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Abstract

A theory of magnetic fluctuations, field reversal maintenaﬁce
(dynamo activity), and anomalous thermal transport in the Reversed
Field Pinch is proposed. Nonlinear genération of and coupling to mg?

modes is advanced as an m=1 tearing mode saturation mechanism. The

mechanism by which nonlinear m=1 tearing modes sustain the toroidal

magnetic field is elucidated. The predicted fluctuation levels and
scalings are consistent with those required for maintaining . the BZ

configuration. Heat transport is estimated using stochastic magnetic

field diffusion argumenfs.
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Recent experimental results have indicated a correlation of
macroscopic magnetic fluctuations with field reversal maintenance(l)
and anomalous thermal transport(z) in the Reversed Field Pinch (RFP).
Typically, the dominant observed magnetic fluctuations have poloidal
mode number m=1, toroidal mode numbers 10 < n < 20, With. frequency
width Aw ~ S—1/3(8=TR/TA), and are fherefore associated with m=1
resistive internakaink (téaring) modes.(s) In this Létter, a theory
of mnonlinear, muitiple hélicity‘ m=1 tearing mode interacfion and
saturation is proposed. The fhebry is used to develop models of the
dynamiqs of magnetié field configuratidn' maintenance (dynamo) and
electron energy confinement in the RFP which are in qualitative
agreement with several experimental observations.

In the RFP, a spectrum of tearing modes with m=1, 10 < n < 20 .are
destabilized by the resistive diffusion of the magnetic field
configuration away from a minimum energy Taylor equilibrium-
state.(4) The mneighboring magnetic 1islands resonant at ¢ =1/n",
g =1/n" overlap for GB/BO > 1/n2Rq', thus resonantly generating a
cufrent sheet and magnetic island with m=2, n=n’+n”.' The m=2, n=n'+h”
mode is linearly stable, with A’<0, and is further stabilized By
flattening of the equilibrium current gradient by_ global m=1 modes.
The (stable) driven m=2 ﬁodes nonlinearly absofb energy from the
primary m=1 modes, which saturate when the raterf coupling of energy
to m=2 balances the rate of equilibrium magnetic energy release by
m=1's. This progreséive cﬁrren£ ‘filamentation process (caseade)4'
proceeds with the generation of m>3, and eventually terminates when the
(m=1) driving energy is depleted by resistive dissipation at small

scales and quasilinear profile modification associated with the
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generation of large m,n stable modes. These phenomena are‘ analyzed
theoretically using renormalized spectral equations.

Obtaining quantitative results is facilitated by thé observation
-that in the region of (resonant) tearing mode interaction, located well
within the_ reversal surface; BOZ >> BO@' Thus, reduced ?esistive
MHD(5) is an adequate plasma model. Hence, the magnetic and kinetic

energy evolution equations are:

% M =/ ax (ng;XQ.vw) + dx-(JV,(lo)ff) -5t e (2 .(1)
-ai"; EC = —f ax (#VyxeVi) + [ ax (87(0)1) -] ax g(Vyu)<s>’ (2)

where g is the stream - function, % the flux function, J = V%W the
current, U = Viﬁ the voftiéity, EM = [ dx (V¢)2{ EX = [ ax (V§)®,
Vﬁo) = IBolleOoV, and a .slab approximation is wused to treat the
inhomogeneous radia1 dependence. Renormalized spectrum equationé- are
derived by using jteratively calculated fields for (driven) mode k" to

close triple moments representing the triad interaction of a test mode

k, background mode k’, and beat mode k"”. Here k = (m,n). The driven
: 6,7 2 —_ ’ " 2 4 ”

fleldS are( ): WQH)— Sl(l‘*'AknGN(X )]/Awgu, J£11)= SlA—]&uG(X )/ACI)KH,

¢é§) = iAﬁ“GN(X“)Sl/kH’ U(ziu = Sg/AwK“(1+x”2/X”§), where the notation

is that used in Ref. 7, and Xy = LsAwg/ky' (Awk)_1 is the mode
interaction time, to be calculated. The structure of the driven fields
reflects the radial inhomogeneity and nonlocality of the problem, and
the fact that the nonlinear interaction of kink-tearing modes, with

resonant and exterior regions, will in turn generate driven modes
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(turbulence) with resonant and exterior regions. Using the nonlinear
beat fields (assuming Aw < 1/T4, =%, < a), it follows that the

renormalized spectral equations are:

