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CAC THAM SO PLASMA CO BAN

1 T6c do nhiét (thermal speed):C
Trong plasma, céc ion va electron di chuy én véi van toc khac nhau. So electron
trong mot don vi thé tich goi lamat do electron n,.
Ta c6: dny(v)=f(v)dv, la s lugng electron c6 van téc trong khoang
vV, >V, +adv,
Trong do6: f_(v,) [aham phan bd van téc trong khong gian.
Khi electron & trang thai can bang nhiét. O' nhiét dd T, thi f(v,) tuédn theo ham

V2 2 -
phan b6 Maxwell: f,(v,)=n,| - | exp| ~ 2| thoa man: [ f,(v,)dx=n,
2n kT, 2k, T, 2
1/2
26T\, = (ZkBTj —C goi latéc do
m m

Y nghfa clia v? & V2 :lrwvff (v, )dv, =
nyY—-
nhiét
2 Tan so cyclotron va ban kinh Larmor:

Xét mot hat P c6 khoi lvgng m, tich dién Q, chuyén dong voi van téc w trong
trwong E vaB.
Luc dién tir tac dung 1én hat P 1& Q(E +wx B)
Giatdc clia hat P 12 dw= 2 (E +wxB) (1)
m

Vantéc w cla hat P cd thé tach thanh hai thanh phan:

- v=(W): van toc luu chét ( the fluid velocity)

- ¢ van tdc riéng ( peculiar velocity) ( (c)=0).
> W=V+C=>dw=dv+dcC )
Trong do6: gia téc lwu chat bang gia toc trung binh cla hat
= dv = (dW) = %(E+\7x B) (2)
Tr (1) va( = déz%éx B ,goi b lavector donvicla B: B=Bb

. OB OB

= dc ==—cxb=wgexb trong do: w, === latén s6 cyclotron
m m



 ~Ocb Hinh vé bén md ta chuyén dong cla hat P

—, chuyén déng quanh diém G véi van téc ¢

TP khoang cach gita G va P 1a
C ™ @t ezl

N a=|al(@=r-X),a=-—

\ |Wg|
J y\, néu ta thay c bang tdc dd nhiét
Bl YB N \ C =(2k,T /m)"”*

F— N\ thi a=r,=C/|w/| , r.goi la ban kinh

‘-—-h,__h\‘o

Larmor
Figure 2.2: Gyration of a charged particle.

3 Tan so plasma (plasma frequency):

Xét truong hop c6 mot nhiéu loan nhod xay ra trong plasma dong nhét v a cac
electron trong plasmadi chuyén do sv nhiéu loan.
Gia slr: ion khong di chuyén do ching c6 khoi |wong 16n hon nhiéu so voi
electron.
Nhw vay mét dién tredng cam ng duoc tao ra. Bién treong duoc xac dinh boi
phuong trinh Gauss: ¢,VE =—e(n,—n,)
Trong d6: n_ landng do cla electron tai thoi diém t dang xét.

n, landng dd electron lGc ban dau.

Luc do electron duoc gia toc bdi dién truong cam tng : me%= —eE

Trong d6: v m, lavan téc vakhéi lugng cla electron
Do electron dich chuyén nén mat do electron c6 sv thay ddi theo phwong trinh

lién tuc: aar:e V() =0
Pat:n,—n,=n va gia st In|L 7 ta tim duoc:

—

g, VE=—en (1), megz —eE (2), Z—rt‘u nvv=0 (3
% Céch 1: BE don gian ta gia st sw thay ddi chi dién ra theo mot chiéu x , c6 dang
hinh sin véi tan s6 goc ® . Nhu vay néu ta thay % béi -iw, aib(’yi ik ta duoc:
X

ike,E=—-en, (1), —-ilomy=—-€eE (27, —ion =-iknyv (3

Gidi he (1N(2)3): _ , ng
S0 =—— =

gom,

M : tan sb electron plasma ( €ectron plasma frequency)

n ez 2
oo=[ 0 j =56.4(n,)"*rad /s

€oM,



o Anh O |2 X X . o°n ov
% Cach 2: 1y dao ham phuong trinh (3): ?Jr n,vV e =0 (4

2
Thay (2) vao (4) ta dwoc: on, —%VE =0 (5

ot?

2 2 2 \¥2
Thay (1) vao (5) ta duoc: 8821 L n =0 dit: :[ nor?nej goi latan sb plasma
€9 €9

4 VVa cham coulomb ( Coulomb collision):

Gia str mot hat c6 dang hinh cau, ban kinh a di chuyén véi van téc v v ao trong
vuing c6 cac hat c6 dang hinh céu, ban kinh b, ving nay cé mat do n (hinh 1). Khi
khodng cach gitta hai hat nhé hon (a+b) thi xay ra va cham. Tiét dién o cla va
cham nay la ¢ == (a+b)>.

Khi hat c¢é ban kinh a di chuyén qua khoang cach | =5t trong thoi gian &t thi
x&c suat va cham v@i hat hinh cau ban kinh b 1a nle =novot .

