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Appendix A

Summary of frequently used formulas

Numbers indicate where formula is located in text.

Motion of a charged particle in electric and magnetic fields

F=¢g(vxXB+E) 2.1
Gyroradius:
DL Ynv,
p=—= 24
By Bq (2.4)
Gyrofrequency:
Q=98
Ymyo
Q (radianss—1) = 1.758 x 1012 (electrons)
Y
= 9.581 x 107M (protons)
Y
Guiding center drift velocities
Electric field drift:
v, = EXB (2.8)
B2
Gradient B drift:
2
Vo = 224 (B x VB) (2.23)
2qB3
Curvature B drift:
2
VC - mv|| nXxXB (225)
qR. B?

In regions where V X B = 0 the V, is given by

157
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158 Appendix A

2
"B x VB)

qB3

V.=

Mirroring force:
2
F,= - "19B,
2B 3z
udB

-£°7s,

Y 9z

Dipole field equations (B, = 3.12 x 10-5 T)

3
B, = —ZBO(EE—) cos 8

;
3
By = —BO(B—E) sin 0
r
3
|B| = 30(55) V(1 + 3cos? 6)
r

Equation for dipole field line:
r = Rysin?2 @
= Rycos? A

Particle motion in geomagnetic field

Bounce period:

T(s) = 0.117(—"1)1[1 — 0.4635(sin areq) ]
R:/ B
Drift period:
Reg) 1 .
Ta(s) = Ca| == |——[1 — 0.333(sin are)*2)
Ro/ yp?
where

Cq = 1.557 x 10¢ for electrons
= 8.481 for protons

Adiabatic invariants

2
P,
J= —
LR B
Jz=J=3gp-ds

J3=q>=qu-ds
S
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Summary of frequently used formulas 159
Relationship of flux j(«, E) to phase space density F(q, p)
F(q,p) = j(&, E)/p?

Electric and magnetic field transformations

Lorentz transformations of electric and magnetic fields are given for a primed
system moving at velocity V with respect to an unprimed system. Parallel
quantities are measured parallel to V:

Bj= B, E|=E

VXE) E, = y(E, + V X B),
¢ /s

B, = Y(BJ. -
where
y=(1= Ve
In magnetospheric  applications V <10ms-!, 10-8T<B<10-5T,

E < 0.1 vm-1. Therefore, to an excellent approximation y = 1, B> V X E/c? and
it is permissible to use

Bj=B, Ej=E
B, =B, E,=E,+(VxB)

Maxwell’s equations

V.B=0 Vv.E=PL_YVpr

&o &
VXB=mi+plosoa_E VxE=_§
t Jt

where i is the current density, p is charge density and p is the polarization of the
medium.

Vector identities

A, B and C are vector fields; dS is a surface element of S; dl is a line element of a
contour around S; dV is an element of volume V:
AXB)XC=(A-C)B-(B-C)A
VX (Vy) =0 V- (VxF)=0

ﬂs(VxA)-ds=§;A-d1

HV(V-A)dV=ﬂSA-ds

A-VB=(A-V)B = (A,(i + Ayi + Az—a—)B
ox Ay az
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160 Appendix A

In spherical polar coordinates
Veop=8Y 16,1 45, 1 W
r 36 rsinf 3¢

S _L[_a_(,zaw) N ;i(sm ga_w) . _1_M]
r2L or or sinf 36 o0 sin2 § 3¢?

Relativistic relations

v = velocity, Tmyc? = kinetic energy, W = kinetic energy + rest mass energy

p==  y=(A-p)y"m=T+1
c

m = myy P = mv = myyv
W =(T +1) my? = (mﬁc“ + c2pH)in
) = T(T +2)
(T + 1)
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