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A cold electron gas fills the lowest Landau level for superstrong magnetic fields 
and very low densities. In such cases, in general, the potential energy of the 
particles is equal to or greater than their kinetic energy (strongly coupled 
plasmas), and a special approach is called for. The STLS (Singwi, Tosi, Land, 
and Sjolander) approximation scheme is used to study the dispersion and 
damping of the low-frequency modes, i.e., the whistler and the extraordinary 
modes for zero temperature. The lowest order dispersion for all modes in 
consideration are unaffected by correlations, but for undamped plasmas the 
correlation term is of the order yaZc -2. Further, 6(to 2) for the whistler mode 
becomes infinite at 3' = 3; its behavior critically depends on the "filling number" 
'r/Fc = e F / h ~  , where e F is the Fermi energy and 12 is the electron cyclotron 
frequency. 

1. I N T R O D U C T I O N  

In weakly coupled plasmas the potent ia l  energy of the particles is much  

less than  their  kinetic energy. Thus,  the cont r ibu t ion  of the potent ia l  energy 
of the particles is general ly neglected when consider ing their response to 
excitat ion due to external or self-consistent fields. In  the case, however,  

where the potent ia l  energy of  the particles is equal  to or greater than  their 
kinet ic  energy (strongly coupled plasmas),  a special approach  is called for. 
In  this work I consider  a nonrelat ivist ic  homogeneous  one -componen t  

q u a n t u m  plasma in equi l ibr ium in the presence of a un i fo rm external  
magnet ic  field. 

As in the classical p lasma case (Carini  et al., 1980; Genga,  1988a), 
we use the STLS (Singwi, Tosi, Land, and  Sjolander)  method to s tudy the 
dispers ion and  damping  of  the low-frequency modes,  i.e., the whistler mode  
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and the extraordinary mode for zero temperature. In the latter case, one 
has to distinguish between the nonresonant and the "resonant" situations, 
depending upon whether the cutoff frequency o) 1 is different from or 
coincides with the electron cyclotron frequency fL I consider all these modes 
when the direction of propagation is parallel, perpendicular, or at an oblique 
angle to the magnetic field. It is known (Carini et al., 1980) that for strong 
coupling, the longitudinal plasmon exhibits negative dispersion. The main 
interest in studying transverse modes lies in determining whether a similar 
change takes place and what the critical coupling is. This problem is related 
to the Malmberg-O'Neil experiment, where a strongly magnetized, strongly 
coupled electron plasma is being generated. A further feature of the experi- 
ment is that because of the strong magnetic field, quantum effects are very 
important (Canuto and Ventura, 1972; Genga, 1988b). In this work I 
consider only spinless particles in the lowest Landau level at T = 0 K; since 
in the Malmberg-O'Neil experiment, the magnetic field is strong enough 
to limit the population of the particles to the lowest Landau level, I limit 
the calculation to this case. This superstrong magnetic field also gives rise 
to a one-dimensional quantum plasma (Canuto and Ventura, 1972; Genga, 
1988b). 

The approach used to study this problem is through a perturbation 
analysis of the plasma dispersion relations (Genga, 1988a, b). Then, by 
solving the dispersions for 6,,o0, the shift of frequency due to correlation 
for each mode in consideration, at different angles of propagation, all the 
needed information is obtained. 6uto is of the order k2; thus, it is small as 
k --> 0, which is equal to the order of frequency shifts due to refractive (6,to), 
thermal (6tto) and quantum (tSqtO), effects, respectively, even for y>> 1 
(Genga, 1986, 1988a, b). In Section 2, I determine the frequency shift due 
to correlations of the whistler and the extraordinary modes for arbitrary 
direction of propagation as a function of the coupling parameter y for 
plasmas without damping; damping effects on these modes are considered 
in Section 3. 

