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m dv/dt = q(E + v x B)

E=0, B=B?, b=B/B=2
dv/dt=quyB/m  — d*v,/dt’ = —(qB/m)® vy = ¢ Vy
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cyclotron frequency (gyro frequency)
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guiding center

Xgec = Xi *+ 1 V[ exp(id) X = Xgc — 1 Vi /oo exp(ioct+id)
Yo =Yi ¥ Vi/oc exp(id) Y = Yge £ Vil exp(iot+id)
Zge = Zi + Vit Z=24
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— guiding center
madv/dt=F +qv x B
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qbx (vxB)=Fxb
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F=mg
v.=mgxB/qB?

F=qE
v, =ExB/B? ExB

L  Larmor r

Fy == qvxB,(y) = — qux[Bo +y 0B/oy] = — qv, cos(agt) [Bo + I cos(wmt) oB/oy]

Fy = —qv.cos(act) [Bo % i cos(wmct) 0B/oy]

I-:y = F qv.r(cBloy)/2

F, =0

vi=FxB/qgB*= F v, r_(6Bloy)/2BX
W, =mv,?/2

v,=+v/’BxVB/2w,B*=W, BxVB/qB® (VB
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Feg= mVH2 / Rcf = mVH2 R./ RCZ
W” = mV”2 2
v, =mv? R, x B/qB’R; = 2W, R, x B/ qB°R;

L Larmor r.
Ji = j: Po dge = mj02”ve rd® = 2zr, mv, = 2n mv, %/ o,
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u
1 = q(o2n) nr > =mv, 2/ 2B =W,/B
guiding center
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mvj?/2 B =Buin 1(Brmax
— Brin)
tan 6 =v, /v
pitch angle Om
loss cone

tan Oy = [Bmin / (Bmax — Bmin)]l/2

guiding center

J= mf v)ds

ds

(O)) E(t) = Ep cosmgt V(t) =V + AV(t),
rit) =ro+vot+Ar(t)

AV(t) = g/(mag) Egsinoet, Ar(t) = — g/(mwmg’) Eqcoswot

polarization drift



Av (1)

E, X
dv,/dt — Qvy = g/m Egecosmot, dvy/dt + Qv =0
Vio(t) AV, (t)
Av (1)
AV() = AV sinagt,  Avy(t) = AV, cosmot
o’ = Q?#0

AV, = ogl(wp? = Q) qEgdm, AV, = Qf(wg? — Q) qEg/m
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Hamiltonian Map  chaos (Goldston & Rutherford, Chap. 5)

J= mj; v|ds

+ cos(no)

Poincaré plot

ej+1 = ej + 9pIrO + ep'(rj - rO)

M1 =Tj

ej+1 = ej + 9pIrO + ep'(rj - rO)

fi+1 = I} + € €0S(N6j11)

E, = X Eoy COS mot

V(1) = vie(t) +



Chirikov-Taylor map (Standard map)

A =¢gnby topology
A > 1/4 — separatrix stochastic  ergodic
island island

A >1 — secondary island

r==1.00E-0Q1 th=1 .552E+0@I

Chirikov-Taylor map

Hamilton

dissipative map — attractor



