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PRELIMINARY {^ Q FEEDBACK FORCE EXPERIMENTS ON SCYLLA IV-3

by

W. R. Ellis, R. F. Gribble, and C. R. Harder

ABSTRACT

We report some initial experimental results with the &l,o feedback
system developed for Scyllac. tg t ° l field component when added to
the normal Scylla IV-3 straight theta pinch induced an m = 1 plasma in-
stability whose motion could be either reversed or enhanced by an
appropriate choice of polarity of the .1 =• 0 feedback fields. The feed-
back field was generated by ten power-amplifier modules. A position
detector was not used in these experiments, and the feedback loop was
not "closed".

!i I) U.^

The 1=0 MHD feedback stabilization system

(minus position detectors) developed for Scyllac to

control long-wavelength (k ̂  0), m = 1 plasma Insta-

bility motion was installed on the three-meter lin-
1 2

ear theta pinch Scylla IV-3 ' for checkout and
3

preliminary evaluation. The feedback force was

produced by the addition of an I = 0 field from the

feedback coils to the 5. = 1 field generated by

appropriately shaping the inside surface of the

main theta-pinch compression coil. This £ = 1 field

also produced the initial m - 1 plasma instability,

whose direction could be preselected by displacing

the quartz discharge tube away from the I = 1 mag-

netic axis in the chosen direction. The £ = 1 mag-

netic axis (which was found to be slightly displaced

away from the geometric axis of the theta pinch, in

a direction opposite to the single feed-slot) was

located empirically by moving the discharge tube be-

tween shots until no instability motion could be de-

tected on the time scale of the experiment (̂  5

Msec), as determined by the onset of end effects.

When the feedback modules were switched on at suf-

ficiently early times (;< 0.5 usec after main bank

firing time), the feedback force developed was suf-

ficiently strong to stop and reverse the plasma

column motion to the wall. The turn-on time of the

feedback current was ^1.2 usec (to 90% peak value)

and the rise time of the (crowbarred) theta-pinch

'

field was 3.6 usec.

The Scyllac prototype feedback system,

shown schematically in Fig. 1, consisted of the

following four basic components: (1) a plasma po-

sition detector (not shown), which images the plas-

ma ont" J solid-state, quad-cell sensor; (2) a sig-

nal processing unit, which differentiates and am-

plifies sum and difference signals received from

the* position detector, determines the plasma equi-

librium position about which feedback control is

maintained., and selectively energizes the power

modules; CD the power modules, one per wavelength

of I = 1 field (X = 30 cm, therefore ten modules),

each consisting of three vacuum-tube and two tran-

sistor amplifier stages ending in push-pull opera-

tion of two Machlett ML-8618 power triodes which

together are capable of driving 5.5 kA at 5.5 kV

through a pair of feedback coils; (4) the U = 0

feedback coils themselves (four per wavelength, for

a total of forty), each consisting of a single-turn,

epoxy-insulated metal strap, 6 cm wide, uhicu en-

circles the discharge tube inside the compression

coil.

The feedback control is provided by adding a
a

small but controllable 1 = 0 field to the fixed

I = 1 field to produce a unidirec' .'.onal sideways

force Fĵ  Q on the plasma column which Is independent

of z. According to sharp-boundary theory this
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The n • 1 Instability growth r.ur <|ut> to the
presence of an S - 1 field is Kiwen by sharp-

see
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~[V in ca/st'C and 1. in S(TC~ (or B in h(«, a, •'.,

ami K{ ('he tubv inner radius) in ca anit P (the ileu-

lerlmt f l t l inx pri'.sstirc) in ntorr).



Shot 949 Shot 936 Shot 935

Camera

Camera 2

Camera 3

r"t«. 2.

Streak duration = 10.

^JSXSSJSSLSSSHSijyzIj:. si)<n '*' Js a c o n t r o l s h o t s h o w i n g k ^ O n o t i o n
toward the I'ct-tS slot. Sitots 936 and 915 alins* the effects of applying >• • 0 fields froa the feed-
back nodule* wltSi polarities to aid and oppose the instability respectively. Streak casera orien-
tation: CaaeraM 1 and ) shew stereoscopic vlcvn oi the ;il;i:ir,j at locations 90 en froa the east and
vent ends of t!w n-ichinc, respectively, tilt* top picture of the pair shovs notion in the horizontal
jtiane vliti notion away (rto the f««d slot appearing as n;i upward cation in the photograph. The boc-
{(ia picture of tttc pair shnws aotion lit tin- Viirtic.tl plane (davnward for a down-going image). Can-
fr.i I, located ilS ca iron th» C.IHI end «» tiic raaclilne, shovn horizontal aotion only.

In tJw Scjflla tV-3 vxpvrtacni:; reported here

(carried out Is Jan.-Feb., 197J), typical cxperioon-

veri> 84J "• 43 fefJ, a "- 1 co, * • 30 ea, H(

4.4 <m, i' " 10-lS atorr, f. '•• 0.6. »,„,/&> • 0.04,

and 8, _/9 *- O.OIW. axporlnentally ncasurcd

(Shot >>35). the F. . force opposed the lnsta-

blllty notion (tlio nom.il esochod of operation), and

ouccvHofully reversed it.

In both »f thesu shots, the i • 0 circuit

•J.TS nctti.tlly sultchcd on by a tlocr 0.1 u<cc

t;row!H rato i, <withi>ut fi4i-dh:ic»;) uas >, "• 0.9 x 10 itftvr the naln bank firod, thereby constituting

see" , or '*• 2.S time* liit< value predicted by E<j. (6)

(0.16 X 10* see" 1).

Ttwr streak }>In>to(;r.i;>hi; in Pie. 2 »ursn»rlxe ihr

result* of our csp«rrincnt«. The shot labeled 9^9 in

Fie. 2 vas a control shot wiili n» (-', „ fare« applied:

it e>!ftlhlt» instability swtion in a preselected di-

(touard the feed ;ilnt. In thn horizotital

This basic inntnbility notion w s operative

in all .-shots shown hen-. Sh»i.<s ')ii and 9Hi show- the

effect of applying feedback in both polarities.

With one polarity {Shot 936). the E - 0 phasing rela-

tive to the i. - 1 field was such that the rettultiiiK

f, n force, van In the sane direction is the tmita-
1 •"

blliiy motion and enhanced it, as indicated by the

earlier wall-hit tine. With the opposite polarity

a tost of the f. „ force but not of the

entire feedback system, since the loop was not

"cloned". '•'"> position detector was used (or needed),

nincc the direction of tt.« pl.isna Instability notion

could bt- predicted prior tc the shot. For this same

rva«iHi, the i • 0 coils were energized for only one

force coordinate (i.e., alternate coils were dis-

connected).

In a .separate (series of oxperioents the effect

of lanKer delay tines was investigated. It was es-

tablished that the n.ixln:ia tolerable turn-on delay

in our system was ̂ 0 . 5 Msec, in the case of Scyllac,

newly-designed t « 0 coi.'s (which double the present

feedback field, to 380 gauss] are plai.ncd. Together

with nn anticipated slower m • 1 growth ratefA will



be Increased and B reduced; see Eq. (6)] theie

colls should penile an extension of the allowable

feedback delay.

ADDENDUM

A series of lnadvertant delays have kept this

manuscript, originally prepared In Dec. 1973, froa

being published until the present tine. The au-

thors regret the delays.
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