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NUMERICAL ANALYSIS OF CURRENT-DRIVEN 

INSTABILITIES FOR LARGE DRIFT VELOCITIES 

IN A MAGNETIC FIELD 

Osamu MITARAI* and Yoshinobu KAWAI** 

The current-driven instabilities for the electron drift velocity larger 
than the electron thermal velocity in a parallel magnetic field is studied 
using the Vlasov equation. It is found that the instability due to the 
anomalous Doppler effect appears in addition to the Buneman instability 
when the magnetic field is applied and the neutralized ion Bernstein wave 
instability appears for the strong magnetic fields. 
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§ 1. Introduction 

The Buneman instability is considered to be one of important instabilities 
in the initial stage of the turbulent heating experiments. 1Hl Although 
the turbulent heating experiments have been carried out in a magnetic field, 
the results have been interpreted by the theory of the Buneman instability 
in the absence of the magnetic field. In the previous paper, 5J-E> we studied 
the Buneman instability in a parallel magnetic field using fluid equation and 
found that the Buneman instability is modified by the application of the 
magnetic field. However, the dispersion equation derived using the fluid 
equation does not include the terms of Landau damping or cyclotron damping 
which reduces the growth rate of the instabilities. In this paper, we 
analyze numerically the dispersion relation of current-driven instabilities in 
the magnetic field derived using the Vlasov equation. It is found that the 
Buneman instability has qualitatively the same tendency as obtained using 
the fluid equation and when the magnetic field is strong, the neutralized 
ion Bernstein wave instability as well as the Buneman instability appears. 
In section 2, we present the dispersion equation of current-driven ins-
tabilities. The results obtained by numerical calculations and some dis-

* Research Institute for Applied Mechanics, Research Student 
** Research Institute for Applied Mechanics, Associate Professor 

49 

library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked

library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked



50 0. MITARAI and Y. KAWAI 

cussions are given in the section 3. 

§ 2. Dispersion Equation 

We consider a homogeneous infinite collisionless plasma, in which mag-
netized electrons with a Maxwellian distribution drift toward the magnetic 
field through stationary and magnetized ions with a Maxwellian one. In 
this paper, we examine the case where T.= T; and the drift velocity of 
electrons, vd, is greater than the thermal velocity of the electrons, 

V0 (=✓Te/m). 

The dispersion equation of electrostatic waves in such a system can be 
written as follows; 7i 

e=l+ k心 {1+✓9;lk；り“”:n立Z (:／匁~)In(k田）e-ki叫

+rrke21入りi{1`｀l直”幻（✓五戸叫In(Kipf)e-Kipf}
=0 (1) 

where k'=kr,-I-kf,(J＝tan―1 (kJ. / k 11) and /11 is the n-th order modified Bessel 
function. The following definition is used as a plasma dispersion function 
Z: 

Z（こ）＝占l二三dこ for Im C>O (2) 

and its analytic continuation for Imこ:;::;:o.
We solve numerically the dispersion equation for the complex frequency(J) 
（三1(J)r十行） asa function of k II for different parameters ((J)cc/(J)Pe)2 and fJ=tan―1 
(k.L/kし）． Inthe present calculations, the drift velocity of val v0=4 and 1. 5, 
which is greater than the critical velocity of the Buneman instability vd/v0= 
1. 3, is selected. The hydrogen plasma is assumed. 

§ 3. Results and Discussions 

In this section, we show the results of numerical calculations. In the 
calculations, the plasma dispersion function Z（こ） iscalculated using the 
scheme introduced by Watanabe叫 whouses a modification of a trapesoidal 
rule for numerical integration of Eq. (2) for small IこIand uses a continued 
fraction expantion of Z(() for large I (I. 
Figure 1 shows the dispersion relation for ((I)ce/(I)Pe戸＝1and vd/v0=4. The 
x-axis indicates the parallel wave number normalized to the Debye length 
(KII入D)and y-axis the real and imaginary parts normalized to wPi• The 
dotted and solid lines show the growth rate and real part, respectively. It 
is found that the Buneman instability is not affected by the presence of 
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CURRENT-→DRIVEN INST ABILITIES FOR LARGE DRIFT VELOCITIES 51 

ma只neticfield at()＝0°. This is readly understood from the fact that if 
we take 0=0°, namely kL =0, all the n=f=O terms in the summations in Eq. 
(1) vanish and only the n=O term remains. 
At(}＝30°, however, the growth rate expands towards the larger k11 
side. When O reaches 40°, the instability has two peaks. The instability 
on the large k II side disappears at about 60°. The other instability on the 
smaller k11 side continues to exist up to about 90°. For the case of the 
unmagnetized ions, the same results are also obtained. Even if we take the 
terms n=O and -1 in the summation associated with the electrons, two 
peaks also appear. Thus, the other instability due to the anomalous Doppler 
effect9> (<JJ=k11vr1+n(1)w n= -1) is excited in addition to the Buneman ins-
tability. 
Figure 2 shows the dispersion relation for va/V0=4 and (wc0/(1)Pe)2=0.l 
which corresponds to the case of weak magnetic fields. The instability at 
{}＝0° is the same as shown in Fig. 1 (A). At(j＝40°, the growth rate of 
the instability on the larger k, side is greater than that of the smaller k11 
side. When{j＝60°, the growth rate of larger k11 side becomes smaller 
than that of smaller k11 side. The instability on the larger k11 side disap-
pears at(j＝70°. and on the smaller k11 side at 0=90°. 
When ((1)ce/wv0)2=10, which corresponds to the case of strong magnetic 
fields, only one instability appears for all O (see Fig. 3). This is different 
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Fig. 1 The dispersion relation in the case of (wce/wp6)2=1 for 
different angles. 

