
VI. Summary 

The dynamical processes that govern the earth's radiation belts have 
a phenomenological rcpre~entation in the form of a modified Fokkcr
Pland. l.'quation. Tht: operand of this partial differential equation is 
the drift-av1.:n1gcd phase-space distribution function .1=Jl./p2

, where 
J is the differential unidirectional particle flux at pitch angle n/ 2 and 
p is the scalar momentum. The transport coefficients that enter the 
modified Fokker-Planck equation correspond to the violation of one 
or more of the three adiabatic; invariants of charged-pmt icle motion. 
Adiuhatk invnrianu- of radiation-belt particles can be violatcd either 
by collisions with atmospheric constituents or by intcrac:tions with 
magnetospheric w<1ves and other disturbances. For processes not involv
ing collisions of radiation-belt particles with the atmosphere, the Fokker
Planck equation typically reduces to a diffusion equation. The basic 
objective of radiation-belt physics is to account for the observational 
data on energetic particles within the context of the Fokkt:r-Planck 
equation by inserting realistic transport coefficients for the operative 
dynamical proccssC5. 

Non-Diffusive Phenomena. The principal effect of the atmosphere on 
radiation-belt protons and heavier ions is to cause charge exchange 
and deceleration through Coulomb collisions. Charge-exchange colli
sions of protons can be represented by a simple loss term of the form 

f !rw However. for mulliply-chargcd ions (mainly helium in the case 
of the earth's magnetosphere), charge e..xchange serves to couple thl! 
trnnspon equations governing the distribution functions of variously 
charged ions derived from identical nuclei. Charge exchange and the 
deceleration of ions by Coulomb collisions are accompanied by very 
little pitch -angle diffusion or energy dilTusion (range straggling). 

Pitch-Angle L>iffosion. The atmospheric sca ttering of' radiation-bi.:lt elec
trons involve~ diffusion in both pitch angle and energy, as wdl as 
dt:cdera l ion. Thi.: Coul omb collisions that are important in the context 
of dccckrntion and range straggling involve the individual electrons 
that surround th<.: nucleus. Pitch-angle diffusion involves the nudear 
charge. as shielded by the electron cloud. Only at L ~ 1.3 do atmospheric 
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collisions importantly aITect electrons that mirror near the geomagnetic 
equator. Atmospheric scattering of electrons at L <. 1.3 is important 
only in that it defines a loss cone in velocity space for electrons acted 
upon by other dynamical processes. 

Beyond L:::::. 1.3, electron pitch angles diff usc into the atmospheric 
loss cone primarily by virtue of interactions between the electrons and 
magnetospheric plasma waves. Except for electrons that mirror very 
near the magnetic equator, the interaction that produces pitch-angle 
diffusion is probably a Doppler-shifted cyclotron resonance with electro
magnetic cyclotron waves (whistler mode). T he pitch-angle diffusion 
of electrons mirroring near the equator can be produced by cydotron 
resonance with elcctroslatic cyclotron waves (Bernstein modes), by 
bounce resonance with MHD waves, or by Landau resonance (w= k11 v11) 
with whistler-mode waves propagating at oblique angles to the geo
magnetic field. 

The empirical result of wave-particle interactions is a pitch-angle-dif
fusion !if etimt: that varies strongly with L, but only moderately with 
energy, for radiation-belt cli.:ctrons. The lifet ime at fixed energy 
(E~0.5 MeV) typically dccn.:ases by a factor ,...,. 60 (from ...... 300 days 
to ,..,,,5 days) between l= 1.5 and L=5 ((l Figs. 39- 41. Section IV.3). 
Electrons having £,.._I MeV are more long-lived (r- IOdays at L~ 5). 
lt is plausible that the .. slot" between the inner and outer electron 
belts (at L-3) may correspond to a region of anomalously intense 
pitch-angle diITusion 5 7

• Quantitative evaluat ion of pitch-angle diffusion 
for electrons inside the plasmaspherc. resulting from resonant interac
tions with obliquely-propagating whistler-mode waves. bas provided 
reasonable agreement with observed electron lifetimes [ 121]. 

Proton pitch-angle dilTui.ion, presumably caused by electromagnetic 
ion-cyclotron waves. is believed Lo play an important role in the dynamics 
of radiation-belt protons having £ ~ 400 keV. Isolated instances of pitch
angle difful>ion have been detected also for protons wi th £ ..... 5- 70MeV 
near synchronous altit ude. However, pitch-angh.: diffusion is not known 
to play an important role in establishing the observed flux profile of 
outer-wne protons, and currently successful models of the earth's proton 
radiat ion environment seldom include pitch-angle diffusion for protons 
having E<; l MeV. 

