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Wave Dispersion Property in Magnetized Plasma Channel Antenna
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Abstract: In order to solve the problems existing in the current antenna for high power microwave weap-
on, the idea of a magnetized plasma channel used as antenna for radiating electromagnetic pulse is presen-
ted. The normal modes of Magnetized Plasma Channel Antenna (MPCA) in lossy gas are analyzed. T he
concrete realization method of this antenna is simply described. T he geometrie model of MPCA is created
based on the operating principle of this antenna. T he strictest dispersion equation of M PCA is deduced by
applying the boundary conditions of electromagnetic fields. Discussion is stressed on the variations of
propagation constants with plasma parameters, surrounding material and external magnetic field. T he a
nalysis shows that MPCA in a finite magnetic field possesses some different properties compared with a
plasma channel antenna where infinite external magnetic field exists. These results are useful for practical
application of the antenna.
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1 Introduction

Plasma as the fourth form of the substance, the technology of plasma has been widely used in many
fields. In military fields, it can be used in aircraft stealthy, thrust, communication and detection etc. If the
wave frequency is less than the plasma frequency, the electromagnetic wave cannot propagate in the bulk
plasma. The axisymmetric surface wave propagates along the cylindrical plasma column. For high density
plasma, it is a perfect conductor and therefore can be used as antenna elements. Because plasma can reflect
and absorb electromagnetic waves, plasma antenna has the advantage of stealth.

In recent years, with the advancement of High Power Microwave Source (HPMS) theory and tech-
nique, it has become possible to manufacture High Power Microwave Weapon (HPM W) . The strongest

countries in the world are actively developing the HPM w2

. The antenna system has become a restrict
ed HPMW development bottleneck % So the research on the antenna system of HPMW stares us in the
face. It is well known that the plasma channel can be induced by ultra short intense laser pulse in low-
pressure gasm .T o solve this problem, the idea of a magnetized plasma channel used as antenna for radia-
ting electromagnetic pulse is presented. T he physical base of Plasma Channel Antenna (PCA) involves e
lectromagnetic waves propagating in plasma channel. Because knowing the characteristics of the eigen

modes is the prerequisites for application in engineering'® , the deduce and analysis of the dispersion equa-
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tion is necessary and significative.

In this paper, the geometrie-model of M PCA is created. T he wave equations for the longitudinal com-
ponents of MPCA in cylindrical coordinate are started with. The relations between the transverse compe-
nents and longitudinal ones of MPCA in circular cylindrical coordinate are given. The strictest character
istic equation of modes for MPCA is deduced by applying the boundary conditions of electromagnetic
fields. T he variations of propagation constants with plasma parameters, surrounding material and external
magnetic field are analyzed by using numerical method. The analyses show that there are some main
differences of PCA between infinite and finite magnetic field. Firstly, the PCA in a finite magnetic field
could only propagate EH or HE models. Second, the phase constant of PCA in finite magnetic field is

hardly related to surrounding material.

2 MPCA s Implementation
The goal of PCA is guiding and radiating electromagnetic pulse (EMP) to hit targets by using the

plasma channel inducing by ultra short intense laser pulse in low-pressure gas. T he schematic diagram of
MPCA is shown in fig. 1. On the condition of knowing the azimuth information of the target, high power
pulse laser emits ultra short intense laser pulse towards some near range target, and the plasma channel
pointing to target is formed. At the same time, high power electromagnetic pulses (HPEMP) are genera
ted by synchronous signal controlling HPEM P generator, and H PEMP are coupled to plasma channel via
antenna coupling device. On the one hand, HPEM P and plasma beam is transmitting synchronously, and
HPEMP head on attack accurately target. On the other hand, the plasma channel is used as antenna for

radiating HPEM P, and HPEM P being radiated from side of plasma channel destroy target.

