r practically independent of the ab-
L0 ' sorbing and reflecting properties of
- 2 the material. Thls allows us appar-
L ently to state that there is a deep
analogy between the transmission of
4 the structure in the UXR and the far
‘Ji infrared regions. It follows also
i..i'." that in the UXR region one can use
aEm also structures of type & to cut off
imam the long-wave background of the plas-~
ma. The procedure for prepdring such
structures is described in [5]. The
filters proposed by us for UXR are
essentially band filters. Both the
individual filters A gnd B and their
combinations can be useful in a num-
2, 1 Y] 77 ber of problems of spectral plasma-
’ discharge diagnostics.

T

2

Fig. 3. Geometry and transmission
curves of structures A and B (the
dark areas represent the conductor).
1) Type A, nickel, a/g = 0.3, g =

50 4, 2) Type B, aluminum, a/g =
0.3, g = 50 p, substrate - lavsan
polyester 5 u thick. 3) Type B,
aluminum, a/g = 0.5, g = 50 u,
substrate - lavsan 5 u thick. [1]
4y Type B, aquadag, a/g = 0.1,

g = 500 yu, substrate - paper 70 u
thick.
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By registering the second harmonic (SH) of 1light,
we measured in the interval 0.35 - 0.53 u the dis-
persion of the nonilnear susceptibility of TeO2, in
which SH generation is forbidden according to the
Kleinman relation.

Kleinman's relation results from an analysis of the symmetry properties of
the nonlinear-susceptibility tensor dijk’ which is responsible for second har-

monic (HS) generation in crystals. In the general case, without allowance for
the crystal symmetry, 4 is symmetrical with respect to permutation of only

i1jk
two indices: dijk = dikj' Kleinman has proposed that far from the crystal ab-

sorption bands, when the dispersion of the nonlinear susceptibility can be
neglected, dijk is symmetrical with respect to permutation of three indices:

dijk = dkih = dkji = .... This symmetry relation proposed by Kleinman
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decreases the number of independent elements dijk and causes some of its ele-

ments to vanish. Experiment has shown that Kleinman's symmetry relation is well
satisfied. Small deviations from this relation have recently been reported,
however, for lithium iodate [2, 3] and barium nitrite [3] crystals.

TeQ, erystals belong to the non-centrosymmetrical class b2 T47. According
to Kleinman's 1deas, SH generation in crystals of this class is forbidden. It
was recently discovered, however, that TeO: can double effectively the frequency
of optical radiation at a wavelength A = 1.064 u [5, 6]. Consequently, Klein-
man's relation does not hold for TeO,. We propose that this is due to the
strong frequency dispersion of the nonlinear susceptibllity of this crystal,
which cannot be neglected as is done in the derivation of the Kleinman rela-
tion.

To check on this hypothesis, we measured the dispersion of the only inde-
pendent element diz2s of the nonlinear-susceptibility tensor, which is respon-
sible for SH generation in crystals of class 422 (allowance for the Klelnman re-
lation yields diz3 = 0). The SH was exclted with ruby and neodymium lasers,
and also by the first and second Stokes components of SRS in liquid nitrogen.

The experimental setup l1s shown in Fig. 1. To increase the accuracy of the
relative measurements of the SH intensity we used a two-channel registration
system. In the main channel, the SH was excited in TeO2 or in quartz (the com-
parison crystal), was separated from the fundamental frequency with a filter
and monochromator, was reglstered with photomultiplier FEU-39, and was observed
on the pulsed oscilloscope OK-17M. In the reference channel, the harmonic was
exclted in quartz, registered with a photomultiplier, and fed to the second
channel of the oscilloscope.

The componant d;»3(Te0,) was measured relative to d;;:1{quartz) = 1.29 x
1072 cgs esu [7], which was assumed to be constant in the investigated fre-
quency range. The measurements were performed at room temperature, away from
the synchronism directions, on wedge-shaped Te0, samples, using the procedure

desceribed in [8]. The SH intensity registered by the photomultiplier is pro-
portional in this case to

df. 1, 2

20 &

(ng, + n2m2m+ 1) j

where Iw is the intensity of the exciting radiation, d is the component of the
nonlinear tensor, IC is the coherence length, and n, and Noy are the refractive

indices at the fundamental and SH frequencles, respectively.

[fas-3 A=oitu g, Tel
A=106 u -—~\ P o 3 Photomult .

Las-2l- o NP3

r, 9

’ L
on-11m

Ny = 1,026 1
L2 F,

Photomult.

Fig. 1. Experimental setup: Las-1, Las-2 - ruby
and neodymium lasers, respectively, N2 - Dewar
with liquid nitrogen, Li, Lz - lenses for SRS ex-~
citation, P - polarizer, A - analyzer, Fi - KS-19
filter, F2 - S-13 filter, F3, Fy - filters to
separate the SH, 3 - semitransparent mirror,
3MR-3 -~ quartz monochromator.
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Nonlinear optical properties of TeO,
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Fig. 2. Dependence of the
nonlinear susceptibility
of TeO, on the second-har-
monic wavelength.
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The TeO2 crystal was orlented with a type
URS-25 x-ray gonlometer relative to the crys-
tallographic axes x, ¥y, and z {(z is the optical
axis) with accuracy not worse than 0.5 deg and
was cut perpendicular to the [011] direction.
The fundamental radiation was normally incident
on the crystal surface. The electric-field
vector E made an angle of 45° to the axes y and
Z. The nonlinear polarization vector was par-
allel to the x axls and was equal to P =

2 nl
d123E .

The experimental results are listed in
the table. The coherence length 20 and the

Miller coefficlent 8,23 were calculated from
the data on the dispersion of the refractive
indices of TeO, [9].

The measured values of d;.3 are compared
in Fig. 2 with the theoretical curve calculated
in accoraance with formula diz23 = 6123(n§w - 1)

(n; - 1)/(47m)3, assuming 81,3 to be independent of the wavelength of the light.

The observed discrepancies between theory and experiment show that the coef-
ficient § of TeO, has frequency dispersion.

The results reveal a rather appreciable violation of the Kleinman rela-
tion in TeO:2, particularly in the short-wave region of the spectrum, where the
nonlinear coefficient of TeO2 is much larger than, say, in KDP. At the same
time, as shoWwn by our measurements, the presence of a strong frequency disper-
sion of the nonlinear susceptibility of TeO, casts doubts on the vallidity of
using the Kleinman relation for this crystal.
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