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INTERNALMAGNETICFIELD BEASUREHENTSIN A TRANSLATING
FIE*REVERSED CONFIGURAT1(W

W. T. Armstrong, q. E. Chrien, K. F. McKanna, D. J. Rej,
E. G. Sherwood, R. E. Siamn ●nd M. Tuszeweki

Loe Alamm National Laboratory, Univ. of California, Los Alamos, NH 87545

.1. INTRODUCTION:Magnetic field probes have been ●mployed to etudy the internal
field structure of Field-Reversed Configpsratione (FRCS) translating past the
probee in the FRX-C/T device.l Internal cloeed flux surfaces can be studied in
this manner with minimal perturbation becauoe of the rapid tranait of the plaamz
(translational velocity Vz - 10 cm/~s). Data have bean taken using a low-field
(5kG), 5qtorr-D2 gas-puff mode of operatio - and ~~Om;;~l w~~
yields an initial plasma density of
tranalate from the

-1 xlo15::!he~c
- 25 cm radiua source coil into a 20 cm radius metal

translation veseel. Two translation condition ●re studied: 1) translation into
a 4 kG @ide field (“matched ~ide-field” case), renulting in similar plasma
paramacere but with x - .45, ●nd 2) translation into a 1 kG guide field
(“reduced guide-

it
●ldn case), reculting in expanaion of the FRC to conditions of

density - 3 x 10 “, external field B. - 2 kG ●nd x~ -0.7. The expected
revereed Bz structure IS obeerved in beth cases. However, the field
measurements indicate ● possible cideways offset of the FRC from the machine
●xis in the matched case. There la also evidence of ialond structure in the
reduced ,Wide-field caee, Fluctuating levels nf Be ●re observed with ●mplitudes
6 Be/3 in both caoes. Field measurement on ths FRC symmetry ●xis in the
reduced aui~e+ield case indicate B on the ●eparatrix of Bc - 0.3 (indexed to
the external field) has been achieved. This decrease of B- with increaeed Xa 10
axpected, and deoirable for improved plasma confinement.

11. EXPERIMENTALARRANGEMENT:The probes conoimt of two oeparate cete of multi-
turn wire 10GPS hu-hin 5/16” O.D., S.O. jackets which result in 300 no
roaponce t.meo.- One three-axis probe is poaitloned on the qnnmetry sxiu of the
device for reference while the other three-axia probe i- ocann~d radially on a
shot-to-shot baeis. The probes are located - 1.9 m beyond the ●nd of the 2 ❑

low FRC formmtion coil, in ● uniform dc f:eld region, ●nd - 1.5 m before a
~snetic mirror rtgion (z r b = 293 cm in Fig. 1 of ref, 1). Fixed Bz probes
external to the FRC an~ !n?erferometry measurements at ●pproximately the same
●xtal location ●L the internal probaa, ●re used to ●id in the ●ralyoie of the
internal field maauremcnte.

The probe jackets have ●n %“ ehape~ ●nterinaathe vacuum veeeel radially,
turnina ●t the probing radiun 9@ toward- the - z direction (direction of
oncoming FRC) and laminating ●t the probe location - 8 cm from th~ 90° bend.
Thio jacket ehapm ●llows for miniml perturbation of the pla@mm ●zimuthal
diamqnetic current ●t the ●xial location of the probe. Other perturbetiune,
plasma cooling ●nd increaead ●lectron denoity from impurities, are ●nt’.cipated
to be minimal due to the ●all surface ●ree of the probe jtcketo bllt
none-the-leee increasing ●s the FRC Yravereeo the probe. A global check of Fl “
●imilarltv with ●nd without probin~ in made by comparing radium hiotoriea of t
translating FRC ●L two ●xial locationo prior to the probing location with tliii
radius hiacory ●t the probe locationO This comparison ●howc that only the
trailing pottion of the FRC ●t the probing location departs from the ●arlier
hiotoriao. Thie variation may raeult from Increasing perturbation of the FRC by
the probes ●s mentionad ●bove, or from the ?RC olowinS due to ita encountering
of the mqnatic mirror downstream. These dissimilar data ●re not ●nalyged.
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A summary of plasma parameters for the source and the two translation cases
is given in Table I (source parameters differ slightly from those of Ref. 1 for
this particular data run, resulting in higher translati~n velocities). The

