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These two lectures will cover the fwlLcv&ng three

topics: til The Application of adlaratic c-ottpreMion

to toroidal device* will be reviewed. The •penaL cace

of adiabatic cosipresiien in takantlps will b* con»i«SeT«3

in nor* detail. Including a discussion of the. equilibrium,

scaling U M I , and heating effect*. <itl The ATC

tAdiobatic Toroidal Ceeipressfirl devicr which was completed

in Hay 1)72, will be deteribed in detail. Corirresiicn

of a tokamak plasma acroas • static toroidal fie!Jd is

atudlad in this device. The device 1B designed to ?1?H"

ducfl a pre-campresaion plasma with a wajor radius of

U on, toroidal field of 20 kc. and cortent of 90 fcA.

The compression leads to a plasma with Juajor radius of

38 cm and minor radius of 10 cr<. Scaling lavs iirply a

density increase of a factor 6, ter$*ratur# increase of

a factor 3. and eurrent Increase of a factor 2.4. An *

additional feature of ATC is that it is a IAI?* Solcamak

which operates without a copper shell, (iii) Dita

which show that the expected HHD behavior is largely

observed will be presented imd discussed.

I.

The fact that sinple otmic heating is insufficient to h«at

tokapaka to ignition temperatures servte to keep attentiew directed

to alternative methods of heating tokarutks.

The subject of these lectures is the application of ad1Abatic

compression to the Jieatino of tokanak plasnas. Of tne several

method* of application of coapres?tonal heating in tokar-aks, we

will be mainly concerned uith the compression associated with

decreasing the major radius in a static toroidal field.

Such a method wa« proposed by Artaimovich in which the change

in major radius was considered to be carried out on a tis>e scale

short compared with the like particle collision tiatos. The method

eaphasize3 here is a collisional atliabatic cowpreasicn, by which

we nean that tlie tine of compression is slow compared with ion-ion

and electron-electron collision tiaes, but fast compared with the

energy loss tin«.

The experimental investigation of adiabatic compression at

thf Plasma Physics Laboratory has centered about the ATC (Adiabatic

Toroidal Cocpreaaor) device, Th» particular choice of design of

ATC also permits investigation at the properties of a tolmnak which

does not have a conducting shell.

Section II contains a discussion of the plaasu equilibrium,

and sealing laws related to adiabatic compression; S~c. Ill con-

sists of a description of the ATC devic and Sec, IV contains a

discussion of soee data obtained O R ATC which shot' that the ftHD

behavior of the plasma is in general agreement with the theory.

i s . c_-onLit»;'.•« * » SCAMIT: SAWS

The •qoilitxi-an problem cf Uw planra cader^c-ift? a "alow*

a*6«toatic ccfflr-ressftOB i s . fa* practical purpose*, rbe- •«*•* as that

for a plasma with ffised isajar and afinsr rails, because, if the

earj-ressica Bs slew ewa^S. is can be treated as quasi-statif and

we censider the plasms to <*v tfcr'-ujh a *saece«slo« of equilibria

a a the ccar^iression proceeds.

TO* equilibria* of ta-roical currents in toroidal i

iaeWm bm* fcteis reviewed rerectly. The case in Match th

liSriMti ia proJaced by means cf a caalarticg sh*El

nfcat familiar ( « e t t £ t t c a i l scka'Mh>. bat i t ha* teen i

from tttr fceviicniD) that i t i s pm«ibl« to provide the necessary

c-iailibrlta* vertical f ield »•&*» a system of polotda: ftctd c g i l a . 3 ' 4

for irajcr raiStnaj iMmrptessicB a detailed *x*«tft«eici» of the

ppiailitriB*' has trees carried trot* whlc^ t h w i that Uw> tfcaory of

SJiafracnjv i* siafffic&eett fcr a ss.T(le description of tfc* procvaa aad

Vstat tihere emimia a saitj*!*1 f i*14 ccefiguraticn.

