<

UCRL 5599

Aqg e

LB VERSITY: GF
CALIFORNIA

Ernest Of awrence
"Radiation
cﬂabomto\rj{

LIVERMORE SITE



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or 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 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. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



UCRL-5599

UNIVERSITY OF CALIFORNIA
Lawrence Radiation Liaboratory

Livermore, California

‘Contract No. W-7405-eng-48

{

THE HARD-CORE PINCH. 1
D.H. Birdsall, S. A. .Colgate, and H. P. Furth

July 31, 1959

Printed for the U.S. Atomic Energy Commission



S - . UCRL-5599

THE HARD-CORE PINCH. .I|
D.H. Birdsall, S.A. Colgate, and "H. P. Furth

Lawrence Radiation Laboratory, University of California

Livermore, Célifornia, U.S.A.

ABSTRACT

It is wg.ll known that a .pinc‘;h column with internal Hz
and exterpal cs)r_xductinglshell can be made grossly stable—,_
but that small-scale instabilities persist, eépecially in the
tvubulal" regioﬁ of maxil;num current density.

To investigate _hfurth.er these small-scale instabilities
of the ''stabilized pinch,.” we are usirilgla 12 -in. -1 d. linear
pinch tube with a 3-in, -o.d. insulated center rod. By con-.
tfoiling a current aléng this rod, as well as.a current along
external conducting straps,. and a third currenf in an exter-
nal Hz .coii, it is possible to create many- grossly stable pinch
,confi_g_urations. The small‘-scale stability of the tub'ular region
of ma;cimum current density can thus be studied for a wide
r‘a.rigé of intérnal and extei‘nal magnetic field vector_‘s.

The magnetic field distribution in each aischarge is ob-~
tained by a string of 10 ma?gnetic pick-up loops.. The distri-

) .

bution of plasma density is determined by modulating the inner

‘or outer wall current and measuring the radial velocity of the

resultant compressional Alfvén waves.
', . ’

TThis work was performed under the auspicecs of the U.S.
Atomic.Energy Commission.

. :
Paper to be presented by this author,
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In one experiment,. an initial Hz is entrapped in

plasma by preionization, and then pﬁshed radidlly out-

ward from the rod by a rising Hy. The resultant field .

everywhere falls more rapidly

)

distribution, in which ,He

than 1/r,. should have a?l;—solute hyd‘ro.rriagnetiC stability.
The persi_stehée of small—ISCalé instabilities, as obsérved
by the ma;gnetié probes, in this ."ir‘werse stabilized piﬂch”
Asugglests that the basic trouble is nonﬁydrorﬁagnetic.

It is also found that, when the magnetic field approx-
imates a vacuum field distribution, perfectly smooth .and
reAprolducib.le probe signals can be obta'ined.v The absolute
plasma cu‘rre'nt densities a£ which ne;r—Vacuum field dis-
tributions hav'e been found stable afe larger .than‘c'ur)rent

densities at which the ''stabilized pinch' and "inverse sta-

bilized pinch't distributions have been found unstable.

1 ‘

1. Introduction

The conventional ''stabilized pinch'" is afflicted by
small-scale instabilities fhat are evident from many ob-
servations, ‘for instance,. from the erratic and ifrepro—
du_cible behavior of rhagr;etic probe traces. These insta-
biiitieé ha;/e been attributed variously to electron current
phenomena,. such as. t}.1e two-stream inétability, and to
purely hydromagnetic phenome':na, such as interchange
instabilities, arising from the imp:erfect fulfillment of
the rather narrow theoretical stability bconditiOns.

" In order to exafnine»this question, we have recently

i

constructed a linear pinch tube with a rigid, insulated

(U8 304
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center conduc'corT (Fig. 1). This device is deéigned to
creatle tubular quasi—static pinches of arbitrary inner-and
outer magnetic field boundary values., A wide variety. of
these pinches enjoy gross hydromag‘neti'c gtability.'
Kaufman and Newcorrib4have prepared an .anélysis of the
general case, and . Rosenbluth has shown very simply_
from the energy principle that the particular set of dis-
tr‘i‘putions satisfying dHe_/d£< l/r Hy >0 are stable

against all hydromagnetic modes. The latter result is

of special interest, since there is no difficulty in creating
, .

a pinch configuration where'HG' dropé everywhere more °

rapidly than 1/r, and then noting whether it is indeed

completely stable. .

2. Experimental Results on the Linear Hard-Core Pinch

In order to establish the pinch.configuration of Fig. 2,

an initial Hz is created by an external coil, then the gas

is preionized by Bank 9 (Fig. 1), and finally Bank 1 is dis-
charged to give a current flowing along the center condiic-

tor and returmng through the plasma. (Inductances e and

1

d are left dlsconnected ) The initial H, is entrapped in

)

the plasma and pushed outward quasi-statically by the rising

H‘G' The axial current density in the plasma is unidirec-

tional, so the H, distrjbution necessarily drops more rap-

0

idly than 1/r.

TSirr;ila.r discharge tubes, designed to produce tubular

dynamic pinches have been studied by Anderson et .al'.; ref, 2,3.

