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- 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 authots 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. '
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PLASMA GUN ASPECTS OF AN E X B SYSTEM"
. Kiaus Halbach and William R. Baker
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University of California
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January 11, 1963

During the laat eix years, coneiderable efforts have been made to increase
the ion energy in rotating plasma devices.'l This led, in this laboratory, to the
construction and operation of the Hoxix@polar V device, 2 which prodhcee a plasma -

with Larmor energles of the dewerons in the keV rénge at densities of IOM

10'% em=3. Although these energies are considerably lower than the energy of
the ions obtained from a'Mérsﬁall gum.a the energy of the ions 'produced in a
ro&aﬁng plasma djeviée is ttéansverse energy and the;‘efon;e more desirable f@_r
most experiments, such as ﬁnjeetion into a mirror zﬁ-ae:hine-. Farther advantages
of using this type of apparatus as a g\m are {a) the cperation of rotating plasma
devices is basically fairly ai.mpﬁe and well understood, and (b) due to the fact
that particles with mgh M/Q values are not contained in these machinee. they
shmﬂd produce a vezy clean plagma,; this has been confirmed bv pxeliminary |
investigations. A ‘ |

Since the Homopolar V geometry requiree cnly minor modifications in
order to obtain a device that can be used as a gun, we bmlt and wiil opexate in
the very near future a device that w 9chema¢icauy repreeezﬁed in Fig. . The
operation of this apparatus is very similar to the operation of ﬁcmopolar V:
Aﬁter the fast cap&cit@r bank fe charged, the magnetic-ineld coils are energized
and, at the time of maximum ma.gnetic ﬁeld. the fast-acting valve at the end
of the center electrode releases D'Z into the evacuated machine. A-cc'or_d'ing to
our experience with the Homopolar V device, the subsequent breakdown can be
expected to be o slow (I to 2 psec) that it will be possible to keep-the voltage

between the electrodes essentially constant during the Abreakdo‘wn.' This will
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also regult, as we know from Homopolar V experﬁmenﬁa.» in the pgoductian of
a rotating plaema with réughly equal energies in Larmor motion and mass
rotation. Since ﬁh@ mass rotation ﬁll moset likely be \mdésirable for most
&pplicatiems of the gun, it will be possible to eliminate this by crowbarring the
machine immed&a&ely after the breakdown,

Although the aztmuthal magneeic field associated with the diacherge current
will impart some axial momentum to the plasma as a whole, in general this will
not be enough to o&aﬁ.‘fa & reasonable transfer time of the plasma from the valve
region to the experiment region. We therefore pha;,n- to have a mirror field
behind the valve region and the vé,lve region itoelf located at the preferable gentle
mirror slope. We intend to m&ké thé magnetic field in the vélve region about
T 10% higher.eha:xi in the long drift x_‘egion; thuo trans’form!{ng 0% of the transverse
energy into axial energy. With a deuterium plasma having a trana_veré’e Larmor
‘ane‘rg‘y in the kev's'ang‘e. this ah‘_euld result in axial velocities of the oréez; of

105 m/ sec. which will be fast em’mgh to obtain reaconable tranfer_timeé for
most experﬁments. Another alternaﬁve would be to use an initially uniform
magnetic field and then pulse on a tranafer coil at the proper time and Ioc&txon
to provide an addiﬁonal fast-rising mirror field, A 7
We plan to keep the ﬁmpor%ant parameeem of this gun {n the same rsmge

that has been shovm to tesum in the satisfactory operation of Homopolar V:
: (&) The ﬁaet capacimr bank-supplying the electric ficld ahould be reasonably
: g'large cﬁm‘pared to the hydromagn&ic t:a.o"p.e;c:it‘.y'é of the gun.’ .

{b} The i;armor radius of the. deuterons should not be too large of & fraction _
of the distance between the electrodes. | |

{c) The clectron density should be large empugh to avoid the formation of an
anode sheath. 'Zﬁ: c;aﬂ ba concluded t:ram theorstical considera&iénas that t'tlais
sheath becomes unstable whén the plasma frequency is équal to the electron
cyclotren {requency. Although, under certain circmmseance; thia inétabslity

might appear at lower densities, we always keep the denaity high enough to
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éatisfy ﬁheAiormer cbndit_!on to engure the breakdown of the anode sheath.
{d) .';'ov avoid ex_ceaaive field' disﬁ:o:éions because of c‘en&rﬁfugal forces, the o
vk.inetic ér’xeréy density should bé small (< 1/10) compared.to the magnetic-field
. exr\e-'x-.gy" density. .‘ E

v'h"‘i‘-he last ¢wo c’o';zditioris can be expressed as

o JRSTON L
1013 <8 o 2:5%10 '
»,.52' E -

‘where n is the electron denmity'i{n cth°3. ‘B is the mégnetic field in

| 'V'J_’e!melr/mZ = 10 kG, and E is the deuteron energy fn keV. -
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I . - Figure Caption

Fig. . Sclz_xema.tic representation of Homopolar Gun I.
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