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Comment on “Nonrelativistic electromagnetic surface waves: Dispersion properties
in a magnetized dusty electron-positron plasma”
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The theory of electromagnetic surface modes propagating along the planar interface between dusty electron-
positron plasma and vacuum is reexamined by the conventional matching method of boundary conditions. It is
shown that in a magnetoplasma the direct use of specular reflection method is not appropriate and the deriva-
tions for the TM-mode dispersion relatigRhys. Rev. E61, 4357(2000)] are incorrect.
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I. INTRODUCTION tral. We assume for simplicity that the charge on the dust
. . ... grains is not affected by the wave; i.e., we neglect the dust
Recently, Choet al. [1] published a paper dealing with charging effectg6,7). Now assuming the plasma to occupy

nonrelativistic electromagnetic surface modes in a magnes . poif space=>0 bounded by vacuum< 0 with the pla-

t?zed_dusty electr_on-positron plasma. Surface wave propagar, sharp interface at=0, the external magnetic fielB
tion in a magnetized dusty plasma was previously investi- : 0

gated by many author&.g., see Refs[2—4]). They dealt ﬁfyegtrzk]eegaz)i((lzsea:gtitgr?s“me dependenceexp(-iwt) we
with the problems by the matching method of boundary con- q

ditions. Cho and Lee previously studied an unmagnetized . iw Op = Q0,2 .

plasma by employing both a matching and specular reflec- Va = W2 — 02 m_E+ Mo EXYy|, (2)
tion method[5] and they showed there that both methods s “

lead to the same results. Our objective here is to show that n

under the reflectiom— -x, v,— —v, the governing equaions = ey U (3
in Ref. [1] do not remain invariant so that the use of the lw

specular reflection procedure in a magnetized plasma is in- oL

correct. The error of Chet al. is due to the application of V- -E=4me(n,-n_), (4)
the specular reflection method. We derive the correct disper-

sion relation by the matching method of boundary conditions - - iw-

to distinguish with that in Ref[1]. We also derive the ex- VXE= ?B, (5)

pressions for the current components correctly to show that
the similar results obtained in Refl] are wrong. . o iw- de
VXB=-—E+ _(n0+l;+ - no_lj_), (6)
Il. FLUID MODEL AND BASIC EQUATIONS ¢
where the subscript stands for electroii—) and positron
+). Other notations are standard. First we wish to derive the
ispersion relation for TM surface modes by the conven-
onal matching method of boundary conditions.

Taking curl of Eqg.(6) and using Eq(5) we obtain

The same fluid model is used as in REf], which con-
sists of the momentum and continuity equations for electron
and positrons as well as Maxwell equations not ignoring thgi
electron inertia and displacement current. The negatively
charged dust grains which can effectively collect the elec-
trons and positrons from the background are considered to be 202 . 2 wz(w2E+ + wZE_) .2
point charges and their sizes are assumed to be much smaller CVit ™~ w2— 032 y-v
than the electron Debye length and the distance between the 0
plasma particles. In the steady state we have <E+ w'zﬂi Qz(w§+ _ w;_)v E=0, 7)

No+ = No- + ZgNqo, (1)
where()=eBy/cmis the cyclotron and,. -, are the plasma

where the subscript “0” stands for equilibrium number den- : o L
sity for a specieqa=+,—, andd for positron, electron, and fEequenC|es(m+—m_—m). From Eqs(4) and(5) eliminating

dus). The parametes=n,_/ny, measures the charge imbal- B using Eq.(2) we obtain

ance in the plasma, with the remainder of the charge residing s o 2 B pm 22
on the dust particles, so that the total system is charge neu- (0°=Q° = wp, —wp )V -E= Z(w‘” —wp)y -V XE.
(8
*Electronic address: apmisra28@rediffmail.com Equationg7) and(8) are two coupled equations for our mag-

"Electronic address: arcphy@cal2.vsnl.net.in netized plasma, which give the wave equation
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J-VXE
[(c?V2+ wzx)x—Az](y Lo ) =0 (9
V-E
Here
Ly vhrel |0k -d)
A=1 wZ_QZ’ - wZ_QZ

Assuming the wave fields to vary as ékz—iwt) we have,
from Eq.(9),

NP 0E, | Ale™* (x<0),
-VXE=IikE,-—2= 10
y XX {Aze‘“ZX (x>0), (10
N H 2 _ 2 A, e1X <
v EEikEZ+—aEX=—p—LIQ(w2+ “2)') e (x<0),
X  o(w*= Q)N [Ae 2 (x>0),
(11

wz 1/2 wz)\ A2 1/2
a]_:(kz—? , Qo= kz—?—g . (12)

Equations(10) and (11) are the simultaneous equations for

E, andE, giving

01X
>€

KA A
) — (x<0),
k _al

o3

E,=
(— a2+&) a e (x>0).
o\ K- a3

(13)

Clearly, we need two boundary conditions to determine tw

integration constantd,; and A, which are the continuity of
the tangential component & as well as the normal compo-
nent of B across the interface—i.e.,

(i) Ex=0")=E/x=0),

(i) By(x=0")=By(x=0),

Thus the above boundary conditions lead to the following
dispersion relation for surface TM modes in a dusty electron-

positron magnetoplasma:
(a1 + a)lw(ayay ~ KON + KA (2= a)]=0.  (14)

It is straightforward to show that the first factor of EG4)
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(1-9\0

w-Q

n_ —_—
o=, A=1-
No+

1X:

1+6
w-Q

By making the correspondenc® —0,w,,—0,6—1 one
can recover the dispersion relatig®9) in Ref. [5] for an
unmagnetized cold electron plasma. The dispersion relation
(15) as obtained by the conventional matching method of
boundary conditions is not identical with that in Ré¢l]
obtained by the specular reflection method. In the following
section we explain how the specular reflection procedure
fails for a magnetized plasma and adopt some correct deri-
vations to show that the results shown to obtain the disper-
sion relation in Ref[1] are incorrect.

