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Since 1958. whcrt the fh·st papers on tile the:rmonuclea.r aepect of rotating 

. . . l 2'·;3 . ; 
plasmaswel"e p·cl.bb.shed, ' •· · consll.derable efforts have been made to under• 

stund t..~e reaoou for a drift-vclm::ity (or voltage) li:mi~ encountered e;;:perimcn~ 

tally. 4 o 
5 We we:re intet•ested in this velocity lir..."lit only to the extent necessary 

to enable us to build and op<:n:ate a machine that would not show this effect. Our 

bct·ween th.e plasnm and insula.to:rs led to the cons~ruction of Homopolar V, shown ... 
schcmatico.Hy h1 Fig. 1. The main difference b?tween this deoign and oth.ei' 

cirP..ila.r coa:dal elect~:ode st:;:uctures is the us~ of a fast-acting v~ve in the 

centel" of the ~:n:2chh'le 0 which typically releases 30 to 50 ~Hera D2 hrto the 

evacU<?l.ted appa:rat·us (base p:;:eosua·e below 10·7 mm Hg) at ilie thne of maximum 

n1.agnetic field. Since the time between the opeiung:of the valve and the onset 

of the m.ain discharge current is only of the orde:r of ! 00 p.sec, there can be no 

gas nea.:r the insulators at that tin1.e, and consequently we have not yet encou ... ,icl·ed 

avelocity limit that could not be surpassed byiri.creasi17g t..lic electric and rr..ag

netic aeldo Th~ b..ighest drift velocity measured so f~r has been 6X 10 
7 cm/se~. 

cm:respond.iug to 4 kev ion ene:rg";. 

Figure 2 showe typical current and ~oltage t:r~ce~~ From the the:nnonu.clear 

point of view, tlle most important featu&·e of the voltage t:r~ce is that due to the 

low-impedance supply ci:rcuit. the voltage does not decrease appreciably during 
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the 1na.in ionizing discharge. This means that the randomized Larmer energy 

of. the ions h'l the drift frame at the time ,the plasma is created must be nearly 

the sa:rn.e as the orgailized rotational energy of the ions at that time, provided 

~ i- · .• f does not appear r.o.ainl y 

ac:~.·oss a fr:~.in plasma sheath ~ It seems, however, t..'hat this latter possibility, 

ca . .o1 be ruled out, because (a) both 19crowbar" (shorting} experiments and 

e;:;::pe:dments with. an inductance in seriefl with the driving capacitor show that 

th.e rr.achine l'eacts like a .well-behaved hydromagnetic capacitor1 and that the 

ang-ular momentum imparted to the plasma by the l·adial curren~ can be recovered; 

(b) thG cha:r:ge going through the :machine during the ionization and acceleration 

phase azt•ecs with the ch.a:t"ge calculated from the applied voltage and the equiva

letlt capacity of the hydromagnetic dystem if it is assumed L,_at the whole plasma 

participates in the rotation. 

The sv.ddcn drop of t..""le voltage across the machine to less than 100 volts 

after 17 tJ.Sec (Fig. 2) is most likely due to an internal short. We believe, that, 

owing to the heating of the electrons by the ions and the ext:l..·emely fast the:rr:aa-

lization among electZ'ons, elect:cons escape through the rr:i:rro:rs and establish 

conductivity bt;"twGen the electrodes along rnagnetic field lhtes. The large current 

that followo this drop of the voltage is the discharge current of tl1e extGrnal 

capadtor''into t..~is short circuit. The losa of rotation due to this crowbar does 

note ho·1r.revere mean that we lose the plasma at this time. Microwave trans.:. 

miosion e:J>:pe;;:iments show that ~e electron densit'IJ is higher th.an 10
13 

em • 3 

until the magnetic field drops to Z to 5 kG, which occurs, depending on the 

magnetic field configuration, 5 to 9 msec after the discharge took place. It 

should b~ noted that the randomized ion energy in the drift frame should not be 

altexed directly by this internal .or an external crowbar·., 
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The findingo described above indicate that ·we are dealing with a D plasma 

of 1 to 4 keV randm:r.dzed ion energy at a density of 1014 to 1015 ions/cra3• 

We therefore investigated the neutl:'on production of this plasma with Lii, 

Hornyak0 and plastic scintillators in conjunction v.d.tJ."l photomultipliers. The 

results of these e:~,:pe:dments a.:re the follo"v~ling: (a) There is no detectable 

neutxon p:i"oductiou. before the onoet of the main discharge. (b) The total 

neu.tl·on p:::.·oduction., which h.3.s a 1na..~imum value o£ the order of 105 neutrons 
. . 

