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dn' —dn = [g(v+ adt, r+vdt, t +dt) — g(v, r, t)]|do dr

| (A — EFVEIrZEEN R
= [at +v = + Bv‘ (v, r, t) dodrdt, B FHEEE TR

l dn' — dn = ] (g, F)dvdrdt.
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n(r, t) = /g(v, r, t)dv. (A@r, t)) = JA@, 1 O30, 1, t)dv.
[ g(@, r, t)do
l /v(r, t)y=v4(r, t)+v,(0, 1 1), )
(v(r, 1)) = 1 v¢ (v, t)do e ) ——
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r) = 0.
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(e(r, 1)) = %/Emvzg(v, r, Hdo = %m(vf, + (v%)).
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g, r t)= go(v, Byn(r, t) +g1(v, t) - V,n(r, t) /g"(v Pydo = { L k=4
+gz(v,t)®an(r,t)+---. ’ 0; k#0.

l

(o(r, 1)) = %fvgo(v, Hdo + ;l—I/vgl (v, hdv - V,n(r, t). mINEE

. RS o) = [ 08°@, t)dv

1

B PEEE Doy L / 08\ (0, H)do.
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Pr(r,t) =m ] vog(v, r, t)do,

=m / v, 0,80, 1, t)dv + mnogog,

= mn(r, t)(v,0,) + mn(r, t)vzv,.
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Ol = f%mvzvg(v, r, Hdv.

(v*) = ([(vd + vy) - Wa + 0] (@4 + )
= Ugvd + Ug(vr) + 20404 - (vr) + 204 - (V,0r) + <U3>Ud + (Urzvr>
= vjvq + 204 - (0, 0,) + (0] Jva + (v]; ).

O 1)= %mn(vzv)

= %mn(vﬁ + (vf))vd + mn{v,v,) -vg + %mn(vrzvr)

1
= n(r, ){e(r, vy +P-v; + %mn(r, t)(vrzv,). q(r, t) = zmn(r, t)(v;zvr>-
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_ 1 d 2
Dy (t) = 50 ((z(t) — (z(H)7)

= (z(Hv=(t)) — (z(B)) (v=(F)).
Ri==S[E —fhkE

. 1 d 2 2
Dr(t) = Za(x(t) + y()7)

1
= E((x(if)lJI(t)) + (y(Hvy(H))).

Mi(H) = < (r(H) — < r(t) >) > (k=3,4..)
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1 d Pt = IAEE - & BF
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*=arar Y ZEIPORNAE : IR
1d
Dy = —— (Ma(h) — 3(Ma(1)?).

4! dt
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/A(v, ’ D ag(t;tr, t)dv+/A(v, - Bg(z;rr, t)dv

- / A, r Ha - ag(:;’vr’ t)dv = / A(v, r, t)] (g, F)do.

ag . @ / /BA
A—=dv=— [ Agdv— | —gd
./ TR T B 8t > an —dv = — /aAgdv—f(— aA) gdv

a dA
= a(n(r, H(A)) — n(r, t) <?> ,

= — . (n(r, t)(aA)) — n(r, t) <iv aA>

] Av- —dv = / 5 - (@AQ)dv — [ (;vA) gdv, o )<a 30A>

— E (n(r, t)(vA)) — n(r, t) <2 vA>




5 AN A=Y Y ke e T Y

® ENzoiE (4R)

%(11(1‘, H(A(v, r, t))) — n%%r, f)> + % - (n(r, t)y(vA(o, r, t)))

ot

— n(r, M, r, t)> — n(r, tﬁa/-a = iL)>
dv

- / A, 1, B] (g, F)dv. (5.34)
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—n(r, t) + — - (n(r, ){(v)) = n.(r, ) Ro(r, t).
ot ar
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- / A, 1, 5] (g, F)do. (5.34)
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[g(nm(r, t)(v))J+ ey (mn(r, t)(vv)) — mn(r, t) <a . £v> = il / v/ dvA.
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mn(r, t)a—tvd + moy a—tn(r, t) = mn(r, t)a—tvd — mvda - (n(r, Hvg)

O NEFEHSE (4£) + mn,(r, Hvg Ro,

/ (v) = v4
) 0 i)
{ —(mn(r, t)(v))]—{— « (mn(r, t)(vv)) } {m(r, t) <a . —v> m f v/ do.
ot ar v |
$

0 0 )
— - (mn(r, Hogog) + — - (mn(r, t){v,v,)) = vg— - (mn(r, tH)vy)
ar ar ar

0 0
+ mn(r, t)| vqa - — Jva + — - (mn(r, t){v,0;)),
ar ar

d
—mn(r, t) <a . £v> = —n(r, He(E + v x B).

