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e SR In a recent paper,l Taylor discussed low-presgsure. equilibz“ium‘:"

‘solutions of the hydromegnetic equations ST _..‘!\:

P

'a.nd'.

with P=-P I+ .(P" - 91'1)22 , where ..I.. is the idem tensor and 3 is ‘the -

7

‘i' .. unit vector along the magnetic field. lle showed that if Py -a;nd' P“ ..are -

' functions of the magnitude B of the field and also satisfy the condition

. (dPy /aB) -, - P, ) B} = 0, the equations are satisfied at low pressure’
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" ‘ ‘5; (that is, low "g"), This latter is the condition that the parallel comp&nehﬁgﬁl f3£
fé;ﬁ  _?if=i7ei of the right-hand side of Eq. (1) vanish., A proferty of tﬁese solutions'is ;f;:.: :
o?j;i.:}fi;f?":that dy s the Eomponent of current parallel to B, vanishes ever&vhere.'ilij‘ . t

fii:;}i:fvat f.Since vacuum fields with closed surfaces of constant B exist (so-called ;aﬁf_q %

é; 'ja.%}é?i "minimum~B fields"a), conﬁained low-8 equilibria can be.found. - G% :

Srao --ﬁ?ﬁ' In general, static plasma containment is one of two types: (a);the e

R i":?}jplasma is tied to field lines and these field lines are contained within .7 -
S a closed volume (this means that the plasma surface is also a magnetic ° A

‘;ﬁft;ﬁllﬂg-sufféce which will be of toroidal shape if }i.is novhere zero), or (b) the =~

M

.
1.

§9af{/.ﬂ.:=fi;plasma is tied to field lines, but these leave the plasma volume and “-

ji‘ ¢j“¥?:}j*_containment is achieved by the mirror effect. Taylor confined his remarks _'-ivi-

”ffj}?t‘itﬁ:tv to.mifror-type fields of class (b),l and in the following the same restriction 'ff.

1 . 'i,ﬁqvis made, Figure 1 shows schematically how such an equilibrium might appear., :
:;1_‘:.wﬁh}‘j' " . In this letter we show that solutions with P, and P, functions ”;}ﬁfJ

2 "':?J'of B are also valid at high' 8 and retain the property that J, must :"jff L

Vo : ’-.)"‘t"“ - ' ' ‘ ) . . ‘.". :\ ‘..“ !
“i, " .+ be everywhere zero. These high<f solutions are studied first by.way of - N

?“ 'f”;~i‘;f;;the moment equations, and then by the general'theory of adiabatic particlg ?f’ ;
%¢'i E'f'bggfiamotion. By the latter method, more general high-8 equilibria are found,;ﬁz_i;lﬂJ_;
7}§;H?12"5;5%5.and.%hose vhere P, and P, are’functions of ‘B are recognized as ' t@' .

T fi_, special cases. For these, the particle density is also & function of B.'f»;f-';:}
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Cwhere w= (P =P )/B and v=w o1, It is spperent now thet the. . . .

-‘{:.%: ﬁ..fy“£ssumption that B = P(B) for finite pressure is consistent with the

».*fiiiequilibrium equations, With P= P(B). Eq. (4) becomes’ ;;

) P, (B)

el . . e . T e . 1! )
: :_' 'so “that either BV B =0, or ap (B) /4B -uB=0, 'rhe first 1eads tc
. trivial solutions such as fields with combined azimuthal and cylindrical ﬁ.ffl :

“symmetry. The second leads to ‘B (v xvp) e 0 or vox VB KB, where

“

,,é: k - is a scalar such that - B.Vk = 0', Then ve have | |

BTN by = VxBaa=VuxB +E3 | TR () B TE
}"\\ e { ~ v wa V Lo . EERTRTE

The snrface.bf the plasma is the copstant-ﬁ'éﬁi%fce at.thch. PJ; gné;:ﬁf?‘
;ili vanish. The current dénsity normal to this sﬁrface'ﬁﬁst-vanish;’(Onlj =
’:continﬁously varying pressures are considgrgd,_so that therg_are‘noz surfaééi;A}ffizf
currents on the bounding surface. Discontinuous derivgtivéé of the pressurés;iyi 3

