focuses earlier than the other side. For
thig case the spot spacing becomes intenslty dependent,
as shown in Fig, 20f), with the foci becoming more
clogely spaced on the mots intense side. Each aell
again contains approximately four eritical powers Mg
powers much higher than threshold (= 30%), some of
the hol spots become out of focus at the end of the cell
{in fact, hot spots in one annular ring can be in focus,
while in another they can be out of focusl, and in Some
cases diffraction interference phenomena are observed
between light originating frem different [ocal spots.

In Fig. 2{g} the fecal spot pattern corresponding Lo
straight edye dilfraction ia shown. Again, the focal spots
appeat at about equal intervals, but along straight Llines
Bimilar patterns were observed for diffraction by a slat.

Our experimental results can be explained by an ex-
tension of an instability theory first sugpestad by Bes-
palov and Talanaov § This theory treats self-focusing as
an IIJ.‘LII:I.I:'IJli.L:,-' |:4'IE:II.:I:ILE'I'II'.II'I. wherein an initial IJIZ'Tr'"T.lI-I'
tion le.g., dust, refractive index inhemogeneities.
etc. ), no matier how small, grows to whal are wlblimate -
ly catastrophic proportions. So long as the perturbation
remiins small, it is accurately deacribed by the usual
linearized perturbation theory, whose solubion 1% ugual -
ly expressed as a complete get of normal modes, each
with its assoclated growth rate. Among these normal
modes, some E-l.l:l".[.'ll.E subset will have a maximum
growth rate, and henoe afler & ahort time, these will
dominate evervthing else, This subsel of normal modes
with maximuwm growth rate establishes a cell patbern

whic¢h then persiats, each cell ulttmately producing one
geli-focal epot, Om this basis, then, a certain regular-
ity of the focal spot pattern Ls not surprising

It has

820

been shown theoretically? that exactly one critical power
goes into each foeus, but addittonal bae |-':g rorunid powET

i required to focws in a finite distanee. Thus, each
cell contains a few eritical powers. This can be seen
maore quantitatively in a couple of axamples.

First let ugs consider the toial collapse of a beam of
initial Gauwsslan profile

Elr, 0) = Eyexpl—*/2a%). (1)

The phenomenon i5 governed by the well known guasi-
pptical equation®

elu BE

VIE 4y |EIRE, A
¢ bz

where we have wrltten ¥ in place of 3w/ 4c%, » repre
sents the phage velocity of light Lo the mediom, w is the
fregquency of the light, and €; 18 the nonlinear suacepti-
hility coefficient. Moment theory applied to Eq. (2}
Elwes the seli-forusing length ag’

£e=wit® .':.|'.|.I‘-.|ET.!."I_|.:."E 13
For the Gaussian, critical power is given by 3 Efef =4,
which i% abaut 75 larger than minimum critical
power. =" If we hold E, fixed and minimize 2, with re-
gpect to a”, we find a5, = 8/%ES that is to say £, is a
mimimum, wvnder eonditions of fixed €, when the beam
radius 15 adjusted to contain precisely twa critical
HOWETS .

As a second example, we consider a plane wave, Such
a wave hag been shown theoretically to be unstable under
periurbations of the l}'p-&"" B4 =Aglzly e, &b

—wlghdlr,), where A and & are the amplitude and
phase, E=Aexplid], A, is the [constant) amplitude of
the plane wave. and ¥, is any solulion to the éigenvalue
equation Tiy, = —k%,. Thus & denotes the wave number

1l [E} ifl
FIG, 2

progressively higher beam powers; ) is the

2, Exporimental photographs akowing spatial periodicity of facal spots: in), W, and ok show focal

L diffraction pattern of the end of the ¢all Tay F=-4, w

appl palterns for F =7 fop
iile fed and I} are the

corregpondine focal spol patterns (D) [orced inte aperisdicity by agymmatrie intensity distribotiond]: (g is the foeal spot pattecn

far a straight edge diffraction pottern

Appl, Plod, Ler, Vel 23, Mo, 11, 1 Decembar 1973




