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Background

* In collisional media (MHD), viscosity (v) and resistivity (u) dissipate.
e J=uE; JE~)?

* Similarly, ;= vD;; Ny D; ~ DijD;

* What about (weakly-collisional) plasmas?



J.E in Plasmas
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Add internal energy: dissipation



O (BL) = (Pa+ V) - ta) + (MG B - ta),

O(E™M = —((P, - V) - u,) = Heating!
G(E™) = —(E-]).

« Integrate conservation
egns over arbitrary
volume: transport on
surface (or may vanish)

J.E and Pi-D measure somewhat different
stages of energy conversion (dissipation)

« Triangle diagram
describes energy
conversion

—((Pa - V) - uq)
thermal (random) energy (E%*) [ | fluid flow energy (EL)

electromagnetic energy (E™)
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PI-D In MMS
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PI-D in 2.5D PIC: |l
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PI-D in 3D PIC

Dim

L

Grid

m;/m,

PPE

3D

41.9d,

20483

50

0.5

100

Roytershteyn et al. (2015) RSPTA

D>

1

1

< I1°D*

| |D(p)|>

1

1

<_H(P) D(P)

10-1 E | I 1 1 I | I 1 1 I 1 1 I I I 1 I I 1 1 g

; 3D PIC ®
107k DD 4
- MMS © ;
107k ° 5
- o ]
10_45 E
10 E 3
_6 l 1 1 1 1 1 1 1 1 l 1 1 1 1 l 1 1 1 1
1075 0.5 I 15 2
D*)
IOOE I LI I LI I LI L I LI I LI I LI
q B 3D PIC
10°F DPDP
10°k 1S
E’ ® MMS °
107k
uﬁE
10°F
10'6E' 'g
10'7 i I TN TN T (NN N TN TN T (N NN NN TN TN (NN TN N NN M AN TR NN NN SN AN N N AN | ]
0 0.02 0.04 0.06 008 0.1 0.12

|D(D)|



Summary

* Even in plasmas J.E ~ J2 and IM; D; ~ DijD;
e Evaluate v, p for natural systems?
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