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Protoplanetary Disks and Planet Formation
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SO & Inutsuka (2015)
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EXAMPLE: Tgas = 100 K, ngas= 102 cm™3,{=10"s"1, a = 1 pm, d/g = 102

MABTFIC &£ 3
HEARIRIE (B | )

Neutral Gas

nonthermal
ionization

gas-phase \
recombination HCO

Electrons . / Ions

@ O ¢
Q * Grains

10719 e

10714

7))
o)
o
C
©
S
C
)
re
<
©
=
7))
©
o

1071°

10_1160-8 1077 107° 107° 1074 BT 7 y@‘.bi_ﬁ j
= ; = e
-> BF-Y XA MNEEEE 7
> EFHEE

BRRDECSBWVWRD, HADBRIGEEIRITS

Electric Field Strength E [V cm'1]

18



FERICA —LDER (FEREERG L)

EXAMPLE: Tgas = 100 K, ngas= 102 cm™3,{=10"s"1, a = 1 pm, d/g = 102
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Conclusions

e MRI-induced electric fields heat up electrons in PPDs (in
particular when 1<A<100).

e Under electron heating, the conductivity decreases with
increasing E. Even the electric current J decreases (" N-
shaped” J-E curve).

e Discharge current can have an unstable intermediate branch

(“S-shaped” J-E curve) when dust is abundant.

e A «generalized» nonlinear Ohm'’s law (including AD &

Hall drift) is also coming soon!
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Maxwell-Ampere Eq. e ¢V X B —4nJ(E)E

displacement current

o Equilibrium: RS NEEIIN] (Ampere's law)

e Perturbation: E = Ey+ OFE

In the long-wavelength limit,

d dJ
—oLE = —4noggoE O diff = _(lEOI)

dt dE

Unstable if 04if < 0 (negative differential resistance)
Displacement current plays a role even in non-rel limit!!
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Nonlinear Ohm’s Law: Summary

=> <= stable
<= =) unstable

“"N"-curve
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