Vhe CJIUWF*»WB tfc»t ah* process i t q^asi-static swans tfeat th#

*T3-jaSstra«» vrrttcaB field as^a'fae» eh* relation* ia tga. Il l

•wi <t«l at eacHh sta?e of the cctrrzessson and that arfacta ef

acceleratici axe neglected.

» >

where ©v

rent, B a «re t t* **jcr an3 manor r*4ii«

i s the poloidal Beta, and t. i s the internal inductance per unit

tength of the plassva current distribution.

If we write n - - [a/*Jt'r'vt
iA> t h * ° "* c * n 9 l v c "*• coedltton

for vertical and radial s tabi l i ty as

O < n * 3/2 (2>
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O# of car priitary tasks i s to provide the proper vertical

f ie ld . By during t i e campression and w« wi l l note for future

reference that in major radius compression the variation of B

provides the rraic cc*fressive notion.

The eKperiiwntal study of the KKD atablliey of tokaiuk*

ui*!wu> conducting liner i s just beginning, and we suafc us* theory*

as a guide, life wi l l present below sone data froa ATC on tbls

questioa.>

The calculations suggeat that tht conducting liner has a

strong stabilizing effect cnly on the high-e nodes of the kinks,

and a relatively snail effect on the m * 1,2 aodes. Thus, the

observed stabil i ty in isany conventional tokajuk experiments 1«

probably due to shear or miniwnm-B stabil isation. VK hav* adopted

the view that tsubject to «xperi«ental verification) at sufficiently

Uigh q (q - 5s2B./RI |p), say, q > 3, the pUsaut w i l l be atabl* In the

abmeace of t coad»cti»g l iner.

The scaling laws for s-agnetic coapreaiiion are worked out in

Ref. 2. They are derived for infinite conductivity, which lspl ies

the following two relations:

mJ BT • const (3J

i or q • const (4}
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where a i« the si nor radius of the pl-»wv# «^2«sa, sv is tbs

toroidal field; a M i - i*/g (• the rotational transfrm. v* »let>

anaoM thit tht carpx««*ion in collisions] vhlch m*a.-.c

whtr* T is the ion or electron ti-sipcratur*, n Is tfc* density, ar.<3

we hs** taken Y • S/S.

rr©» Eqi. Ml - (i», we can obtain t»ie lolloving «ealin? !a*s

•hovn in Table I for three nodes of compression.

Compression in »inoj radius at constant oajcr radius can be

carrl«d out by raising the toroidal field. Thla also require* en

lnereaia In 8 V to maintain the equilibrium l.'q. till. Thia type

of «*pr«aaion require* a large increase In the total magnetic

energy and results In a larger aspect ratio, F/a. This Is 3

technically feasible method cf coopresslc-#l heating and there ate

experiment* planned to teat U s effectiveness. No*«, hcvever, ttwt

the platna energy seales with magnetic energy, I ^ I S H • vl/i.

which Beans that a lerys Increase in t^ leads to a snail increase

It it possible to carry out compression in both eajcr and

•Inor radii in the t w mode* illustrate* in Fig. !. In the type

of coapreaaion labeled A in "able 1, the aspect ratio la naintained

during the compression. The toroidal field increases, tut. compared

wl*h constant-!* compression, the plaana energy scales more iavortbly

with aagnetlc energy. Mp * w^. Nevertheless, the pulsed magnetic

energy required to heat the plasma is large.

The type-B compression LH Table 1 and Fi-j. 1,which >s

Utilized in ATC, h^s tne feature that the compression i$ car

^inec^y te*wft̂ ns Ai^ost ^onstdn^- As t"ĥ  ̂ ^j^f r"3̂ J»v" JLS f̂ v<̂ ^̂  J

tha plasma ia forced into a. r^qLoi\ of larger torcltla] field,

which Implies a reduction of minor radius (Eq. (2)1, & • a 1 / 2 -

Th« pulsed magnetic fi*ld is tno Bv which has energy conpatable

to tha plasma energy, W-, which Is much smaller than K . A fyr

ther property of this raod« of compression is that the aspect

ratio improve*, and that p T increases more than R p. A dlsadvw

tag* of type-g compression is that the Initial plasma nay

hava a relatively unfavorable aspect ratio.

