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RESUME 

On considère les effects d'un champ magnétique sur l'excitation 
d'instabilités paramétriques de basse fréquence dans un système plasma-
faisceau d'électrons. La relation de dispersion correspondant a la 
configuration a 3 dimensions en absence de faisceau est analysée analy-
tiquement dans le cas d'une onde de pompe électrostatique de vecteur 
d'onde fini et parallèle au champ magnétique. Les résultats de cette 
analyse sont utilisés comme guide pour l'étude numérique de la stabilité 
du système compliqué comportant le faisceau. Comme dans le cas a une 
dimension, on trouve que deux branches d'instabilités électrostatiques 
basse-fréquence avec des taux de croissance différents peuvent exister 
simultanément. Les effets du champ magnétique sur ces instabilités 
peuvent être résumés sommairement de la façon suivante : l'instabilité 
â faible taux de croissance est négligeable quand la fréquence cyclotron 
électronique est voisine de la fréquence de l'onde de pompe dans le système. 
Cette instabilité devient indépendante du champ magnétique pour des valeurs 
assez élevées de ce dernier. Quand la longueur de Debye des électrons du 
plasma est plus grande que celle associée aux électrons du faisceau, une 
instabilité caractérisée par un fort taux de croissance est excitée et 
dépend faiblement du champ magnétique, alors que les deux branches d'ins
tabilité sont tout-à-fait sensibles aux variations du champ magnétique, 
lorsque les deux longueurs de Debye sont égales. D'autres caractéristiques 
de ce système sont également discutées. 



ABSTRACT 

The effects of a magnetic field on the excitation of low-frequency 
parametric instabilities in a beam-plasma system are considered. The 
dispersion relation of the three-dimensional beamless configuration, is 
analytically evaluated for an electrostatic pump wave having a finite 
wave-vector parallel to the magnetic field. The results of this analysis 
serve as a guide to the numerical study of the stability of the involved 
system including the beam. As for the one-dimensional case, one finds 
that two low-frequency alectrostatic instability branches having different 
growth rates may exist simultaneously. The effects of the magnetic field 
on these instabilities could be summarized as follows : the small growth 
rate instability is negligibly small when the electron gyrofrequency is 
about equal to the pump wave frequency. This instability is magnetic field 
independent for high enough values of the field. When the plasma electron 
Debye length is greater than the beam electron Debye length, a large 
growth rate instability 1s excited and appears to be weakly dependent 
on the magnetic field, while the two instability branches are quite sen
sitive to change of the magnetic field, when the two Debye lengths are 
equal. Other characteristics of this system are also discussed. 



r. INTRODUCTION 

The importance of the effects of an electron beam on the 
excitation of parametric instabilities in plasmas has lately been 
stressed by a number of authors [1H3]. A general formalism for descri
bing an electron beam-plasma system, in the framework of a fluid dissi-
patlonless model, has been presented in a recent publication to be 
referred thereafter as (I) [3]. In this work, a dispersion relation for 
a plasma immersed in a uniform magnetic field, traversed by a hot electron 
beam and irradiated by an electrostatic pump wave has been derived. This 
was done via a Fourier analysis of the relevant equations of motion for 
the different species, resulting in a set of algebraic equations in the 
various perturbed densities, setting then the determinant of the coef
ficients to zero. The analysis of this problem is rather complicated 
due to the large number of parameters affecting the interaction, namely : 
the bulk velocity, temperature and density of the beam, the magnitude 
of the magnetic field, the directions of the Incident and excited waves 
and finally the magnitudes of the incident pump wave and its wave-vector. 
Therefore, in order to get insight into the the physical processes in
volved in this interacting system, it was preferred in (I) to consider 
first the restricted one-dimensional case. 

