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ified Polynomial Function Model for Reversed
Field Pinches. J. C. SPROTT, W. SHEN, University of
Wisconsin - Madison. --A new model for the magnetic field
and current density profiles in a reversed field pinch is
proposed. The model has finite beta, a relatively constant
ratio of j/B and vanishing current density at the wall. The
fields and currents are simple polynomial functions of
radius whose coefficients depend in a simple way on the
field reversal parameter (F) and pinch parameter (0). The
profiles are used to derive expressions for many useful
quantities such as magnetic energy, beta, inductance,
resistance and ohmic input power. These quantities, in
turn, are used for electrical circuit modeling of RFP
discharges. Under some conditions the equations lead to an
instability that is characterized by a peaking of the
current density profile and an increase in beta reminiscent
of the sawtooth oscillations often observed in RFP
discharges. The conditions under which such instabilities
are expected to occur will be discussed.




RFP Profile Models

The Modified Polynomial Function Model
generalizes the Polynomial Function Model
in the same way that the Modified Bessel
Function Model generalizes the Bessel
Function Model:

Model: BFM MBFM PEM MPFM
j(a)=0 no yes yes yes
3>0 no no yes yes

Parameters 1 2 1 2



MPFM Expressions for B(r) and j(r)

B, = By(0) [1 - ©,2(r/a)? + ©@,2(r/a)?/2]
By = B,(0) (r/a) [€, - (20,-3C) (r/a)® + (©,-2C) (r/a)*]
jo = 2 By(0) [€, - 2 (20,-3C) (r/a)® + 3 (©,-2C) (r/a)’]/ poa
jo = 2 By(0) ©,%(r/a) [1 - (r/a)’]/ poa
where
C = Bg(a) / By(0), ©o = Hoa jo(0) / 2 By(0) .
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MAGNETIC FIELD PROFILE FROM MST AND PREDICTED BY THE MPFM
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CONTOURS OF CONSTANT MAGNETIC ENERGY Um




MPFM Predictions

F-© Relation:

B, = 1 - (9-8F-F2) / 502

Resistive Doltage:

V. =V, - L dly/dt + M dlp/dt - A Vg
where
L = + 4 \/(6-6F)(3-2F)]
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M= P92 rq3 - qoF 4 20 (5-4F)
200 V(6-6F)(3-2F)

Ro 2(6-5F)  , 24-13F; . RF

A =
10a  +/(6-6F)(3-2F) ® a®
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Electrical Circuit Equations

dt  GCo
1|y, vgsmdle . pdo
dt L dt  dt

do _ | db g4y
1 Ty e+ Vi

dly,  (V1-16R7)(27-1216L/®)+10L(VRle-Up/1)/@-15 (V4-Vgr)Ro®/a

dt 15 (ALt+M)R,0/a —12L(I¢LT/(I> -1)+ 3FL +18L+
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SOLUTIONS OF CIRCUIT EQUATIONS FOR MST

a

/

A



Linear Stability

The circuit equations are linearly stable over
the usual experimental range:

ot = Be/3 - 1

Perturbations damp on the time scale of the
plasma energy confinement time.
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