~“'§;e permiﬁted however, 'so that J may be non zero at the surface,) Since ...

st

e

2~ 9Wv 1is normal to the boundary, the component of J normal to the boundary is!ij}a:ff
.k times the normel component of 3B . Thus _k must vanish at the boundary, ;1?>

Q'and ingide the plasma also, since B Vk = 0 . 'Then we have -
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&+ - ‘since VP, vanishes there via dP, /dB - yB = 0 , with u = 0 . The current

B . A - ) N ‘:'..
' f "' density 1is perpendicular to B, therefore, and lies in the surface of =~ . ;fWi
&i) R "~ constant B , both at the plasma boundary and within the plasma., Thus even !
L s \' “,r. . ) . . . .;‘ . N
Y A ot . . Rt
). [ though B is not normal to the constant-B surface,.J, and the component of

R .;E"?J normal to the surface vanish simultaneously., If B happens to be.normél‘;;lf

. 27, ! to the constant-B surface at some point within the plasma or on its boundary, -.
o 15f{i“then J 1s zero there. For & configuration such as-in Fig. 1, which has :Xu%;? 
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ter baaad

T .~ ' spheroidal B surfaces, there is a line along which J vanishes, ' R
i ‘ ;.; . . | e . "". o
ey T T . To summarize the moment equation approach, we find high-f minimum-B ' .
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. The starting point for finding equilibria by thé‘parﬁicle method :}fﬁ;

g,fp is the solution to V+J = 0 to lowest order in m/e E .€ , the ediabatice %

{7i-ex§§nsion parameter.d The result is : : . B i

o . L t o s
‘¢ . .

. no(}:.’K’M) =

QKT ,M) ST ey

v

it o

§ i ; g
bed o # .
e RN . .
P P . . ct
B R ‘},‘Jf‘where. n, 1is the (Lowest order) density of guiding centers corresponding -
PR P B : o S
tx‘_g 'ﬁ: -to-particles with magnetic moment M and energy K ; v" “ 48 the zeroth~ I '’
K IR i P o - ' e
,'.;.9 KR " " . . 2 1/2 . X . .
L - order parallel velocity, given by [aj(K - MB)] ; and Q 1s the number

. , ]
s, of guiding centers per unit magnetic flux for particles of magnetic moment ‘.

UIJ;JM and longitudinal invariant J 3 K. 1s.avfunction of J, M, and the. "
;-7field line. It was also proven in reference 3 that Qltdependsvoniposition'* 1
. :;'{T only through the spatial dependence of K for a given J .and ”M . There-it'f“'
; ".wfz".fore in Eq. (10) Q is .shown as a function of (K, J, M), Ea. (10) is the '

'l}conditionlthat the current of guiding centers vanish, However, the - :V‘J:

" : .JVdivergence of the total current vanishes under the same conditions, since
"o ' Wb i i ‘ ,
- fh;ﬂ . .the two currents differ by the curl of the magnetism. _ . Lo
i W ’. . : N .
T The guiding-center density and pressure tensor written.in terms of
N .Elv. . ] . .. ‘ . :

are
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. N= ﬂ noddeaBj] aK aM Q(K, J, M) [ﬁ-(x-mn)] 2._-. o
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"""where J is to be taken as & function of K,M and the field line,  The |

" parallel equilibrium condition from £q. (1) that n.VeP = 0 is satisfiedtﬂﬁi§w7'”

TN, P, , and P, on position is through B .. These are ‘the solutions .~

i;f:obtained in the moment-equation section and by Taylor for the low~B case.

f‘uﬁji‘cénter density.

oA

oy Eq. (11), 1If Q is chosen independent of J ', the only-dependence of ;"."

.In surmary, we have obtained by the particle approach more general

"f.high-a equilibria and have also shown that if constant-B Suffaces'aref xifﬁ T

féonstant;pressure surfaces, they are also surfaces of constant guiding4;;;f
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~ This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
» mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in

“this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or.contract
with the Commission, or his employment with such contractor.
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