Single Particle Motion in E and B
fields

Everything follows from Lorentz Force:

15t assume time independent fields
e (Gyration
« ExB drnift: charge and energy independent

« (Grad-B and curvature drifts: depend on both
Charge and CNCTEY (explains How the Radiation Belts Work)

e Adiabatic invariants of the motion in a dipole field
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How the Radiation Belts Work

Grad B drift = -p VBxB/qB?2
Force on Parallel Motion
— Magnetic bottle

— Pitch angle
— Bounce Motion

Longitudinal Drift

Radiation Belt Organization
— LLoss cone
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Parallel Motion of Guiding Center

 From Lorentz Force, looking at average motion
parallel to B (v, = v* B/B)

we get this equation of motion:
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Where p='2m v, /B = constant when E, = 0

(for derivation see
http://earthweb.ess.washington.edu/bobholz/ess515/parallel guiding center motion.pdf )
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for equatorially mirroring particles in a dipole field. Adiabatic approximation



Continue Bounce motion
Longitudinal Drift

Radiation Belt Organization:

— Shielding layer

— L-shell

Field Line Equation: r=LR cos?A
Loss Cone

Begin Large Scale Current



Single Particle Motion in dipole
1 field

2 = 1 =
(= 5”“& / B Magnetic MorTlent con§tant
gave us gyration and drift.

Now:

« Pitch angle analysis gives us B, = B /sin’a,
* Then add: Dipole field

B(r,A) = (M/r?)*(1 + 3sin’A) ”> (where A is latitude)
« We will Find :

Gyro period << Bounce period << Drift Period



7 Boowe % ds

L’OMLE Towe = (b.mf_ Uy
:
ds = (nlrL +v°d ?‘1) e w0 (1 *35';‘1?‘)&(&7‘

T L= }:Ir‘e‘-
ﬂU“ = k’b’ _FD-L-)

- T . =
bol~ "ULCPJ}') v Sin dﬁ = o

—

B (r.}?\) {IEE

L’\Jw d\.c o~ @e v e7v¢j‘ur|?~1 Pﬂ'?Jr- aw?/(a
Oud £oeld S‘m:w?% ;
<5 ole 6(*’]3)\ s

Sy Yy T J C (= Re
m .? Y .
Berx) = = (14 3sin 7\\ y ( Dipeds fiefel)
B¢ (3a (e
Cos A r=re @S X
V\Wto\_uz\..) {V\WIV\} ﬁlﬂ_e;i‘ixﬁq
T ~ 4 2 Tl
e T‘(c{g V= b S S 1Ol
(no o Sjnh.; dopondire (Mf:?(f_>
U =( ad T@) =y
re 1.5 e 3 e (‘J e
£y wl 3.8 «2hs Jz g

awnte



[is Longifudivad D vift
for J =0 = TR

\/G_'” 6XVB (6 1'ﬂagn5

intepale  @roond drdy- padin o7 3607 Loy

v D — Min vhe
e (g o zfq&\n;v)

W‘ko/ re. = L({e; L ead~ vadi

for @ = 0iMev 4 Vo= 10R
d/\% q‘t{ - Obhes
0)mgpwem~ﬁ = -
S 27 Lo 27 G

Nf?ﬂufwj SCOL#CV\:V“GJ and Plaow“x%sfv Lolik e
PoJ\Ttde,, Cown e \f\ﬂrﬁﬂe UQW'QWCA

A P{UL}'{!H Sow~e  Spe(is M\SM\& envyies
are Tmf()—ed &n 100 S ;



To

sun-

W LUy SEL-CIIPHAGANIIIVUELS TO account 0T the associated adiabatic
effects upon radiation-belt particles. | | and the gr:
o : ) P4

- -~ e - ey,

In differen!
to the loc:
of curvatu
current de
is give

er§=

> pressul

Obs¢

This regio;
and near I

The In
in the inn

A . Al{nh (%di‘ra

Fig. 8. Schematic rePaggentation of the gyration and azimuthal WNtsolidetiPyie ol - ; 4

of an equatorially mirrdgjpg proton, with associated current patt d
curves). | pritems (Gashed A
Smmplif

V = ExB,,;x PLUS Grad-B



Interplanetary o i e
Magnetic Field Tail Current i

-------------------

Flmg Current

Magnetopause

Solar Wind ‘
-Magnetopause Current



pl/2 .
(eV/em?) 12

40'0 ll-l L S e e e e e s
[ _ L i B B R s T T T T T T T

300 ' ]

sty

100 : \"]MNW“

. | l VO
0-._ lllllll (TR SR R U N A |
_20_ LA B . Sl B R EET R Esei R B R mi e ps con e T T T T P R i §

1ol 1
£ 3
S of 1
e ]
10 4 ]

1 | 'l 3 .
20 | 1 L L. . v _ 3 31 L E ] i L 1 1 1 i 1 | 1 1 ) L L L
T T T T T T

40 ;—— . Equitorial
0 WWMF — % | Magnetic
field
perturbation

T T T

—]60 e W S S ST S T S N S SRS N ST TR YO TN T TS SR ST TN T ST S SR T

0 6 12 18 0 5 2 18 0 6 2 1. o
. Universal Time




Padiafine. et o vaan iy afin

Yoo r o dipde B-Ffeld  wih
M = étp\r‘Q.o r\w—em}-ﬁ I~ eandln

( M= §/{4 qf(r‘ s {- = ma«g;‘rc?[{\ MvenT 7\ o vk
= P’\rs}-rc,ﬁso\f;m _

. i — ﬂam:«-&:l b
Tor o dipdo R z==TYVy (Pants (3.10))