Radial Diffusion. The processes thut arc known lo produce radial diffu
sion of geomagnetically trappc.'<I particks generally involve disturbances 

~ 7 1-fowever, formation of Lhc slot ccrnld also he related to thc diminishing 
importance of radial diffusion at L '!S J and/or to Lhc presence of an internal 
tCRAND?) soun;c [20] at L ~ 2. The Oux profile of outer-zone electrons (terminat
ing at tbe slot) 1.:an be undcr~lood in term~ of a balance between pitch-angle 
diffusion and radial diffusion (70] from a source at l. ?:.6. 
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of magnctosphcric; extent. Sudden magnetic and electrostatic impulses 
violate only the third invariant of adiabatic motion for radiation-belt 
particles. The radial-diffusion coefliciems Dn produced by these distur
bances (whose power spectra vary approximately as c·J - ~) are found 
to be strong functions of L. Magnetic sudden impulses typically yield 
for DLL a magnitude that is indcrx:ndcnt of particle species and energy, 
but which is much larger for particles mirroring near the equator than 
for those mirroring at high magnetic latitudes. C:lectrostatic sudden 
impulses produce a Du, whose magnitude varies as the inverse square 
of the particle drift frequency Q3/2n. Thus, the value of Du resulting 
from electrostatic impulses depends upon particle species and energy, 
but the dependence of this D1..L on equatorial pitch angle is quite weak. 

Several empirical estimates for Du, at constant M and J = 0 are 
collected in Fig. 83 [122]. The numbered curves correspond to the 
reference list that follows this chapter. These estimates have been obtained 
by investigators using a variety of analytical methods, as indicated 
in the caption. The results reported lo apply beyond L~ 2 vary by 
an order of magnitude up and down from a ··compromise'" D iL of 
the form Du.~ 1.3 x 10- 9 L 10 <la> 1

• Thus. there i~ con~iderablc room 
for disagreement concerning the ·'best'" numerical value 58 for Di, L· 

10° ~~-.......--~--.......-----.--.......-.---. 

>.. 

~ -4 
• 10 , 

...; 
Q 

114 

\ 
.. · 

'$!, .... 
•• '.'> 

.. ····· 

Fig. 83. Compilation [ 122] or radial ditTusion coefficients ohtained by various 
t:mpirical mdhods. assuming con~lant !'H and J: t"ounting of magnetic impulses 
( 101 , !03]: spatial quadrarure [ 114, 116): variational technique [93): temporal 
integration L 70. 82): spatial ll1h.'gra11on [38, 101]. 

58ln work ing \\ilh algebraic cxprc~sions for DLl. 11 •~convenient to remember 
certain approximate numerical relarionships, .:. y .. 21"= I 0~4- IOJ. 4 "' - I Oh. 
8 1 0 ~109 ; 310 .... 6x l0"'. 6 1 0~6 xl0 7 ; 510-10- ; 7'"<~x lO': n 2 ~10, ir 1 ~3 1 ; 
lyear-1cx IO' sec; e1 ::::-20, e"· ' ~2. e2·J :::;o l0. 
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It is important to realize, when considering lhc spread of results 
in Fig. 83. that these values of D LL were obta ined for particles having 
a considerable range of M values. Some of the spread could well result 
from a genuine variation of D 1..L with M and/or particle species among 
the various observations. e.g., from the contribution of electro~tat ic 
impulses lO radial diffusion. Moreover, the magn itude of DLL surely 
varies with geomagnetic activity, and hence with time. F inally, discrepan
des among several of the reported values of D1_.1, may originate from 
an incompatibility among the assumptions that underlie the various 
methods of empiriC'<tl analysis (in particular [70]. [93]. and [ 116]~ 

The inverse variation of D L1.. with L for electrons at low L values 
(see F ig. 83) is apparently a real effect : i.e .. not a n artifact of the 
analytical procedure. The enhanced radial diffusion al L$1.2 may possi
bly result from pitch-angle diffusion in the prcsem:c of drift-shell spHtting 
(see Section 111. 7 ). No similar enhancement is evident in Du. for protons 
[38], which do not suffer significant pitch-angle diffusion from atmos
pheric colli~ions. If pitch-angle diffusion is indeed responsible for 
enhanced electron radial diffusion below L::.::: 1.2, then the hypothesi~ 
of constant NJ and J in the analy<:is should be replaced by a hypothesis 
of constant energy.: this would approximately dou blc the required magni
tude of DLL in this region. Elsewhere in the radiation belt s, the magnitudes 
of D LL that could result from c.:onstant-cnergy processes are typically 
found to be too small lby factors ...., 4- 100) to account for the particle 
observations. Moreover, the direction of stochastic flow in Lat constant 
energy is often opposite to the flow direction at constant M and J. 

