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Generation of Plasma Oscillation b
and Problems of the Long Time

Electron Flow
rediction

Toshifumi MORIMOTO and Ichiro MORI

Synopsis

Solution of the Navier-Stokes-Poisson system was analysed under condition of so called ‘One
component plasma-model’ or the ‘Jellium model’ which was used the assumption that an ion rested
and gave only as the positive background. The method of solving the system was discussed. We
got finally the functional equation with respect to a potential voltage, ®(£), where the variable,
&=x—wvt, meant the coordinate moved with wave velocity v. It was found that the plasma oscillation
started to increase when the negative potential gradient of the DC-based undulation appeared. We
referred also to a limmit of the model by comparison with the experiments.

We compared the above theoretical results with that of the experiments. The experiments
were performed by injecting a beam into plasma which was confined in the mirror magnetic field.
Experimental results were partly fitted to the above theoretical results. As the different point, we

pointed out the generation of ion waves and their strong coupling with the envelope solitary electron

waves.
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2. Navier-Stokes-Poisson [

2100000
0000000000000 mkeg)DODODO
n(m=3)00000 —qg = —le|] < 0(C)0ODODO

v(m/s)000000 «(m)00000000000
000000 o(V)DOO0O00000 g(F/m)00
000000 m(m~3) 000000000000
000D000O00O00O0:

on 0
or L 2. - 1
675+6$(m:) 0 (1)
0000000000 (Navier-Stokes) D OO OO
oooo:
ov ov q Oy
i R A B i 2
8t+v6m m( 8w> @
00 PoissonOOOOO0OO0O0ODOOO0O
> q
a_ o - 7 = — — Itg 3
= - = Lon) @
2200000

gobooboobooboboooooobooooo
00000 (booooo0oo)Doooooooo
ooooOoOoOoooooobo¢oboboonoon
oood

E=x—ut, u=const. (4)

00000 «,t00 ¢ MDIDODOOO0OOOO uwO
goboooooan

on _on 06 __ on
ot ¢ ot o¢

v _ov 0 __ v
ot o¢ ot O
9 9 9 0

e (nv) = a—f(nv) g 8—5(711))

dp _dp Py Py

dr 08¢’ 0x2 0
000 (1)00D00D000 :
on 0

—u—

85+8_£(nv):0 (1"

(20000000000 :

Ov dv g Oy ,

R T TR T: )
00 (3)00000000 :

0 _4q ,

8—62—5(”—”2) (3"

22

23000000
0000 (yooooooooooooo

n(v —u) = Const. (5)
00 (2)U0o0o0U0oooooooo

ov 1 0v? q Op
e tyee T wmee O
(6) 0000000 m (m=00)0
gbbobooooobooooooon

ov 1 dp
ol o = 7
Miee T3 e T T ae (M
oooooooooooooo, H,00
googooa :
1
H:Emv2+q<p:muv (8)

(8000 (90 O0DOOOD
1 2

gMv” = muv + qp = 0 9)

0000o0oooOo (990 0000000

muﬂ:\/(—mu)2 —4-(3m) - qp

m

=k fu? - (%) o (10)

gboooooooooan

2
v—u=x= u2—<—q><p.
m

(l0)D0D000U0o00o0o0000«00ooo
00000000 v—uwO000000000 0O
000o0o0ooOoooo (10oo (8)oooooo
0 O Hamiltonian H 00000000

v =

1
H= 5mv2 + qp = muv

< fus o () o}

000G)0DO000 n=_Const./(v—u)
gooobboooobbboo

I Const. (11)

u? — (%) ¢



FEMEN TSR AE 5 36 5 (2008)

00 0000000000000 vO (10)O
00000000000000 (5)0000000 n
ooDOoO0O00b00b0000Db000o0n Poisson
00000000 .000000000 Poisson O
0 (3)oooooooooooooo

1 o (0Oyp 2_ q Op
0£<6£> =g (12

(11)00 (12)000000 (13)0000000 n; =
Constant 000 00000000000 (14)0
0ooO

_a), Const " 8_(,0 (13)
€o u2 (24) ‘ 23
8_<p
0¢
q Const.dy /
2| — —_— id
<60> ,uz—(%‘l—)(’p:‘: n;ay
(14)

0000000 w O Hamiltonian H OO0 O0OO0O0O0O
gooooo
00 (4)00o0o0ooood

[
@)@
000 (14)00000oooooo

e b )
.{u— u2—<%> (p}]é (16)

Ubo00«00 HOODOOOO

= fus o () o)

I .
2m(H — qp)

ggo

- (2) -
J%l H —qp) <%>W 18

(1) J000D0 (l6)U0DU0OUOOoOoO

55:i2<£)mf@%1M”e-ﬂ@:

€0

P () (i

‘V = () 9”)}% 19

O00e() 00000000oooooooon :

f%5:i2<%>mf (20)

24000000000

(16)0008¢/0¢00 « 0000000000
00 Hamiltonian HO OO DO (19)0000000
0e=0000000000000000000
00000000 dp/0¢000 0000000
00000000000000000000000
O000e000000 (16)00 (19000000
00000000000 ¢0 Ymee 0000 0@mas
0 Vot 0000000 0Const. 00000000
0000000Censt. 0000000000 (1)0
(5)000 (11)00000000 Const. = nevy (O
00000 Flux)00000000n, 000 =0
000 (000000)00000yw 000000
00000000000000000 vo0000
ooooo

