Lecture 3

Key points

Characteristic Length in Plasma

electron Debye Length Ap, = Vipe/wpe
lon Debye Length Ap; = v /wy,
electron inertial length c/w,,

lon inertial length c/w,;

electron gyro radius v, /(2.

lon gyro radius v, /0

where c is light speed, vy, and v;y; are
respectively the thermal speeds of the

electrons and ions, and v, = v - B/B.



By definition,

Vtha = (kBTa/ma)l/z
where kg is Boltzmann constant in unit of Joule/K, and
the temperature T, is in unit of K.
If the temperature is written in unit of Joule or eV,
then we should remove the Boltzmann constant. The
thermal speed becomes v, = (T,/m,)Y2.

The electron inertial length &M &E is also called the

skin depth LB /E of high frequency electromagnetic
waves.

The gyro radius 2IE+1E is also called Larmor radius.
A2 radius FIEELS radii



AUES|E "RFFERE 1 Debye Length EEHIE ?
RHAREESRFERRE (Debye shielding effect) FIFFEIE
E - #Z2ARBHRENZERED - FAsc=2IVEE 75
FRSRRIES - 267 5Z - SN Debye shielding effect -
REBERPRIIINIEMNE - KB —ERFRER - HEEX/)
CEZERRD 78 1/e 8 - HRFEREZFEREIERY
e-folding length.




R A —EREZETTFRINIFITERR - B—EEE A0
% BREIAESHRNNUES x=—-L/2 #FEET —Q - 4ffl
BEAWMPNUERS x = +L/2 BFER +0 - Al FITEBSHR
B E 5 % A

E)=(—y)%?- (3.1)
LERNEER A - IIESHTORAE

EO = (—X) EOQA (3.2)
1S A® = QL/(,A) = Q/C HF C =, A/L EES - 2R

—(L/2) ~+ (L/2) ZRERE

s U] DAE AX



Dy(x) = ATCPX (3.3)

Eiclb TSR ZE (RZEINE )  EAHEFHEE M
ARRESR - BEBEEDAS n, B n, - AIEFITESRZ
& - WEmaELL T Poisson Equation -

= e(n; —n
—V*p=V"-E =’%: ( le e) (3.4)
0 0

BEREERNEREHER (3.3)
TRFIZI(3.4) - BIONEME n, & n, BHAE
2 BB - REBRRMERUTWERBE -
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—V® and p, = n kT, - HEF M= - ZEEIZLE
It "EkEF . oI DUBER A —ESF AR - "I —Vp, =
—kgT, Vn, - BEIEHFEI (3.5) OB &

\
/

th E
A
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—kgT, Vn, +en,Vd =0 (3.6)
RS
Vn, eVo
= (3.7)
ne  kgTe
HEENQR.NEAED —RS
Ne e(CID —0)
ng  kgT,
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ed
N, = N, exp(kBT ) (3.8)
e

F72T(3.8) TiaEFFE7H Boltzmann Relation ° I§ 75
ZIN(3.8)FARLRET (3.4)  WiRERIEBEFAE n; =n, - Bl
FED (3.4)0E A :

70 = 0 e (£2) 39
= [exp kT, | :

B EEE - BRMZRE ed < kT, WIBEIT ° (
Ea?%i?l‘ﬁ%ﬂkb?l\?]ﬂr?n EIRERE - AENERT/NRE
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ZEFEWRNEREZERE  EUZTZHFE  BF ed <
kT, Bl ) FE W & ed < kgT, - A1ET(3.9) oI A%
SARBER - WIS

720 eng (1+ eCP) , en (ecb) (3.10)
- €o | kgT, I~ €o | kgT, | .

£ P ITERWAIRIED V= %0/0x - F12I0(3.10)0] X E

0% 1

~y

2 7 92
dx=  Ap,

@ (3.11)




1 2
_~ = 0 (3.12)
Ay, €okgTy
FE (3.1 R A
X —X
@ = C; exp ( ) + C, exp ( ) (3.13)
ADe ADe

i FENE3)EFRKETALI - o

A

SHEI(3. 13)AVEE

——= C, exp (—AI;/Z) + C, exp (igz) (3.14)
PAK
% = C, exp (iﬁj) + C, exp (_ALD/QZ) (3.15)
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Adding Eq. (3.14) and Eq. (3.15), it vyields

