












ρ(r, t)

J(r, t)

ρα(t, r) = qα

∫
fα(t, r,v)dv

Jα(t, r) = qα

∫
vfα(t, r,v)dv

fα(t, r,v)

∂fα
∂t

+ v · ∇fα + a · ∇vfα = 0

a =
qα
mα

[E+ v ×B]



∇×E(r, t) = −∂B(r, t)

∂t

∇× B(r, t)

μ
=

∂εE(r, t)

∂t
+ J(r, t)

∇ ·B(r, t) = 0

∇ · εE(r, t) = ρ(r, t)

n̂×E(r, t) = ΨE(r, t)

n̂ ·B(r, t) = ΨB(r, t)



ρ J

E B







∇×∇×E+
1

c2
∂2E
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[Dc]
T [�μ−1 ]B =

∂[�ε]E
∂t

+ JEB

[Dc]E = −∂B
∂t

Bn+1/2 = Bn−1/2 −Δt[Dc]En

[�ε]En+1 = [�ε]En +Δt

(
[Dc]

T [�μ−1 ]Bn+1/2 − J n+1/2
EB

)



α

f(r,p, t) =
∑
s

Nsδ(r− rs(t))δ(p− ps(t))

ρ(r, t) = q

∫
dpf(r,p, t) = q

∑
s

Nsδ(r− rs(t))

J(r, t) = q

∫
dpvs(t)f(r,p, t) = q

∑
s

Nsvs(t)δ(r− rs(t))



∂tρ(r, t) =

= q

∫
dp∂tf(r,p, t)

= q
∑
s

Ns∂tδ(r− rs(t))

= −q∇ ·
∑
s

Nsvs(t)δ(r− rs(t))

= −∇ · J(r, t)



ρ J

∂t〈λi, ρ〉 =
= −〈λ,∇ · J〉
= 〈∇λi,J〉

∂tρ̃ = −[Dg]
TJEB

[Dg]



∂tρ̃ =

∫
dV∇λ · J

W1
ij = λj∇λi − λi∇λj

∇λi = W1
ij +W1

ik +W1
il

J



EB

∇ · �= 0
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D,J

ρ

DH



∇× D(r, t)

ε
= −∂μH(r, t)

∂t

∇×H(r, t) =
∂D(r, t)

∂t
+ J(r, t)

∇ · μH(r, t) = 0

∇ ·D(r, t) = ρ(r, t)

n̂×H(r, t) = Js(r, t)

n̂ ·D(r, t) = ρs(r, t)



[Dc]
T [�ε−1 ]D = −∂[�μ]H

∂t

[Dc]H =
∂D
∂t

+ JDH

[�μ]Hn+1/2 = [�μ]Hn−1/2 −Δt[Dc]
T [�ε−1 ]Dn

Dn+1 = Dn +Δt

(
[Dc]H− JDH

)



∂t〈λi, ρ〉 = 〈∇λi,J〉

∂tρ̃ = −[Dd]JDH

[Dd]



JDH,i = q

∫
dSn̂i · vp(t)δ(r− rp(t))

= qn̂i · vp(t)

W(2)

JDH,i = q

∫
dΩW

(2)
i (r) · vp(t)δ(r− rp(t))

= qW
(2)
i (rp(t)) · vp(t)



∫
dV ∂tρ = −

∫
dV∇ · J

∂tρ̃ = −
∫

dSn̂ · J

J





B = 6.82272 · 10−5ẑ

Wb/m2

v = 3 · 106ŷ
r = [0, 0.25, 0]

0.5



dt = 46.1ps 10−4

|rc − ra|
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W(2)



|rc − ra| |rc − ra|

W(2)



DH

|rc − ra|



t = 64.6



≈ 49 · 106

0.04 0.1