3 K _ . )
a EK = 1] dx ﬂ‘__k_ k”JK — f dx <¢br>K<J>
[axy (1~ ﬁ) g BEL (R oKy By gM] e (3)
T E C Rl K ey r'k’ ®k rkCgl
: 2
<I=>
9 oM _ . k
a3t Tk =if dx J_Kk"gf - [ ax .
'|"j dx E, 2 A_lg" A r ng' Vr K, éak]
= n K_”
,6x) v 2. oM 2. K
— [ ax g v y [<vr>2§g_ + <b% ggp_] (4)
k B4 |
(pt+a=k)

where' b =Vy, v, = v'y;zf,gﬁ = <(VX¢)2>£, and gﬁ = <_(VX¢)2>1£. By

adding Eqs. (3), (4) and summing over k, it is easy to verify that the
renormalized spectral equations conserve energy.

The m=1 saturation amplitude is determined by the balance of the
rate of magnetic energy release from the equilibrium configuration with
the rate of energy scattering to m=2 via nonlinear interaction with
neighboring m=1's. This balance is extracted from Egs. (3) and (4) ‘by
adding the equations, summing over n (with m=1), noting A’<0 for m>2,

and using standard properties of tearing modes, thus yielding:
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5(x") 2 K
. <br>1,n’$51,n (5)

-y [ dx <gb > ‘= ‘
) [ ax <gb >, <a> ngn, [axla) o1

2,n+n’

wﬁere Aé,n+n; = ~|Aé’n+n,l and AQ& = Ez'Ak”la(X”)<b§>£'/Awk”' Equation
(5) states that saturation is deter;ined by the balance of growth due
to <J>’ relaxation with écattering to m=2. Since m=1 tearing modés‘ do
not exhibit a Rutherford'phase(a) and'becaﬁse the isiands overiab for
relatively modest fluctuation levels (6B/B ~‘10_3)f linear tearing mode
eigenfunctions are used to calculate the driving term. Hence, [ dx
<ﬁbr>1,n<J>’ = f dxyl’n 19¥,n’ wheré'yi’n is the liﬁear growth Trate.
Consistent with the nqtion that the mnonlinear time scale AQK is
determined by the dominantlfluctﬁations (m=1 modes in this case), it
follows that AQm=i ~ (SB/BO)rmS/|Aéa|1/2. Thus, the root mean square
m=1 magnetic fluctuafibﬁ level | at , saturation . is
(6B/Bg) s ~ pey7a)/18581/2, where . yy_i7, ~ S7V/3. However,
quasilinear flattening of the eQuilibrium current gradient may. cause
some reduction in the driving term (as compargdlto xm;l). Finally, it

should be noted that (6B/B) refers to the value of (6B/B) at  the

rms rms —
resonant surface, located in the RFP core.

A physical interpretation of the proposed m=1 saturation mecheanism

is that the (primary) m=1 modes are stabilized by a nonliﬁear IxB

/

force, resulting from interaction with stable modes, which opposes the_

growth of m=1 wvorticity. This can be seen by examining the

renormalized m=1 vorticity equation, which is
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12 6

"

= (1 -2—) a7, . X . <bBs (6)
o f 0D e e B

For m’'=1, Aﬁ;z < 0, it 1is apparent that the nonlinear interaction

opposes the growth of m=1 vorticity. Furthermore, the (br)rmS

saturation level can be obtained from!the balance of the stébilizing

dxB -force with the driving forces, as approximated by 71‘n¢1 n Note -

that 'this is the opposite case +to that described in Ref. 6, where

Aﬁu > 0 and the resulting nonlinear destabilization triggeré the onset
of major disruption.
In order to qualitatively test the theory proposed in this Letter,

numerical solution of the nonlinear, incompressible MHD equations 1is

used to compare the single and multiple (nonlinearly coupled) helicity.

temporal évolution of m=1, n=14 mode kinetic and magnetic energy. The
resu]ts are shown imn Fig. 1. It is apparent that multiple helicity
coupling éffects play a very significant role in +the mnonlinear
evolution and saturation of m=1 tearing modeé in RFP. The
computational results are discussed further in Ref. 9. |

It is apparent from Egs. (3) and (4)-that energy extracted from
m=1 modés is scattered, by incoherent emission, to m=2 (Aé<0).
Subsequent interaction with m=1 then scatters energy to miS, Hence, a

cascade to small scales (large k) results. For -A; increasing with m,

(for m>2), it follows that energy extracted from m=1 is wultimately

expended driving large m, stable modes and dissipated by resistive

diffusion at small scales. Note that in this problem, the direction

and rate of cascade are determined by 4y, & measure of stability at

wavenumber k. Hence, the cascade is actually a progressive current
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filamentation process, where nonlinear interaction generates small
scale current sheets and islands.