neJ.· ahot, ie not aifected when the machh:le is crowbarred exterrially after the 
""' ' . . . - '., ' 

main discharge cu::.·:~.·ent ceases to flow. (c) Preliminary time-resolved neutron 

studies show that 12eutrons are p:1:oduced :for at least 20 r;.sec after the main . 

discharge cur:t:ent drops to low value.s, whether or not an external crowbar is 
\ 

O.Plflicdaftoll.' that time. 

To rnal.;;.e a direct measuxement o£ the ion velocities, we used t-~~Vo detectors 

that cottld detect the .faGt neutrals resulting from charge eJ-tcha.11ge between slow 

neutrals .and fast ior.1.s. They consisted of a secondary electron emitter and a 

prope:dy biased electron collector. One was xnounted close to the outer electl'·ode, 

ti1.e other at a distance of 60 em, the connecting line inte1·s.ectin.g the outer 

elect:z:od~ at an an.gle of 45 degrees •. The detector close to the) outer electrode 

yielded a pulse that started with the onset of the discha1·ge current and dis- . 

· appeared shortly after the current reached its maxim.mn value. The fact that 

no neutrals were detected after t.hat time h1.dicatee that the plasma is highly 

ionized as long as there are, high-energy ions in th.e plasma. The second detector 

. shovved a signal that was spread in time somewhat and had a time .. of-flight delay 

that indicated a mahimu.:m velocity ihat was in agreement with twice the _drift 

velocity_ at the outer electr.ode as calculat~d from the electrical data. 
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with Ho:rnopolar V to date shov.r, in sumYnary, that (a) :t·otating I>lasrnas need 

not suffer fron'l a serious vclocit~v Hn>.it, at least at early times, and (b) the 

discharge seems capal:lllc of producing a dense plasma with io11 energies o£ 

thermont\clear in'i.:eres:t, at leact tx·o.nniently. 



UCRL .. l0269 

ACKNOWLEDGMENTS 

/ 
We 'Nould like to .thaPl< Dr. Ale:u~ Bl·atenahl and Didier Veron fozo their 

contJ:•ibutiorls dm:ing th.e very earlv phasesoi this pl·oject a.."ld G. Donald 

Paxson for his able assistance ;in t..'l-)e"experimental work. 



, 
-6- UCRL-10269 

FOOTNO'I':ES AND REFEH.BNC.ES 

* . 
Vlo:x.·k done Ul:"lder the auspict~s of the u. s. Atoni.ic il:ncrgy· Cormnission. 

Natiot.1.s !nte:1:national Co:tl.f'(;l~cncc:;,o~1}:heJ·.>~;;aceful Uaes of Atomic Encrgx. 
, . . . 

1953 {thuted Nations, Gznev2., 1958) 3?.., p. 155; cee also~ O. A. Ander-.. ._. ' -

J. Appl .. Phys. 306) !88 (1959). 

L. Longr.r.1.ire, D. Nagle, F. L. lube, and 

Natio£1.8 0 Geneve~0 !958) 2]_, p. 319; see also0 C. L .. Longrt'..ire, D. E. 

3. B .. Bonnc:vit~r ar .. .d B. Lehnert, Arkiv Fysik !_~, 231 ( 1959). 

4:. H. AJ.fv6i10 Revs. Modern Phys. g_. 710 (1960); see also Ulf V. Fal-.J.eson, 



-1~ UCl:l.L-10269 

F!OU.R.E CAPTIONS 

.,..... ~ 

J.? z.g,. l!.o Schc:m<';l.tic diagzoam of Hon"lopolar V dcvicoo 

Oscilloscope t:race o£ Homopolal" V curl"ent and voltage. 
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