3 Derivation of the Dispersion Relation

Based on the operating principle of the plasma channel guiding and radiating HPEM P, two factors
are under consideration: one is that the plasma channel is approximately infinite plasma cylindrical for
HPEMP always lagging behind ultra short intense laser pulse; the other is that the plasma channel is
thought to be density uniformity plasma cylindrical along #zaxis. In order to be typical, the surrounding
material is dielectric or magnetic lossy gas. The plasma in channel is magnetized plasma for being the geo-
magnetic field. So the PCA is thought approximately to be infinite uniform magnetized plasma cylindrical

in lossy material. T he geometry of the problem is shown schematically in fig. 2.
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Fig. 1 Schematic Diagram of MPCA Fig.2 Geometry of the Problem

For laser plasma channel, the plasma in channel is cold plasma. T he direction of an external magnet

ic field Bo is parallel to the direction of wave propagation in plasma channel. The plasma is characterized

by the permeability o and the following permittivity tensors'
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where 1= 1- #’ 2=j%: -J & 3= 1- ,%/ 2, p = ,/noez/(me 0) is the electron plas-

ma angular frequency, <= eBo/me is the electron cyclotron angular frequency, no, e and me are the elee-

tron number density, the electric charge and mass of an electron, respectively, Bo is the external magnetic
field, and is the electromagnetic angular frequency.
From equation (1) and Maxwell s equation, the wave equation for longitudinal field components in

plasma channel E,: and H ,: can be obtained:

- &b || En a'Ep:

L)
where *— %/ z'= Il (kb -K)s/ = . ki( 1+ 3)/ - K =d", o23k/1= b, - 02k/1
= 0", o, oand ko are the permittivity, permeability, and wavenumber in free space, respectively. Equa-
tions (2) are the weltknown set of coupled second partical different equations and their solutions in cy
lindrical coordinate system are

Eve = AJu(poir) + A2J2(prar), (3)

Hp: = AriqiJu(ppr) + Azq2 Ju(prer). (4)

where pii = %[(a”+ a")  J(a+ d")P= 4(da" - bDB") ], qu2= (a'— piie)/b", Ja( ) is the Bessel

function, A1, A2 are unknown coefficients.
By the same procedure,we let 1= 3= w, 2= 0in (1) and o = replace o,and the wave equation

for longitudinal field components in lossy gas Ei. and H = can be obtained:

Ei.= BiHY (pur), (5)
Hi= B2HY (pur). (6)
where pr= Jki- £, k= Jww, w= 0w, m= o u arethe permittivity, permeability of surrounding

gas, respectively, and Bi, B2 are unknown coefficients. T he wave factor exp(— jkz+ jn ) has been neglee-
ted in (3) ~ (6).

In order to solve the transverse field, the relations between the transverse components and longitudi
nal ones in circular cylindrical coordinate must be deduced. From equation (1) and Maxwell s equation,

the transverse field in plasma channel E,,, and H pr,, can be expressed in terms of E,: and Hp: as

1 m E)Z . m 1 E)Z . H)Z m 1 H)Z
Hp = M(Al_l‘l_+ A2 r——’—— JAo—r’——As 7—’—), (7)
_ L . m E)Z m L EJZ m H‘Z . l HJZ
Hy = M(— jA 2 . + Al . + A3 P jAo . ), (8)
1 . Ep: e 1 _Ep e Hyp: o1 _Hp
Epr = qp(= jAo === AT = =54+ A2 =5 jAS = =), (9)
E, = Loar L jq0 L By g Heeyopg 1 Hey (10)
M r r r r
where A= = 0 ¢k’ A= ofkS( T— )= K 1], A= kkd o, AT= kk «, A= okd o, AS=  o(kd 1-
E), Ao= k(ko 1— k°), M= [ko( 1— o)— K][ko( 1+ «)- K ].
By the same procedure,we let 1= 3= w, 2= Qin (1) and o w replace o, and the transverse field

in lossy gas Ev.i and H 1,1 can be expressed in terms of Er: and Hi: as

El‘r - ]k 0 0 - j m El,z/ r
E. 0 —jkj w 0 En/(r )
- L | | (11
Hu pr jom =k 0 Hi/ r
HL - J m 0 0 - Jk HLz/(r )

Substituting (3) ~ (6) into (7) ~ (11),the four equations of the coefficients (A1, A2, B1, B2) are
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derived by matching tangentialfield components at r= a. In order to obtain nonzero solutions to A1, A2,
Bi1, B2 the determinant must be zero. T his leads to the following dispersive equation:
[fipm](xpi)=j wqiH (x.)+ n(pigi/xm— k/xi)] [FapiaJ(x2)+ j nH (x1)+
n(pr2Go/xpa— kqa/xi)] = [Fipmid(xp) + j wH (x0) + n(ppiGi/xpm —
kql/x%)] [fzp,%z](xpz)— j o omg2H (x1) +

n(prag/xp — k/xi)] = 0, (12)
Ai+ jASq12 Ao+ jA5qi2 - JAT+ ASqi- AT+ Aoq2
where f1,2= I , gL2= I , Fra= i , Gi2= i , Xpl= pPpla, Xp2=

pr2a, xL= pLa, H(xL): HI(I,Z) (XL)/[.’X:LH le)(xL)],](xPl.pZ): Jn (.’)Cp17p2)/[xl)l,p2]n(xp171)2)].