Experimental evidence has linked m=1 tearing modes with dynamo
events (increases in |<BZ>|) near the RFP wall. Here, we_consider the
dynamo effect produced by (dominant) m=1 modes. Using Ohm’'s law, it
follows lthat ABZ, the change in <Bz> due to turbulence and resistive

diffusion, is

PP O R S
z r dr SAw dr

+ 1 H(EpBy)sl) | - (7)
where £ is the displacement and I(Yxﬁ)@l is the turbulence—induced

poloidal electric field. Away from the resonant surface, the exterior

o

(ideal MHD) equations apply; thus B = ZX(EX<B>). Assuming a kink

displacement Ek = Ek(r)(g+igx26), it follows that near the reversal

point ry(<B,> = 0)

: I<B_> <B >
AB __..lir {L___Z_ s
r dr

z She or (1-nq(r))1%; o17). (8)

and near the wall, (El,n(r) > 0 as r*rwall)’

1 d<B_>

.13 . o, .
g = 2 A Ky . .
£8, r ar | {SAw ar ; <B,> ar {lél,n(r)| }) (9)

Hence, for 8<BZ>/3r < 0, gq(r) < 1/n near the reversal surface, and
8]?1 n(r)lz/ar <0 and <B,> reversed near the wall, respectively;

AB, > 0  for (8) e ~ (Sbw)1/2  571/3, Noting that

(g)rms ~ (GB/B)rmS ~ S_1/8, it follows that dynamo activity induced by
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m=1 tearing modes can offset resistive diffusion of <Bz> at the
reversal surface and near the wall, thus maintaining the magnetic
configuration. Furthermore, the fluctuation scalings required for
ABZ + 0 are consistent with those actually predicted for saturated m=1
modes . Indeed, it is worthwhile to observe that a ﬁodei of m=1
Saturdtjon based on the bﬁlance of dynamo activity with resistive
diffusion away from the Taylor minimum—energy eduilibrium, state

predicts (using Eg. (7)) saturated state magnetic fluctuation levels

also scaling as 6B/B ~ S_l/a. Finally, it is interesting to note that

in ‘contrast  to solar dynamo models, where the symmetry breaking
" necessary forkdynamo activity is a consequence of finite helicity fluid

turbulence(lo), the mnecessary symmetry breaking. here ié a consequence

of the radial structure of ka (k"a=1~nq(r) > 0, near reversal point) =

and Ek (a;§k|2/ar < 0, near wall) imposed by the equilibrium magnetic
configuration structure, boundary conditions, and ideal MHD energetics;
Also, in the case of the solar dynamo, thermal energy is converted to
magnetic enegy. In the RFP, global m=1 tearing modes convert magnetic
energy density in the core poloidal fieid (near rS)‘to magnetic energy
density in the +toroidal field. Thus, the RFP dynamo process is
actually a redistribution of magnetic energy.

Experimehtal evidence has linked.heat transport along stbchastic
magnetic fields produced by m=1 tearing modes with confinement in the
RFP.(ll) Quasilinear magnetic field line diffusion(lz) predicts a
(collisionless) thermal conductivity Xg = VTe ; <b§>K 6(k"). The use
of a quasilinear estimate is consistent with t;e large radial extent of
the modes — turbulent broadening of the gogo resonance is not a

significant effect here. Using the saturated state magnetic
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fluctuation levels obtained above, it follows that in the core region,

Xg ~ @V & 8_2/3, where o ~ .01 and VT is the electron thermal
e e
velocity. Balancing heat loss with ohmic heating yields Te ~ Iﬁ7,

where Ip is the plasma current and the proportionality of density to Ip

' has been assumed (consistent.with experimental results). For S = 105,

B~10% is predicted. The scaling of temperature with current and the

estimated § are in reasonable agreement with experimental results.

