Lawrence Berkeley National Laboratory
Recent Work

Title
STEEPENING OF LARGE-AMPLITUDE ALFVEN WAVES

Permalink
https://escholarship.org/uc/item/0vs9q3z7

Authors

Boley, Forrest I.
Forman, Peter R.

Publication Date
1964-01-07

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/0vs9q3z7
https://escholarship.org
http://www.cdlib.org/

- " UCRL-11174 ¥ ,
~ University of California

" Ernest O. Lawrence
- Radiation Laboratory

STEEPENING OF LARGE-AMPLITUDE ALFV]:“,N WAVES

RN
TWO-WEEK LOAN COPY

This is a Library Circulating Copy

) which may be borrowed for two weeks.
I “ o For a personal retention copy, call

n LT Tech. Info. Division, Ext. 5545

| Berkeley .;',‘:Cal.ifo_r,nial




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



Submitted for pub., in Phys. Rev. Letters o .UCRL¥11174’V'W

UNIVERSITY OF CALIFORNIA

Lawrence Radiation Liaboratory
Berkeley, California

AEC Contract No, W-7405-eng-48

s

STEEPENING OF LARGE -AMPLITUDE ALFVEN WAVES
Forrest I. Boley and Peter R. Forman ‘

January 7, 1964



UCRL-11174

UNIVERSITY OF CALIFORNIA

Lawrence Radiation:Laboratory
Berkeley, California

March 18, 1964

ERRATUM
. TO: All recipients of UCRL-11174
FROM: Technical Information Division

Subject: UCRL-11174, '"Steepening of Large-Amplitude Alfvén Waves, "
Forrest I. Boley and Peter R. Forman, January 7, 1964.
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The ratio of the slope of the steepened wave front to the corresponding

slope of the unsteepened wave at t=0, z=0 is

5= (abe/at)/(abe/at)tzo’ 220 . (4)
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Steepening of Large-Amplitude Alfven Waves
Forrest I. Boley and Peter R, ‘Forman
University of California
. Lawrence Radiation Laboratory

Berkeley, California

January 7, 1964

In this letter we report the experimental obsérvation of the steepening
of large-amplitude Alfvén waves in a highly ionized plasma. Calculations
concerning the expected steepening time for these wé;ves have been previously
reported by Montgomeryi‘ and Parker.2’3 |

Thé plasma d~evice in which the waves are propagated has been
described elsewhere;qt’5 only the salient features are given here. Hydrogen,
gas at 0.1 Torr is contained in a 14.6-cm-diam, 86.4-cm-long copper
cylinder, the ends of which are closed by quartz plates. A coaxial electroder
is located in one of these ‘end plates and a copper screen covers the other.‘
Figure 1 shows the manner in which the ionizing voltage and the wave-
inducing signal are applied between the center electrode and the copper
cylinder. A uniform magnetic field B0 = 8.0 kG is directed axially along the
cylinder. The wave is induc'ed 65 psec after the initial plasma-forming
discharge begins and 40 psec after the discharge has been short-circuited.
At the time of wave propagation, the ion'density is approximately °

3.5 X 1015 cm-3, and the electron temperature about 1.3 X 104

°K at the
radial position of the wave measurements,

For frequencies far below particle resonances, the waves induced .by
the oscillatory radial electric field are mainly torsional, with the azimﬁthal--

wave-magnetic-field corriponént b6 dominant. Such waves with amplitudes

[be | << B, propagate undistorted in the direction of B0 at very nearly the

£
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Alfvén velocity

VA=BO/(4np)1/Z. | (1)

Here p 1is the plasma mass density. The deté.iled behavior of ‘these
small -amplitude waves has been reported.é’7

In this experiment, the wave amplitudes lbél are as large as 0.6 BO.
To a good approximation, waves of such amplitude must satisfy the require- |
nﬁent | |

2

(B,

+ bQZ)i/Z/p = constant , - (2)

because of the plasma compressibility. To satisfy this requirement, the

phase velocity a2=dP/dp becomes

2 _ Bo *Pg |
a T — . (3)
4mp
Thus when b62 is not small compared to BOZ, the phase velocity depends
upon b6 because of the dependence of the magnetic pressure P upon the

total magnetic field.
An initially sinusoidal wave field, b@ = ]bel exp [i(wt -koz)] induced at
z=0, is increasingly distorted as points of larger b9 overtake the lower

portions of the wave. Steepening of the leading slopes of the waves results.