The main conclusions arrived from this analysis were, that 
in addition to the parametric instabilities which reduce in the beamless 
limit to those discussed by Fried et al. [4], a new instability can be 
excited when the plasma Debye length (xE) exceeds the beam-electron Oebye 
length (A,,). This instability, having its origin in the existence of a 
streaming electron population in the system, is generally characterized 
by a large growth rate (L.S.R.) and can be triggered by the pump field 
when the two Debye lengths are about equal. For the case x£ smaller than 
Xg, the effects of the beam on the small growth rate (S.G.R.) instabilities 
are essentially to modify the locking structure allowing for a broadening 
of its shape towards higher values of the wave-number. 

The purpose of this paper is to investigate the effects of the 
magnetic field on the characteristics of the instabilities excited in the 
system, considering the scattered waves to be non-parallel to the magnetic 
field, however, restricting ourselves to a parallel incident pump wave. 



As stated in (I), the general dispersion relation Involving 
all the parameters of the system, results in a complex coefficient po
lynomial of 40 degree in the low frequency. This formidable mathematical 
expression reflects the complexity of the interaction taking place in 
the system. Fortunately, the essential features of the magnetic field 
effects can already be deduced from an analysis of the three-dimensional 
beamless case. These features can be roughly summarized as follows, in
creasing the electron cyclotron frequency {a ) from zero up to the fre
quency (u ) associated with the Bohm- Gross dispersion relation results 
in a shifting of the location of the dispersion curves. Moreover, a stri
king phenomenon is revealed in the vicinity of B •<• a where one observes 
the disappearance of the S.S.R. parametric instabilities. Increasing then 
the magnetic field to higher and higher values, allows for the reappearance 
of these instabilities being magnetic field independent when Jlg » <u . 
These results can also be ascertained from an analytical analysis of the 
beamless dispersion relation, which is performed in section II. In this 
section, we have also evaluated the momentum and energy conservation laws, 
stressing their consequences regarding the position and structure of the 
various dispersion curves. Special attention is paid in this analysis to 
the role played by the magnetic field in controlling the instability level 
of the system. In section III, we present the numerical solution of the 
restricted dispersion relation corresponding to the beamless case, comparing 
these solutions with the predictions derived in section II. We then give 
a detailed numerical study of the general dispersion relation varying 
the values of the different parameters, emphasizing the importance of the 
relative magnitudes of the two Debye lengths (x[J, xjj) to the characteristics 
ofthe stability of the system. Finally, we discuss the results and draw 
our conclusions. 

II. THE BEAMLESS DISPERSION RELATION ANALYSIS 

The equations of motion describing the interaction of an elec
tron beam with a plasma, using a fluid dissipationless model, has been 
written in detail in (I), and can be expressed in a concise form as, 

i 
i 
L _ . 
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(2) 

(3) 

where B in its turn stands for electron, ion, plasma or beam indices, 
with T. = 0 when 8 corresponds to the ion index. In these equations and 

p 
in the forthcoming analysis, the same notation and symbols as in (I) 
will be used. 

For completeness, we briefly outline the main steps taken to 
arrive at the dispersion relation. Separating the set of equations (l)-(3) 
into two groups corresponding to high and low frequency equations of 
motion, Fourier analyzing these equations and expressing all the perturbed 
quantities in terms of density fluctuations, we end up with a set of 
six algebraic equations in these independent variables, from which the 
dispersion relation is deduced by setting ths determinant of the coefficients 
to zero. The algebraic expressions of these coefficients are listed in the 
appendix of (I). For the details of the derivation of this dispersion rela
tion, we refer the reader to this work. 

The restricted dispersion relation corresponding to the beamless 
case, can be obtained from a set of only three algebraic equations for the 
relevant density variables with coefficients identical to those involved 
in the general analysis. This dispersion relation is written as 

a* a. 
o a 2 l das 
0*1 CLsz O-ss 

- o (4) 

Considering the case k parallel to the magnetic field assumed 
to be uniform and in the z direction, these coefficients reduce to, 
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^ = ( ^ Ï 0 ^ O ± = ( ^ ^ ^ U ± (6) 

(7) 

D 2 

with g ± = u j e 

(8) 

. v !e .j= + = ï Ez, ± 10 , ± £ • a n d 

ro" mu. o o 
n 2 

oi 0

2 = ay (1 + ykj/kp) " t h e u s u a 1 Bohm-Sross dispersion relation and 

k D E ( 4 ™ P 0 e V T P )
l A . 

