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1. Notations (cont.)

Covariant representation of the vector potential9 � : ;�<=� $ > <=	 $ ? <@��� �����BA+

where

>
,
?

are the toroidal and poloidal fluxes. Contravariant
representation of the magnetic field in terms of magnetic fluxesC � < D 9 � E / <@�FD <=� $ E 2 <=�GD <=	��H ( E * � H ( C I <=�J� KL�H ( E / � H ( C I <=	�� : ? 5 * : ; 52 �H ( E 2 � H ( C I <@��� > 5* $ ;L5/ �

�����NMO


Contravariant representation of the current density in terms of
currents H (.P * � KL�H (.P / � :RQ 5 ���S
T: U 52 �H (.P 2 � V 5 ���S
 $ U 5/ �

�����XW�

where Q , V are the total poloidal and toroidal currents, corre-
spondingly.
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1. Notations (cont.)

Covariant form of Ampere’s lawY[Z\�]Q^5 $ U_52 
`���]E 2 
35* : �]E * 
352 � KR� �]E 2 
35/ : �]E / 
352 �Y Z ��V 5 $ U 5/ 
`���]E / 
 5 * : �]E * 
 5 / � �����Ba+

is equivalent to following expressions for covariant components
of the magnetic fieldY[Z\�]U $ � 5 * 
b� E * ' : ( *0/H ( � ? 5 $ ; 52 
 $ ( *,2H ( � > 5 $ ; 5/ 
��

Y Z �cV $ � 5 / 
`� E / ' : (+/1/H ( � ? 5 $ ; 52 
 $ (+/12H ( � > 5 $ ; 5/ 
��
Y Z �]Q $ � 5 2 
`� E 2 ' : (.20/H ( � ? 5 $ ; 52 
 $ (+2,2H ( � > 5 $ ; 5/ 
��

�����Xd�


The pressure balanceY[Zfe 5 H ( � :g� > 5 $ ; 5/ 
��]Q 5 $ U 52 
 $ � ? 5 $ ; 52 
��cV 5 $ U 5/ 
��h�Y[Zfe 5 � H ( 
1Zi� : > 5 Q 5 $ ? 5 V 5 � �����Bj+

where �0�h�k�l
 Z designates averaging over angle variables 	���� .
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2. Evolution equation

Covariant representation of the electric fieldm � : n 9n�o : <@�8pG: ;�<=� $ > <=	 $ ? <@��� � - ����

Averaged parallel component of the Ohm law qTr � C I m 
s� � C Iut 


� H ( C I m 
 Z � ? 5 * > 5v : > 5 * ? 5v �� H ( C I,t 
 Z �wQxV 5 : V%Q 5 � QxV 5 : V%Q 5 � - � - 

gives the evolution equation in its general form (V. D. Shafra-
nov, Reviews of Plasma Physics, v.2, 1962) as? 5 * > 5v : > 5 * ? 5v � �

q r �]QyV 5 : V%Q 5 
�� � - �BA+

In the form of a magnetic diffusion equation it can be rewritten
as? 5 * > 5v : > 5 * ? 5v � �Y Z q r

z{| �]Q $ Y}V~
}��� : ( /3/H ( � ? 5 $ ; 52 
 $ ( /32H ( � > 5 $ ; 5/ 
����� 5 Z *
$ Y Z e 5 � H ( 
 Z V> 5

���� � � - �NMO
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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

? 5v � �Y[Z q r
z{| �]Q $ Y}V~
 ��� (./3/H ( � ? 5 � $ ; 52 
s: (./32H ( ��� $ ; 5/ 
 ���� 5 Z �:�Y Z e�5�� H ( 
 Z V���� � - �XW�


It can be also rewritten as the evolution equation for the rota-
tional transform Y ' �\���

Y�5v � ��� ��
�Y Z q r

z{| �]Q $ Y}V%
 ��� ( /3/H ( ��Y $ ;L52 
�: ( /12H ( ��� $ ;L5/ 
 ���� 5 Z �:�M+��e�5�� H ( 
cZ�V��#� 5 � � - �Ba+

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