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Drift-Wave Vortices
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Abstract

Drift-wave vortices are vortices existing in a magnetized nonuniform plasma. In this plasma, linear drift
waves propagate. In order to treat nonlinear drift waves, we must take into account the nonlinear term as the
origin of vortex formation. Dipole drift-wave vortices exist outside the region of drift-wave propagation. On
the other hand, monopole drift-wave vortices propagate with the drift wave velocity, and emit drift waves
of short wavelength. These characteristics of monopole vortices are observed experimentally.
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Fig. 1 Drift wave propagation. (a) Configuration of a magnetized
nonuniform plasma. Drift waves propagate in the direction
of y. Here, vg, (< 0) is in the direction of —y. (b) Propaga-

tion mechanism of drift wave. Here, vg = 0.
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Fig.2 Dispersion relation of drift wave. s is an equivalent Lar-

mor radius.
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Fig. 3 Configuration of a rotating fluid on a planet. Rossby waves
propagate in the direction of ~y (westward direction).
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Fig. 4 Dipo|e' drift-wave vortices. The dipole vortices exist
outside the region (Ve < U < Vx+VE), where drift waves
propagate.

Fig. 5 Propagation of a monopole drift-wave vortex. Isolines of
potential vorticity 17 are shown in a XY plane of 25 times
50. Dashed lines represent positive values, solid lines
negative values (After Hesthaven et al., 1993 [9]).
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Fig. 6 Experimental apparatus for monopole drift-wave vortices.
(a) Configuration of the apparatus. (b) Structure of elec-
tron emitters. On the emitter A, Eoc = 0 and Ugritt = Vs + VE
=~ 0 is maintained. The emitter B is a nickel fine mesh
coated by barium oxide. Egc is applied on the mesh in the
x direction. ugnw/v« is variable.

Fig. 7 (a) Linear drift-wave propagation. The pulse is broadened

by wave dispersion. vg 2 —0.9vx. (b) The excitation of a
large-amplitude drift-wave pulse. The perturbations of
density n and potential ¢ are the same phase.
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Fig. 8 Dispersion relation of the drift wave propagating perpen-
dicularly to the magnetic field and the plasma density gra-
dient. The frequencies are expressed as negative values,
becausethe phase velocities in the direction of y are nega-
tive. Ugrift =2 0.

e

t=0 us

128

256

384

y(cm)

Fig. @ A monopole drift-wave vortex observed on a x-y plane.
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