Appendices: Vector identities Egs. (A.1)—(A.13)

a-(bxc)=c-(axb)=b-(cxa),

ax(bxc)=a-cb—a-bc, (axb)xc=a-cb—b-ca.
VxVd=0,
V-(Vxa)=0,

Vx(Vxa)=VV-.-a—V-a.
V-(Pa)=a-VO+ PV -a,
Vx(®a)=Vdxa+dV xa,
ax(Vxb)=(Vb)-a—a-Vb,
(axV)xb=(Vb)-a—aV-b,
Va-b)=a-Vb+b:-Va+ax (Vxb)+bx(Vxa),
V-(ab)=a-Vb+bV - a,
V-(axb)=b-Vxa—a-Vxb,
Vx((axb)=aV-b+b-Va—-bV-a—a-Vb.
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Appendices: Vector identities (cont'd) Eqgs. (A.14)—(A.20)

///V-adT:#a-nda (Gauss) ,
a— ax c(onst) = ///andT:ﬂnxada,
a— dclonst) = ///V@dT:#q)nda,

a— OVV —UVP =
/ / / (DVHY — UV?®) dr = ﬂ (VY — UV®) -ndo (Green),

//(an)-nda:j{a-dl (Stokes) ,

a— axc(onst) = //(nxV)xadazj{dlxa,

a— dclonst) = //nxVCI)d(f:]{CDdl.
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(20)



Appendices

Table B-0

Maxwell’s equations

0B
— =—-VXxE Farada
ot 5 Y
1 OE X
J=—V xXB—¢e— ‘Ampere’
[0 ot
V-B=0 no magnetic monopoles
T .
V- -E=— Poisson
€0

One cannot escape the feeling that these equations have
an existence and intelligence of their own; that they are
wiser than we are, wiser even than their discoverers; that
we get more out of them than was originally put into them.

(Heinrich Hertz)



Appendices

Table B-1

Physical constants

Physical quantity

charge of the electron
mass of the electron
mass of the proton
permittivity of the vacuum

permeability of the vacuum

velocity of light

Planck’s constant
Boltzmann’s constant

gravitational constant

Symbol

Me

€0

Mo

G

Value

1.602 x 10~19
9.109 x 1031
1.673 x 1027
8.854 x 10712

1.257 x 106
(=47 x 1077)

2.998 x 108
(= (eopo)~/?)
6.626 x 1034

1.381 x 1023

6.671 x 10~ 11

Units

JK1

m? kg s




Appendices:

Plasma parameters

Table B-2

Physical quantity Definition
2
ne
plasma frequency Wp,e =
€EoMe
kT
Debye length Ap =/ .
ne
eB
electron cyclotron frequency Q2. = —
Me
. Ve
electron cyclotron radius R, = Q’
e
. ZeB
ion cyclotron frequency Q, =
m;
ion cyclotron radius R, = vg”
2kT
electron thermal speed Vth,e =
Me
. 2kT
ion thermal speed Vth,i =
m;
sound speed vy = /E
P
, B
Alfvén speed vy = 2

Expressién

= 56.6 /1l

[T
=69.04/—
n

=176 x 10'' B

=291 x10°8

7Z
=09, 107 =
9.58 x 10 v
=947 x 1077

= 5.5 x 103VT

ST

N
=[5

1
—1.3x102 — T

VA

1+2
= 1.17 x 102 +T\/T

—=2.18 x 1016

Z B

N

n

Units

rads™

rads™

rads™

1

1

1




Appendices:

Orders of magnitude, Kinetic theory

Table B-3 & 4

Physical quantity

particle density
magnetic field
temperature
electron th. speed
ion thermal speed*

electron gyro freq.

electron gyro radius

ion gyro freq.*

ion gyro radius*

plasma frequency

electron skin depth

Debye length

Symbol/definition

n
B

T

Vth,e = /2kT /me
Vth,i = /2kT/m;

Qe =eB/m,
Qe/(2m)

Re = UL,e/Qe

0, = ZeB/m;

Ri = ’UJ_J'/QZ‘

Wp,e =
Wp.e/(27)

de = c/wpe

Ap = \/eokT/(ne?)

ne?/(egme)

Tokamak

1020 3
3T (30kG)
108K (=10keV)
5.9 x 107 ms™!
1.4 x 105ms~1

5.3 x 101 rads™!
84 GHz

0.1 mm

2.9 x 108rads™!
46 MHz

4.9 mm

5.7 x 101 rads™!
91 GHz

0.53 mm

0.07 mm

Coronal loop

1016 =3

0.03T (300 G)
105K (=100 eV)
5900 kms~—!

140 kms~1!

5.3 x 10%rads™!
0.84 GHz

1mm

2.9 x 105rads™!
0.46 MHz

4.9 cm

5.7 x 10°rads™!
0.91 GHz

5.3cm

0.7mm

Solar wind

107 m—S

6 x 1072 T (60 uG)
10°K (=10eV)
1700 kms—*
41kms~!