However, it should be noted that other loss processes, such~as:

(13,14, 15)

resistive pressure—driven turbulence and particularly

between the reversal point and wall, rippling modes, may contribute to

(14,15)

heat transport. Prelimihary results indicate that stochastic

magnetic fields produced by resistive interchange modes result in

an anomalous thermal conductivity xyp = (1/47r)1/2(a/q)3vT aﬁs/z/s.‘
. ' . e

Balance of tﬁermal loss with ohmic heating indicates tha# Te ~ Ip' for
density proportional to current, and §~10%. Note that the thermal loss
prediction for resistive pressure—driven turbulence is qualitatively
similar to that for m=1 tearing modes, but smaller in magnitude. Both
indicate that g ~ 10%. |
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Figure Caption

Fig. 1 —
Comparison of temporai evolution of m=1, n=14 magnetic and kinetic
‘energy for single helicity and multiple helicity (nonlinearly coupled)

cases.
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Abstract .

A seli—consistent theory of magnetic fluctuations, field reversal
maintenance (dynamo activity), and anomalous thermal tramsport in the
Reversed Field Pinch is proposed. Nonlinear generation of and coupling
to m>2 modes is advanced as an m=1 tearing mode saturation mechanism.
The predicted fluctuation levels and scalings are consistent with those
required for maintenance of reversed BZ near the wall. Heat transport
estimated using stochastic magnetic field diffusion arguments .is

consistent with experimental results.
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Recent experimental results have indicated a correlation of
macroscopic magnetic fluctuations with field reversal maintenance(l)
and \anomalous thermal transport(z) in the Reversed Field Pinch (RFP).
The dominant observed magnetic fluctuations have poloidal mode number
m=1, toroidal mode numbers 10 < n < 20, with f{requency width
Ao ~ S~1/8(S=TR/TA], and are therefore associated with m=1 resistive
internal  kink (tearing) modes. (3)  1n this letter, a mnovel
self—consistent theory of nonlinear, multiple helicity m=1 tearing mode
interaction and saturation is proposed. The theory is used to develop
models of the dynamics of magnetic field configuration maintenance

(dynamo) and electron energy confinement in the RFP which are in

qualitative agreement with several experimental observations.

In the RFP, a spectrum of tearing modes with m=1, 10 < n < 20 are.

destabilized by the resistive diffusion of the magﬁetic field
configuration away from a minimum energy Taylor equilibrium
state(4). The mneighboring magnetic islands resonant at q = 1/n",
q = 1/n" overlap for fSB/BO > qg/nrq’, thus resonantly driving a current
sheet and magnetic island with m=2, n=n’'+n". The m=2, n=n’+4n" mode is
linearly stable, with A’<0, and is further stabilized by flattening of
the equilibrium current gradient by global m=1 modes. Hence, the
(stable) driven m=2 modes absorb energy from the primary m=1 modes,
which saturate when the rate of coupling of energy to m=2 balances the
rate of equilibrium magnetic energy release by m=1's. This progressive
current filamentation process (cascade) proceeds with the generation of
mg?, and eventually terminatesi when the (m=1) driving energy is
depleted by resistive dissipation at small scales and quasilinear

profile modification associated with the generation of large m,n stable
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modes. These phenomena are analyzed theoretically .using renormalized
spectral equations.
Obtaining quantitative results is facilitated by the absérvation
that in the region of (resonant) tearing mode interaction, located well
within the reversal surface, BOZ >> BO@' Thus, reduced resistive

MI-ID(5> is an adequate plasma model. Hence, the magnetic and kinetic

-~
~

energy evolution equations are:

- g1 [ dx (J)B 0
-[ dax ¢(Vy¢)<J>' (2)

where ¢ is the stream function, ¥ .the\flux function, J = Viw the
current, U = Vog the vorticity, EM=[ ax (W)? E¥=/[ ax (V)%
Vﬁ0)= {Bol_lBO'V, and a slab approximation is used to - treat the
inhomogeneous radial dependence. Renormalized spectrum equations are
derived by using iteratively calculated fields for (driven) mode k" to
close triple moments representing the triad interaction of a test mode
k, background mode k°, and beat mode k. Here k = (m,n). The driven
fields are(6’7): ¢£§)= 81[1+AE”GN<X”)]/AwK“’ Jé§)= SlAkud(X”)/Awku:
ﬂﬁ?) = iAE“GN(X”)Sl/kH’ U(ziu = Sz/AwK”(1+X”2/X”A), where the notation
is that used in Ref. 7, and Xy = LsAwg/ky' (Awg)_l is the mode
interaction time, to be calculated. The structure of the driven fields

reflects the radial inhomogeneity and nonlocality of the problem, and

'the fact +that the nonlinear interaction of kink—tearing modes, with




4
resonant and exterior regions, will in turn generate driven modes
(turbulence) with resonant and exterior regions. Using the nonlinear
beat fields (assu:fﬁing bw < 1/7,, X, < &), it follows that the