Quo l'tld i11111s? Radial diffusion and pitch-angle diffusion are essent ial 
processes in the dynamics of geomagnetically trapped radiation. The 
determination of numerical values for the various difTusion coefficients 
will surely continue to be a subject of n:mjor scientific interest, since 
it is important Lo be able to understand and, ultimately, lo predict 
the evolution of the radiation bells. 

Progressively sophisticated methods of data analysis are being 
brought to bear on the problem of extracting diffusion coefficients 
from particle observations. One of the next major steps will probably 
involve the fitting of observational data within the framework of a 
multi-dimensional Fokker-Planck equation through the use of least· 
squares techniques. In order for such procedures lo be utilized most 
profitably. the particle distribution functions must be specified with 
as much detail as is technologically feasible. This objective requires 
extensive spatial and spectral coverage of the radiation belts by coherently 
instrumented satellites. In many analyses of this type it will be necessary 
to augment the basic diffusion equation with terms representing non-<lif
fusive phenomena, e.g., distributed particle soun:es, particle acceleration 
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in siru, particle '"injection·· associated with magnetic storms, and indastic 
collisions with the atmosphere. 

Much more effort will be devoted in the future to spectral analysis 
of the electromagnetic and electrostatic fields present in the radiat ion 
belts. The spectra that result from such analyses can be utilized directly 
to cal<.:ulatc the magnitudes expected of the various diffusion coefficients. 
M uch more effort will probably be devoted as well to relating these 
i11 situ spectral measurements with similar measurements made at ground 
stations. Eventually it may become possible to utilize the extensive 
geographical coverage of ground measurements to infer the condition 
of the magnetospheric environment. T his would make it possible to 
monitor d isturbances from the ground while observing the response 
of trapped particles in space, with the ultimate goal of gaining predictive 
insight into the consequences of magnetospheric dynamical processes. 
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Frequently used Symbols 

A.Ai 
A 
a 
B 
B 
A 

B 
Bo,B1 ,B2 
B,,.Bm 
B,,80,B"' 
8, 
b 
h 
bj_, bu 
bx, by 
;9811 , ~l., ~= 
(' 

CA 

D,D(v) 
" ID,ID 

D.u 
Du, 
Dt~L 
Di 
D,., 
E 
E 
£, 
Eo 
£,.Eu, Erp 
(' 

$ ,. '1'm 
11_.&11 
f 
Fi 

atomic 1Neight (number of nucleons in ion) 
magnetic vector potential 
e<trth radius (6371.2 km) 
magnetic field 
magnitude of B 
unit vector B/B 
coefficients of Mead field 
equatorial field. mirror field 
components of B (spherical coordinates) 
tail-field intensity 
magnetic-field perlurbation 
stand-off distance: magnitude of b 
components of b (relative to B) 
components of bJ. 
magnetic spectra l densities 
speed of light (3 x 105 km/sec) 
Alfvcn speed 
dipole drift function, = ( 1/2) T(y)-( 1/ 12) Y(y) 
diffusion tensors 
pitch-angle (-cosine) diffusion coefficient 
radial dilTusion coefficient 
Bohm diffusion coefficient 
Fokker-Planck coefficient 
ring-current index 
electric field 
kinetic energy 
convection electric field (c4uatorial magnitude) 
e-foldi ng energy 
components of E (spherical coordinates) 
electric-field perturbation 
electrostatic spectral densities 
electrostatic spectral densities 
force; guiding-center force 
unit-normalize.d distribution funct ion 
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.U1 
f .. fi 
J.1~ 
I ,Ji1<s.tl 
j,. 
.F11 
G(J;: Qi) 
G I (y). G2(_\') 
{Jn(X) 

H 
II 
I 
I, 
I 7 , l J.. 
[411 

1/n. I"' 
Im 
J 
J; 
.J ,,./ L 

J,JJ 
J 4. 