Ill. DISCUSSION

Here we first show that the corresponding derivations in
Ref. [1] are incorrect. From the linearized momentum and
continuity equationgEgs.(9) and(10) in Ref.[1]) we obtain

ig, Q, )
=———|E,-i—E 16
Uax mQ(ﬂ)Z_Qi)( x| © ’ ( a)
_ iqgw -Qa
Voz = —ma(wz ~ Qi) (Ez"' I:EX> , (16b)
n,= Re. 5 (17)
I0)

0Substituting the above velocity expressions in the current

J==q,n,v, we easily obtain
1= ) [ |
* Am(w? - 0?)

iQ
(wfﬁ + wlzg—) Ex - E(w;zﬁ - w'zj—)EZ

(184

)

2= A0 - 0P

i)
(wa + wg_)EZ + Z(wfyr - wg_) E,|,

E18b)

for the current components responsible for the electromag-
netic (em) wave. Cheet al. omitted the terms proportional to

must be nonzero, whereas equating the second factor to zefdwhich arise due to the static magnetic fi#@gl They sim-

we have

ply showedJ,~ E, andJ,~ E, without any reason. Expres-
sions (188 and (18b) when substituted in the Fourier-
transformed Maxwell equationsee Eqs(8a)—8c) in Ref.
[1]) lead to the following system in matrix form:

—— S\12 —\ 1/2 0
x[(K—“’—)‘+A:> —(K—Q) }:o. (15) ke —k; olc ) [E 0
Here we have used the following dimensionless parameters A€ ckiow/\By T e
K=co?, o=ow?, Q=0%u?, where
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£=- iQ(w29+— wZE_)_ (20) well equ_ationV-ézO, we would always havéy(xzol")
(0?- 0w =By(x=07). Thus, we arrive at the absurd result. That is, the

direct use of the specular reflection procedure in a magne-

Note that the terng arises due to the presence of the tremsg;eq plasma is not appropriate. It is now straightforward to
proportional to() in the expressions fal, andJ, [EQs.(188  ghow that under the reflection— —x,v,— -v, Eq. (163

and(18p)] and which, in general, cannot _be neglected in 8joes not remain invariant, becaudg(-x)=E,(x) and
magnetized pla_lsma. O_n the o_ther hand, in absence of theﬁe;(—x):—EX(x) (see Eq(7) in Ref.[1]). This violation is due
terms the matrix equatio(21) simply becomes to the term proportional t¢) that omitted in Ref[1], and

0 that can be removed in an unmagnetized d&$e
ke -k, olc \[E, 0
0 -\ ckiow ||E|=| . . (22) IV. CONCLUSIONS
iac
N 0 ckiw/\By T o In our above analysis we have reexamined the results ob-

tained in Ref.[1] by employing the conventional matching
But in Ref. [1] as mentioned above, the expressionsJor method of boundary conditions. We have shown that under
andJ; do not contain such terms proportional@® yet Cho  the reflection the governing equatigd) does not remain
et al. displyed their 3x 3 matrix (Eq. (13) in Ref.[1]) erro- invariant and as such the specular reflection procedure fails
neously with no zero term and incorrect elements in(fhe in such a magnetized plasma. In Rgf] the authors used
1) (2, 2), (3, 1, (3, 2 positions. Furthermore, solving the this approach in the magnetized case without checking the
correct form[Eq. (21)] one can find after a straightforwrd invariance of the governing equations under the reflection,
complex analysigpicking up the residue at the simple pole which we have shown finally led to erronious results. We

ke=i7, n=[K2— 0?(&+\?)1(c\)]¥?) that have also demonstrated that the derivations for the TM dis-
) persion in Ref.[1] are incorrect. The correct form of the
— At — iagk, dispersion relation is derived which is in good agreement
B,(x=0")=a+ , (22 ; . .
7\ with that in Ref.[5] for an unmagnetized cold electron

h . ional td) and i ish hen th . plasma case. The different mode of propagation can be ana-
where¢ is proportaional td) and it vanishes when there is IIyzed by solving our dispersion relatiogid5) both analyti-

no external magnetic f'el.d' .Wh'c.h shows_that the normaca"y and numerically, which will be communicated in the
component of the magnetic field is discontinuous across thgq. fture

interface[B,(x=0")=a]. HereB, can be discontinuous only
when there is a surface current on the interface. A static
magnetic field alone can not give rise any physical mecha-
nism to produce such surface current. This is also clear from A.P.M. wishes to thank the Council of Scientific and
the fact that if we use the divergence theorem on the Maxindustrial Research, Government of India, for support.
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