2. PLASMAS WITHOUT DAMPING 

It is known (Genga, 1988a) that for propagation parallel to a magnetic 
field there are no coupling effects on the transverse modes; thus, we recover 
the results of the weakly coupled plasmas (Genga, 1988b). It is also known 
that the whistler mode and the resonant situation of the extraordinary mode 
do not exist for propagation perpendicular to a magnetic field. These results 
are also valid for plasmas with damping considered in Section 3. 
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2.1. Whistler Mode 

After a small perturbation is applied on the plasma dispersion relations, 
the frequency shift obtained in this case is given by 
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For 0 = 0 ~ the 3' terms vanish in equation ( 1 ) and we obtain the equation 
for weakly coupled plasmas, Figure 1 shows that 6u(w 2) is 7, nFc, and angle 
dependent. At 3' = 3, equation (1) is infinite. 

2.2. Nonresonant Case of  Extraordinary Mode 

For propagation parallel to the magnetic field the frequency shift after 
a small perturbation is applied on the dispersion relation is given by 

&o 2tol--~L ~ ~-I~2a2\~o-11+-2-~ 3 (2) 

where a 2= h / M f L  Correlations enhance the positive quantum dispersion. 
Turning to an oblique propagation, we find that 

l((~1-t-~'~)2c2(1q-c~ 1 4 f ~ 2  30)1~- ~'~ ~Fc) COS 20 
6to 2(2tol + ~  ) top 

ks +-2"-~ 3 

As in the parallel propagation case, correlations increase positive quantum 
dispersion. Figure 2 shows that 6uw is positive and angle dependent. 

2.3. Resonant Case 

As in the case of classical plasmas (Genga, 1988a), the elements of 
the strongly coupled dielectric tensor are obtained by assuming that 

U(Ot'202 sin 2 0 + 2a~ sin 0 cos 0 + c~~ cos 2 0) << 1 

where a~ a~ and a~ are weakly coupled polarizabilities. The correla- 
tional terms are also found to be of order k 2 smaller than those of the 
correlationless one; hence, their contributions are negligible for the 
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Fig. 1. Whistler  mode:  strong coupling terms 8,,w 2 (in units of  k 6 r  2)  v e r s u s  y/3 for 
"OFt = 0.4, 0,8, 0 = 30 ~ 60 ~ 

frequency shift of order k 2. However, for frequency shift of order greater 
than or equal to k 4 their contributions are considered. 

3. PLASMAS WITH DAMPING 

As in the case of  weakly coupled quantum plasmas (Genga, 1988b), 
we find that the strongly coupled whistler mode and the nonresonant 
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E x t r a o r d i n a r y  m o d e :  s t r o n g  c o u p l i n g  t e r m  8 . w  [ in  u n i t s  o f  top('y/3)kZa :] v e r s u s  12 

(in units of to;) for ~v,. = 0.4, 1.0; O--30 ~ 90 ~ 

situation of  the extraordinary mode are unaffected by damping; hence, the 
results of  the strongly coupled plasmas without damping are recovered for 
each of  these cases. 

For the resonant situation of the extraordinary mode, the correlational 
terms of components  of  the polarizability tensor are of  order k 2 smaller 
than the correlationless ones, as in the case of  strongly coupled plasmas 
without damping. This means that for the frequency shift of  order k: the 
contribution of  the correlational term is negligible. However,  for frequency 
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shifts of  order greater than or equal to k 2, the correlational term contribution 
has to be considered. Since I consider only the harmonic frequency shift 
of  order k 2, the results of  the weakly coupled plasmas with damping are 
recovered. 

4. C O N C L U S I O N  

I have shown that the lowest order dispersion relations for all the 
modes in consideration are again (Genga, 1988a) unaffected by correlations. 
Further, for plasmas without damping, correlations are of  the order ya% -2. 
Hence, in order for the correlations to be noticeable, y has to be of  the 
order a-2c 2. Finally at y = 3, ~(to 2) for the whistler mode blows up, for the 
same reason as that for warm classical plasmas without damping (Genga, 
1988a). 
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