J o.Ji 
J 
K 
Kp 
k 
L 
ld 
L,,, 
M 
m 
mo.mi 
N<',NP 
N",N, 
11 

P/" 
P.i.P11 
p 
Q(v) 
Q; 
q,q; 
q 

Frequently u~t:d Symlmls 

phase-space distribution fum:tion 
phase average off (j identifies particle species) 
perturbation off i.e . .f=J-J 
perturbing force (parallel to B) 
Fourier amplitude of/1 (~.l) 
spectral density of Jii (s, t) 
Jacobian, =det(i7JJ c-QJ) 
shell-tracing functions 
pitch-angle eigenfunction (n=0, 1.2,. .. ) 
Hamiltonian function 
Planck's constant ( ~2n) 
J/2p, geometrical ""invariant": electrical current 
mean excitation energy 
integral unidirectional flux (IJ..= / 1112 ) 

integral omnidirectional nux 
maximum integral omnidirectional flux 
imaginary part 
second adiabatic invariant 
fundamental action integral (i= J,2,3) 
differential unidirectional flux (J .J. = J ir,i) 

phase averages of J x and J J.. 
differential omnidirectional flux 
Bessel function (order zero. order /) 
electrical current density 
derived invariant. = J /(8m0 M)1 2 

index of geomagnetic activity 
wa ve-propagalion vector 
invaria nt drift-shell parameter, = 2 7t B0 a11<PI- 1 

lield-line label 
Mcilwain shell parameter 
first adiabatic invariant 
relativistic mass : harmonic number 
rest mass (j identifies particle species) 
electron and proton densities (particlcs;cm 3) 

atmospheric densities (drift averaged) 
refractive index, =cf\11/w; harmonic number 
associa ted Legendre function ischmidt-normalized) 
plasma pressur es (relative to B) 
particle momentum 
shell-traGing function 
new coordinate (generalized) 
canonical position (i= 1,2,3) 
partide charge: charge-exchange (subscript) 

Frequently used Symbols 

Re 
r 
s 
T, T (y) 
T(r:L11,<p) 

u 
V.,, I ~, 

vd 
L'g,i:p 

v 
'f. 'fm 

w 
w 

x 
x 
Xt>,Xc 

Y, Y( v) 
Yty:-Ld,<p) 

Z,Z; 

'" "'It. ; ., I J 

S1,e2 

" 0 
Um 
A 
AD 
tlJI, jl J., µ J 

1t, 7r.; 

Ps 
T 

<I> 
(/>, (/Ja 

<p; 

real part 
radial coordinate 
arc length of field line: source for cl/01 
dipole bounce fu nction 
bounce function in distorted lield 
time 
solar-wind velocity 
electric and magnetic scalar potentials 
guiding-center c.lrift velocity 
grot~p vclocit~ (d cv/df.:11), phase velocity (w/ J.:11 ) 

part 1clc velocity 
spectral density of electrostatic potential 
energy (~inetic.plus potential). =E+qV..(r ) 
energy-like vanablc, p2/2m0 

field-line coordinate, X 2= 1-(B./B) 
cosine of equa torial pitch angle 
cosine of (bounce-, drift-) Joss-cone half-angle 
dipole bounce function 
bounce funct ion in distorted field 
sine of equatorial pitch angle 
ionic charge number, nuclear cha rge number 

local pitch angle: Euler potential 
Euler potent ial 
plasma indices (8n P _/82 and 8 n Pu/B1

) 

gamma function, s! 
ratio of relativistic mass to rest mass 
unit of magnetic intensity. =JO 5 gauss 
Kronecker symbol(= I if i=j; =0 otherwise) 
adiabaticity index, = ( r/Q1 S) 
fi eld-expansion indices, c.1=(B1/80 )(Lda/h)'+ 2 

J\ll /y 2
, approximate invariant 

colatitude: angle between k a nd B 
colatitude of mirror rx>int 
"invariant" magnetic lati tude (L = sec2 A) 
Deby1.: length 
electrical mobilities (Ohm, Pedersen, Hall) 
canonical momentum (i = I, 2, 3) 
solar-wind mass density 
interaction time: pitch-angle-diffusion lifetime 
third adiabatic invariant 
magnetic longitude. longitude of ·'anomaly" 
phase conj ugate to J i/2n (i= 1,2,3) 
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l/J,. 
t/I; 
Q;/2 rr 
Qj 