renormal ized spectral equations are:

a K : X ’
Pl if dax gy Ky dy - [ dx <gb, >, <J>
12 "
. n . 6(x 2 K 2 M
+ [ dx E (1 “2) B o [<br>_1g’ &y t <V (goh,] (3)
X n k
2
<J®>
9 oM _ _ Ik
a0 Bk T if ax J_Xk 4 [ dx 5
| nf el [<b%> oK, + <v&> M
+ [ dx E By o <by>y &y Vi (gh]
X nll K'l
. 6(x) 2 M 2 K
- 4
J ax ay ~ 2 [<vr>}2 Eq T <Pr>g éap] (4)
%k 2.q
(pt+g=k)

where b = Vy'g//, v, = Vyy_{, g_g - <(VX’Z{)2>K’ and éalﬁ = <(VX'¢’)2>_1£’ By
~adding Egs. (3), (4) aﬁd summing over k, it is easy to verify that the
renormalized spectral equations conserve energy.

The m=1 saturation amplitude is determined by the balance of the
{(equilibrium) megnetic energy release rate with the rate of .energy
scattering to m=2 via nonlinear interaction with mneighboring m=1's.
This Dbalance is extracted from Eqgqs. (3), (4) by adding the equations,

summing over n (with m=1), noting A'<0 for m>2, and using standard

properties of tearing modes, thus yielding:

,




. e

6(x") ) K
2 nin’ IAw <by> o &7 (B)

_g [ dax <;z{br>1’n <I>" =73y fax |4
n
2,n+n’

,

and Awg = é,lAku|6(X")<b§>£,/AwK”.

where A 2"n+n’ = —lA 2’n+n/|

Equation (5) states that saturation is determined by the Dbalance of
growth due to <J>" relaxation with scattering to m=2. Since m=1
tearing modes do not exhibit a Rutherford phase(B) “and because the
islands overlap for relatively modest fluctuation levels, linear

tearing mode eigenfunctions are wused to calculate the driving

o K .
term. Hence, [ dx <¢br>1’n<J> = f dxyy , €7 p, Wwhere Yy p 1§ the
linear growth rate. It follows directly that the root mean square m=1
magnetic fluctuation saturation level is

(6B/By) pe = (Ymey™a)/ 1058112, where v _ 7, ~ S71/3. 1t also follows
that Aw ~ ((SB/BO)rmS ~ S_l/s. It should be noted that quasilinear
flattening of the equilibrium current gradient may cause some reduction
in the driving term (as compared to Xm=1)' The temporal behavior of
single and multiple helicity growth rates are compared in Ref. 9.

A physical interpretation of the proposed m=1 saturation mechanism
is that the (primary) m=1 modes are stabilized by a nonlinegr IxB
force, resulting from interaction WithAstabie modes, which opposes -the
growth of m=1 vorticity. This can be seen by examining the

renormalized m=1 vorticity equation, which is

2 2
9 §—é m=1,n ik, J =1 + a -1 Q—é m=1,n
It 4R I"m=1.,n m=logR
/2 L2 ’
n , {x 2
ap_y = E, (1 -%=)a . . <bI> (8)
n E a2 R Ae iR k o




e
For m’'=1, A’m;g < 0, it is apparent that the nonlinear interaction
opposes the growth of m=1 vorticity. Furthermore, the (br)rms
saturation level can be obtained from the balance of the stabilizing
JxB force with the driving forces, as approximated by 71,n¢1,n' Note
that this is the opposite case +to +that described in Ref. 6, where
Ak” > 0 and the resulting nonlinear destabilization triggers the onset
of major disruption.

It is apparent from Egs. (3),(4) that energy extracted from m=1
modes is scattered, by incoherent emission, to m=2 (Aé<0)- Subsequent
interaction with m=1 then scatters energy to mz3. Hence, a cascade to
small scales (large k) results. For —Ay increasing with m, (for m>2),
it follows that energy extracted from m=1 1is ultimately expended
driving large m, stable modes and dissipated by resistive diffusion-at
small scales. Note that in thié problem, the direction and rate of
cascade are determined by Ak, a measure of stability at wavenumber k.
Hence, the cascade is actually a progressive current' filamentation
proéess, Where nonlinear interaction generates small scale current
sheets and islands.