|

0 0 0
mn(r, t)y—og + mn(r, Hog| — -vg | + m— - (n(r, t)(v,v,))
ot or or
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mn(r, t)—og; + mn(r, Hog| — -v5 | + m— - (n(r, t)(v,0,))
ot ar ar

= n(r, t)e(E+ v x B) — mn.(r, )vg Ro @)

—
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3(n(r, H{A(, 1, 1)) — n(%wt)> + 2. (n(r, t){(vA(v, r, 1))
ot ot or
9 VA, 1, t)> E n(r, t) <a

0A(v, r, t)>
. dv

A(v,r, t)] (g, F)do.

replace A with mv?/2 replace A with mv?/2

1 d mv?
—n(r, t) <E[6E(r, ) + ev}B(ﬂr, ] - %T)
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o (mn(r, t) -, 0 mn(r, t) - .
5( 5 (v )) + o ( > (v v)) — n(r, t)eE - vy

2
By LT

Ohr; 1) = 1nm(vzv)

: REIE IR

= %mn(vﬁ - (vf))vd + mn{v,v,) - vg + %mn(vrzv,)

1
=n(r, t)er, ))vg +P-v; + imn(r, t)(vrzv,).

d 0 )
5(“(1‘, t)(e(r, 1)) + = (n(r, H(e(r, H)vg) + — - (P - vy)
r ar
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(e, )+ = - (n(r, D) = ne(r, t

RO(T, t) — Ri(rl t) e Ra(rr t)

d d 0
mn(r, t)y—oz; + mn(r, t)ovg (— -vd) +m— - (n(r, t)(v,v,))
ot ar ar
= n(r, t)e(E+ v x B) — mn,(r, Hvg Ro @

m(v] )

—mn(r, t)vd R_)n.

3 d J
= (1, De(, D)) + — - (n(r, H{e(r, H)va) + — - (P 0g)
r ar

m U2
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d
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properties by the differential cross section and the integral cross
sections i (¢). The velocity distribution of neutral gas molecules is represented

b ), where gas molecules have a mass M and velocity V : before col-
lision. The charged particles of mass m and velocity v’ before collision are de-
scribed by the corresponding velocity distribution ctio When
we consider a small element of the phase space hen the number of the
charged particles that enter this element during a short time dt is equal to

I NHZS[E]ERTTdvdr T = / / E(\V,r,)dV'g@,r, Hdo'v, o (@', ¢'; v),)dQ drdt.
PRUTEEERFEL(fillE QJy ‘ Y Y
ET))

B E=ERTdvdr o = / / F(V,r, )ydVg(o, r, t)ydov,o (6, ¢; v, )dQdr dt,
HUREERIFEN ( filifE QY

5) l

%133%%%&%7% ]dv drdt = {Jin — Jout}-
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(before collision) (after collision)

(a) position space

B OI{EEREZS A RS R AR

8@ = gm(v)Y5, 0, 9),

mn

Y0, ) = P)'(cos8) cosmgy

(b) velocity space

FIGURE 5.2
The definition of a collision in (a) a laboratory frame of reference (real space) and (b) a center-of-
mass frame of reference (velocity space).
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i. The relative velocity between the electron and the gas molecule is

not changed after the collision; s R
AHERIRERNEEAR

ii. The velocity of gas molecules is much less than the velocity of elec-
trons, |V| <« |v|, and we represent the velocity distribution of gas
molecules with the number density N by F (V) = N§(V), where § is

Dirac’s delta function; and VIR R 2K

iii. From the momentum and energy conservation equations before and
after collisions, v’ and v, we have the relation

v2 — 2 2m
w2 M4m

(1 —cosw), (5.46)

REELLTE RN
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B 2m
2 M4m

(1 —cosw),

D gﬁll\iﬁm}ilﬁij elas ( gi )
dv'/dv = (v’/v)3,

jg[agdv=/ / Ns(V')g (@' yvyo (vy, 0)dLdo'dV’
Q JV

\\pd I,E
- Ns(V)g(@)v,0 (vy, 0)dQdodV Ridv
[gfv 3 e HHydv
=N (/ U—Bg(v')v’a(v’, w)dQ — / g(@)vo (v, @)dQ | do.
oV Q
g(v) = Z un(V)YE, (6, 9), o(v, w) = Z o (V) Py (cos w).
mn n
Zngn(v Jow (V) [ ] Y;n(6', ¢') P (cos 6) Py(cos 0)d Q'
”: ) FH BRI
[ Y@ 0 (X5 ) Yi0, ) AR
(11 + "l) ){%elﬂenq)'
AR R0