(U8 085
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The mégnetic probe traces of Fig. 3 illustrate the
pinching — or rather, the un-pinching — process, and
demonstrate that small-scale instabilities are lstill‘pres—
ent. A fixed, radially oriented glass probe is used, con-
taining 10 magnetic pick-up loops, feeding through a .'sét
of RC integrators (350 psec) into 10 oscilloscope inputs.
No attempt was made to obtain highly accurate "'plasma‘
pressure'' distributions by the method of balancing mag-
netic field pressure gradienté, but the magnitude of the
plasma pressure has be¢n demonstrated to be rather low
(cf. AFig.' 2) undér a wide variety of conditions.

| The small-scale instabillities (erratic and irrepro-
ducible excursions of magnetic field signal) have been
observed over an initial gas pressure range of 10 to
1000 kD, and found to diminish at the higher densities.
They a.; also attenuated if argon or air is used in place
of deuterium,

In normal operation, Bank 1 is a 1000-pf source.
In,the'c‘ase of the distribution of Figs. 2 and 3, Bank 1
was ;:ha;rged to '6 KV. When 8 KV is used and the mag-
nituae of initial Hz is scaled appr’épriately, a very sim-
ilar-configuratioi_l—,_reSuLts, but the instabilities become
even more prominent. Likewise; when the bank voltage
is decreased to 2 KV, the instabilities become much
less prominent, but are still visible. -

The composition.and spatial distribution of a pinched

plasma can be investigated directly, by measuring the

'8 466
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velocity of radially moving Alfvén waves, generated by .
modulating the current along the center rod of the pinch
tube. In the case of magnetic field distributions similar
to that of‘Fig. 2, the signal reaches probes 1, 2, 3, and
4 almost immediately, but is increasingly delayed in
.reaching probes that are located at larger radii. These
results are readily intelligible in terms of the Alfvén
.velocity v = (§2/41Tp)1/2. Near the jnner probes 1, 2,
3, and 4, the total magnetic field |H| is highest and the
parficle mass density p is lowest, the plasma having
'been_swept outward by the "unpinching' process. The
simple Alfvén velocity is not strictly applicable, because
in the present case magnetic;, field and de}nsi‘ty inhomoge -
neities are not small over an Alfvén wave length, and be-
cause the geometry is not plane, but cylindrically diver-
gent. Nonetheless, it is foaﬁd that wave transit times
measured experimentally on deuterium and argon at 50
to 400 p initial gas pressure, agree within *309% with the
s’1n;1ple expectation,

In a hard-core tube, it is possible to have both H(9

and Hz vacuum fields. As a result, a continuum of hy-
dromagnetically stahle configuration can be created,
varying from the pure vacuum field to the high plasma

current configuration of Fig. 2. It is found experimentally

that, when a largé vacuum Hy field (e.g. 15 000 gauss) is

superimposed on.a pinch involving nonvacuum magnetic
field variations of a few thousand gauss, a marked stabi-

lization results.
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Confivguravtions of this near-vacuum field type still
give émooth and reproducible probe traces at local plasma
current densities as high.as 0. 8 kiloampére/cmz, whereas
instabilities are evident in configurations of the type of
Fig. 2 at maximurﬁ local plasfna current densities of
0.5 kiloampere/cmz.

In order to separate the effect of high axial and azi-
muthal current densities, various more complex pinch
- configurations have been studied. The distribution of
Fig. 4 was obtained by first discharging Bank 3 (with
iOOO pf at 4 KV) through inductance b taken large com-
pared to the pinch inductance, and inductance d set at
zero,‘ thus creating an initial HG figld. An initial Hz
field was also established by d-i—::charging Bank 6 -

(200 000 pf, 200 V) through inductance c taken large
compared to the inductance of the Hz .coilA. Next
Bank 8 (4 pf, 17 KV) was used for ;ei'oniza»tiobn, and A
finally Bank 5 (450 pf, 15 KV) was discharged into the

Hz coil, in such a way as to generate an H, of polarity

opposite to the initial H . As a result, H passes

through zero inside the plasma (e.g. at 70 psec) and a
maxifnum local azimuthal current denoity of 1.4 kilo -
amperes/cmz results. It is also interesting to note that

H6 is only very slightly modified in the vicinity of the

zero in H , 'so that little axial current flows and an ap-

preciable plasrh_a pressure must exist. Nevertheless the

magnetic probe traces are smooth and reproducible.
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This result suggests that the difficulty with con-
.figurations of the type of Fig. 2 is not so much the pres-
ence of high current density, as the pressure of high

axial current density. To test this hypothesis further,

we have created quasi-static pinch configurations where

.H, has a zero inside the plasma, Hz being somewhat

0

peaked thére. Such configurations are found to be highly
unstable (as, of course, .are all variations of the con-
ventional ''stabilized pinch' that have been studied in our
tube).  The close é.s sociation of high axial, rather .than
high azimuthal, current densities with instability is
cqnsistent with hydromagnetic theory. For instance,

it is easy to show that a zero of H_ enhances hydro-

magnetic stability, while a zero in H, diminishes it.

0

Another possible interpretation of the data is that the’
axial component of the. current density, which flows

out of the» tube electrodes, is sﬁbject to an instabilitly—
generating modulation by arc-spots or sheaths. Such
local disturbances could lead to undesirable geometrical
inhomogeneities, as well as to electrostatic.phenomené

propagated by a modulated electron stream.
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Fig. 2. "Inverse stabilized pinch' distribution, taken at 25 psec from
probe traces of Fig. 3. The square root of the plasma pressure is plotted
in units of kilogauss. -
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Fig. 3. Overlaid magnetic probe traces, taken on 'inverse stabilized :
pinch'. The cm unit refers to the major divisions on the oscilloscope grid.
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Fig. 4. Overlaid magnetic probe traces, for H passing through zero
inside plasma. —





