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1. Notations

Flux coordinate system

r=r(,0,0), z=2(a,0,0), é¢=C(a0). (1)
Metric tensor

dI* =dr® + dz* + r’d¢?

=gaada’ + 2g.9dadd + gepdh* + 2g.cdad( + 2gpcdOd(
+ gecd,

Gaa =TTl + 2420 + T OuBh,  Gao =TT + 242p + TP,
oo =TTy + 292 + T Py, Gac = Tyre + 2u70 + TGP,
goc =Tore + 292 + 7“2gb’9gb'g, ge¢ = Tere 4 202 + T2¢2¢,C°

(1.2)

Y



1. Notations (cont.)

Covariant representation of the vector potential
A =—-nVa+dVI+VV(, (1.3)

where &, ¥ are the toroidal and poloidal fluxes. Contravariant
representation of the magnetic field in terms of magnetic fluxes
B=V xA=DBV({xVa+ B'Va x V4,
V9B =+/gB - Va =0,
VIB' = J/gB - V0 = ¥, — i,
VB¢ = /gB - V( = &, + 1.
Contravariant representation of the current density in terms of

currents .
V93 =0,
Vaj’ = —F'(a) = v, (1.5)
Vit = J'(a) + v,
where F', J are the total poloidal and toroidal currents, corre-
spondingly.

(1.4)
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1. Notations (cont.)

Covariant form of Ampere’s law
po(F' + 1) =(B¢)g — (Ba)es, 0= (B¢)y — (Bs)¢
po(J" + vg) =(Bg)a — (Ba)s:

is equivalent to following expressions for covariant components
of the magnetic field

(1.6)

_ Yab ;5 / 9al ;x1 /
po(v + @) = By = == (V' + 7)) + P’ + 1),
of ) \/g( ¢) \/g( 0)
_ 960 ;1 / 96¢ [ &1 /
() +64) = By= =22 o) + (@ 4 p), 1.
o 0) \/E( ¢) \/E( o) (1.7)
_ 90 g / USZY, /
po(F + @) = B = — 22 (W 4+ 1)) + Z==(D + ).
o(F + ) = Be \@( ¢) \@( 0)

The pressure balance
pop' /g = = (" + 1p) (F' + vg) + (V' + ) (' + 1),
,U/()p,(\/g)() — _(PIF/ + \;[J’J’)

where (...), designates averaging over angle variables 6, .

(1.8)
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2. Evolution equation

Covariant representation of the electric field
0A

E=— "~ Vép—Va+ eV + UV, (2.1)

Averaged parallel component of the Ohm law o (B-E) = (B-})
(VB - E)o =0, &; — &, W,
(VB -j)o=FJ — JF' =FJ — JF'

gives the evolution equation in its general form (V. D. Shafra-
nov, Reviews of Plasma Physics, v.2, 1962) as

(2.2)

1
Vo, — oV, =—(FJ — JF). (2.3)
a
In the form of a magnetic diffusion equation it can be rewritten
as

1 !/
V&, — P =——
HoO ||

(F + ) (—ﬁgw 1)+ @+ né))

top' (v/9)od
+HoPly ] .

Oa

(2.4)
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2. Evolution equation (cont.)

In the flux coordinates with ® as a radial coordinate (like in
VMEC), it can be simplified as
1
U, =——
HoO||

/

05 (2.5)

(F + ) @g(% fn) = I né))

V9
—pop' (v/9)oJ] -

It can be also rewritten as the evolution equation for the rota-
tional transform u = 1/¢

I L % ;) — % ¢ |
i = {M00| (F + pJ) (\/g(u +1¢) \/§(1 + 770))0(1) (2.6)
—47p'(v/9)0J 1 }o

and, thus, can be used to produce p as an input profile for
VMEC.
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