’ i [ i ’ ’ 4n
T Yr?m(e ' @ )Yr?m(g 99)} dQ] = NU3 l%:gm(v Yon(v )2n 1

5 Z Z 8mn(v )o (v ) IY::",(G (P)]

m=1 n

Py (cos ) %D(P
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- 2 .
[ P,(cos@)Py(cosf)sinfdf = ¢ 2n+1" =
0 0 . mEN

]elas
— NZ/ Yr:’m(e go) 3 [U gmn(v )U(U CU)P"(COSCI)) -0 gnm(v)o'(v a))] dQ

mn

- NZ/ nm(e 90) ;a v gnm(v yo(v', w) —v gm,,(v)or(v a))] P, (cos w)d Q2

mn

"'NZ/ ,,,,,(9 ©)&mn(V)vo (v, @) {1 — Py(cosw)}dR2. (5.50)
Q

mn

2 _ 2 N N
= MZJ':’ 1 —cosw),l AV = v? — 2] RIVERHAV
v m

1 2m 3[v4g,, (v)o (v, w)]
Jeus =N / Yin(®, )31 = cosw) ”;3 oD P,y (cos w)dQ

mn

— NZ Y5 (0, ©)gmn(v)vo (v, @) {1 — Py(cosw)} dQ2. (5.51)

mn
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N 1 2m [U4gnm(v)0 (v, w)]
Jin ENY f (0, 0) (1 = cos) T SMEEL O0p, cos )2
— NZ Y5 (60, ©)gmn(v)vo (v, ®) {1 — Py(cosw)} dS2. (5.51)

mn

(m=0,n=0), l Po(cosw) = 1} HY % 1 [R) A R ) 15 0

0 _ 2m B
Jeus = Ny— sz r {v g00(v) Qm(v) } - Qu(v) = /Q(l — cos w)o (v, W)AQ.
2 L& FARL T
551l ”
R [0 =+ O(V). O(V?) = —gm(13) / %gw(vo) _ 2Ty
AL d(ve) m
IRVLIR LAY AT 0
Jelas = M+ m v2 9v lv Qm(v) (800(”) & — angO(U)
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i. The change of kinetic energy in jth inelastic collisions ¢ j usually

satisfies the relation ¢; > kT;z with gas molecule F (V) = Ni§(V);
and E—

ii. From the energy conservation we have

%mv’2 = %mv2 + &j. (5.55)
]exjdv = NL’ Lg(?)')v'a,'(v’, w)s(VHdQ'dv'dV’ 1 )I%_dvl,}E
i dv
_N/;ZJ(V)g(v)voj(v, w)dQdodV vdv' = vdv,

= N% [/g(‘{;’)vrzo'j(v” @)dQ — g(v)vlfoj(v, a))dQ] dv, J

) FHBR U bR

BRI, 4 Qi) = [ o, )2

0 Flp' A5 # -

N0

]exj
= 1\]l Z Y (6, @) |:gmn(U’)U’2 / Uj(v', ) Py(cos w)d 2 — g’""(v)szf(U)] ’

v Q
(5.57)
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i. The change of kinetic energy in ionization &; usually satisfies the
relation &; > kT, with gas molecule F (V) = N§(V).

ii. Inthe principle of indistinguishability, the incoming and newly pro-
duced electrons at ionization cannot be distinguished after collision,
but experimentally we know that there exist a pair of electrons with
high and low energy. We assume that the rest of the kinetic energy
is shared by two electrons according to the ratio (l — A):A. Then,
the velocity element can be expressed as AN T4

v 1

dv’ = K;dvg or dv' = - A)—dzl (5.58)
iii. From the energy conservation, we have
%mv’2 = %mv,2 - %mv% + &. (5.59)
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O %_%_E‘JE}EI@ ion (gi)

] ion =

N(l — A)v /S;g(vi)vlza"(v" w)dQ + N% Lg(v”)v"zo,(vn’ ©)d©

—ng(v)v2 / oi (v, w)dQ
v Q

= NZ Yun (6, ¢)— {(l—A) [g,,,..(v)v i (v, ) Pu(cos w)d

mn

i % / Sun(V")0"%0; (", ) Py(cos w)dQ — Ng"mszf(v)}, (5.60)
Q

Qi(v) = /oi(v, w)d Q.
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Electron attachment is a very specific and nonconservative process wherein
an electron with energy ¢ is lost in collision with threshold energy ¢,. The
collision operator is simplified under J;, =0 as

AR F

Jatta = —Ng(v)v / 0a (v, @)dQ
Q

= —NZ Youn (@, ©)gmn(0)vQq (v),

mn

where the integrated attachment cross section is given by

Qu(v) = [ o, (v, W)dQ.
Q
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