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The particle and euergﬁr losses from a long positive column wers shown

by Lehnertl to decrease with increasing magnetic field, 80 predicted, but

only for fields less than a eritical ﬁald. "-Bc' ~ Above Bé the losses increased,

leading to speculation about the origin of the “enhanced diffusion”. Further

. measurements by Lehnert and Hoh, 2 and at this hbaratory. extended.

Lehnert's measurements to other ga’afuﬁ and discharge tube pﬁm«term
3 that at ’Bé the 'duehai-geu lose their azimuthal
symmetry and appear sla‘ constricted, rotating, luminous helices (Fig. 1

Recently, Hoh4 and Kadomtnv and Nedospaiév’s have considered the

. origin of the instability from two different standpoints. Foh made use of

a criterion for the stability of a wall sheath and showed that it is no lenger
satisfied when the magnetic 'ﬂe.m_okceedo a critical Q&lua. ' The manner in
which the faflure of the sheath-stability criterion affects the diacharge was
not discussed. Kadomtsev and Nedospasov, on the other hand, show that
p?tturbationc of the discherge column can gtéw'whqn diffusion to the walia
can no longer overcome the effects of J_x B forces that tend to increase the

perturbations. J§ can not be zero, but the value of B, obtained does not

IWork was performed under the auspices of the U. S. Atomic Eﬂergy Commyission.

TAERE, Harwell

§Nnttoaal Science Foundation Fellow
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depend on the magnitude of tﬁe current density. In additiei to predicting
B, their theory predicts the Iroquency; wévele;igth. and growth rate of
the oocmation. '

“In our oxperiment, discharge tubel 250 cm long were placed at the-
axis of a solenoid which could be adjusted in length up to 200 cm. As in
Reﬁ. 1 and 2, the diachargel were run at constant current, and the axial
field was used ao a _menurg of particle lossed. These fields mre obtained
from a number of probes. 'I‘he time and space variations of the visible
hght from the discharge were photographically recorded from a rotating
m&rror and a series of wellﬂécolﬂmated phmtemultipueu. From the
measurements it was paulble to obtain data on the critical magnetic ﬂelda
and the oscillation frequencies, wavelengtha. and growth rates for Hz. D,,
He, Ne, and A in tubes with radii of 0.9, 0.95, 1.27, and 2,75 cm. '

Luminous helices of the clarity shown in f‘ig. 1 were obaerved only
" for special combinations of gas, pressure, and tuhe-radi.\u. In genéral, the
appearance was more chaotic, often appearing a8 moving striations superimposed
on the spirals. The ‘pitchel of the spirals were such that JxB il directed
toward the tube walls, | - | -

Some of the experimental B_ va p data are showri in Figs. 2 and 3,

6 of Refa. 4 and 5. Numerical

7

together with calculations from the .fqrmuiae
data were taken frqrh the compilation by Brown. = Considerable uncertainty
exists as to the actual conditions in a positive column, e.g. both atomic and
molecular fons are known to be present. The predictions of the sheath - |
theory are not particularly peuitive to temperature, but depend critically

on the mobilities; we show calculated curves for two ionic species to illustrate
the latter point. On the other hand, the results of the current-channel
instability theory depend much more sensitively on temperature than on

mobility, B, varying roughly as T for a given pressure. The moving
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" striations that were genémlly present in our discharges may appréciabiy
. affect the electron energy distributione, although the B o V8 P curves go
smoothly thmughtra&ﬁitions'(mm ungtriated to striated regimes. Similar
‘uncértnlnﬁes exiet for the H,, D 20 and A discharges. | _
Where it was possible to obtain oacination treqnenciea and wavelengths |

from the experimental results, theso quantities were in good agreement with
values obtained from the formulae in Ref. 5. For example, helium at
- 0.3 mm Hg pressure ina 2.75 cin radius tube gave an angular frequency of
3% 10* radians/ sec end a wavelength of 73 cm. the calculated values being
4.3 % 10% and 63, respectively.® In addition, the frequencies increased with
éecreéatng radh@n and decreasing pressure, as predicted in Eq. (22) of
Ref. 5. Growth rates wer;evdltﬁcul-t to .deferminq_-exper;memuy. but
showed agreemoent in order of magnitude.

. We conclude that with the proper choice of parameters either theery
can approdmﬁte the experimeutal B vs p cuma. although the shapes o£
the latter are perhapa most like the results of Kadomtaev and Nedoapaaw.
Their theoty also yiolda parmrbatm fraquencies an& wavelengths in gocd
agreement with experiment ’
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. Bquation (4) o! Ref, 4 ha.s a;aparently been m&apﬂn&em the éecond

quantity in brackets should resd (g P, )./R Po 1/3

' 8. C. Brown, Basic Data of pmfm physic-. (Wiley and Sons, Inc.,

New York, 1959).

8. The experimental frequencies and wavelengths were obtained from the

fully' developed, atéady state helix. It is not obvious that they shoulci :
be the same a8 the quantitiea calculated from the small amplitude
theory. The amplitude dependence might be examined expe rimentally

by using puleed magnetic fields.
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Figure Captions

Fig. 1. The critical magnetic field, B o* V8 gas pressura.
A: R= 1.27 ¢m, I = 400 ma; a: R=09cm. Inzwma?é
@yR=21.27cmand {(b) R = 0.9 cm, calculated from Kadomtsev's
theory. {(c) R = 1,27 ¢cm and (d) .R- = 0.9 cm, calculated from Hoh's
theory, assuming only He; fons pregent. (e} R = l.Z‘i‘and-(f)
R = 0.9 em, from Hoh' s,tlioe‘ry. Qsmmlng only He' i@ precent,
Fig. 2. The critical ma-gnetiéﬁeld. B_vs gas piéc;d:e.'
& R= i;z?-cm. 1 = 400 ma; At R 0.9 cm, I= Zﬁﬂ ma.,
{(a) R © 1.27 c¢cm and: (b) R w 0.9 ¢m, calculated from Kadomtsev's
theory. (c) R = 1.27 cm and {(d) R " 0.9 e, caleMed from Hoh's
' 'theory. aasximiag only Ne‘; fons present. (e) R = 1,27 "cm and
(f) R = 6;9 cm, lroni Hoh's theory, assuming only Ne't. !m present.
 Fig. 3. 90 deg i_terea étrea'k pliatograph of helical constriction in heliqm.
Rz27¢cm, p=0.23 mm Hg, Be 710 gﬁixa_s. Traces show variation

 of light intensity with time and radius as seen through &tilipvpe e‘%‘{ai&mr |

© to axis of dischaxge tube, Nate that this is not 2 photegraph af the
helix; the helicity has been established by wavelength meagurements with
photomultipuers.
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Fig. 3