The following notation has been used, 
a + - «11 ; a- s a22 ; b + S a15 s b- = a25 ; c + " a51 ; c- - a52' w 1 t h 

k = [k| and <{> 1s the angle between the wave-vector and the magnetic field, 
noting that due to the symmetry of the problem, the azimuthal angle is not 
affecting any coefficient appearing in the analysis. In evaluating.these 
last expressions we have taken into account that the perpendicular compo
nents of the pump driven velocities v!j f . identically vanish due to the 

y'° 
fact that the pump field is assumed to be electrostatic and parallel to f. 
In terms of these entitles Eq.(4) reads 

J 
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(9) 

Assuming next, ID2 « !!* , u 1 » S3? , m « u Q, and considering 
a about equal to u , the coefficients a +, c +, and a-, appearing in Eq.(9) 
reduce to, 

/» 1 2 . * 

(10) 

(ii) 

? i ^ * », 
9 5 / co (12) 

provided that the condition 

Sin f » (13) 

holds, (see Eq.(5)). Notice that the angle for which this condition is not 
realized is very small, due to the assumption u « u>= u£ . Explicitly, the 
dispersion relation then reads, 

2. 3 _yU, C« COS f _ L CU + JC l£ COS f - Q (14) 

where [..- h»6- b ^ - 4 **•. CMl»rfV«i»V _ 3) a* .(15) 
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where (*?=&* • Vl l = ^Ë-t B é^L . 

where A is a dimensionless squared velocity used in (I). 

The crucial point of this analysis is the prediction of the 
non-existence of any instability in the system, resulting from the reality 
of L and the structure of the reduced dispersion relation Eq.(14) . 
This statement, however, is not valid in a very narrow cone for which 
the condition (13) is not satisfied. Let us note that, the single assump
tion k^ || 5 faipHes already necessarily the reality of the coefficients 
of the polynomial form in u of Eq.(9), but obviously not the quadratic 
structure of the dispersion relation. Increasing the magnetic field 
furthermore, to a range consistent, however, whith the previously stated 
assumptions, allows for the reappearance of the parametric instabilities. 
In the limit a » a, these instabilities are magnetic field independent 
as can easily be seen by inspecting the coefficients appearing in Eq.(9) 
and given by expressions (5) to (8). 

Although the detailed structure of the dispersion curves is 
determined by the complete analysis of the dynamical equations, some 
important consequences regarding these curves can be deduced from the 
momentum-energy conservation laws, using the linear dispersion relations 
associated to the participating modes. These considerations can be applied-
to the one-dimensional beamless case to predict that the parametric insta
bilities are restricted in a wavenumber region and their representation 
in k coordinate is shifted when changing k . This was shown in Ref.[4]. 

Turning now to the three-dimensional beamless case, assuming 
as before k* parallel to I, one expects the magnetic field to affect the 
linear dispersion .relations associated to the excited waves, namely the 
ion acoustic and the electron plasma modes. 

The linear ion acoustic dispersion relation, in the presence of 
a magnetic field, is readily derived, assuming the electrons to follow the 
potential perturbations adiabatically, and the quasi-neutrality condition 
to hold, which is consistent with a long-wavele-,gth excitation model. Ex
plicitly, this dispersion relation reads, 



c%\ q V ^ + ft^WWj (16) 

having as solution, 

''A 

As to the electron plasma excitations, assuming as usual the 
ions to be unable to follow the high frequency oscillations, the corres
ponding linear dispersion relation can be written as, 

w = ̂  L 0 5 5 * - °° 5"1 W 2 « - a O j • <18> 

having as solution 

tut a'+s£ 
2, P[(4^;_/2^W«rj Vz 

(19) 