Do 
w 
Wj 

w,,,12 n 

Fourier phase of wave or field 
angle of deflection (solar wind) 

Fm1ucntl)' used Symbols 

frequency of gyration, bounce, or drift (i= 1,2. 3) 
nonrelativistic gyrofrequency ( x 2 n), - q1B/mJc 
angular velocity of earth's rotation 
fr~Ut!llCY ( x2n) 
ion or dcclron plasma frequency ( x 2n) 
Fourier frequency of wave or field (n= 1,2,3, . .. ) 

Subject Index 

Action-amde variables: X. 11 14. 46. 
47.56.62,XJ.206.207 

Adiabatic invariant. dclinitton of: 
8. 11 - 15. 40, 46, 5 I 

- -, first: 11. 18.40.56,206 
.1'econd: 12. 19.20.41 ,56.62. 

206 
, third : 12.24.lil.l0.89,207 

- - . violation or: 8. 9. 14. 46-49. 
62,8 1. 85.100, 114. t92 

Alfven speed: 64. 68 - 71. 82. 86. 205 
Alouette bee Spacccrnfll 
Alpha particle::. : 2. 91. 93. 132.133 
Anomaly,Sourh American· 59. 104, 

167 
-, South Atlantic: 23. 50, 59. 79. 

110- 122, 166 1 68 
Approxirnation. adia hatic: 6. 10- 14. 

96.100,127. 128 
- forbounce period : 18, 19.4J 43.103 
- fordriftfrclJUCncy: 20 .21, 149.153. 

154 
for L parameter: 24, 25. 89. 92 

- for second invariant : 19. 20, 4 1-43 
- for shell-splitting function: 44. 45, 

100- 105 
Artificial radiation heh~: XI. I 16- 122. 

143. 185 
- satellites tsce Spacecraft I 
Acmosphericcolli~ions: 8,46-00, 111, 

116-122.192 196 
or inner-zone electrons: 55, 58, 

105.116 120. 192. 195 
- - ofinner-7one protons: 49 55. 

94. 121. 122. 192. 195 
and pild1-anglc diffu~ i on: 

55-59.116-120.192 195 
and radial diffusion: 104. 105. 

173. 195 
- -. lo~ cone due to (see Loss cone) 
ATS (sec Spacecraft) 

A1imu1 hal drih: l . 3. 6-13. 12. 26. 
79. 82. 154. 166- 168 

B~~d funcuon-;: 64, 72. 78. 97. 
162 166.206 

Bohm diffusio n: 98 100. 105 
Boum:cfrcqucncy: 10 13.17-22,41, 

208 
- J1)ss cone: 79. 80. 166. J 67. 207 

phase: 14.45- 47.63.64.109 
- resonance. 62- 65. 95. 96.106. 146. 

193 
Boun<lur}condit1on5· 131.183 191 

. arbitrary: 183- 186, 191 

. data-nnpo'>cd: 185- I 91 

. lus~-cone : :W, 78. 79.110. 
162 167 

- -, lime-dependent: 167. 185 189. 
191 

. time-independent : ll\3-186, 
191 
of magncto~phcn:: 2-5. I 3. 29. 3-1. 
82.85 
ofpla'>ma-;hcct : 5.7.27 
of pla.,masphcrc: 5. 7. 37. 38. 100. 
146 
of qua~1-1rapping: 2. 3. Kl 

Bow ~hod 2. 3. 5 

Canonical coordinates: I J- 15.46.47. 
83. 11 1.206 

- distr ibution function: 14- 16. 39, 
40. 47 49. 83. 138, 173. 190, 192. 
205 

- momenta: X. I I - 15.46. 47. 1\3. 207 
ph.1ses 9. 14.46.-17.83.207 

Chargecxchange: 48.52-55.93.189, 
192 

Chorus: 60.61 
Colli~ion~ (~cc Alrno,ph.:rn: colhs1011~) 
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Conscrvationlaw; 12.14,46. 68. 
83 85. 98. 106 109 

Convection: 4-6,35-38.40. 92 
Corotation: 4-6. 35, 37, 39 
Coulomb loss: 48- 60. l I I .1 12. 121. 

122. 189.192 
CRAND: 81, l I I , 189-191, 193 
Cum~nts. boundary: 2. 3. S. 23. 29. 