= (1/2)mvi = (1/2)mv? + qp = muv

(8)
0000 HO o0e0000000 ome, OOOO
00000000 PlasmaOOOOOODO ng =n;
ooobo0odg o000dbod Ond n; 0O

000000(16)0(19) 0000000000

23



THE BULLETIN OF TAKUMA NATIONAL COLLEGE OF TECHNOLOGY No. 36 (2008)

00000000 MM-pesed00 0000000
goddooboodoobbooboboooooboo
OO00OORoot DOODDOOOOOODOOOOOO
00000ooooooooooDoo0dOOe=0
00 p=pmax 00000000 000O0O00OOO

gooboodd n;=const 00 00O0ODOOO
n 00000 000000000000O0O0O0O0O00
0000000000 O0ne Component Plasma O
oooDooooooooooooooooo oo
000000’0000000000Const. = ngvg
000000000@16)0(19) 00 ¢ 0 e O
000 (16)00 (1990000000 D00OoUoO
Const. 00O0O000000OO0CONN-posedd ¢ =0
00000000 (@uooo)g Well posed 000
goboooobooooo 100000 oogo
000o0D00o0o00o0oDoDo0000dw, 00
000 1920(V)ODDODOO0O0ODO0DO0DOoOooooooo
05vo OO0 ODO0O0OO0OOODODOOOOO 400 1
0000O000ooooooo@9 oo {---yoo
ooooooooooog

const. () (%

e )7)

Uetdoobooobobobooboobooonoooa
000000100 CicedOOOOOOOO
O0e 0000000000 000O0OO 1000
pO0O0O0D0OO0DOODOOOO0O000O00DO0O0O00 ¢
ooooooooooooobooooo8uoon
gbobogoooOoooooooboooOooooon
00 E=—-dp/d¢0 2000000000000
gbogoodoboobboobooboobaboooo
gbboooOooobooooooooon

2.5 00 (¢) 00000000

0000 (1) 00000000000 ¢®¢) O
0000000000000000
00 (16)0000000000000

24

=—d®/d & (V/m)

Electric field E

0.5 1 1.5 2

Potential voltage @ (V)

Fig. 1. Phase diagram of the electric field E=
—dyp/d¢ vs. potential voltage ¢ is represented.
The incident velocity v =2.56x107(m/s) is used,
which corresponds to the energy of 1920(eV), while
the densities ng=n;=10'*(m3) are assumed.
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Fig.3 Creation of the nonlinear plasma oscillation

is shown. The calculating condition is the same as
in fig.2. When the potential goes downward to

negative, the oscillation begins since the beam
speed lessens to approach to the space-charge-
limmited flow by deepening potential. In the ex-
periment, carrier of the envelope soliton starts
to increase at also negative phase which is cre-
ated by surrounding ion wave.
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Fig.4 Coupling between an ion shockwave (upper-
trace) and the envelope of solitary wave (soliton)

are demonstrated. The soliton is detected by a
diode. At the minus gradient of the ion potential
-maximum, soliton carrier starts to increase.
They are move with the same sound speed of the
ion-wave interacting each other.
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Fig.5 Frequency analysis of the carrier of enve-
lope soliton is shown. Instantaneous frequency
is shown by the small dark-circles whose interval
satisfies uncertainty rule : Aw-At>0.5 cycle.
The large pressure of the soliton field excludes
both beam and plasma so that the frequency is

quickly diminished with time. Onset of the modu-
lational and the parametric instabilities between

high- and low-frequency branch are seen.
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Fig.6 Feynman diagram of interaction between
electrons and ion is shown. As the ion has heavey
mass, trajectry of the ion is shown by straight line.
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Fig.7 Relations between the correrational length
of velocity space, |v — v'|, and the collision fre-
quency, ReY., times t, are represented. The colli-

sion frequency means the ratio between velocity v
and the mean free path, A,,, then the horizontal

axis means the distance r measured by mean free
path, while the vertical axis is related to a corre-
lational energy between two electrons v and v’,
i.e., mlv —v'|?/2. When the distance between
two electrons, r, satisfies the relation: r < A,
then the Cooper-force, i.e., attractive force is
acted between them. Thus the attractive force
between plasmon brings about the low frequency
wave by making a large scale of clump.
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Fig.8 Solution of an initial value problem is shown.
The initial value of a d-function in velocity space

as the beam electron distribution is assumed.

The solution is derived from the theory which was
discussed in the reference 1). The scale of the

left side is used for the envelope solitary wave,
while the right side is utilized for an ion wave.
The timing of appearance for the soliton is quite
similar to the case of contineous injection of the
electron beam as shown in fig. 9. The cosine curve:
CB{w;t — (m/9)} is assumed for the ion wave.
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Fig.9 Timing of the soliton generation (the lower

trace) obtained by experiment is shown, while the
upper trace represents the ion wave. The envelope
soliton which is detected by diode, appears at the

downward phase of the potential as shown in the
above trace.
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