D 2 k' with g' s ufj (1 + y - — ) , and where a , k , $ and u', k', $' are the 
k D 

frequency, the modulus of the wavenumber and the angle with the magnetic 
field of the low and high frequency excited waves, respectively, c denotes 
the ion sound velocity. Inserting the expressions for a and oi', as given 
by Eqs.(17) and (19) into the energy conservation law u > » a' + ui , taking 
into account the conservation of momentum k = k" + (T one ends up with 
a relation between k , k and <j> depending, however, on the parameters 



1 
of the system. In order to exhibit explicitly this functional dependence, 
we consider the case fl* « u[? , fl? « k*c?, and one then finds approximately, 

" ^ ^ ( l - r j r K ' / i n i * +Jl?Sitl<(fi.ujg'j , (20) 

Note that in performing this derivation, the assumptions 
k' « k„ , and k 2 « kl have been used. Expressing now, k' and *' in 

Y k o terras of k , k and <(p , and approximating u = ac (1 + — — ) one obtains, 
2 k D 

which apparently reveals that an increase of the magnetic field or the 
angle $ results in decreasing k . This last statement is still valid 
when the assumptions regarding the gyro-frequencies are relaxed, however, 
for higher values of the magnetic field, a numerical study is more conve
nient. Consequently, one expects a shifting of the instability curves 
towards lower values of k by increasing *t>. or the magnetic field. These 
conclusions will be confirmed in the next section where a numerical ana
lysis of the complete dispersion relation is given. 

III. THE NUMERICAL ANALYSIS OF THE COMPLETE DISPERSION RELATION 

As mentioned already, the numerical analysis of the complete 
problem amounts to solving a polynomial, in general complex, of forty 
degree in the low frequency a, the coefficients of which depend on all 
the parame . 3 of the system, including particularly u . This pump wave 

(22) 
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frequency obeys, in the general case,- a dispersion relation which is 
an extension of the one derived for the one-dimensional case (given in 
(I), Eq.(44)), to include the effects of the full dimensionality and 
the magnetic field. This dispersion relation is easily derivable from 
the linearized equations of motion for the electrons in the plasma and 
the beam Eqs.(l)-(2), together with the Poisson equation in which the 
ions are assumed to serve as a neutralizing background. Explicitly, this 
dispersion relation 1s, 

- < ^ « <*>pe = O , (23) 

and can be expressed in a polynomial form of degree 8 in u . One searches 
then for solutions with high frequency values and reducible to the one 
obtained from the one-dimensional dispersion relation. However, in this 
study, due to the assumption C || t, this dispersion relation reduces 
to a polynomial of degree 4 being identical to Eq.(44) of (I). Inser
ting the appropriate root into the complete dispersion relation for given 
values of the different parameters of the system, the numerical solutions 
of this dispersion relation is in principle straightforward, however, 
due to the large number of parameters, the analysis of these solutions 
is rather difficult without having additional physical insight into the 
problem. To this end, it 1s convenient to consider first the three-
dimensional magnetic field dependent beamless case. Thus, setting the 
parameters a = 6 = V = o, in the general dispersion relation and in the 
expression for u., we have changed the values of the magnetic field, 
keeping the angle • at fixed values consistent with condition (13). In 
Flg.l, we preser.t the parametric instability growth rate as a function 
of k for four different values of the magnetic field, and four different 
values of the polar angle $. As it is apparent from this figure, the 
increase of the magnetic field results in a shifting of the bell-shaped 
curves, in agreement with the predictions of Sec. II. Moreover, by in
creasing n towards values in the vicinity of the pump frequency, one 
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observes the diminishing of the growth rate to negligible values (non 
representable on the scale of this figure), st the limit fl % 01. This 
result agrees practically with the stronger statement made in Sec. II, 
predicting the non-existence of any instability in this limit, noting 
that the negligible small growth rate found in the numerical study 1s 
within the approximations made in arriving at this prediction. An 
unexpected feature revealed in this figure, is the existence of a depression 
of the instability for a wavenumber in the neighborhood of k = k , for 
any value of the magnetic field. An understanding of this phenomenon 
might be gained from a qualitative analysis of the structure of the dis
persion relation Eq.(9). This equation can approximately be written as, 

kz vth "+ H - ym cos 2* + — — — — = — + — where M + and H_ are real constants corres-
01 (i) (1) k + C + 

ponding to the dominating terms associated with the expressions - ? — and 
b e + 

-|— respectively, and are clearly the source of the instability. Due to 
the existence of a small denominator term only in H_ [(£ - k_;~ ] when 
k 1s close but not equal to k , this expression will be the dominating 
source of the instability. However, it will identically vanish for k„ = k 