Were Y= Gmer(l) & diade

I éfpv\e,\:mo Coov-ds o
-2 T
Br= 5 Y = - 2m 5—,:;*

L =2
%a = JrC'JS)\ ;CPW =0

2 2
By = _ﬂ%‘:m*e.:mm

18l = (B rbys &y - % (s 35ty )
&
QIW\ Cous 330 /3.5{ Con el ®
il = d (wsy) jnbepote o gef
¥ Los» =g, ¢ ~fo con A

L
Now  lek L2 R mols Eguaeind dutnnce

g a1 o pmﬁw(av\ F~QQ0‘ LIH/\Q
C“'OL{“‘— L Re COs ) \ TVeN —s



or, To FQLJE d avelren Noy)
e (otitude oF T .S‘drlci?x(e_ %, c:]:-rmﬁ
b\ﬁ Vo P\E So C-Gt;1} = -;_L-

m\i}:} V) CLQ,#:.;WILL‘W o\ _Im\fmgl:i—u:i‘ (_/aihw

S

So y ﬁar‘* A g).;ﬁmn L Slﬂe[l wosT  ponh cdes

wi |l lee Jv oh 3 dotnet N0 T —
%mh}»w} Yource « VB dﬁ:bf) A

_Maevn IQDrv’\J: [ . | (e ﬂf‘k\? W;[J‘ lav
los— dove p ScmH fmrv '[42\;./« Othv‘aaphwf

febvally, e foss alibl ~ Re r (00km whew
f&@bmlﬂlhb f:—l' Sle"J{Fh“w? [Q’Cco\«m wa;ﬂlq



‘i‘_{_lf;\?d\/\ Pgm“[‘}h(i{fff_ AL Las)“ 7

By T
= {(;; f‘““nl CJ'Q SZf ﬂgf{ﬁ

9<?{ ( sor <M e 5 O

=

i T

- AR pﬂan!"‘ % < dzﬁj‘foak‘hj e,
gontid o LosT Fd ey ol

aShe '5“*"1931

% e

veiny /(A = conotand T
Fird ole sudn o of =90° of B Fn = @et(00L,
e Find et e ~ 37 4t L16

So MO ST pw\f}d @ L W'Wappecl-

Showd Qn\\dr\mvgio Do v borips aﬁwh? (:dd L~






L‘*‘Sl/‘\el\ C_lu’“lf:‘}“? Hﬁ'\f\:\ Cav™ A e 1

Tire dei 4 MoTinm @QU\R?\\,‘: e hrno GQCMAFVQ
Conden B Shntivg,  poind 7

= Arowen @ T enesyy %)
Cnstaved e
& wihr p=comotmnr Y
stonl fran O whee &<,
£

‘\\
N -({ g -

n: — &b,
3
Spadoy Mifrricg G refred of €T Jvé
Wg:élo-'&‘”:*f T?a/(/\‘:{-cﬂvw}“mr\/* I

L dejwer o cliged shel] o pofet diplo



Ah! But the field 1s not a perfect dipole:
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Contours of constant Magnetic field Strength
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Figure 5-33. Proton isointensity flux contours as measured in the South Atlantic anomaly at an altitude of 750 km. The solid lines depict 28-45 MeV
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Magnetic Field Minimum

Precipitating >80MeV protons

Figure 1. DGRF 63, Epoch 1970, 1336km magnetic field contours.

APBMAX Epoch 1970 >80 Mev 1336 km
2000 TQ 6000 F+/cmZ=-sec coniours

Single Event Upsets 1n the
memory for Topex Satellite

Figure 2. AP-8 MAX Epoch 1970 > 80 MeV protons at 1336 km.

Figure 3. TOPEX SEE geographical distribution.



Advanced subject

| L For details see
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Now, lets look at magnetotail Tail curents

Then combine cold and hot plasma drifts
Cold:

— Sunward convection on closed field lines

— Plasmasphere co-rotatation

Hot

— Ring current

— Partial ring current/Alfven layer

Then: Aurora and 1onosphere
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How can there be a current

Like this: charge moving ACROSS
the B —field?



B&
O O Simple Gyration

Serpentine Orbits

i T i ‘Wﬂ ,Q Q .
~ () O) B e

B® O O Gyration

View from the Tail looking back at Earth
Dusk

dawn



North Lobe

Ey

Dusk Tu

Side

® B,

-28/0 - L

By

® Bx -
iu

@ proton electron
QD
2
T Cross Tait Current
O
> I
-
o
T
=

electron proton

-

South Lobe

View from Tail towards Earth

asnedojaubepy

Dawn
side

B/2



?
CURRENT / &F
ALONG FLANK /

OF THE TAIL



Equatorial Plane View
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Next time:

What’s happening in here

In the Plasmasphere?
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