34 
. curvature-drift: 6. 23, 27 

- . earth-induction: 23. 25. 28. 88. 146. 
147 

. grnd ient-d rift : 6. 23. 26. 27 
-. ~1agnctizalion: 6. 26, 27 
- . neutral-sheet: 2 6.23. 27. 32 35 
- . ring: 6. 7. 23. 25- 29, 12'.\, 188 
Curvature, dcfiml ion of: 27 
- drift: 6.:27. 88. 98, LOO 
Cusp. magnetic: 2. 5. 8 
Cyclotron frequency: I 0-13, 22. 

65 76. 97, 99. 208 
- resonance: 65- 77, 96- 98. 106, 128. 

144. 193 

Dcc<iy. eigenrnodc: 77. 78. 11 0. 
16 1-1 67 

. neutron: 81, 111 , 189 
- of pitch-angle distribution: 78- 80. 

16\ 164 
of radiation intensity: 60, 114- 128, 
136. 144, 163.1 76 

- rate: 80. 124. 125, l44. 168 - l88, 
193 

Differential flux : 39.40. 74. 111.122. 
131, 138 - 141. 163 .. 176.190, 192,206 

Differentiation. numerical: 161 , 167, 
169.177 

Diffusion: 9.46 -49. 54 - 59.106, 
192 196 

- ,bimod a l: 105- 110 
-, Bohm: 98 - 100 

coefficient : 47-49, 55, 57 Ji4-67. 
89-95. 148. 150. 157.172, L78- l95, 
205 

. coll isional: 55-59, I 05, I 06, 
116 - 120, 173, 192. 195 

- equations: 47.49, 54 - 57. 83, 
106 113, 168, 189 

- in several modes : I 05. l06 
- , pitch-angle: 9,46.48, 55- 80, 

100 Jl0,l1 4- 128,1 45,162-168, 
192. 193 

St1bject Index 

Diffusion, radial: 9, 48, 51 . 81 - I 14. 
128. 130 159, 168 - 195 

-. strong: 77- 80. 100 
tensor : 47 49.55.56. 105.106. 205 
10 mobilitv. ratio of: 99 

- veloci ties:· 112.113, 137, 140. 142 
. weak: 77- 79 

Dipole field: 11 - 13, 16- 22, 35, 37, 
59. 153 

Directionalflux: 39.40, 74, 111 , 123. 
130.131. 137-l:W, 141 , 174, 176, 190, 
192,206 

Dispersion rcl<1tion: 64. 69, 73, 74 
Distorted-dipole field: 2-8, 22-34, 

40-45. 10 1- 105, 135.153- 156 
Distribution funct ion: 14-16, 39, 40, 

47- 49, 73,83, 109, 127, 138, 
162- 165, 173, 190, 192. 205 

D ivcrgc1m:. generalized: 49, 52. 56, 
107 

Doppler ~hi ft,anomalous: 71 - 74. 146 
. normal: 65 70, 74-76. 96, 128, 

193 
Drirt, azimuthal: I, 3. 6- 13. 22. 26. 

79. 82.154.1 66 - 168 
, curvature : 6, 27, 88. 98. 100 

- echoes: 82. 83. 114. 126, l 52 159 
. electr ic: 4- 6, 36-41, 87. 88, 98 
frequency: l 0, 13, 20- 22, 83. 149. 
153,208 

- . gradient : 6 8. 26. 27. 88, 98, JOO, 
149, 153 

- phase: 14,20,83, 11 4. 153 155 
resonance : 84. 89, 92- 95, 106 
shell : 6.10- 13, 22, 37-45, 99, 156 

- wave: 97. 98 
D., index: 25 - 28, 91,95, 160. 177,205 
Dynamical rriction: 48,49. 99. JOO 
Dynamics tis. "inematics: 7- 9.14. 

46 49. 192 

Earth,currentson : 23,25,28, 88. 146, 
147 

-, radiusor: I l , 16,205 
- . ro ta tion of: 4. 35 39. 208 
Ehrenfost theorem: 62 
Eigenfu nctions : 77, 78, 109. 11 0. 
~ 161 - 167, 206 

Electricfield,ambipolar: 4, 17,36, 37 
- -.convection : 4 -6,35-38,84.92, 

103.205 

Subject Index 

Electric field,corotation : 4 - 6. 35. 37, 39 
- - drift : 4 - 6. 36- 41. 87, 88, 98 
- - . nuctuating: 62 - 67. 72.84 - 88. 

