Lecture 4 Periodic Motions and Drift Motions in
Plasma
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Action of a cyclic motion
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Fig. 3.26 Example of an “internal” trajectory in the meridian plane for vy = —1.5.

(From C. Stgrmer, Arch. Sci. Physiques Naturelles, vol. 24, pp. 317-364 (1907).]
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(b) from Kivelson & Russell (1995) (c) from https://www.youtube.com/watch?v=FiwgNDJuGK]I
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1, 1 5
2 Wi  2MMVL (4.2)
B, B

A Em{E 752 20(4.1)8(4.2) 0] H - 23558 B 15&E
5 EEMIGEENDSE v, EFENK  MFETHUSERES=
vy, BRNEHFER/N B |v| RZEIZT - HFHE v, =0
RN E % mirror point « ERFMNESERETIE Brirror °
BB ERIERIE - B alF R mE R &R

1 1
Em(vJZ_O + vllzo) — Em(vjz_mirror) (4'3)




1mvz 1mvz
2 10 _ 2 Imirror (4.4)

BO - Bmirror
Substituting Eq.(4.3) into Eq.(4.4) to eliminate v{, ;0. it
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Let pitch angle (&) a be the acute angle between B
and v. Let a, be the pitch angle at B = B;. It yields

2

v

> =2 — = sin® aj
Vip T Vjo
A I5 Eq.(4.6) I PANE &
By
Birror = sin? o (4.7)
0

MREFTELIRE Brirror < Bmax AL ENFEEEEE - B
2ER S —AIMZRENZE Bpiyror FIIMNF - AU ER
+ - PAEBEEME mirror points ZfE - AK[EISER - UNE 4.1
PR7I

11



iZ ’ g] EE:

AN

(loss) %!

distribution ( EX#HED ) -

S HAR Birror > Bmax BILLHE

5N &k
il 2z 9 - BERANHBN T - BiEis e E &
& (Byiz ) NEBERNT ' &RE ) ZEDMHIE—

N& 4.2 Fi7r - EHO

59

{& Loss-cone

H Loss-cone

angle a;,, is a function of B, and B,,,,. Based on Eq.(4.7)

the loss-cone angle a;,s; Should satisfy

By

(4.8)
Bmax

12



Loss-Cone Distribution
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1. Solving the equation of motion with the given E field
and B field directly.

2. Changing the moving frame to the guiding canter
moving frame, where E=0, then changing back to the
original moving frame with a DC Electric field.

3. Considering the change of kinetic energy, thus the
change of gyro radius.

4. Taking time-averaging to remove the high-frequency
part of the motion.
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Exercise 4.1
Let us consider an electron moving in a system with E =

$60mV/m, B = 2200 nT. Please determine the drift
velocity, the gyro speed, and the trajectory of the
electron, if the electron is located at x =y=2z=0 at t =

0, and the electron’s initial velocity is
(1) ¥ = £ 800 km/s

(2) v = ¥ 600 km/s
(3) v = ¥ 400 km/s
(4) v = £ 300 km/s
(5) v = £ 200 km/s

Applications: (a) Pick-up ions in the comet tail (b) the Hall
effect in the E-region ionosphere
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