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The excitation of linear impedance antenna by an electron beam in an infinite space is considered. The charge of
beam is concentrated on one end of the antenna and excites frequency spectrum of its radiation. The system of inte-
gro-differential equations for symmetric and antisymmetric Fourier current components with respective boundary
conditions is obtained. The solution of the system can be found by the averaging method. The Green function of in-
finite space and the Fourier transformation are used to calculate the strength of electric and magnetic radiation fields

of the antenna.
PACS: 84.40.Ba:29.17 +w

Intensive development of nonstationary electrody-
namics [1] in last decades arouses considerable interest
to impulse - radiating antennas (IRA) or ultra wide-band
(UWB) antennas. These antennas find applications in
the pulse radio-location [2], ground penetrating radar
(GPR) [3], [4], war developments [5], wide-band com-
munication [6]. Original and nonconventional variant of
UWB antenna is the antenna, exited by the electron
beam [7].

The problem of UWB electromagnetic radiation for-
mation includes two components: the antenna system
and the method of its excitation. The curvilinear wire
antenna is perspective type of UWB antenna system, be-
cause one — wire line, which practically have not fre-
quency dispersion, is its basic element. The electron
beam is an efficient instrument of the excitation by
charge the antenna. The advantages of the excitation by
charge are the followings:

— excitation of the whole spectrum of frequencies,
which are inherent to the antenna system (excita-
tion into the end-wall);

— creation of corresponding boundary conditions for
the radiated antenna, which is opened at the end
(maximum of charge).

The linear impedance antenna is considered as a
base model (Fig.).
Boundary conditions are

O(t= 0;x=-L)= 00 (1), ey

O(t=0;x=+L)= 0 ?)

for the linear density of charge at the ends of an antenna

with consideration for the time-space distribution of
beam charge on the antenna surface.

Using the inverse Fourier transformation by the time

variable
+0

0w)= | O(t)e ™'dt, 3)

-0

boundary conditions (1), (2) are rewritten as
OW;x=-L)= Q,,
OW;x=+L)=0.
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Symmetric (s) and antisymmetric (a) parts on the
space variable are extracted for the spectral component
of the linear density of charge

0% (@ %) %(Q(w D+ 00 1), @
0“ @, x)= %(Q(w 2D+ D0 1) (5)

Hence we have
Q(s)(w - L) = Q(s)(w Jt L) =
1 (6)

EQ((‘) ) = Qo 5
0“w,L)= (- DO ,+ L) =
1 1 (7)
7 3 oW )= 5 9
Taking into account the relation [8] (p. 57)
YO - i 0., ®)

dx

the problem of excitation of the antenna by the arbitrary
charge (Q,) is reduced to the problem of excitation by

the spectral component of partial derivative with respect
to space variable for the electric current along the anten-
na.

As this takes place, the symmetric J* (w,x) and

antisymmetric J“) (@ ,x) spectral components of the

current strength along the antenna are described by the
system of integro-differential equations [9]

dzJ(s)(w,x)+ 0’

) N
de CZElJ J (w’x)
- a[ FO(“')[x,J(“‘)]+ ﬁo(s)[x,.](.w]Jr F(’“)[x,J(“‘)]+
(- ioee, 20 ,) |, ©)

2 1(a) 2
d Jd (Zw,x) . ai J(a)(w,x):
X

c’ell
=] FOLx,s@

s ﬁo(s)[x,J(“’]+ F(“')lx,J(”]+

+ (- l)iOJSSOZ D.](")(a) ,x) ], (10)

where €.l are, respectively, permittivity and perme-

ability of a medium, in which an antenna is situated;
1 ;

a = E[In(?_L/ a)] ' (a is the radius of a vibrator) is

the small parameter (0 <<I); components of type

F, (S)Ix J (S)I are the integro-differential operators; 7

ZS ’ 7
2na

is the internal impedance of a vibrator (Z = B
is the surface impedance of a vibrator).

This system is complemented by the boundary con-
ditions

dJo,-L)  dIe L) _

1 dx 1 dx (11
= Ei(t)Q(ﬁ)): Eino ,
dJw,-L) . dJw.+L)_
R el O | P L Al
dx dx (12)

= —zw OWw)-= —zw o,

which follow from (6), (7), (8).