Note that tne ad-»b»*ic compression technique is not strictly

•peeking"* heating method,since no irreversible process ia in

vclvad. The idea is rather to make better use of Ohmle dlsslpa

tion by carrying out the Ohwic heating phase at large major

radius tad then transforming the plasma parameters to small Ktajor

radluj. Since the initial state In thia tr»nsforation Is ne

caasarily a low-field low-current state. It is not obvious that

any., pi««n* heating advantage is to be gained by the cosprasslon.

at compared wltn & slsple ethnic-heating phase that makes use

of the whole tillable voluaw. indeed, one can easily verify by

maaarical example* that for pressnt-day tokaraak plasma parametera,

or In any exparlaants with Bodest radial compression factors,

the final plasma temperature cannnot be lnproved appreciably

by tha compression technique. The advantages of the radial coatpres

tlon transfornatlon are found to be quite specialized. For exam

pie. as Is shown In Pef. 2, a main virtue of the transforestion

is that in future experiments with large compression factors it

will permit the barrier of radiation cooling to be overcome, allow

mi tt* o?«Rie dJs«:p»ticn troctss tc evty th* tokanak plassa to

'henwsti'jclear l^rsiticp- As Is «*"1 »;»*«;, this could cot b# done

af.^e/ plausible coaflBener-t *%tvaj-tttfam by * »«plr Caiic testing

t'ĥ ce aicoe.

4v̂ %̂  ̂* —• j j_jB^SE ^ads si wsrK' l^ p£3*pip^ Actaev^ s^g^este^ Art V^E * «

is of -J31** a different char*<-e-r je» several rrspee-t*- It provWfi

* real tea* Jr.? •flffect: «-.e ccsyi«r«s:cn cjcle I* carried o-Jt in

roughly an len-lco onlBlsit*n--»iraf, *o that « temperature aoSsoe.ro

iy result*, tfce collislcn*; 7»3a>4CL'jn of rtlch provides an elcwnt

Of jr«v^f*iDllity. Tft* te»pei*turc can thai be raised ront-lnususly.

A second s~portant diffisienr* relative to the shcene of Ref. 2,

however. 1« difficulty of technical Isrcieaentation.

Tt* hl<;h freq-jesei*» required by »ef. I create seve.-e problems

oi vertical field peRctratton tBro^ch toe toksswfc •weeus vessel; sine*

ibm hra'tn? fez cycle is typlcalSy T-i«e s^all. the plasna aust also

te driven throjigh a large number o£ ci-cles. Accordingly ihl» scL*=a»

has not *et been inpleneriteS t»p^r lc«<:ta]]y. and could not fce

%t?r 1 ent!ec3 • for ejtan̂ ple • on t »e t^r^s^n* A^^ Ŝ*̂*" ici? • We note, »ioany

tha* tfc* trans formation of pwrjjnrcers by ccsupr-ession should be

uavful In ccn]«netl?ii W t b non-ChnlC initial He.ittng methods: for

exanpl*. nr-atral injection ot ken cyclotron hestlr.?.

III . THE *-TC DEVICE

The ATC devlc* was built to test the type-B compression. To*

design called for production of a pre-ccnpresslon flasma with T-3

(circa »J4 197O1 par««ters, i.e.. a f • : • J X »O15, pl«p—

current1 ^v "5 VA, soŝ or an*? reinor r&dil oj P • 3O cs* and a m t / ĉ £,

respectively, electron and ion temperature of IKev and 500 eV,

respectively, arrf toroidal field of 20 kC at B - 90 cat. The

design called for a otmprcssed plassa icajor radius of 38 ca.