library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked

library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked



52 0. MITARAI and Y. KAWAI 

from the results obtained using the fluid model, which is due to the effect 
of Landau damping. 
Above discussed features of the Buneman instability are also seen from 
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Fig. 3 The dispersion relation in the case of (mce/OJpe)2=10. 
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Fig. 4, where we have plotted the contour lines of the growth rate for 

vd/ V0=4 and various magnitude of magnetic fields. 

The slower the drift velocity of the electrons becomes, the smaller the 
growth rate of the instability does. Figure 5 shows the growth rate contour 

lines for vd/ v0=l. 5. In this case, neutralized ion Bernstein wave ins-

tabilities are excited in addition to the Buneman instability when the magetic 

field becomes strong (Fig. S(D)). In this figure, the dotted circles car-

respond to the neutralized ion Bernstein wave instabilities. The modes 
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Fig. 4 Growth rate contour lines for various magnitude of 
the magnetic field in the case of va;/110=4. 
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from the fundamental to 6-th are excited. 
The detailed coupling structure between the neutralized ion Bernstein 
wave instabilities and the Buneman instability is shown in Fig. 6. The 
Buneman instability is on the large k11 side. The neutralized ion Bernstein 
wave instabilities up to the third harmonics are plotted in bold circles. The 
heights of the growth rates normalized to a》viis indicated by the number'O', 
'l',..... The fundamental and higher harmonics are decoupled each other 
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Fig. 5 Growth rate contour lines for various magnitude of the 
magnetic field in the case of vd/v.=1. 5. 
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at about(}＝86° (also see Fig. 7). These instabilities couple as(}deer-
eases. It is found easily that the growth rates of these instabilities become 
small gradual'ly with the increasing'harmonic'number. As vd/v. increases, 
these modes couple with each・ other and become the Buneman instability. 
Finally, we show the parameter region where these instabilities exsist. 
In Fig. 8, we plot the boundary between two regions where there appears 
only one instability and there appear two instabilities. The number of 
the instabilities is determined from number of peaks of the growth rates. 
The solid circles describe the region where the growth rates have one peak 
and the open circles two peaks. 
It is easily found from this figure that as vd/v. increases the instability 
due to the anomalous Doppler effect can easily be excited in weak magnetic 
fields. In the case of strong magnetic fields, namely (wc0/a》Pe)2=10, as 
vd/v0 reaches 10, the instability due to the anomalous Doppler effect appears 
on the larger k II side. This tendency is understood as follows: The res-
onance condition of the anomalous Doppler effect is given by ・ 

50 T,/T;= 1 

／ 
゜
゜| ／ 

10 

5 

>I>. ． ． ． ． ． 
--------~---------!....-------!...__----

0.5 

0.1 1 10 
（処•/wPC)2

Fig. 8 Instability regions of the anomalous Doppler effect. 
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w-k11vd=n(J)ce, n= -1, -2,... (3) 

Since we consider the case Qf(L)＜処e, this resonance condition gives an 
equality Vd= Jnlwc0/k11, which is rewritten as 

vd/Ve= In! ((J)ce/(J)Pe) 
1 
knJ.D • (4) 

Now we take kふ<1,so that vd/ve>lnl ((L)ce/(L)Pe). We expect from this 
inequality, that when the value (wee/(L)Pe) is small, the resonance condition 
of the anomalous Doppler effect is easily satisfied even if四/veis small. 
Thus the instability due to the anomalous Doppler effect is excited in the 
weak magnetic fields. Our numerical calculations support these expecta-
tions. Furthermore,. we expect that the higher order anomalous Doppler 
effect may appear at high vd/v。values,which will be reported elsewhere. 
In summary, we calculated numerically the dispersion equation of cur-
rent-driven instabilities in a parallel magnetic field using the Vlasov equation 
and the following results are found: 
(1) The instability due to the anomalous Doppler effect appears in ad-
dition to the Buneman instability which is qualitatively the same tendency 
as obtained using the fluid equation. 
(2) The neutralized ion Bernstein wave instabilities in addition to the 
Buneman instability are excited in the range of the angle 85°~87° when the 
drift velocity ratio vd/ve is comparatively low and the magnetic field is 
strong. 
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