4 Particular Cases
4.1 Symmetric Mode
Substitution of n= 0 into (12) then leads to
[fipind(xpi=j wqgiH (x0)] [FapiaJ(xp2) +j wH (xc)] = FippJ(xp+ j of (x1)]
[f2pind (x02) = § wqeH (x1)] = 0. (13)
Equation (13) indicates that hybrid modes, i. e., HEwm mode and EH w mode, no longer degenerate
into TEon and T Mon. This result is different from that in the case of no and infinite external magnetic
field.
4. 2 Infinite Magnetic Field
For infinite external magnetic field, the plasma is characterized by the permeabilityand the following
permittivity tensors:
= o diag(l 1, ). (14)
where = 1- Xz, X= ,/ , »= Jnoe/(me o) is the electron plasma angular frequency, no, e and me. are

the electron number density, the electric charge and mass of an electron, respectively, is the electrom ag-

netic angular frequency. By the same procedure, the dispersive equation can be expressed as

[ wxaMH (xn) = xp1J(xp0) J(2p1) ][ wxoMH (xn) = xp2J(x2)] - nz(kﬁo)z(l— M)>= 0. (15)
where pa= xm, pra= xp,p2a= xr2, M= %,plz (k%— kz) ,p2= k- K, p= Jim— k kn= w owkd is
the wavenumber in surrounding gas.

Substitution of n= 0 into (15) then leads to
J(xp2) = wH (xn) = 0forTE, (16)
J(xp)— wH(xn)= 0forTM, (17)
Equations (16), (17) shows that the TM wave is related to plasma parameters and the TE wave is inde-
pendent of plasma parameters. Under conditions
= Im(xm) 1,Im(xp1,2) 1.
The approximate solutions to Equations (16),(17) approaches to

2
b = ko PR o 7, (18)

571‘ — 1— X2 mmr
k'l‘M = kO ,\l ,Zm(+ XZ_) 1

When , (X 1),p1 p2.Thus the dispersive equation (15) becomes
[ wH (xn)= J(xp) ][ wH (xn) = J(xp2)] - ”2(;:%)2(17‘ Ly_ g (20)

X p2 Xm

for TM, (19)
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5 Numerical Results and Discussion

In order to compare the difference of infinite and finite external magnetic field, fig. 3~ 6 gives the
propagation constants of M PCA as a function of plasmafrequency. These figures show that, for infinite or
finite external magnetic field, the attenuation constant tend to increase with the increase of the order n
when ,/ < 0. 8.For infinite external magnetic field, fig. 3— a and fig. 4- a show three aspects. First,
the characteristic of surrounding gas can not effect on the attenuation constant of MPCA when »/ <
0. 1. Second, for the same order, when 0. 1< ,/ < 0. 8, the attenuation constant of MPCA surrounding
by magnetic lossy gas is always smaller than that surrounding by dielectric lossy gas, and the attenuation
constant of MPCA surrounding by magnetic lossy gas reaches minimum value and that surrounding by di
electric lossy gas reaches maximum value. Third, when 0. 8< ,/ < 1, the change of the attenuation con-
stant of MPCA surrounding by magnetic lossy gas is always acuter than that surrounding by dielectric
lossy gas. For finite external magnetic field, fig. 3— b and fig. 4- b show five aspects. First, the charae-
teristic of surrounding lossy gas can not effect on the attenuation constant of MPCA when »/ < 0.5.
Second, for the same order, when 0. 5< ,< < 0. &, the attenuation constant of MPCA surrounding by
dielectric lossy gas is always smaller than that surrounding by magnetic lossy gas, and the attenuation
constants of MPCA surrounding by both magnetic and dielectric lossy gas reach minimum value. T hird,
the numerical results show that the plasma frequency of minimum attenuation is related to the strength of
external magnetic field. Forth, when 0. 8< ,/ < 0. 9,increasing ,/ results in the severe increasing at-
tenuation of MPCA, and the change of attenuation constant tend to fast with the increase of the order n.
Fifth, when »/ 1, the attenuation of MPCA becomes infinite, and this means that the inner modes of
MPCA do not exist.
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Fig. 3 Attenuation Constant of MPCA in Magnetic Lossy Gas Against Plasma Frequency for Various Hybrid Modes
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Fig. 4 Attenuation Constant of MPCA in Dielectric Lossy Gas Against Plasma Frequency for Various Hybrid modes
For infinite external magnetic field, fig. 5 shows three aspects. First, the effect of the plasma fre-