(C *- 2.37J for which Table I ^Ives "^'^ • s - 6 « T i / T
o " 3»

As not«d above, type-8 cexpression requires a ftatic toroidal

field and a variable vertical coeprecsioa field. Tne r*qair*»ect

of large change in stajor radius during compression necessitates

the use of an air-core transformer ratlier thsr. iron because the

toroidal field coila extend nearly to the axis of the torus. The

use of a conducting liner «aa never considered «nd Uic vertical

equilibrium field coils ar» prograeaca to produce the covpreMion.

A cutaway view of the A T C 1* shewn in Tig. 2 «nd a •eheaatic

view of a cross section ia-shown in Fig. 3, Table II «how» *one

of tne characteristics of the toroidal field magnet. An interest*

ing feature ot the toroidal field coil* is that they are designed

to be aelf supporting without the use of coil cases. Thia goal «»»

achieved with • snail safety factor by fabrication fro* copper with

blgh tensile yield strength. The tis* between discharges is about

3 ninutes at aaiciBnai field and ia. deternined by ehe cooling of the

toroidal field coils.

The vacuun ve'ael was developed tc ereet the conditions that

the vertical field and Ohslc heatin? transformer coil* should be

outside the vacuuat and that It should have a high electrical re-

sistance. The flrvt of these requirements icroses the configuration

shown in Figs. 2 and 3 and, for the second, an insulator would fce

preferable, but extreaely difficult to caanufacture. The choice
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of • 0.7S «fn «tainle» steel beliefs was r-sflr because it COUIJ*

meet the requirement of relatively lev conductivity indeed. ifr«

bellows construction both iirprovr* the strength and increases the

electrical resistance) and relatively sisiple, if tedious, Co pro-

duce. It consists of about 800 laaina welded to form a bellow*

with six pumping, and diagnostic port*. M w t final assembly, the

vessel it sealed with a *eld- There are four large diffusion

pumps which hsvs a total popping speed into the vacuum vessel of

about 2000 liters per second for hydrogen. The pur<ps use Freon

refrigerated baffles. The base pressure of the machine is about

3 • 10~ Tozr, mostly water vapor*

The systematic study of the influences of impurities in ATC

has not started, but discharge cleaning of three to five thousand

pulses of about 20 kA for about 2 msec at a pressure of about

1 * 10 hydrogen is sufficient to allow production of reproducible

discharges (which will bs discussed in Sec. IV). The pulse rate

is 0.5 to 1 pec second.

The Ohioic heating transformer and the vertical field colls

were assembled after the vacuum vessel was installed in the

toroidal field coils. The positions of these coils axe shown to

scale in Pig. 3 and the distribution of their turns is given in

Table III. The field of the vertical field coils 1* nearly uniform,

which weans that the vertical stability is weak. Thlc wac a design

conprotrdae fhhieh can probably be laprovedl chosen because it was

considered important to connect the coils in series. A second

factor was the desirability of having the Ohnic transformer coils

and the vertical field coils inside conposlte coil holder* (see

Pigs. 2 and 3).

The Ohmic heating transformer design provides a magnetic

field less than 34 o in the pre-conpre«iion plasma volume at

maximum OH bias current (10 kA]. This coil systen produces

0.24 V-S0C with the design value of 10 fcA In the Ohwle

The electrical circuit of the device Is shown in Fig. 4 and

a typical operating cycle is shown in Fig. 5. The Ohnic trans-

former is initially charged to sosie value (6 kA in Fig. S) and at

the initiation of the discharge tne hign voltage Ohsuc heating

capacitor bank is discharged to give a large initial voltage. Mhen

the voltage falls to that of the low voltage bank,it discharges

and drives down the current in the Ohnie heating transformer at

a slower rate, providing a voltage to naintain the pre-co»pr«ssion

plasma. The equilibrium vertical field current is provided by a

high power amplifier which can provide 2.4 kA. It is controlled

by a function qenerator which is adjested after successive dis-

charges to achieve a satisfactory plasiia.

