8, namely |C2| = 1.9 x 10"38 gecmg/secz, Ko = 0.53 6V, A =0.29 eV, k = 16, m, = 0.037m
(51, 7, = 13.2y = 4.9 [4], and €
of the value of the coefficient of the two-photon absorption in germanium, namely B theor
= 0.1 cm/MH.

The discrepancy between the experimentally and theoretically obtained values of £ can

= 0.8 eV (at room temperature), we obtained an estimate

probably be attributed to two causes. First, in the experiment we were unable to determine
the distribution of the intensity of light over the cross section of the beam. The non-
equilibrium distribution of the light intensity over the cross section should lead only to an
overestimate of B. Second, one cannot exclude the possibility of an appreciable contribu-
tion to B from indirect two-photon transitions. Both these factors call for further study.

In conclusion, we are grateful to N. A. Penin and T. I. Galkina for a discussion of the
work and V. V. Kostin for help with the measurements.
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The question of effective frequency conversion with satisfaction of the so-called condi-
tion of vector synchronism was considered in many papers, for example, as applied to the study
of the generation of harmonics in focused beams [1-3] and to the generation of sum and differ-
ence frequencies [¥,5]. In these studies, sight was lost of the fact that it is possible to
satisfy the synchronisn; condition for several directions simultaneously. In the present paper
we demonstrate such a possibility, using the KDP crystal as an example.

When two plane monochromatic electromagnetic waves with frequency « and with wave
vectors il and ia making an angle A propagate in a nonlinear medium, a wave of quadratic
polarization is produced and breaks up into three plane polarization waves of frequency 2w
and wave vectors 2?{1, % +k , and 2k

1 2 2’
and in the direction of the bisector of the angle between their normals. For optically nega-

propagating in the directions of the initial waves

tive crystals such as KDP, the initial waves are ordinary waves and the moduli of the wave
vectors of the polarization waves are respectively

A A
2k =2(e /c)n], 2kcos -2— = 2w /c)ncos—, 2aw/c)n}.

Each of these polarization waves can effectively radiate an electromagnetic harmonic wave of
frequency 2w, with the same normal, only if its propagation velocity is equal to the wave

132



velocity of the extraordinary wave of the harmonic in the same direction. This leads to the
synchronism conditions:

A A
ncir =n};(6_?)' n‘;cos-z—-sn;(e), n‘; =n;(9 +.'§A—>, (l)

where 8 1is the angle between the bisector of the normals of the initial waves and the op-
tical axis of the crystal.

Simultaneous satisfaction of all three synchronism conditions is impossible. Usually
one of the conditions is satisfied. Either one of the waves proceeds in the synchronism di-
rection

A "
6 e 8, = arc sin 7,7\[(":2 - n2)(n2- n%?)

1

and the second wave does not take part in the generation of the harmonic, or, if convenient,
A = 0 and the waves coincide, or else the condition of the so-called vector synchronism is
satisfied and the harmonic is radiated in the bisector direction. However, it is possible
to satisfy simultaneously two conditions, besides the trivial case when each wave proceeds
in one of the two possible synchronism directions in the crystal and generates the harmonic
independently.

From the equation for the surface of the wave normals of the extraordinary wave of the
harmonic and from the synchronism condition (1) we have

[

A
— = arc cos —%{[n”"/n”) - Dsin?9 + 11 7%, (2)
2 ny 22

Plotting the angles o, =6 - A/2 and o, =6+ A/2 as functions of the angle 8 of
the direction of the harmonic radiation, we obtain a closed curve (cpl and 9, are regarded as
one dovble-valued function ¢(8)), part of which is shown in Fig. 1.

It is seen from the plot that the angle 9, = ¢] o’ which gives a ’;1,/0/ dee

_____ -5

harmonic in the synchronism direction, corresponds to ®, = 90 + Al,

which, together with Py gives also a harmonic in the direction

6, + Al/2. 4, can be obtained from (2) with & = 6, + Al/2. This

yields:

1

A, = 2arctg[(n? ~ n$?)sin26, /(n‘z’znezz)/n‘lz) ~ (n32- ) cos24, ],

The experiment was performed with a KDP crystal 4O mm long 56 i
in the light of an LG-75 He-Ne laser. After passing through a 50% g' TR ;/; ”
splitting mirror the light was directed to the crystal, which was 6 deg
installed in the synchronism direction. The second part of the 2
beam was directed by means of an auxiliary mirror to the same - Fig. 1
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erystal and the angle was chosen such as to pro-

duce a second-harmonic wave. The harmonic was
separated from the fundamental radiation by means
of filters and was photographed in the focal plane
of a quartz lens with f = 150 mm. Figure 2 shows
photographs of both harmonics and the traces of

the laser beams in the focal plane of the indi-
cated lens. For KDP, 90 = 57°8' and Al = 3°21'.
Figure 2 shows clearly the difference in the angular distributions of the harmonie in

Fig. 2

the direction of the synchronism and of the harmonic connected with the interaction of the
beams. This is due to the fact that a unique focusing of the harmonic is observed near the
synchronism direction. As seen from Fig. 1, the (cpl, q)2) curve has a vertical tangent at the
point 60. Therefore, at a finite aperture A9 of the laser beam, the angular dimensions of
the harmonic will be quantities of second order of smallness relative to Ap, and the radia-
tion of the second wave has angular dimensions of the order of Ap. For the same reason, the
lateral maxime connected with the finite length of the crystal are seen clearly only in the
synchronism direction.

Similar results were obtained with beams of two lasers, since the generation condition
does not require coherence of the beams.
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It was recently noted [1] that, unlike the observed effect in polar gases (the electric
Senftleben effect) [2,3], the relative change of the thermal conductivity coefficient (e
3CN (dipole moment d = 3.96 Debye) in an electric

field has a strongly pronounced nonmonotonic character (the anomalous electric Senftleben

= An/no) of the strongly polar gas CH

effect): the quantity e, which depends on the field E and on the pressure p via the
ratio E/p, has a maximum (e =5x 10 ) at E/p = 180 V/cm-mm Hg, and reverses sign

(e = 0) at E/p = 350 V/cm-mm Hg According to the theory presented in [4,5], the increase
of the thermal conductivity coefficient is directly connected with the presence in the gas of
collisions for which the detailed balancing principle is not satisfied, and therefore the

anomalous effect is of considerable interest for further research., The precession of the
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