quency on the phase constant is minute comparing with the attenuation constant. Second, when 0. 1<
»/ < 0.8,the phase constant of MPCA in lossy dielectric lossy gas tend to increase with the increase of
»/ ,and that in lossy magnetic lossy gas tend to decrease. T hird, when ,/ < 0. 3,the phase constant of

MPCA in lossy dielectric lossy gas is agreement with that in lossy magnetic lossy gas. For finite external
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magnetic field, fig. 6 shows that the phase constant of MPCA in dielectric lossy gas is equal to that in

magnetic lossy gas and the phase constant tends to decrease with the increase of the order n.
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In order to control length of this paper, propagation constants of MPCA in finite external magnetic

field is only shown in fig. 7~ 11 as functions of surrounding material parameters and external magnetie

intensity. Fig. 7~ 9 gives the propagation constants of MPCA as afunction of surrounding gas loss. T hese
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figures show four aspects. First, the attenuation constants of MPCA reach maximum value with — Im( )
= Maxl and - Im( )= Max2, and Max1< Max2. Second, increasing the order n results in the increasing
attenuation of MPCA. T hird, for the same order n, the attenuation constant of MPCA surrounding by die-
lectric lossy gas is always greater than that surrounding by magnetic lossy gas when ./ = Max2, and the
result is reverse when o/ = Max2. Forth, the effect of surrounding gas loss on the phase constant is mi-
nute, and the phase constant tend to weakly decrease with the increase of the order n.

Fig. 10~ 11 gives the propagation constants of MPCA as a function of </ .Fig.10 shows three as-
pects. First, the attenuation constant of MPCA reaches minimum value with ./ = Min. Second, the at
tenuation constant of MPCA surrounding by dielectric lossy gas is always greater than that surrounding
by magnetic lossy gas when </ < Min, and the changes of attenuation curves are slow. Third, the atten
uation constant of MPCA in lossy dielectric lossy gas is almost equal to that in lossy magnetic lossy gas
when o/ > Min, and the changes of attenuation curves are very fast. Fig. 11 shows three aspects, too.
First, the attenuation constant of MPCA reaches maximum value with ¢/ = Max. Second, the changes of
phase curves are slow when < Max, and the changes of phase curves are fast when ./ > Max.
Third, for the same order n, the phase constant of MPCA in dielectric lossy gas is almost equal to that in

magnetic lossy gas, and the phase constant tend to weakly decrease with the increase of the order n.

6 Conclusion

The efficient method for formulating the characteristic equation is developed to analyze the propaga
tion characteristics of MPCA. T he dispersion equation for the eigenvalue problem of MPCA is obtained.
For infinite external magnetic field, the TEom mode and T Monw mode can exist in the symmetric mode.
However, for finite external magnetic field, the hybrid modes,i.e., HEnm mode and EHnm mode, no lon-
ger degenerate into T Eow and TM ow in the symmetric mode. T he effects of the cyclotron frequency, plasma
frequency and surrounding material parameters on the propagation characteristics are shown. The attenu
ation constant of MPCA is related to the plasma parameters. So the propagation characteristics of M PCA

may be controlled by changing the external magnetic strength.
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Improved k-Means Algorithm Based on a Simple Genetic Algorithm

YIN Pengfei',ZHANG Xiao-dan’
(1. Office of Education Administration, Jishou University, Jishou 416000, Hunan China; 2. College of
M athematics and Computer Science, Jishou University, Jishou 416000, H unan China)

Abstract: k- means algorithm is sensitive to initial value, easy to fall into local minimum value. In response
to these shortcomings, the idea of genetic algorithm is proposed based on genetic algorithm and kmeans
algorithm for hybrid clustering method. In order to test the performance of clustering algorithm, a set of
experiments are conducted by using k-means algorithm and the improved algorithm, and the clustering re-
sults by the two algorithms are compared. It is showed that the clustering algorithm can effectively solve
the clustering problem.
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