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use crystals such as calcite" as the nonlinear
medium in such measurements, where phase-
matched third-harmonic generation can be
achieved with two fundamental photons in the or-
dinary mode and one in the extraordinary mode.

In principle, second-harmonic generation can
also be phase matched in a cholesteric liquid
crystal. However, we have observed no phase-
matching peak of second-harmonic generation
at any predicted phase-matching temperature.
This is presumably because the overall molecu-
lar arrangement in planes perpendicular to the
helical axis has an inversion symmetry. Durand
and Lee' and Goldberg and Schnur" have also
found the absence of second-harmonic generation
in liquid crystals and have come to the same
conclusion.

We conclude that coherent optical umklapp pro-
cesses arise in cholesteric liquid crystals be-
cause their helical structure provides a period-
icity of the order of optical wavelengths. The
same processes would also occur in crystals
with periodic layers (one-dimensional superlat-
tice) of appropriate thickness. "
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We investigate the propagation of electrostatic ion waves above the ion cyclotron fre-
quency; we observe resonance effects and enormous wave damping at frequencies near
the ion cyclotron harmonics.

Since D'Angelo and Motley' reported their ex-
perimental results on electrostatic ion waves ex-
cited by a two-stream instability at the ion cyclo-
tron frequency, many investigators have made
dispersion measurements on externally excited
ion waves propagating across a magnetic field.
Hirose, Alexeff, and Jones observed Landau
damping and the cutoff effect near the ion cyclo-
tron frequency. ' Ohnuma et al. reported a dull-
ing effect in the cutoff region due to collisions.
The dispersive character of an ion wave propa-
gating almost parallel to the magnetic field near
the ion cyclotron frequency has been reported by

some authors, ' and theories of electrostatic ion
waves in a magnetic field have also been investi-
gated

In this Letter, we report the experimental re-
sults on a resonance effect and an enormous
damping near the harmonics of the ion cyclotron
frequency in perpendicular wave propagation.
Experiments were performed in a QP machine, "
on an argon plasma and a helium plasma pro-
duced by a P.I.G. plasma source. The plasma
column was about 7 cm in diameter and 10 m in
length, with a density of the order of 10' cm '
and an electron temperature of about 3 eV. The
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FIG. 1. Typical wave patterns detected by a lock-in
amplifier when the exciting frequency is changed above
and below the second harmonic of the ion cyclotron fre-
quency. The magnetic field of 810 6 is applied in a
helium plasma of density Np = 3.9 X10 cm" 3 and elec-
tron temperature T,= 3.2 eV.

FIG. 2. Normalized frequency u/m„. versus wave
number k~ perpendicular to the magnetic field. The
magnetic field is fixed at 1280 6 (f„-=49 kHz) and at
1840 G (/„.= 70 kHz). Parameters of the argon plasma
are N~ ——4.8x10 cm and T,=2.2 eV.

magnetic field was varied from 750 to 3000 G.
The wave was excited by a grid (2.5 cm in diame-
ter) aligned parallel to the magnetic field, and

was detected by another grid, movable across
the plasma column. The wave patterns of perpen-
dicularly propagating waves were displayed on
an X-Y vecorder, using an interferometer tech-
nique.

Figure 1 shows typical experimental wave pat-
terns in a helium plasma with the magnetic field
kept constant (810 G). The wave patterns show

that the wave damping near the second harmonic

(2f„) is stronger. Figure 2 shows the experi-
mentally obtained dispersion curves in an argon
plasma when the magnetic fields are 1280 and

1840 6, and when the wave frequency is changed
from 60 to 320 kHz. The dot-dashed line is the
dispersion relation of the electrostatic ion cyclo-
tron wave propagating across the magnetic field,
for highly nonisothermal plasma (T,» T;). The
dispersive character of the wave in the vicinity
of the ion cyclotron harmonics is evident from
the figure. In Fig. 3, the e-folding damping dis-
tances 5 are shown with the magnetic field strength
as parameter. The damping near the second har-

monic is shown to be large in comparison with
that in the adjacent region. Further, the damp-
ing at 2f„ increases with an increase of the mag-
netic field. Experimental results similar to
those of Figs. 2 and 3 are also detected in a heli-
um plasma in which an increased damping near
the third harmonic is detected in addition to that
near the second harmonic. The detection of the
wave pattern propagating parallel to the magnetic
field shows that the value of k ~/k ~~

is 1.4-1.7,
which means that the excited wave in this plasma
does not propagate in a direction purely perpen-
dicular to the magnetic field.

The strong damping in this experiment is
thought to be due partly to the plasma flow along
the magnetic field. Collisional effects on the
damping can be neglected under the experimental
conditions. A larger damping near the higher
harmonics of the ion cyclotron frequencies can
be explained by the effect of the finite k II. Al-
though the damping near the eyelotron harmonics
is treated in Ref. 6, the experimental results re-
ported are not in aeeord with the theoretical de-
ductions. The dependency of the damping at 2f„
on the magnetic field shown in Fig. 3 is opposite
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are known in the case of no magnetic field.
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FIG. 3. Variation of e-folding damping distance g
when the exciting frequency is changed, where the pa-
rameter is the ion cyclotron frequency (f;). The ex-
perimental data are obtained in an argon plasma with
the same parameters as those of Fig. 2.

to that of the ion cyclotron wave in that the damp-
ing of the latter decreases with an increase of
the magnetic field. " Detailed investigations will
be reported later. The experiments reported
above were performed with an exciting voltage
smaller than 10 V peak to peak, in the region
where the wave damping does not change with the
exciting voltage. At larger voltages the wave
pattern shows amplitude oscillations" such as
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Anomalously high values of the superconductive transition temperature T, are corre-
lated with anomalies in bond lengths in intermetallic compounds. The bond length anom-
alies arise from anharmonic stabilization of harmonic lattice instabilities, and confirm
this interpretation of recent neutron studies of short-wavelength vibrational anomalies.

Can chemical trends in structural properties
be correlated with the superconducting transition
temperature T, ~ The search for materials with
high values of T, has led Matthias and others to
suggest' correlations of various kinds, particu-

larly with the electron-atom ratio. 2' These sug-
gestions, however, have found scant favor with
most theorists. Qn thermodynamic grounds one
would not expect the small energy associated
with T, -10'K to represent a significant contribu-


