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Quasilinear Vlasov-Poisson

Quasi-linear part...

0,0, o (7. . 3
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Quasilinear Velocity-Space Diffusion

0 0 0
E(ﬁ)(vz,t) Y [Dq(vzat) 90, <fz>(vz,t)}, (11.1.44)
, ~ (e/m)2 Tcor |E2]
Dy(v,,1) = 2 (ﬁ) f 16 (k. 1) dk (11.1.45)
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where &(k,t) = (ney/2L)|E;(k,1)|? is called the spectral density of the electric field.
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Quasilinear Velocity-Space Diffusion
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Quasilinear Velocity-Space Diffusion
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Zonal = Zmy + Uy (11.1.56)

Uil = Uy — 271€> SIN(27TZ 04 1). (11.1.57)



Quasilinear Velocity-Space Diffusion
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Quasilinear Velocity-Space Diffusion

sMap[x J[{x , v }] :=
{Mod[x + vy, 27y, -xt], Mod[Vv - xSin[x+Vv], 27, -x]}

~ Standard Map k = 1.05 | ‘Standard Map Velocity Diffusion k = 1.1
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Figure 9.15 The nonlinear effects of particle trapping tend to increase the wave
amplitude relative to the predictions of linear Landau damping.
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Nonlinear Development of the
Beam—-Plasma Instability

W. E. DrRuMMOND
University of Texas at Austin, Austin, Texas 78712
J. H. MALMBERG

Gulf General Atomic Incorporated, San Diego, California and
Unwersity of California, San Diego, La Jolla, California 92037

T. M. O’NEIL
University of California, San Diego, La Jolla, California 92037
AND
J. R. THOMPSON

University of Texas at Austin, Austin, Texas 78712
(Received 12 January 1970; final manuscrlpt received

27 Aplll 1970)

The nonlinear limit of wave growth induced by a low density
cold electron beam in a collisionless lasma 18 calculated
from a slmple physical model. The bandmdth of the growing

“noise’”” 18 so small that the beam interacts with a nearly

sinusoldal electric field.
12


https://doi.org/10.1063/1.1693255

VOLUME 26, NUMBER 5 PHYSICAL REVIEW LETTERS

1 FEBRUARY 1971

Experimental Test of Quasilinear Theory*

C. Roberson, K. W. Gentle, and P. Nielsen
Center for Plasma Physics, Universilty of Texas, Austin, Texas 78712

(Received 5 November 1970)

The shape and amplitude of the electron-plasma wave spectrum resulting from a

“gentle bump”’ on the tail of the electron velocity distribution of a plasma is measured

and found to be in good agreement with quasilinear theory.

In this Letter we report an experiment designed
to test the validity of this theory by measuring
the electron-plasma wave spectrum resulting
from the injection of an electron beam of suffi-
ciently low density and large velocity spread to
satisfy the assumptions of quasilinear theory.

In prior beam-plasma experiments the initial
velocity spread of the beam electrons was not
sufficient to meet the requirements.3™°
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FIG. 3. (a) Shape of wave spectrum. Solid line is
theory, circles are experimental values. Beam cur-
rent is 2 mA. (b) Inferred beam=velocity distribution
versus energy analyzer distribution. The solid curve
is obtained from an electronically differentiated output
of the analyzer.



VOLUME 26, NUMBER 5

PHYSICAL REVIEW LETTERS

1 FEBRUARY 1971

Experimental Test of Quasilinear Theory*

The plasma is produced by ionization of hydro-
gen gas in a coaxial stub microwave cavity, and
it drifts along magnetic field lines down a 250-
cm aluminum tube 10 cm in diameter. The plas-
ma is terminated by a plate with a 3-cm hole
behind which the electron gun is mounted. The
plate is biased to reflect electrons with velocities
less than the slowest of those that come from the
gun., The tube acts as a waveguide beyond cutoff
for electromagnetic propagation at the wave fre-
quencies used, and has four longitudinal slots
equispaced around the circumference along which
antenna probes may be moved. The complete
assembly is contained in a vacuum chamber and

maintained at a pressure of less than 10°° Torr
by diffusion and Ti sublimation pumps. Axial

magnetic field coils are mounted around the vacu:

um chamber and provide a magnetic field of
about 1 kG. The electron gun is a simple diode
with a large-aperture (2.5-cm diam) plate
mounted inside a soft-iron cylinder. The result
is a beam distribution with a large spread in
parallel energy, which when injected into the
plasma makes a bump on the tail of the parallel
electron-velocity distribution. The energy dis-
tribution of the beam is measured directly using
a large-aperture gridded energy analyzer.
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The dispersion curve is determined from mea-
surements of wavelength as a function of the fre-
quency of the plasma wave. The wavelength can
be observed directly by adding a constant-phase
reference signal from the transmitter to the re-
ceived signal. As the receiving probe is moved,
the interference pattern is plotted on an X-Y re-
corder, displaying the wavelength. The temper-
ature and density of the plasma are inferred by
computer using a program that solves Eq. (1) to
obtain the best least-squares fit to the experi-
mental points. The beam may be turned on and
the dispersion data repeated using coherent de-
tection to find the test wave in the noise spec-
trum. The wavelengths may be compared with
those measured without the beam to show that
the beam does not change the dispersion relation.
The results are shown in Fig. 1.
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The dispersion curve is determined from mea-
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the beam does not change the dispersion relation.
The results are shown in Fig. 1.
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FIG. 1. Dispersion curve. The solid line is calcu-
lated without beam, circles are observations without
beam, squares are observations with a beam current
of 2.6 mA. The electron temperature is' 14 eV. The
central electron density is 1.8x10° electron/cm?® with
a half-width of approximately 3 cm.
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Experimental Test of Quasilinear Theory*

: The spatial growth of the noise as a result of
(a) - — the beam is measured by connecting the receiv-

' ' ing antenna directly to a broad-band amplifier
and a sampling rf voltmeter. The log of the volt-
meter output is plotted on the Y axis and dis-
tance from beam injection point on the X axis of
the recorder. The results |Fig. 2(a)] have the
qualitative features expected from the theory:
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FIG. 2. (a) Wave growth and saturation versus dis-
tance. (b) Saturation power level versus beam current.
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small to justify this easily. This inferred beam
distribution is compared with the direct measure-
ment using an energy analyzer. The results are
shown in Fig. 3(b), where the width of the shaded
region is an indication of the estimated error in
determining the inferred distribution. No “nor-
malization” procedure is used in this compari-
son.
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FIG. 3. (a) Shape of wave spectrum. Solid line is
theory, circles are experimental values. Beam cur-
rent is 2 mA. (b) Inferred beam=-velocity distribution
versus energy analyzer distribution. The solid curve
is obtained from an electronically differentiated output
of the analyzer.
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Waves 1n a Hot Magnetized Plasma

vxBo-V,fo=0 (10.1.2)

0fs e e
+v-VF+—(vxBgy) - Vyf, + —[E+vxB]-V,fo =0, (10.1.3)
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