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for the zeroth-order distribution function of each species
fo (Vg ph.T0):

5f05 - ~ Dvg - e
—ar+(v||b+VE')'ans+ _b'_Dt_-Mb'VB‘I_';n_SE"
7o, 0 1
b4 =
=0 1)

where e, is the charge on species s, b is a unit vector in the
magnetic field direction b=B/B, vp=c(EX B)/B?,
w=v2/2B, and D/Dt = 3/3t+(vb+vg): V.

Combining mornents of this kinetic equation with Max-
well’s equations and taking the usual low Alfvén speed limit
v2<c? yields Kulsrud's set of collisionless MHD equations:

V. (pU)=0, | 2
E"’ (P )_ * ()
~ [aU (VXB)XB :

p| = +U-VU|="———=V-P, (3)
B yxuxs E 4
-&-I-—V (UXB), - (4)
P=p,I+(p, —p)bb, (5)

m, |

pL=2 5 J‘fos'vid:"v, | (6)
P||=§s‘4 msffos(v"—U-l;)zd:’v', | B O
E Esj fo, d30=6= | (8)

where p is the total mass density, U=VE+'u"l; is the. fluid
velocity, and P is the pressure tepsor.

The above set of equations is exact to zeroth order in the
expansion parameter, but the kinetic equation itself, Eq. D,
must be used to evaluate p, and p, to close the system.
Because Eq. (1) is difficult to solve directly, this system is
rarely employed without further simplification.

One such simplification is the introduction of the double
adiabatic law (also known as CGL theory™). In the COL
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, 2
{Up—up) .
2Tj

November 1997 K‘“d‘ 'TF
Lrses

=

Viw 2a (), t reduce e -4

- ewesBHEQRY, DEPT- PPlfh . UL EQ. (11) then leads to

the following set of exact moment equations:

an
Y -+ V- (nl)=0, (IJ4)
du, IV a
—'6—+U Vu"+b '__+U VVE nmsv'(bp"-f)
Pr, . e,
;n—:— ;?;:E"'—O, (15)
+ V ' (Up"-‘) + v - (i;q":) + A?-p":l;' VU* l‘;_' 2qlsv - I;
‘—%Vs(Pu_,‘PJ.,), (16)
+V-(Upis)+V-(l;q_l_;)—l—plSV-U*pl:l;- VU-b
+q, V- b=- %Vs(P_LS_Pus), (17)
gy - AP ] T
E‘— + v ' (Uqlls) + V - (br“J,I) + 3£I"Jb' VU* b_' I‘lms b
PLpi. Pr -
-Vp|,x+3. I‘Ims -— nms _rH,J;_r- V'b=_'1’_s.q”s, (18)
94, pL
Py -+V. (Ug, )+ V. (erJ. )+'-’h V. (”ub)—"—_b Vo,
p.? PJ.,Pu : " ' _
+ nms nms r'L_L +r"_'|_ V-b=—v5ql . (19)

where p=n(m,+m;), U= VE+M|||) and v;=v;+v;, and
Vo= Voot V,;.

‘Using the condition ;= Wy to solve for E [as given in
Kulsrud’s Eq. (49)], it is stralghtforward to show that the

[ike. Gead 13 wemendt or 20 ~wmonet
Snyder, Hammett, and Dorland
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