/

A AAAAANNAAAARNAAAAAANNANAA AN
A‘ ‘A Av’A‘v' ,‘_r\/\_/v E

A
nfif\
\\’VV

Figure 1: black: &y, red: Wi, blue: W, orange:
Wi, yellow: W, + Wi, for 7hp = 1 and ¢ = 107°
(top), 10~ (middle), and 10~2 (bottom), just like
in the 2019 paper.

Figure 2: Same as Figure 1, but with 10 times larger
7, S0 Tap = 10.

So that
Basic equations Hy + Ho = plpiy + O (w — u)? + R, (8)
0A
ot =u; X B —npod, (1) where
. R = a(p; — pio)” — ((p— po)? (9)
pi DZI = JJxB-Vpi+V-(2up;iS;i)—p(piv+()(ui—u), is a residual that vanishes if p; and p are equal to
! (2) their iniial values, pjo and pg, respectively.
u In the 1-fluid approximation, we have, instead,
P = PF= VotV (2vpS)+pi(py+ap)(ui—u), exp = (rap/po)((J x B)?).
. 3)
n pj
Dt =V uitCp/pi—ap;, 4 1 Results
Dlnp =V -u—C(+ap?/p, (5) Ev < 0, S0 magnetic energy i§ lost an@ goes via
Dt W1, into kinetic energy of the ions, which is then
Frictional heating dissipated via frictional heating.
The oscillations are relaxation oscillations ow-
Hi = +p(piy + Olui —u) -, (6) ing to the initial pressure imbalance. Neutral and
charged particles oscillate in antiphase.
Ho = —pi(py + api)(ui —u) - u, (7)
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Figure 3: Heating profile of (a) ions (black) and neutrals (blue) in the 2-fluid description, and (b) in the
1-fluid description, for 74 = 10, ¢ = 1073, a = 10°, v = 103, pjp = 1074, and po = 1.



