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We present 8 general formalism for the description of an axisym

metr ic plasma equilibrium . This is a model for the steady opera
tion Of 8 Toksmak device. We use the hydromagnetic equations ta
king i nto acc ount effects such 85 tensorial resistivity snd fi
nite thermal conductivity . 'I'he reformulb tioo of thi s set leads 

to an equivalent set ,including the ge neral isa tion to tornidel 

geometry of the Bennett-P1ncb re!ation,and aD expression for the 
resi s t i ve plaSMa lose whiCh shows explicitly the eff ec t of tbe 
diSCharge current. This mathematically concise presentation of 
the full resistive equilibrium problem is appropriate to practi 
cal calculations . As an example we COQsider a steady state on 
the r esistive time scale and for the case of small inverse as

pect-ratio calcul ate the plasma displacement, and the rbdial 
distributions of all equilibrulOl quantities. 

To de scribe the stationary state of a Tokamak plasma , we use the 
f ollowing MIlD equations i n ~.K. S . units and s t andard nottltion 
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The expresaion for ~ follows from the assumption that 
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there " no time var iation of ~ in the plasma region. U is the ring volt
age, \ the angle about the axis of symmetry and e the specific 
interna l energy . To cO!llplete the system lA'e add the ideal I!as 

equation of atate. We aasume that tbe temperature T is constallt 
along field lines. We iDagine that the plasma is encloeed in an 
ideally conducting container. 

The following observations should be made' 
(1) We consider a stationary state , by which is meant that the 

time variation is slow enough to neg l ect all part i ~l deriva
tives with respect to time. 

(2) The pl aa. a losses due to ion-electron collisions, as descri
bed by t be re sistivity ~ are balanced by a plasma source Q. 

(,) In the stat ionary state under investigation, plasllla flows 
are r etained but are auch that inertia effects are negligi

ble. 
The usual d escription of an 8xi symae tric situation is carried out 
with the us e of cylindrical coordinat e s . The introduction of flux 

functions l e ads to a more elegant and convenient description!1) . 
W, emplo,. for ~ and ..1 the fluxes the "long" and "ahort" way, 
where each flux is evaluated in the appropriste direction bet -
w •• n the . agnetic 8Xis s nd s magnetic s urf ace . '1"e call the lIIag
netiC fluxe s the long and the shor t way F and G respectiVe l y . 

The corresponding Cluxes of J, the cu~rents, we call I and J . By 
their definition, t he e quat ions used and the Es sumptlou oU T, 
F ,G,I,J ,T, P and ~ are surface quantities. The labeliog of mag
netiC s urf aces can be done i n terms of anyone of tbe se, we usu

slly emplpy the poloidal magnetic flux G aod denote deriva tives 
with respect to this variable by a dot. 

A straightforward aoalysis reve als that t he basic equations caD 
ba rewrit t en in the follo wing form 
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('7) is tne fUDd~l:Iental equil~briul:I eGuttion. 0:) IS One ' s lbW 
i n the flux for-mulation ond (9) is the cifferentil.ol form of the 
Bennett-Pinch relation 1lJ. the toroids1 csse. 'lr:e l ss t twO equa_ 

tions express mass and enerfl,Y balance. The qua nti ties needed to 
explain this system we llst il, the following l ine6 
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R is the dist ance from the aX le of symroetr-y . We note that the 
determinati on of th!! six quent~ties G,f\. ,l,p, T and ~ from ( '7) 

to (12) determines t he flo ws, so that the velocity ~ consists 
of t ,,·o po r ts 

( 15) 

(1 ) 2.. which is c6lculab le f:-o<ll C, 1\ and ~, and (2) the re<lla in
ing part, which is divergenreiree and everywhere tange nt to the mag 
netic sU:-faces . Tbis part depends on orbi tra ry surface quoutj_ 

ties '\f\ snd lfs • which cOllie froll! the integration of t'110 mognetic 
differential equations. 

(10) is the expresaion for the reSl.stlve plr.sllla loas and is ma

de up of t hree different terms: 

(1) the so called "Classicsl Diffusion" term involving .ail' 

(2) the correction due to toroidlcity, fi r st d ~rived by Fflrsch 
and Schluter (21. By SCbwarz' 6 inequali ty this ter", call qui te 
generally be 6nown to be always positiVe, 

(,) a new terlll, invo lving the rin<, voltaE;e and al ways neg&tive. 

The structure of the derived set of equations suggests the fol
lowing procedure f or an lpproximate ~eter~inr.tlon 01 el l equill
brium qusntities . Leavine: for (I mO:!leot the equ i libri o..m equation 
(7) out of discussioL. , closer- investigation of the remalnin~ r-e

l(ltions snows that the presc:-iption of any fall<11y of nested to
rOidal surf aces G~const . allows the calculation of t~e s urCace 
quant i t ies I. J, p , ~ and T by ordillllry dIfferential equations. 
However ' t he quest ion now IS do t he solutions so found, satisfy 
the equilibrium condltion? Certainly t hey do not ':In average 
violate the equilibrium condition, because (q) i s ('7) averaged 

over s magne tIC surIace . But this doe !; not avoid 10c1l1 viola
tion oI equation (7) , 

Whllt is possible 600 \1o'bat we propose, is to choose a family of 
surIaces, in otner words a coordinate system , which anticipates 
the expected geOMetry of the ma Bcetic surfaces and which is 
provided with large ly arbltrary built-in functions. After sol

ving f or t he surf sce quantitiea we can use the built-in fu uc
tlons t o modify shape am position of the msgnetic surfaces in 
auch a lIIaoner t hst the spproximation with respect to the equl.
librium equation is as goud as possible . 
As an example we have dODe this for a large aspect-ratio torus 

and for the special case of no mass and energJ sour t es. 
Tbe results _ill be pre seated . 

This work is part of the jOint progrsmme between IFP snd 1!:uratom. 
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