- z o 
(since b_ = o), resulting in the depression of the instability. This 
feature 1s clearly manifested in frame (a) of Fig.I, where one realizes 
the break in the instability curve in the vicinity of k - k . Let us note 
that this phenomenon cannot occur in the one-dimensional case, due to the 
fact that the conservation laws do not allow for the existence of any 
instability in this region. 

In Fig.2, we have plotted, for a representative angle (4> « if/10), 
the instability growth rate for higher values of the magnetic field corres
ponding to ft » u) . As can be expected from the analysis of Sec. II, 
this growth rate becomes independent of the magnetic field. 

The dependence of the instability on the angle •, for a magnetic 
field free configuration is represented in Fig.3. For very small angles, 
the corresponding curves tend of course to the one given in Ref. [4], 
increasing then the angle, results in a shifting of the bell-shaped 
structure as predicted in the analysis. All these features have been 
demonstrated for a pump wavenumber k Q = 8/43, however, they also hold true 
for other values of k as well, as can be seen from a representative figure 
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(Fig.4) corresponding to k * 4/43. These last results deduced from the 
analysis of the three-dimensional magnetic field dependent beamless 
configuration, together with the conclusions arrived at from the one-
dimensional beam dependent case, enables one to try to tackle our problem 
'1n its full generality. Guided by the results of (I), we find 1t conve
nient to perform the numerical analysis by considering three distinctive 
regions 1n the parameter space of the system according to the relative 
magnitude of the two Oebye lengths \E, x£, which is expressible, using 
our notation, by the ratio of the two parameters a and 9. 

Considering the case a < e, the first observation to be made 
is that the inclusion of the magnetic field or a larger dimensionality 
in the problem does not allow for the excitation of a L.G.R. Instability, 
of the type extensively discussed in (I). As regards the S.G.R. Insta
bility, the effects of changing B are essentially similar to those found 
for the beamless case (Figs.1-4). This can be seen in Fig.5, where we 
have plotted the instability growth rate as a function of the wavenumber, 
for different values of the magnetic field, exhibiting the shifting of the 
curves, the disappearance of the instabilities in the vicinity fl - <u , 
and finally the instability depression phenomenon in the region k z * kfl 

when the magnetic field values allow for an instability in this region. 
Notice that this depressed region is broadened by increasing the magietic 
field. 

Turning to the angle dependence in Fig.6, and in order to 
emphasize this dependence, we consider a magnetic field free configuration, 
as an example. Notice, that due to the presence of the second papulation 
of electrons, the locking structure is considerably broadened and broken, 
partly as a consequence of the depression phenomenon described before. The 
broadening and shifting of these curves, although not very marked can still 
be observed. However, for the case a > 6 considered here for which it turns 
out that the locking structure is well pronounced, one observes markedly 
the shifting behavior with changes of angle as previously described (see 
Fig.7). This assertion is limited to the S.G.R. instability but does not 
concern the L.G.R. Instability which is simultaneously excited independent 
of the dimensionality or the magnetic field in the system, and which is 
very slightly affected by the changes in $. Similar conclusions are arrived 
at by examining Fig.8, for the magnetic field dependence on the instabilities. 
The insensitivity of the L.G.R. instability shown for the case o > 8, is 
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drastically changed when a is closed to 9. This is clearly exhibited in 
Figs.9-10, where the dependence of the instabilities on magnetic field 
and angle variations is given explicitly. Notice the difference of de
pendency of the L.G.R. instability on these two parameters, namely 
increasing the magnetic field results in a shift of this instability 
towards lower values of k, while increasing <(> has an opposite effect. 
The depression phenomenon and the disappearance of the instability when 
G„ = w„ are still valid for the S.G.R. instability as for the beamless e o ' 
case. This observation should be contrasted with the non-disappearance 
of the L.G.R. instability in the vicinity of S! = in , although it is 
magnetic field dependent. 