The compression Is carried out by pulling • capacitor bank

in parallel with the amplifier to increase the vertical field cur-

rent. The rise tine is about 2 msec. There is ro provision, at

present, to maintain the vertical field current after compression.

The compression bank is crowbarred when the capacitor bank is

discharged.

Preionization is provided by two turns inside the vacuun vessel

whicn are connected to a SQ fcw, 1QQ - 200 KHz oscillator wfti«S.

provides About 1 lev/turn. The preionization plasna has sn electron

density of ! - 2 « 1 0 U or-"3.

Several ^pers which detente scare of the design and engineer-

ing aspects of AtC have been published.7

XV. HBP BEHAVIO* Of PLASMA IB ATC

ifee initial operation of ATC tias been concerned with produc-

ing a pre-compressics plasi?* suitable for conpressien and then to

c-pres* it. Tfci *irst phase of this program has been carried out

and will be discussed here. «e vail consider the gross character-

istics of the discharge, i.e.. the current, density, acd position

and their behavior during ccorprescicn. The documentation of the

tenperature Is. under active sttrfy, tmt is incomplete at this tl*w

and we will not discuss it except to note that the data indicate

that the objective of producing a pre-coarpreesicn discharge with

T-3 psr«trctcrs has been »ret-

«ost of the usual diagnostic apparatus available on tokonaks

is Available en ATC and iRcB»Se« 2 fln and 4 MK microwave interfere*-

vtcrs: a fast r-eucra! detector: a ruby laser Thomson scattering

system to determine the electron tegrperatur* and density; soft

x-ray detectors to determine the eleetrcn temperature frott

brofsstrahlung; Pogovskii colls to fieteraine the plss*a current,

vertical field current, am! (Katie heating trar^rorrtr current;

magnetic pickup loops *c deteroine tha pUssu positioAc and voltaqe

plcku? loop*.

The initial operation has been carried out at 14 kC toroidal

field at 90 en rather than 20 kG to decressa the risk of Mechanical

failure and also to Increase the rite of taking data.

rigur* * snows a staple of data obtained during a discharge

which was coKpresved. Figure 7 shows the sase data in graphical

fora. First note the. similarity of the plats* current, vertical

field currant, and Ohnic transformer current to the pattern of

Fig. 5. Mote, that: the pre-covpressicft plasns is established

with m Major radius of 90 en «ad that the current and voltage traces

are very similar to those obtained io ST «nd T-3 for •inliar currents.

The proper voltage to incorporate into a conductivity calculation

Is, as always, sonewhst uncertain, but if we use the value- when

the rat* of change of current is saull, we get about. 20 i*Q fox the

discharge resistance which gives about 100 eV for the electron

temperature, assuming a. • IT ea. unifors Zf, and 2 - 1 . Since

resistivity Is similar to tnat observed on ST and T-3 for Bucfa

hotter discharges, and the x-ray brensstrahlung and Thoeson

scattering neasurerents of T0 fcr this type discharge on ATC gives

a mich larger Te> we assuae that the effective Z is perhaps as

large H 5 ot i and that ther? arc a large number of irpurities in

the discharge. The spectrcsccpic stcly of ATC has not started.

