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Since methods of excitation of ion acoustic
waves by an external source with a grid' or
a small coil were published, propagation and

damping of ion acoustic waves were studied
most conveniently by a number of authors
who reported collisional damping, '&' Landau

damping, viscous damping, ~ existence of geo-
metrical cut-off and no cut-off frequencies, '~'»"
effects of electron contribution at a place far
from an exciting region, ' determination of com-
pression coefficient of electron gas, '~ ' inter-
ference, ' behavior near ion plasma frequency, "
etc. This Letter reports experimental results
and qualitative discussions about anisotropic
propagation and damping of ion acoustic waves
due to an electric current in a hot-cathode mer-
cury discharge of several hundred milliamperes.

The experimental apparatus is shown in Fig. 1.
Wave excitation and detection are done by us-
ing two grids with their planes normal to an
electric current. One grid is used as an excit-
er, to which bursts of sinusoidal or continuous

70

~60

)- 50

o40

Phase i 02

Q

sinusoidal waves are applied, and the other
as a detector. The frequency of the sinusoidal
waves is in the range 10-80 kc/sec, well below
the ion plasma frequency (-1 Mc/sec). The
experiment is mainly made in the A-G, region,
because, in the K-G, region, the electron ther-
mal velocity is far from drifting-Maxwellian
distribution and includes a strong beam espe-
cially near the cathode.

A typical example of anisotropic propagation
and damping is shown in Fig. 2. The phase
velocity (vp) along the ion drift direction is
larger than that along electron drift (against
ion drift) direction and the damping along elec-
tron drift direction is smaller than that along
ion drift direction. The damping seems to fol-
low two slopes along the distance. The larger
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FIG. 1. Experimental apparatus for ion acoustic
waves propagating along electron drift. G2 is used as
an exciter and G& as detector. A, anode; K, cathode;
Gi and G2 (movable), grid (10 meshes/in. made of 0.5-
mm-diam stainless steel wire); P (movable), probe.
All dimensions are in millimeters.
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FIG. 2. Phase delay and relative amplitude along

electron and ion drifts as a function of the distance (d)
from the exciting grid for f=45.5 kc/sec and discharge
current = 500 mA. Dashed line (v~ = 7.34 x 104 cm/sec)
is obtained from vp= (xTs/mt)~~~ and Ts = 13000'K mea-
sured by the Langmuir probe.
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In electric-field —induced Raman-scattering experiments on the cubic perovskite
SrTi03, a striking electric field shift and splitting of the "soft" optical phonon mode is
observed. Experiments were done at temperatures ranging from 8 to 250oK and for
electric fields between 0.2 and 12 kV/cm. We interpret the temperature and electric
field dependence of the phonon frequency using Devonshire model of ferroelectricity and

the Lyddane-Sachs- Teller relation.

In Cochran's theory of ferroelectricity, ' soft-
phonon modes are of central importance. As
the transition temperature is approached from
above (in the paraelectric phase) the phonon

frequency tends toward zero. We have previ-
ously reported studies of the soft-phonon modes
in KTa03' and SrTiO3 in which an electric
field was employed to induce Raman scatter-
ing from these odd-parity phonons. In this
Letter we report the observation of striking
electric field dependence of some optical-pho-
non frequencies in SrTiO, . In particular, the
lowest lying transverse optical phonon has been
observed to shift in frequency by 400% and to
split into two components polarized parallel
and perpendicular to the applied field. Schau-
fele, Weber, and Silverman4 have recently
observed a small electric-field shift in the
soft mode frequency at 77'K.

We have examined the induced Raman scat-
tering at a variety of electric fields (between
0.2 and 12 kv/cm) and at temperatures between
8 and 250'K with the following general results:
(1) With very small applied fields the soft-mode
frequency varies with temperature from 11

cm ' at 8'K to 85 cm ' at 250'K, in good agree-
ment with the predictions of the Lyddane-Sachs-
Teller (LST) relation inserting Weaver's val-
ues of the dielectric constant. ' (2) At low tem-
peratures (&55 K) the spectrum of the field-
induced scattering exhibits a field-dependent
structure. Figure 1, taken at 8'K, shows that
as the field is increased not only does the fre-
quency of the sof t mode shift from 11 to 45 cm
but also three additional peaks become visible.
Those labeled 8 and C are identified as com-
ponents of the soft TO mode, polarized perpen-
dicular and parallel to the applied field, respec-
tively. Peaks A and B are not components of
the soft mode, and appear as well in the intrin-
sic spectrum of SrTiO, [see Fig. 1(b)]. (3) The
effects of electric field become increasingly
strong as the temperature is lowered. This
is true for the efficiency of the induced Raman
scattering as well as for the shifting and split-
ting of phonon frequencies. (4) In contrast. to
the case of KTaO„we have observed in SrTi03
induced Raman scattering from the other TO
modes at 170 and 550 cm '. We shall not dis-
cuss these results here except to say that these
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