6=

(_abe/at) /(abe/’?t)_t=0,‘z-_—0 . | (4)
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After a propagation time t, 0 becomes approximately8

-1
wt/2

1+(By/|bg)°

when collisions are neglected. The steepening time is the solution of Eq. (5)

for which 0=« and is t =4/w for b6 ='BO, in clgse agreement with the

?

steepening times calculated previously. After propagation over a distance

z, the; ratio - d is given by
' -1
koz/Z -
o = {1 - > . (6)
1+(B,/|b )

~

Thus to compare the results of the experiments reported here to the deductiéns
of the collisionless theory, we determine 0 as a function of |b6 | /BO' |

The wave magnetic fields are observed by use of 2.4-mm diam, 8-turn,
‘calibrated pickup loops placed within 6 -mm-o.d. quartz tubes inserted
longitudinally into the plasma. The probes are placed at the radial position
of maximum b@ as determined from previous measurements of the radial
variation of low-amplitude waves.4 Probes were placed at z=140 and 30 cm,.
but were separated by‘ 180 deg in azimuth to minimize possible interference
between.t‘hém. The probes® output voltages and their time integral yield
8b6/8t and bG’ respectivély. Waveforms of both quantities are disi)layed on
oscilloscopes.

The waves are induced by application of a 0.43-Mc damped sinewave
derived from the dischafge of the 1-pF, 100-kV wave-generating capacitor
shown in Fig., 4. Wave fields ranging from 500 to 5000 G are obtained by
varying the voltage to which the wave-generating capacitor is charged. The

initial slope of the wave-inducing current was constant within about 7% and
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had no discernible dependence upon the charging voltage. Thus the
independence of any observed wave steepening from possible changes ifx the
current waveform is insured. The wave steepening is oBserve'd by measure-
‘ment of abe/at and b6 at z=410 cm dufing the firs‘t quarter cycle of the
oscillation,

Figure 2 shows the observed wave steepening{ at z=40 cm plotted as a
function of le l /BO' The bars indicate thé rms deviation of the data. The
values of b6 are deduced from those measured at z =10 cm and extrapo-
lated to z=0 according to the measured attenuation of low~-amplitude waves
between z =10 and 30 cm. Also shown in Fig. 2 -is the steepening calculafed,
according to Eq. (6) and normalized to the observed value of (8b6/8t)/ lb6 I;
for the lowest-amplitude waves. The values of w and VA used to calculaté‘
ko in Eq. (6) were deduced directly from the observed waveforms at the two
longitudinal positions.

For propagation over the 10-cm distance discussed above, the wave
steepening is seen to be indistinguishablé from that expected from a
collisionless theory. | However, additional measurements of the steepening at
z=20, 30; and 40 cm s{h'ow : 'thaj: b,efond 10 to 20 cm the steepening does not
progress as rapidly as expected from Eq. (6). For leI =5 k@G, the largest

value of (8b6/8t)/']b occurs at 20 cm and is 2.4 times the corresponding

6l
| low-amplitude value of this ratio, which essentially agrees with a collisionless
theory. However, beyond z =20 cm the steepening does not increase for any

of the wave fields used in this experiment. |
Thus, although over short distances the steepening does not differ

significantly from that expected from collisionless theory, dissipation

mechanisms that become increasingly important for the higher frequency
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components likely inhibit the further steepening of the wave in the plasma
studied.
We thank Dr. John M. Stone for assistance with the spectroscopic

measurements of plasma temperature and density.
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FIGURE LEGENDS

Fig. 1. Exp,erlimental apparatus.

Fig. 2. Dependence of the wave steepening upon ]be I/ BO at z=10 cm.
The bars represent the rms deviation of the experimental data. The
solid curve is calculated from Eq. (6) and is normalized to the lowest

wave -amplitude value of (abe/at)/ Ibe . .

~oet
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