1.1 x 103 rads™!
0.17kHz

1.5km

0.58 rads™!
0.1Hz

71 km

1.8 x 10°rads™!
29 kHz

1.7km

7m

Magnetosphere

1010 3
3x1075T (0.3G)
10*K (=1eV)

590 kms~!
14kms™!

5.3 x 106rads™!
0.84 MHz

10 cm

2.9 x 103rads™!
0.46 kHz

4.9m

5.7 x 106rads™!
0.91 MHz

53 m

7 cm




Appendices: Orders of magnitude, MHD Table B-5 & 6

Physical quantity Symbol/definition Tokamak Coronal loop Solar wind Magnetosphere
= width a 1m 10000 km 1.5 x 10° km 6 x 10°km
= length L 20m (= 27R) 100 000 km 1.5 x 103 km 4 x 10* km
= particle density n 102°m—3 1016 m—3 10" m—3 1019m—3
= magnetic field B 3T (30kG) 0.03T (300 G) 6 x1079T 3x107°T
= temperature T 108K (~10keV)  10°K (~100eV) 10°K 10K
density* p=(A/Z)nm, 1.7x107"kgm™ 1.7x 107" kgm™2 1.7x107kgm™2 1.7x 10 "kgm™3
pressure p =nkT 1.4 x 10° Nm—2 0.14 N/ m? 14x107YNm™2 14x107°Nm™2
‘plasma beta’ B = 2uop/B? 0.04 0.0004 1 4 %106
sound speed* vs = \/Yp/p 1.2 x 10ms~! 120kms—! 37kms™! 12kms—!
Alfvén speed* va = B/\/lop 6.5 x 105ms~! 6500 kms™? 41 kms™1 6500 kms™?
Alfv. transit time Ta=L/va 3us 15s 42 days 6s
times of interest T seconds days months hours
resist. decay time 74 = uoa®/n 16 min 3.2 x 10%yrs 1.7 x 10%yrs 1.2 x 103yrs
Spitzer resistivity* 7 =65 ZInAT, 7* 1.3x107°Qm 1.2%x107°Qm 52x107°Qm 1.2%x 1073 Qm

magn. Reynolds nr. R, = poava/n 6.3 x 10° 6.8 x 1013 1.5 x 1012 4.1 x 100




Appendices:

Physical data of Sun and planets

Table B-7

radius
(km)

Sun 7.0 x 10°

Mercury 2.4 x 10?

Venus 6.1 x 103
Earth 6.4 x 103
Mars 3.4 x 10°
Jupiter 7.1 x 10*
Saturn 6.0 x 10*
Uranus 2.6 x 104

Neptune 2.5 x 10*

Pluto 1.8 x 103

mass
(kg)

2.0 x 1030
3.3 x 10?3
4.9 x 10%4
6.0 x 10%4
6.4 x 1023
1.9 x 10%7
5.7 x 1026
8.7 x 10%°
1.0 x 1026

1.0 x 1022

rotation
per.(d)

25-27
58.6
243.0
1.0
1.03
0.42
0.43
0.72
0.75

6.4

distance to
Sun(AU)

0.39
0.72
1.0 (def.)
1.52
5.20
9.54
19.2
30.1

39.4

orbital
eccentr.

0.206

0.007

0.017

0.093

0.048

0.056

0.047

0.009

0.249

orbital
per(y)

0.241
0.615
1.0
1.88
11.9
29.5
84.0
164.8

248.6

Re = 6.96 x 10° km,

1AU = 1.496 x 108km = 215 R, ,
1 light-year= 9.46 x 10" km = 6.32 x 10* AU,
1pc = 3.09 x 10" km = 3.26 light-years= 2.06 x 10° AU .



Appendices: Planetary magnetic fields Table B-8
dipole moment equatorial  obliquity tilt mag. axis size dage
(A m?) magn. field with respect magnetopause
(x1074T) torot. axis  (planet. radii)

Mercury 4.0 x 109 0.003 0.0 14.0° 1.4 (Rv)
Venus < 1.0x10'¥® < 0.0003 177.4 1 — 1.1 Ry)
Earth 8.1 x 1022 0.31 23.5 11.4 10.4 (RE)
Mars 2.3 x 1019 0.0006 25.2 - ?

Jupiter 1.5 x 10?7 4.3 3.r —9.6° 2 65 (Rj)
Saturn 8.6 x 10%° 0.22 26.7 —(0° 2 20 (Rs)
Uranus 3.9 x 10%4 0.23 97.9 1 —58.6°2 18 (Ry)
Neptune 2.0 x 10%* 0.13 28.8° —46.8° 35 (Rn)
Pluto ? ? 63 ? ?

retrograde 2 dipole moment in the same
direction as rotation vector