We should mention that all the results deduced previously, 
involved a magnetic field value such that S2 is less or in the vicinity of ui . 
As stated for the beamless case, by increasing the magnetic field so that 
a » oi , one can expect the instability to be magnetic field independent. 
This is clearly shown in Fig.11, where we have plotted the dispersion curves 
considering high values of B, for the three distinctive cases « = B. 

The large variety of parameters and the extended range of 
values they can take, make a complete survey of the problem impractical. 
The figures presented in this work, however, may serve as a rough guide 
to the understanding of the main characteristics of this interacting 
system. Some of these characteristics which have been deduced from the 
beamless case and others found in the one-dimensional analysis given in 
(I) seem to remain proper in the more general system under consideration. 
These features can conveniently be summarized as .allows : 
i) the vanishing of the S.G.R. parametric instability for magnetic field 

B values corresponding to S2 in the vicinity of inQ. 

ii) the magnetic field independence of this instability for high B values. 
iii) the depression of the instability for wavenumbers in the vicinity of 

k - k /cosifi. 

iv) tne shifting and broadening of the instability curves with the increase 
of the magnetic field for n < u , as well as with the increase of 
the angle 4>. 

v) the simultaneous excitation of a L.G.R. instability together with a 
parametric type instability is possible when » > , ) . 
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vi) the dependence of the L.E.R. instability on the magnetic field and 
on the angle 4, for a > 8 Is rather weak. 

vii) the changes in B or $ affect considerably the instabilities when 
a ifc 8. 

As was shown already in (I), and clearly demonstrated here, 
the effects of the beam parameters, a, e and V , 1s to modify the shape 
of the Instability curves, sometimes extending them to a wide range of 
values of k, thus invalidating the notion of "wavenumber locking". This 
may be attributed to the complexity of the Interaction taking place in 
this system. Consequently, the statement regarding the shifting of the 
curves with magnetic field or angle variations 1s not always an instruc
tive one. Besides the modification of the shape of the curves with changes 
of the beam parameters, the possibility of exciting simultaneously two 
S.G.R. parametric-type instabilities may also be realized when a 1s less 
than 6, and 6 sufficiently high (see Fig.12). Let us mention that the 
presence of these two branches can also be sometimes detected in the 
one-d1mens1onal case when k is small enough and a < 6. 

In order to put our results and conclusions in the right 
prospective, we should emphasize the limitations on their validity. 
Foremost of these, is the important simplification made in the analysis 
resulting from the assumption k || ff. This simplification applied to 
the beamless case allowed for getting physical insight into the processes 
which served as a guide for the understanding of the complete problem. A 
second point to stress is, since an analytic study of the complete dis
persion relation, similar to the one performed in the beamless case, 
seems to be Intractable, one has to rely on the results obtained from 
a necessarily limited amount of numerical data, as well as on the apparent 
consistency with those corresponding to the beamless case. Thus the 
conclusiveness of our results have to be taken 1n the spirit of these 
limitations. 
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FIGURE CAPTIONS 

Fig.l The growth rate of the low frequency instability normalized 
to the ion plasma frequency, as a function of a normalized wave-
number k/k_ for a set of representative values of the pump wave 

8 i 
characteristics : k„/k_ » —, A 1' 2 = 0.2, for the beamless confi-

0 D 43 
guration I.e. a = 8 = V = 0, and for different values of the 
polar angle * and the magnetic field B. Frames (a), (b), (c), 
(d) correspond respectively to $ = ir/4, n/6, ir/10, "/20. In each 
frame, the full, crossed, dashed and dotted cur.es correspond 
respectively to a normalized electron gyrofrequency 
5 e = flgAipg = 0.2, 0.4, 0.7, 1. The arrows mark the values of 
k/k n corresponding to k /k n • 8/43 (r = 43) and k /2k-, emphasi
zing the break phenomenon described 1n the text. 