-inferred parameters are: the “volume” averaged density ; = J ‘ndl/r8 the total
-temperature T= ~B2/8 ~ = excluded flux adius, the

intcmal flux 01 = ~ # ~3*~~ ,~p~~t~$u~d~~~ed beta ~ = 1- x~/2. Since
-; is not a true volu~swav~rag~d quantity, ; and T are estimates to approximately

10% accuracy. The source FRC’S magnetic field and radius are measured 1S cm
from the source-coil midplar~e in the direction of translation. Note in the
Table that due to acceleration in the conical source coil, and due to the high
translation velocity in the reduced guide-field case, the FRC may not have full
equilibrium conditions. Departure from full equilibrium may introduce addition-
al error in some inferred parameter. Finally, the stable period before the ro-
tational instability occurs in both translation caaes, la > 40 IJS so that the n
= 2 elliptical deformation is not expected to affect interpretation of the data.

III. MATCHEDGUIDE-FIELD TRANSLATION: Axial profiles of B-fields, density and
radius ~three similar shots are displayed in Fig. 1. Translation velocities
for each shot have been used to ‘convert tim~ histories to axial profiles.
Figure la displays the excluded flux radius and line-integrated density (double
paas) overlaid for the three shots. Figure lb shows ti~~ referenca external
field and Bz field measured on the machine axis for the three shots. B

i
fields

at three intermediate radii (each radii is from a different shot) a.e a so shown
in Fig. lb. The expected reversal of B with radius is evidel~t in the figure.
Figure lC displays the Br and B

!!
fiel~ components (with zespect to the machine

axis) for the three radial posit ons scanned in &he three shots. The BO
amplitude (x Be/3) results in < 11% contribution to prestiure balance,
Furthermore, the small Be ampl ’tude together with its fluctuating structure is
distinctly different from that of a Spheromak. ~ possible explanation for the
existence of Be is the presence cf “torsi mal-Alfven” waves generated by the
axial ;cceleretion of the FRC out of the shallo~ conical theta-pinch source
region, Also, tilting and sideways offset of the FRC may contribute to pickup
of Br and Bz on the Be probe,

A radial scan of BE is presented in Fig. 2 in which data were ●veraged over
three shots and over 40 cm axial extent centered at the FRC midplane, The data
is consistent with a sideways offset of the FRC of Ax - 1.5 cm along the probin
diameter. Furthermore, comparison with theoretically predictsd Bz(r) profiles f

assuming x
1!

= 0.45 and 68 = 0.7 (baeed on ‘.ong-thin equilibrium constraint)
indicates t e measured B radial profile la narrower than predicted. This
difference may be exp!ained by a further sideways offset of the FRC Ay u 4 cm
perpendicular to the probing diameter (inf&rted offset is not sensitive to
choice of 0 ).

8
With those offsets, Lhe probing radii indexed to the coil center

of -4.3, 0. , +4.0 and +8.0 cm become probing radii ●long a chord indexed to the
FRC center of -4.9, 4.3, 6.8 nud 10.3 cm, respectively. Thie adjusted scale is
indicated ●t the top of Fi8. 2.

IV, REDUCEDGUIDE-FIELD TRANSLATION:Axial profiles of plasma pararneterti ●re
presented in FIR, 3, •[~ain for ●.hree shots, in which the plasma txpanded into an
initial auide f~eld-of - 1 kC. As in Fig. 1, the field mea.uraments at three
intermediate radii r~present a diffarent proba placeme[)t on ●ach Ihot. Field
reversal similar to the previous caae is observed. However, the radial ●xtent
of the reversal region iB considerably broader ●s indicated by similar B values
from O to 8 cm radiuB. Evidence of ioland formation is oeen in the 00C nationf
fie n .1--- -L- Wmn--h- -. 9* - -— W.-s--> --- —— –. –- -*. .– ~- * ~, -
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profiles. From full, FRC r (z) profile histories, the presence of
ftpa tially merged FRCS can be seen start g in the aourcc coil. Multiple FRC

island structure in rA$(z) profiles has also been observed in 2-D eimulations.q
A possible cause of the multiple island structure in the present translation

--experiments may be the strong accelerating field gradient at the edge of the
source coil which is present with a reduced g~ide field. Aa the plasma passes

-through this step in Bz, the leading plasma will be accelerated away from the
trailing plasma, enhancing any initial island structure that may be present
after FRC formation.

