Summary of motions of a gyrating particle
e

Standard form: m av _ =qv, X B,+F,

dt
qv, X B, —» gyration

F, (external force) —» drift, mirror effect

q v, < B (|B| changes in | -direction) ——p» qv, < B, + F,
F,=-2 Vo V,B
2 B,
q v, < B (B|changes in //-direction) ——» qv, x B, + F,
F,=-" Ve V,B
2 B,
/ \u\~const
Fundamental form: F,=-V (- 4 * B) s

u:_mvc/Zb b= B,

1 B, ~ B,
diamagnetic

(unit vector of B)

AV /




Magnetic moment of a charge particle



Magnetic (dipole) moment...

Definition of magnetic moment:
dm ‘/ Bo (external field)
1 > —g 1 I
H=51T X Jar H=dpy
v potential energy:
current-based definition —dqm L7 Uy ==p- Byr)
magnetic charge-based bR | o F=—V U,
definition 4 torque: N = p x B,
Magnetic moments caused by rotating motions of charged particle:

Circular current Gyrating charged particle Spinning charged particle

(conduction current)
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Magnetohydrodynamics

A fluid theory of plasmas



MHD equations...

affects electromagnetic fields, while electromagnetic fields affect

Ampere's law

Electromagnetic part
(Maxwell's equations)

magnetic flux conservation
electromagnetic induction equation

Coulmob's law <—

Magnetohydrodynamics | mutual feedback |

/mass conservation

momentum equation
Fluid part _
kenergy equation

equation of state

Ohm's law

charge conservation



Ampere's law

Electromagnetic part magnetic flux conservation

(Maxwell's equations) electromagnetic induction equation

Coulmob's law «— Ohm's law

(Plasma => Fields)



Maxwell's equations (determine electromagnetic fields from plasma quantities)

| OF MKS unit

VXB=p,j+—5 B Generalized Ampere's law
c

V ¢ B =0 ... Conservation of magnetic flux

OB

VXE=— W ... Electromagnetic induction equation (Faraday's law)

VeFE = Pe . Coulomb's law
€o

£, = 8.854x10_12 Fm' - permittivity of free space

=7/ _
Wo=4mx10 Hm" ... magnetic permeability

c=—1  _2008%10°ms" .. speed of light
VEq W

Unit:
E..Vim, B.. T(=10" G), j... Am"2



Typical scales used in MHD

MHD phenomena... large-scale, slowly evolving phenomena

e.g. solar coronal jet

Typical scale:

length... [, ~ 10%4 km
velocity... v, ~ 100 km/s

l() 7 (gyration radius of a proton) ~ I m

tl me... t() = 1 OO S 7, (gyration period of a proton) ~ 10 "

v() in the solar corona
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