Fig.2 The behavior of the low frequency instability for values of the 

magnetic field such that n » ta , for a beamless configuration 
considering $ = T/20. The crossed, dashed and full curves corres
pond respectively to ÏÏ - 2.5, 4, 6. k/k_, A and notation as in 
Fig.l. 

Fig.3 The angle dependence of the instability for a magnetic field 
free beamless case. The full, dashed, crossed and dotted curves 
correspond respectively to * = ir/20, ir/10, ir/6, and ir/4. k 0, A 
and notation as in Fig.l. 

Fig.4 The dependence of the instability growth-rate on the magnetic 
field for a beamless configuration and for representative values 
of angle and wave-vector,* • ir/io, k /k~ = 4/43, the full, crossed 
and dashed curves correspond respectively to ft = 0.2, 0.4, 0.7. 
For tt_ = 1, the corresponding curve is too small to be exhibited 
in this figure. A and notation as in Fig.l. 

Fig.5 The dependence of the Instability growth-rate on the magnetic 
field in the presence of the beam for the case A» < A? (a < 6). 
The full, dashed, crossed, dotted-dashed, and dotted curves cor
respond respectively to Q • 0.25, 0.55, 0.85, 0.95, 1.05. The 
curve corresponding to the value ÏÏ • 1.1 is too small for being 

http://cur.es
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represented. k Q/k D •* 8/43, A'/2 = 0.2, * = n/10, a s njj/njj = 0.07, 

e = T^/TP = o.i, \ - v0/vPh = o.i. 

Fig.6 The angle dependence of the instability growth-rate for a 

magnetic field free case. The full, dashed, dotted and crossed 

curves correspond respectively to 4> = ir/20, ir/10, ir/6, ir/4. The 
other parameters as in Fig.5. 

Fig.7 The angle dependence of the instability growth-rate on the 

magnetic field for the case a > 9. The full, dotted, crossed and 

dashed curves correspond respectively to * = ir/20, ir/10, ir/6, 

ir/4. 5 - 0.2, o = 0.12, 9 = 0.1, Y = 0.1, k 0 anc! A as in Fig.5. 

F1g.8 The dependence of the instability growth-rate on the magnetic 

field for the case a > 9, with $ = ir/10. The full, dashed-dotted, 
crossed, dotted and dashed curves correspond respectively to 

n e = .2, .55, .85, .95, 1.05. For n e = 1.15, the S.G.R. Instability 

branch is not représentaie on this scale. For the L.G.R. insta

bility only the extreme valued curves have been plotted. The other 

parameters as in Fig.7. 

Fig.9 The same as in Fig.8 for the case a = 6 = 0.1. The full, dashed, 
crossed and dotted curves correspond respectively to ÏÎ = 0.25, 

- 0.55, 0.95, 1.1. 

Fig.10 The angle dependence of the instability growth-rate for the 

case a - 9 = 0.1. The full, dashed, dashed-dotted and dotted curves 

correspond respectively to 41 = n/20, ir/10, n/6, n/4. S = 0.2, 

other parameters as in Fig.5. 

Fig.11 The behavior of the instability growth-rate for values of the 

magnetic field such that a » w , for the three different-para

meter regimes. Frames (a), (b), (c) correspond respectively to 

a = 0.7, 0.1, 0.12 keeping 9 fixed equal to 0.1. The full, dashed 
and dotted curves correspond respectively to ÏÏ = 2.5, 4, 6, other 

parameters as in Fig.5. 



r ... i 
Fig.12 The simultaneous excitation of two low f 'uency S.G.R. 

instabilities for the case a < e. Frames (a) id (b) correspond 
respectively to B = 0.2, 0.25 keeping a fixed = 0.07, 8 • 0.2, 
* = '/10, \ = 0.1, yk,, = 8/43, A*/2= 0.2. 
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