A radial profile of Bz is ahown in Fi3. 4, in which the averaging method of
Fig. 2 is used. Also mhown in the figure is a profile theoretically predictsd
from equilibrium conatraints,3 for ‘s = 0.7 and Oa = 0.3. Good agreement is
found between the two profiles, with the experimental data i~~dicating a slightly
wider reversed field region (corresponding to a more peaked pressure profile at
the field null). The expected low 0s for large Xa is obBerved in the data. Low

0!
is important for obtaining improved plasma confinement in FRCS. No sideways

o fset of the FRC is indicated by the data. In Table I the internal reversed
flux @i, inferred from equilibrium constraints, is larger in the expanded
translated FRC compared to the source or matched translation FRC. The source 01
may be underestimated due to the lack of full equilibrium conditions. However,
the 01 downstream is measured independent y by the internal probe

$
measurements

to be in the range of 275-350 kG cm , in support of the large, global @i
estimate in the table.

~k supported by the U.S. Department of Energy

Reference~i

1. D. J. Rej, et al., the~e proceedings.
2. D. W. Newett, accepted to Nuclear Fusion.
3. D. W. Hewett and R. L. Spencer, Phys. F1. @ 1299 (1983).
4. W. T. Armstrong and R. D. Milru,r, Proc. of the Fifth Symp- on the

Phys. and Tech. of Compact ‘i’cmoids, (Bellevue, 1983) J.l; and
R. D. Milroy, private communication.

TABLE I
Plaama Parameters

So irce Matched guide-field Reduced &uide-field
(t-lops) transition (t=40us) translation (t-30pe)

~. (k
fln (10 cm-3)

T (oV)
01 (kG cm2)
r. (cm)
Is (cm)

i’

(3~2)NT (kJ)
Mvz/2 (kJ)
E...-. (kJ~

5.5
101
630
175
10
150
.4
.92
-.

25
601
8.0
--
R.n

4.8

;:0
140
9.2
180
.45
090
12
23
4.5
5.9
101
7-n

1.8
.3
200
225
14
250
.7
.76
20
14
4.6
2.2
3.1
<-1



,
.*

(

-4-

1=

4

1-.’:
(b) Wbtl

*.O.O %.>
G \
s? 1.40.

\d/,<---~,:;<,<*+: !3m!3m

‘.

mN o V.-43- -“;.. . . . . . . . . 1... ‘“’ /“
._-__ -.,--r_ A_>4”AL” _________

● lto .:..,..,< --
:,:*

-2 ., \t?#., ,1.-:.-,

> 1
,i

Y

-o

5 ,“,, ..’”,“:’’;’’}’:-,,,e,,,,,,
20 =

.,. , I G
.. ... .. . .... . 4OL 1

.. . . .
! ““ 10

s, I I 1

,.,;f’<=----t ------4 -----

. . 1- Ti?.00..

-1
v .6.0 .- -,.,, I

●sis,,...,,::::,
,:;,?”

.,;:l ..9:U;Y!..!:’
-s 1 I I

-200 -100 0 100 20J -200 -1oo Q 100 200

z (cm) z {cm]
Figure 1. Matched guide field data: Fijture 3. Reduced Quide-f Ield data:

a) rb and fndl (double pass ;
-.

b) Bz it different coil ra:li; coil
axis (dotted), r = -4.3 cm (dot-dash),
r = 4.0 cm (short dash), r = 8.0 cm
(long dash), wall (solid), c) B
and Be at same positions as in E)e
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Figure 2. AV%rage Bz vs r for matched
guide-field case. Error bars ●re rum
deviations. Theoretical profiles are
shown for FRC offsets from the probing
diameter of 0, 2 and 4 cm. Inferred
F:Obillg radii w/r to FRC major ●xis
are shown at top.

Fi8ure 4. Aver& e B vs r for
!!reduced @ulde- iel case.

Error bars ●re rm deviation.
Theoretical profile is solid curve.