The solution of system (9), (10) with boundary con-
ditions (11), (12) provides in the asymptotic approxima-
tion (with a precision to values of the order 2 ) a spec-

tral component of current strength along the antenna
Jw,x)= T, x)+ J0,x),  (3)
where J(S)(w ,x) and J(”)((/) ,x) describe a spectrum
of symmetrical and antisymmetric oscillations of current
strength.
The strength of electric and magnetic fields, which

are radiated by the spectral component of current along
the antenna [10] (p.10)

2
E(w ,r) = ngad(r)div(rﬁ az) EX
cell
. N2y 2, 2 14
‘L elﬁ (x-x') ty“tz ( )
X J'J(a) x') dx' )
Jia-x) e 2 s 22
H(w ,r) = (- l)la) £€ yrot(r)x
L e (15)
J’J(a) x) a’x' .

Ja- 2y ey 2
Thus, in the linear impedance antenna, which is exit-
ed by the beam, the time dependence of electric current
is
+ 0
J(t,x)= — I J,x)e""dw (16)
and in the space-time coordinates radiated the electro-
magnetic field is

- -

E(t,r)= — fE(a) ,r)e'do (17)
|

H(t,r)= H(a) re”'dw . (18)

Notice that in the case of a curvilinear antenna the
system (9), (10) becomes coupled. The analysis of
curvilinear impedance antenna of two-dimentional and
three-dimentional space configuration can be reduced
by the above-given method to the analysis of two and
three coupled linear impedance antennas, respectively.

This work was executed under the information sup-
port of the project INTAS 00-02.
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O BO3BYXJIEHHUHU SJEKTPOHHBIM IIYYKOM JIMHEMHOMW AHTEHHbBI
C. Ipuitmenxo, 10.@. Jlonun, J1.A. bonoapenxo, H.H. Onuwenko

PaccmoTpeno Bo30ykIeHHE JTMHEHHON aHTEHHBI JIEKTPOHHBIM ITyYKOM B HEOTPaHWYEHHOM IPOCTpaHCTBE. 3a-
PSA ITydYka KOHLEHTPUPYETCS] Ha OJHOM M3 KOHIIOB aHTEHHBI M BO30Y>K/IaeT YaCTOTHBIN CIEKTp ee n3mydeHus. [o-
JydeHa CHCTeMa HHTEeTrpo-anpdepeHIIManbHBIX YPaBHEHUH i CHMMETPHUYHOW M aHTHCHMMETPpUYHON Dypbe
KOMITOHEHT CHJIBI TOKa C COOTBETCTBYIOIIMMH I'PAaHUYHBIMH YCIIOBUSIMH. PerieHue cucteMbl MOXKET ObITh HailIeHO
MeToioM ycpenuenust. @yHknus ['prHa HeorpaHHYEHHOTO NMPOCTPAHCTBA U Ipeodpa3oBanne Dypbe NCIONB3YIOTCS
I TIOJTYYCHUS HAIPAKCHHOCTHU JICKTPUYCCKOI'0O U MArHUTHOT'O noneﬁ, N3JIy4aC€MbIX aHTEHHOM.

PO 3BYKEHHS EJTEKTPOHHUM ITYUYKOM JITHIMHOI AHTEHU
C. /. Hpuiimenxo, FO. . Jlonin, J1.0. bouoapenxo, I. M. Oniwenxo

PosrisiayTo 30yIKEHHS JNHIMHOI aHTEHHW ENEKTPOHHHM ITyYKOM y HEOOMEKEHOMY MpPOCTOpi. 3apsn ITydka
KOHIICHTPYETBCS HAa OJHOMY 3 KIHIIIB aHTEHH 1 30yIKye YacTOTHHH CHeKTp ii BUmpoMiHIOBaHHA. OTpUMaHO
cUcTeMy iHTerpo-IudepeHIiHHIX PiBHAHD JUII CHMETPUYHOI 1 aHTHCUMETpUYHOI Dyp'e KOMIIOHEHT CHIIU CTPYMY 3
BIJIMIOBIIHUMY TPAaHWUYHAMH YMOBaMH. P03B’s130k cucteMu Moxke OyTH 3HalIEeHO METOJOM ycepeaHeHHs. PyHKIis
I'pina HeoOMexeHOro mnpocTopy 1 mnepeTBopeHHs Dyp'e BUKOPHCTOBYIOTBCS Ul OJEpKaHHS HAIPYKEHOCTI
€JIEKTPUYHOTO 1 MarHiTHOTO TOJIiB, 10 BUPOMIHIOIOTHCS] aHTEHOIO.
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