Experimental evidence has linked m=1 tearing modes with dynamo

the change in

everits (increases in |<BZ>[) near the RFP wall. AB_,

<Bz> due to turbulence and resistive diffusion, is

I<B_>
AB_, = r L z

19
Z r dr SAw dr

+ E <EXE>¢K} (7)

where £ is the displacement and <§><E>,lSl is the +turbulence—induced
electric field in the poloidal direction. Away from the resonant

surface; the exterior (ideal  MHD) equations apply; thus
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B=1Y x (¥x<B>). Assuming a kink displacement Ek = Ek(r)(£+igxho), it

follows that

AB =l_3_r{L6<BZ>
z r dr SAw  dr
<B_>o <B_><B >
Z ~ n A 3 ~

+ 7 [ 1E a1 - F ()17
n - I'Bg ~~ %0

+F )22 rE (<)) (8)
¢1,-lF r or rél,n z )

To examine dynamo activity mnear the wall, it is useful to note that

gl,n(r) > 0 as I2rall” Therefore
d<B_>
139 1 z 9 i~ o
8B, = ~ 0~ P <B_> = ‘ g
z r dr g {SAw dr + Izl U270 ar {51’n<r)| } (9)

Hence, for Slgl’n(r)lz/sr < 0, 9<B,>/dr < 0, and <B,> reversed, AB, » 0
for [E)rms ~ (L$/LBZ)1/2(SAw)_1/2 ~ S_1/3, where Lé and LBZ are the
displacement and BZ scale lengths, respectively. Noting that
(E)rms)rN (6B/B) ppps ™ S_l/a, it follows that dynamo activity induced by
m=1 tearing modes can offset resistive diffusion of <BZ> near the wall,
thus maintaining field reversal. Furthermore, the fluctuation scalings
reguired for ABZ + 0 are consistent with those actually predicted for
saturated m=1 modes. Indeed, it is worthwhile to observe that a model
of m=1 saturation based on the balance of dynamo activity with
resistive diffusion away  from the Taylor ﬁinimumfenergy equilibrium
state predicts (usfng Eq. (7)) saturated state magnetic fluctuation

levels also scaling as 6B/B ~ S 1/3. Finally, it is interesting to
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note that in contrast +to solar dynamo models, where the symmetry
breaking necessary for dynamo activity 1is a consequence of finite
helicity fluid turbulence(lo), the necessary symmetry breaking here is
a consequence of the fadial displacement structure (8|§k|2/8r <0 near
wall) imposed by bgundary conditions and ideal MHD energetics. Also,
in the case of the solar dynamo, thermal energy is converted to
magnetic enegy. In the RFP, global m=1 tearing modes convert magnetic
energy density in the core poloidal field (near rs) to magnetic energy
density in. the toroidal field (nmear the wall). Thus, the RFP dynamo
process is actually a redistribution of magnetic energy.

Experimental evidence has linked heat transport along stochastic
‘magnetic fields produced by m=1 tearing modes with confinement in the
rrp. (11)  Quesilinear magnetic field line diffusion(l®) predicts a
(collisionless) thermal conductivity Xg = VTe E <b§>k 6(k”). The use

of a quasilinear estimate is consistent with the large radial extent of

the modes - turbulent broadening of the g-ﬁo resonance is not a
significant effect here. Using the saturated state magnetic
—/3

fluctuation levels obtained above, it follows that Xg ~ avTea S
where o ~ .01 and VTe is the electron thermal velocity. DBalancing heat
loss with ohmic heating yields Te ~ Ib7, whére IP is the plasma current
anq the proprotionality of density to Ip has been assumed (consistent
with experimental results). For S = 105, B~10% is predicted. The
scaling of femperature with current and the estimated g are in
reasonable agreement with experimental results. However, it should be

noted that other loss processes, such as resistive pressure—driven

turbulence(13’14),

may contribute to heat transport, particularly

between the reversal point and wall. Preliminary results(14) indicate
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that stochastic magnetic fields produced by resistive interchange mode§

result in an anomalous thermal conductivity XE =
(1/4ﬂ)1/2(8/q)8VT aﬁS/Z/S. Balance of thermal loss with ohmic heating
e

indicates that Te ~ IP’
The similarity of the thermal loss prediction for resistive
pressure—driven turbulence to that for m=1 tearing modes indicates that
turbulence within (téaring) and beyond (pressure driven) the field
reversal point gives rise to comparable thermal transport. Hence, it
appears plausible that RFP transport is insensitive to small variations
in ¥ and F.
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for density proportional to current, and p~10%.
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