The vertical field required for equilibrium <o*jl-l£>c J'^.tratned fr»

Cq. tli if the pressure and current distributions were known,

which is not usually tbe case. Thus* the conpariscn of observed

and theoretical values of the vertical field is not precise. A

useful exercise is to calculate the quantity I,,

rc>

Even when no «eeasure*ents of temperature or current distrlbutior

exist, knowledge of the valae of *i can give sos« insight into these

quantities. For exwple, for onifon* current density and fip ~ 1
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dis-

charges otherwise thought to have lot*- -> --age t--j*ratur«s a

large A> tends to indicate the presence of runaway elections which

*. due

to concentration of the diacharge current *© small tninor rddii is

seldom sufficient to make »j » 2, and at such high values the

likelihood of a low-* kink instability is high. The values of \

just before and juat after expression for the discharge in Fig- 6

ar« 0.5 and 0-6, respectively. Thus, without any knowledge of the

tenparature or current distr'bution we can conclude that this

diacharge did not have a large number of runaway electron! or a

Strongly peaked current distribution.

Th» electron density is measured at three Njor radii. 90 «a,

65 cm* and 38 an with 4 mm, 4 mn and t en Interferometers, respec-

Increases and decreases as the plasma colunn nov^s hy during the

compression. The density ot the 3< en radius 1* initially zero

and then increases sharply as the conpresajon takes place, in

Fig. 6 the average density at so en at the tine of compression

was 1 - 1 0 era. The naxinun average density in the compressed

plasma at 38 can Is 7 • l&3 , The density ratio is = 7 which is

In fair agreement with the value 5.6 given by the scaling laws.

The final check with the simple MHD theory la the value of

th* current in the compressed plasma. The scaling law gives J

value of 2.37 for the ratio of the current* in the compressed

and uncompressed plasmas. The value la 2.4 for the data in Flo- 6.

it should be pointed out that the value of this ratio is depend

ent on the flux linking the plasoa loop durlrvg tfee-eoirpre^sicn.

and that, in order to observe the theoretical scaling the ?yrt*nt

in the Ohmic heating transformer coll* nust be carefully adjusted.

It ts true that the scaling laws of Ta&le 1 apply to the plasfe*

*I*to applies. Therefore, while the total current adjusts to sat

Isfy the flux conservation, some of this current flows as •

akin current.
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TABLE I

of Parameters with Slav C repress,

Minor Srfiua •

Major B»4io» a

bsi l ' -y n

Preaaure p

fea ture T

tor. Field at
Fixed feint B(So)

Tor. Field at
Plaser* Axis P(Ht
Plasx-A Current I

Plasma Se

Plasm - S

Placna Potential *

Vertical Field at
Plasma Axis B (ft)

Tot. Mig. Energy l^

Tot. Plastaa Energy

Transform i

Aspect Ratio R/a

c'1

Const.

c 7

r10/3

c«/3

2
C

censt.
c 4/3

c -2 /3

<r2

c7/3

C 4

c4/3

Ccnst.

C

Type A
C ' 1

C"1

c '

c5

c2

c

C 2

c
c
c

c2

c 3

c2

c*

Const.

CORSC.

Tre« e
C-V2

c' 1

c3

c10/3

c4/3

Const.

C

C

c l /3

c4/3

c

c i i /6

* Const.

c4/3

Ccast.

c- l /2

tts» scale, so that y -

Tcrcidsl Field Coils

Coil i-d. r«»»

Coil c.d. (CKI

Major radius of coil center line <cr*)

Field at coil <r*nter Mr* IkC)

Coil current IkA)

Total 1ST 1106 A turns 1

• of coils

' turns/coil

Torus inductance tsKi

Torus resistance (R21

Titae constant tsec)

Equivalent square *cav* pulse (cec)

Resistive dissipatice >KU»

C v r g y storage (KJ>

p^wer supply - • large generator* arranged in
2 parallel pairs

Total veiqht of cepper libs) 2

Centering force per coil (Its) 3t<

117

143.5

77

23.4

37.5

9.C

24

10

21.7

l.B

2.7

l.C

21

16.7
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Ohnic Heating Coils

Mâ or radius (csri

Distance froai •ldplans (at)

Hi 1XA turns)

No. turns

Current ifcAJ max.