Goi 1, lathoi gian va cham. khi xac sudt va cham bang 1 thi t_, = (nov)™

coll

1=
Fiz. 2.6. Probability of collsion between a sphers a and spheres b

a.  Xét truong hop: twong tac coulomb manh xay ra gitta mot electron téi va
mét ion tich dién Ze(hinh 2). Trong trwéng hop nay, quy dao cta mét electron bi
léch manh sau khi va cham. khi elec tron t6i rat gan ion ( cach ion khoang céach b)
ze'  my?
dng b 2

thi thé tinh dién clia ion lGc nay bang dong nang cla electron tdi:

Tiét dién twong tac coulomb manh lac =nb?
Nghich dao cua thoi gian tuong tac t_, trong treong hop nay la

2\2 2.4
izr;ove:rgvenbzz nin(Zez A - Z€e rzg i
Tcoll (4“80”1\’(; /2) 4;-58 Orneve
Vi twong tadc coulomb la tvong tac xa nén quy dao cla electron t6i sé bi 1éch mét
g6c nhé ngay ca khi electron t¢i chwa dén gan ion. Khi electron t¢i dong thoi chiu
anh hwéng cla nhiéu va cham véi goc léch nho thi quy dao cua electron t&i sé bi
léch mot goc Ion.

coll




Khi tinh dén ca nhitng goc Iéch nhd thi tong tiét dién coulomb sé tang bdi nhan t6
"Larc15-20

h/2 r

. 2).
Coulomb logarithm: InAC ln(ij[ jf
Dao ham thanh phan dong lwgng song song véi huéng cla electron t6i p theo
o d — 2e*n
thoi gian: J._p_ = i, i: m
dt Te(' " i 47'58 Omez\/e
Trong d6 T Lathdi gian gidm téc dd cla electron t¢i gay bai ion.
NEu mot hat tich dién g, khoi lvong m, chuyén dong véi van toc v va cham véi
trwong hat cé dién tich g*, khai lwgng m* vavan toc nhiét v; = (2k T/ m")"?
Thoi gian va cham gitra hai hat dwoc tinh bang cong thic:

2 K2k **2
1 _d¥yq nInA_(qqnj In A

t dne2mmVd ( g,m ) 4n(m /mvin’
Truwong hop nay gia st v>v:. m lakhdi lwgng rat gon: m = mm -
m+m
mv? 3 1 q°g”n’In A

Giatri trung binh clia dong nang

la =k, T=>—=
2% Tt 123red(m 1 mPP)(k,T)¥?

Nghich dao cla thoi gian va cham goi latan s6 va cham, ki hiéu: v
. A e , P | Z%'n InA
% Vay tan sd va cham cua electron vogi ion laa — = > "
Ty 12\/§Tcsorréj (ksT.)
% Khi hai ion giéng nhau tich dién Z, kh6i lvgng m vacham v¢i nhau. Thi tan

sO va cham: 1. Z%e'n InA
T 63remA(k,T,)
% Khi hai electron vacham v¢i nhau: i: ne'InA
Te 6V3meim?(k,T,)*

b. Xét trudng hop: hat c6 khéi lvgng M chuyén dong véi van toc v, dén va
cham véi truong hat c6 khéi lwgng m (hinh 2). Trong hé quy chiéu khéi tam: hat
m chuyén dong voi van toc v, =-Mv_ /(M +m), hat M chuyén dong voi van toc
v,—Vv,=mv, /(M +m)




Fig. 2.7. Coulomb collision of electron with 1on

Tan sd va cham 1 (ion ndng va cham véi electron nhe) bang ™ jan gia tri
Tiel m

1 1 m Z%'n,InA
Tg T M (20)"3e m(k,T,)*
2, n2 2
Nang lvgng cla hat m: E R dp, _ 2m dE 2p dp.
2m dt dt at
2 2 2 *2 %
Trong do: dﬂ:ﬂ, t :thoi gian khuyéch tan van toc. 3 M
at 1, T, 2nelmV
2 K2k
g _ E, ¢ :thoi gian hoi phuc nang lvong. — 1 M
dat  <° 0 2nglmm'V
- %
% Trwong hop electron va cham voi ion: Ly —, 1 _m 2
Tar Col Ta ™M™
% Truong hop electron va cham VO electron:
iu1_ a'n, In A . 10U1_-
Teel Ce 6\/_77\,(191 (k7)) )32 Too  Toe
. . ... Ze'nInA 1
% Trwong hgp ion va cham voi ion: izi: €n LR

i)
Tii 6 ﬁnognv}/Z QT2 =2

% Trwong hep ion va cham voi electron: L ﬂi, Lym2n

. )y ~
Tiew M7T4 e M T

5 Dién trd suat (electric resistivity):

Electron trong plasma dv oc tang toc hodc giam toc bai sw va cham véi ion dé tién
m(v.—v) e

T

dén trang thai can bang, Ic do:

e

Trong do6: v, —v la dd bién thién van toc cla electron do twong tac véi ion
14 lathdi gian x4y ra twong tac gilra electron vaion.



2
e’ng

Mat do dong: j=-en,(v.—V,)= E
3/2
DAt =t =5.2.1o-52|nA(kBlj om
e’ng, e

Licdotace: j==, n:dién trd suat
n

6 Tham s0 plasma (plasma parameter):

S6 lugng electron chira trong mat cdu ban kinh la chiéu dai Debye goi latham so
sokBTejgl2 1

% NeEu: A >1thi goi laplasma lien két yéu( weakly coupled plasma) vi khi dé ti

s6 cla nang lwgng nhiét cla electron k,T. va nang lvgng coulomb gilra hai

plasma, dwgc xac dinh: A~ nAS ~ (

2

electon E,,, :46— (r =n.**) r; khoang cach trung binh gitra hai electron.
me
EKB—TE =4n (nexg )2/3 >1.Vay nang lvgng nhiét 16n hon nang lwvong coulomb.
coulomb

% NeEu: A <1 thi goi laplasmalién két manh ( strongly coupled plasma).



