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Since 1958, when the first papers on the thermonuclear aspect of rotating
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plasmaswere publishaed, ’ considerable efforts have been made to undere

stand the reason for a drift-velocity (or voltage) limit encountered experimen-

°5 Te were interested im this velocity limit only to the extent necessary

tally,
to enable us to build and opezats a machine that would not show this effect, Ouf.
impi‘eﬂsiaﬂ that the ul&iina@c velocity limitation was caused by the camaéé:

between the plasma and insﬁiaﬁore led ée the construction of Homopolar v, shcm.'
schematically in Fig, 1. The main difference ‘bigétwee:il this design and otﬁer
similar coazial electrode structeres is the use of a; fast-acting valve in the

‘cenﬁ:er of the maéi’nin@, which tygfoically releases 30 to 50 p&iéeré DZ into the
evacuated apparatus (base pi-eseou:«:e below 1077 ram Hg) at the time of maximum
magnetic field, Since the time between the opéiﬁixgﬁoﬁ the valve and the onset

-of the maiﬁ discharge current is o}zzly; of the order cg 100 psec, there can be o
gas near the insulators at that time, and consequently we have not yet encountered
a velocity limit that could not be fsui‘pé.sged by'iziéreas::x;ég :the electric and mag?
netic field, ‘;?hg highest drifﬁ velqcity measured 80 fé.i‘, has beeca 6><107 cm/ sec,

- cérfespcﬁding to 4 kev ion energy, |

Figure 2 shows i:ypzcal current and voltage ¢races, From the thermonuclear

point of view, the most impozl'téntfeémré of the iroltage trace is that due to the

iow;impédance supply circuit, 'e:h‘.;e' voltage does not dec rease appreciably during
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the main ionizing discharge, This meaﬁs that thé randomized Larmor energy

of the ions in the drift frame at the time the plasma is cre@ted must be nearly
the same as the organized rotatmnal energy of the icns at that time, Drovxded
that the measured voltage < « i nie sy wi g { +.., does not appear mainly
across & thin plasma sheath , It seems, however, that this latter possibility
can be ruled out, because {a) both Y"crowbar' {shox rting) expenments and
experiments with an inductance in series with the driving capacitor show ﬂmét‘
the machine reacts like é‘wéllwbehav.ed hydromagnetic capacitcrl and that the
angular momentum imparted to the ﬁalasma by the radial current can be recovered;
{b) ﬂie charge gcin‘g through the wmachine during the ionizaﬁoﬁ and acceleration
phase agrees wii:h the charge ca-.lculated from the applied voltage and the equiva-
llem capacity of the hydrcmagnehc séystcm if it is assumed that the whole plasma
pariicipates in the ro‘aai:ion.

The sudden w'op of the voha_go across the machme to less than 100 volts
'a.féer 17 pee¢ (Fig, 2) is most li}cely due to an internal short, We believe, that,
owing to the heating of the electrons by the ions and the extremely fast therma-
lization among clectzrons, electrons escape through the mirrors and establish -
conductivity between the electrodes along mafme%:lc field hﬂes. The large current
that follows this drop of the voltage is the discharge current of the external
capacitor-into this short circiit, The loss of rotation due to this crowbar does
not, however, mean that we lose the plasma at this time, Microwave transe
mission experiments show that me éleci:ron' density is higher ﬁma.n 1013 c:m"3
until the magnetic field drops to 2 te 5 kG, which cccurs, depending on f:he
magnetic £ ie};d confzgur‘..uoa, 5 to 9 msec after tho discharge tcok pla.ce. It

should be noted that the randomized ion ene rgy in the drzft frame should not be

c.ltafcd directly by this internal or an ev;ternal crowbar.
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The findings described above indicate that we are dealing with a D plasma
of 1 to 4 keV randomized ion energy at a density of 2014 to 3015 ibns/cmat. '

We me“eforc r’avosfzaga.ted the neutiron nroaucticm of this plasma with Lﬂ
Hernyalk, and plastic scintillators in conjunction with photomultipliers, The
:ezsultﬁ- oF ﬂzesc expe emfﬁ are t‘ze follow (a) ”’here is no detectable
neutron production before the onoet of thc mum di charge. (b) The total
neutron production, which has a maximum value of the order of 105 neutrons
per shot, ie not aifected when the machme is crowbarred externally aftcx' the
main discharge curre ‘ t ceases to fiow. {c) Preliminary time-resolved neutron
‘.smc.‘iies show that ﬁeuts‘cns are p:?.‘oduced for at least 20 psec after the main

scnaf“gc cury @nt drops to low values, whether or “not an external crewbar is
upiulmcl aiizm‘ that time,

To make a mxecé: "noaqurcment of the ion veiomtms, we used two detcccors
that could detect the f:..si: deutrals resuli;ing from charge exchange between slow
neutrals ~and fast ions, They conswi'ea of a secendary electron ernitter and a. _
pr@p@rly biased electron collector, One was mounted close to the outer electrode,
the thaéx at a distance of 60 cm, the connecting line in‘zers‘{ecﬁng the outer.
electrode at an anglé of 45 degrees,  The detector close to i‘w outer electrode
'yielcieﬁ a pulse that started with the onset of the discharge current and dis~
- appeared shorily after the bc_‘:urren'i: reached its maximum value, The fact that
ne net,f:faus were detected after tha t time indicates that the plafsma is highly
ionized as long as there are high-energy ions in the plasma., The sccond detecior
. ghowed a signal that was sproad in time uamewhgt and had a time-of-flight delay
that indicated a maximum velocity that was in agreemem with twice the driit -

velocity at the outer electrode as calculated from the electrical data.,



-

with Homopolar ¥V to
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not sufier {rom a serious velocity

on is required, cur experiments

timit, atle
discharge seems capable of

)

in summary, that {a) rotating plasmas need
I
thermenuclear intercst, at least t

ast at early times, aad (b) the

reducing a dense plasma with ion energies of
zot tronsiently,
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FIGIRE CAPTIONS
ige 1o Schematic diagram of Homopolar V¥ device,

ig. 2. QOscilloscope trace of Homopolar V current and voltage,
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