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ABSTRACT

We have developed a BASIC code for plotting the dispersion curves
for waves in a cold plasma. The programme algorithm is based on
the evaluation of a many-valued polynmomial function of wave freq-
uency and angle of propagation. Typical dispersion curves are dis-
cussed. Design efforts to minimize the effects of singularities on
the curves are analyzed.

1o INWTRODUCTION

We have plotted the dispersion curves for the propagation of elec-
tromagnetic waves in a cold, uniform, and magnetized plasma, in
order to obtain the cutoffs and resonances of these waves, in other
worda, to determine the alectromagnetic wave frequenciea and wave-
lengths which it is poseible to ¢ind in this type of plasma. The
analysis of a cold uniform plasma should be extended to include the
more realistic model of a warm inhomogenecus plasma. Nevertheless,
the results which are obtained in the cold plasma approximation are
very close to measurements and to theoretical results obtained with
more realistic models. Our main motivation for deyeloping the BASIC
code to be discussed in this paper, is that we would like to repr-
oduce known results for electromagnetic wave cutoffs and resonances
in a cold uniform plasma, Secondly, our code is the first step in
an effort to develop a BASIC code which can gsearch for roots, and,
ultimately, solve boundary layer ordinary differential equationsof
the type which are encountered in many of the problems in theoret-
ical plasma physics. Codes of this type are available in FORTRAN,
but our work is partl}y motivated by their scarcity in BASIC, a pr=
ogramme language widely available on personal computers, which are
more common in Nigeria.

2. THE DISPERSION RELATION

In a cold uniform plasma immersed in a uniform static magnetic fi-
eld and a uniform time-varying electric field, the dielectric ten-
gor Eqp is obtained from the equation of motion of the charged

particles, For the electrons, the equation of motion is

mdy/dt = -eE - ev x B_/c E e
Assuming that all The time-virying quantities vary as exp(-iwt),
we have, from eq (1),

iwy + eEo x I/nc = eE/m : (2)

To solve for v, we multiply eq (2) by the comjugate operator (-iw
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+ (eB /mc) x ) to find
i, (1ew/m(e0? - w2 ))(E - W_ b(E . b)/w?2
X = -lie - Wp)E - W B(E . B)/w
~(iwp E x b)/w) (3a)

where b = .EO/B and Wy, = eBo/nc. The components of v are

'& = vd'F EP (Bb)
where \{;P is the mobility tensor. The plasma polarization P and

induction’ D, due to electron motion, are related to velocity_l by
=iWP = -1t (D + E)/WT = J = en v,

—

In tensor form, Dy = E_,,Ep o From this
€ «p e kﬂeﬁ‘?@?"}iw . ()

The ion contribution to polarization is caleculated in the same way,
and with the electron contribution, we obtain the result

€ -ig 0
£ ={ig 0 (5)
1 ( - )
0 0 Yl
where
2 2 2 y=
nz EnyE=1-wpe(w -OJBe)
i 2 2 (=1
- wpi(w - UJB:!.) (6a)
2 2 2
Ezz = Yl =l (mp'a + wpi)/m (6b)
and

Be 3

| 2 2 (=1 4
- wmmpiw (e - wpi) (6c)

In eq (6), the components of E“P are given under the assumption
that the z-axis is along B . The cyclotron snd plasma frequencies
for the electrons and icns are (). = eBo/mc, (g, = ZeB /Mc, "")pe

= (hﬂneez/u)%, and wp:l = (ﬁﬁnie /H)%. For an electromagnetie ﬁ-:
eld with time and space dependence of the form exp(-1wt + ik s2),
Maxwell's equations give d
kxE = WB/ec : (72)
Exg=—i§/c . (7p) .
These equations give /
W/ = ok x (k xB) = B - k(k. B)
ory, in components,
2 2 2 2 2
By k= = ky kg By = WD, /c” = w g, Bg/c @)
This system of equa@ions has nontrivial uolutfonu only if
2