92- 97 -
- - . induced: 67. 72. 85 88 
- - . parallel: 17.36.37, 62 - 65, JOO 
- - . perpendicular : 4-6,35- 38,67. 

72, 84-88. 92 - 99 
Electromagnetic impulses tsee Magnetic 

impulses) 
- waves: 46.60 77, 100. 128. 

144 - 146, 193 
Electrons, inner-zone: I. 2, 55 - 60, 105, 

116-121. 125, 141- 144.1 63, 
170 174,192- 195 

-, ionospheric: 49,50, 151 
, outer-zone: I. 2. 76. 77. 82, 

L22 - L30. 134-l40.142, 152-157, 
175-188, 193 

- , pitch-anglc d ilTusion of: 55 - 60. 
105.116- 125, 144-146, 160- 177, 
193- 195 

- . plasmaspheric: 49, 50. 69 
, radial diffusi011 of: 81-83. I 05, 

134- 144,156, 157.170 188. 
193- 195 

. replenishment of: 120- 124. 
135-141, 166 - 168, 170. 193 

. sources of: 8 1, l 16. 138.143, 
162 - 164, 193 

Ekctrostatic field : 4 6.35- 41, 
102- 104 

- nuctuations: 62- 66. 92 98. 133 
impulses: 84.92- 95.109.11 0, 151. 
193 195 

- waves: 46,62 66.95 98. 193 
Elcklron (see Spacecraft) 
ELFw<ives: 60. 146 
Energy, kinetic: 7,11, 17. 39. 50. 205 

, potential: I 7, 40, 4 1 
-. relativistic 16.17. 20. 39, 207 
-, rotal: 40, 41 , 92, 94. 103. J 04, 207 
Equi1ibriumfissionspcctrum: 17 1.185 
faller potentials: 17. 207 
Explorer (see Spacecraft) 

Field modcl. analycical: 30.85 - 87. 
153- 156 
- , dipole: 12, 13. 16 22, 35. 78. 
I I l.145, 153 

- -, Mead : 29- 32.41 45. 85-90. 
154 

2 11 

Field model, Mead-Williams: 32-34. 
136. 159 

- - . mu ltipole-expansion: 12. 25. 
29.30, 101 , 104. I 12 

. offset-dipole: 22. 23. 59, 79, 112 
- - . ring-current: 25- 28, 177 
Fis$iOn spectrum: 171. 185 
Flux, definition of: 39, 40. 74. 75.163 
-, differential (see DilTerential nux) 
- . electron: I, 77.119- 123, 126, 129, 

139 - 14J. 171, 174, 176,184 
- . integral fsee Integral Oux) 
- . omnidirectional (see Omniuirec-

tional Oux) 
-, proton: 122. 126, J 30, 190 
-,self-l im iting: 72. 75- 77, 128-130 
- . unidireclionul (~cc Directional flux) 
-. vertical: l I I 
Fokker-Planck equation: 49. 52. 56, 

111.189. J92, 195 
Forces.adiabatic: 6. 8, 12.14, 18,46, 

61 
- , collisional: 46- 49, 55. 57, 98 - 100 

- , dect rosta tic: 17. 35- 4 1. 62. 65, 98, 
99 

- . frictional : 48.49, 99.100 
-, gravitational: 4. 12. l 7 
-. guiding-cemer: 6.12.18. 62- 65, 

98. 99, 153 
- ofwavefields: 46.61 67 
Friel ion, dynamical : 48.49. 56 - 59, 99. 

100 

Geomagnetic field: l - 8. J 0 13 
- -, configuration of: 2 5, 22 36, 

4 1 45. 134.135,159 
, dipole: 12,13, 16- 23.35,59. 

78. 79, 111 , 112, 145. 153 
, models of(sce Fielu mo<leb) 

- -, multi pole expansions of: 22. 25. 
29, 30. 10 1. 104, 112 

. representation of: 12. 16. 17, 
22- 25.29-45, 59, 7Q, 153, 154 
- . secular variation of: 51. 52, 
111 113. 190, 191 

- micropulsations: 46, 60-64. 128, 
146 

- neutra.lsheet : 2.3.23.32- 36 
tai l: 2-5, 12,23,31- 36 

Gradient drift: 6- ~.26.27,88. 98. 
100, 149. 153 
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Group velocity: 75. 76. 82. 207 
Growthrate: 74 - 76 
Gui<lmgccntcr: 10.17.18. 98.153. 

207 
GHat1on · 6. 10. I I. 14. 26. 27. 46 
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