Salt-inductance (set)

Resistive powsr dissipation (6 coi ls)

Energy storage <* coils)

Power supply

Shaping and Compression Coils

Major radius (cmi

distance from midplane (en)

HI <kA turm) before compression

at <kA turns) at max. compression

No. turns

Current tkA) ma*.

Self-inductance

Resistive po-wer dissipation <* coils)

Energy storage <* coi ls)

Power supply

Inner tit Middle 121 Outer (

52.0 43.0 122.0

23.0 36.B 19.1

130

13

10

20

:

10

0.9 »K

2.4 MH

50 kJ

one latrq* qtiu

10

1

10

>rator

50.0

2S.0

2 . 0

10.0

1 .0

10.0

90.0

31.0

10.0

50.0

5 . 0

10.0

2.0< fuj

1C0 MI

1» kJ

125.0

11.0

11.0

90.0

9 . 0

10.0

High current amplifier plus capacitor
bank

FIGURE CAPTIMU

Fig. 1. Conparison nf the type-A and ty?»-« con^

processes, showing initial and final configurations.

Fi<». 2. Cutaway «i«w of the ATC •hawing « n Kajo

except the structure, bust fork, and pluvfeing.

Fig. 3. Schematic cross section of the ATC. Specifications

for the toroidal field coils and the Ohnic heating and shaping coil

seta 1, 2. and 9 are given In Table lit. Initial and final plaaaa

configurations are shown.

Fig. 4. schematic electrical circuits of the Ohnic heating

and shaping field colls.

Tig. S. Typical ATC operating cycle. A generator-driven,

quasi-dc priiwy current in the Ofcnic heating coils la progressed

down, thus inducing th« ploisi* current, while a current In the

shaping coils Maintain* correct equilibrium After initial heating

period, the shaping coil current is raised rapidly to effect pl*aata

conpression, thus Multiplying plasma current.

Fig. 6. Data obtained for • compressed discharge In deoteriua

the ohnlc heatlnq transformer current - OH; vertical field currant -

- SF: piasna current - Ipj planM loop voltage - v , and the electron

density at 90^- ne(not*> the different sweep duration) - mm trace

of electron density at 38 ca - n^ is triggered 1 » see before the

compression. The traces Mrked B 8 a r < .ign,!, f r o . local .agnctlc

probes unich are located at the positions shown on th* dlagra» both

above and below the vacwn vessel. Th*afT«v of B 0 probes Is used

to sense the as jor radius of the plasiu. At 8*^. and B ^ both

the sn» and difference signal are ahown. The Major radius is

determined fro* analysis of the «um aiqnala and the veitlcal

shift tram the difference. For otanpla, tt<m B ^ we observed

that the plauu la shifted slightly up fresj the dlftereacc signal

(the swaller slgaall. Thm trace showing »,>, and B £ j was trig

gered t » a«c Iwrfora th* coapreselon and showa a* ratio of %/6B

which Indicates that the pi*e*a taajor radius is about 31 cm.

The difference algnal at »P( , showa a small downward shift for

tha coapresaed plassa. The algcalc Karted c and d are the fluxes

froat toroidal loop* located above and below the vacant vessel

at about tfia position* stark** 1,2,] en the dlagra*. e r*pr«s»nt«

the svsi o* th* fluxns through these loept and a ropreserts

the (litxea batweea loops 1 and 2. The is data can b* analysed

to glint the Mjor radius near *O c».

The traces aarked * and b axe currents In each of two pair of

pasalv* shorted capper rliwja connectad to provide soeje vertical

statolllcatlon. but not to Interfere with «ne antloa along the

•a)or radius.. Trace a represents the current In colls at appro

nlmsteiy the position «arfced 1 on the dtae;rasi and trace b is from

a set of colls near poaitlon I. These eurreate are sensitive in

dlcators &t the vertical notion of the pleana coluaw and five

results in aareaseae with the v^, probes.

rif. f. The data of Pie,. C. replotted on a i
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