Deti:k S -k k, = mza,\ /cz] =0 (9)

Eq (9), which rdlates o afla k, is the desired dispersion relation,

Recalling the definition of the refractive index Ny ke/w = N, and

choosing k to ve 1& the x-z plane, so that _ ;
k = (ksin(6), 0, keos(f)),

where & is the angle between k and B_, we cbtain from equations
(5) and (9) the expression -,

i & it
..1Ew_5=wBewpew (S esegas 2y
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A+ B +C=0 (10)
where > =
A= €sin (F) + Y‘GOSL,( B
= - BN+ cos (B)) - (€2 - gPain’(B),
and

2 2
C = (E b E )-
Solving the quadratic equation (10), we find (see Shaframov, 1964),

2= §(e% - - edein®(B) 4 26 s [(£% - ¢
= - Eq)as:in#( By + hngacosz(s)}%}/a\ (11)

3o DISCUSSION OF THE DISPERSION CURVES
In order to plot Nz((AJ), one requires the values of Wp 4 Wg.y

wpi‘ and 9~. We have chosen the following values for the purpose
of illustration snd clarity of the graphs, The ratioc of the masses,

M/m, is taken to be 4, although the actual value of this ratio is
about 2000, The value of W_. is taken to be 1, and the W-axis is
divided in multiples of Wy e The ratio wBe/ wpe is taken to be2.

The normalized values then become Wy, = 1, Wy, = L wpe = 2,
and wpi = 1, In our code, the W-axis starts from 0,05 rather than

zero, in order to avoid the infinities in eq (6). Another posaible
infinity in eq (6) is avoided by choosing an interval size 0,105,
so that successive points increase by more than cne decimal point,
and “’/wm # 1. The_standard practice (Kemeny & Kurtz, 1980) is to
define the rangeof N°(10) in the programme, before computation, in
order to avoid undesired high values which might occur near there-
sonances, It is alsg important to note, from eq (11), that there
are two values of N° for each value of W, The twe graphs which
result from this interchange with one another whenever they cross
the infinity points. Figure 1 shows the plot for 0§ = 30, Thers
are five branches in all, agreeing with theosy (see Lifshitz & Pi-
taevskii, 1981). The resonant frequencies, N® = O3, &re read dire-
ctly from the graphs to be

G g o 4.15%1
Wpp = 2e05Wgs (12)
Wrz = 1'92“'"’135.

which are the roots of eq (10), the dispersion equation, The cut-
off frequencies, N = 0, are

bolgy h':ini (13)
= 1,840 ’
o ke Bi pr w7 giipe 2 464
Figure 2 shows the plots for & =0, 307, 60, and 30 .
ral configuration of the graphs is the same as in figure 1, since
the ratio wBe/w e is comstant for all the angles, The fifth bra-

nch, which ocours at very low frequenciés, aisappears in the c;:e
# = 60° because the same scale is used for all the plots. A wider
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scale would have displayed this branch. However, there are four bra-
nches for P- = 0 and 90° as expected, and the lower and upper hyb-
rid frequencies are found to be

wlh = ‘1.2‘1!.\)Bi
u.)“h = ‘-(-.360-‘31.
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Figure 2

4, CONCLUSIONS

There are singularities in the dispersion curves for electromagnetic
waves in a cold plasma. The varicus ways by which these infinities
may be avoided in plotting the curves were analyzed. The resulting
BASIC code (listed in the appendix) incorporates techniques to avoid
the singularities. It is possible to read off the resonant and cut-
off ffeqnencies, but the accuracy of the results dependson the range
of N° used, and the intervals of w. In the examples given in this
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paper, a range of -2.5 to 6.0 for Nz, and an interval of 0,105 were
used. The results obtained for resonances and cutoffs (see equatioms
(12) and (13)) are accurate to within 0,054_.. These results show
that our code is a simple and effective: meansof plotting plasma
dispersion curves, its added advantage being that it is in BASIC
because this widens the range of computers in which it can be imp-

lemented.
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