0=(C; +C,) [exp (3/2) + exp (_AL/Z)] (3.16)
(3.16) vields > >
C, =—C; (3.17)

Subtracting Eq. (3.14) from Eq. (3.15), and then
substituting Eq. (3.17) into the resulting equation, it yields

AD = 2C, [exp (l/;/z) — exp (_AL/Z)] (3.18)
Eq. (3.18) yields > >
o= AD 1
@ w@m oo
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Substituting Egs. (3.17) and (3.19) into Eq. (3.13), it yields

X —X
o)) exp E — exXp /1De
2 L/2 —L/2
[e"p (/) R ( AD/e )]
Figure 3.1 shows the results of the electrostatic potential
obtained from Eq. (3.3) (red line) and Eq. (3.20) (Blue

curve), where x is normalized by 1,., potential is
normalized by A®, and we choose L = 104,, in this case.

d(x) = (3.20)
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Phi(x) /Potential Jump

D
o

@) 5DPhi*(exp(x*)-exp(-
x*))/(exp(L*/2)-exp(-
L*/2))

e D phi* (x* /L*)

0.6
x/Debye Length —>

2}

2}

3.1. ‘FITEBMP Debye shielding effect HI/RE
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#o PR AS - ARt EIEREINEE
ed

Ne = N, exp(k (3.21)
gl
—ed
n; = ng exp(kBT) (3.22)
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Substituting Eqgs. (3.21) and (3.22) into Eq. (3.4), it yields
Vp = o [exp (ﬂ) — exp (—ecp)] (3.23)
€o kgT kgT
For e® < kT, and for V = x0/0x, Eq. (3.23) yields
79 ﬂ[(]L +£) - (1 _ﬂ)] <28 (3.24
0x? €, kgT kgT €okgT
Namely, Eq. (3.24) yields
0°d 1

where
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Thus, with the help from the ions, the Debye length is

reduced by a factor of V2 from the Debye shielding length
by the electrons along.
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Debye Cube EAEIRHAIES definition of plasma
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BEESI#E "IEFE S skin depth EEHEZ ?
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ﬁﬁlggliﬁ "{EHRE 1 inertial length EEHE ?
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Exercise 3.1.

g —{EFIEE Q FIEAER - FH4
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B - am | aE

(a) TERE/] \EA_Z%'&?H%—}FE?EFEH% » BEZS /X Debye Shielding H
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(b) £ 1000 EIEBtFISEIRE1E - BEZS A Debye Shielding AY

@i - FPEAEZEREAEZDE ?

M

1
.l-
al
i
[
1

.I.
S
i
=]
mul
(]
“

22



BEH = .2\
<71:£

Exercise 3.1(a) ##Z (Exercise 3.1 V45

m & e-folding

HYEF ° O] 2 Exercise 3.1 WEIE R - (BEZYIERRERHE

HETESRERAERAL - REFTESWMEREAER
e-folding NI R FEZME K —RAAVEERE )
FCEMER Q EENEZEENUD
SAITIEE TR, BHEE

S Q X

Eo = Amre, T2 7= Lot

Q
b, =
0 de,r

se AEMETFROA AT -

ZEZ

23



Ollt
[oH]
ZHE
TH
mill
(|
=4
Oft
Q
I |\r

_E/Jl—
ﬁZE BB EB RN

W

i 5
5 1175

Q
(p ’I"=D =
ol ) dteyD
IR R

ITIﬂ

U-”'JI

B - BREFEFTIRFRRE

mull

e (r = D) = —2

41teyD
S—EEFRIEEMRE ¢(r > ©) >0 -

< kgT,

24



= T B &

H SR MERSLIEERRE LD - FES r NZERPM
R ta 70
7o fﬂ o
Vol.(S) vol(s) €
B Gauss Law I F R ERIESTE7 \Eﬁzz%ﬂﬁﬁmﬁkﬁ ’
BIES:

# E,-dd = E4nr? = ¢
S(Vol) €o

25



olme A ERE

26



RI%Z Debye shielding FIEZ - Bl " HEFERH .
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, 1d/ ,do
V20 = - —— ()

r2dr dr

o) =y@)/re AL - Lol E S
—VV2¢p = _ldz_l/)
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Ne = neecp/kBTe
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.2. Debye shielding effect HIRE[E - AR S EIBRHIR,
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