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The problem of short pulse radiation by the wire antenna of finite length is considered in time domain.
Physical peculiarities of the change of a pulse form in all space of observation are investigated without any limi-
tation on the antenna length and the form of pulse. The influences of the vibrator length and the spatial duration
of pulse on a wave process are studied. The model of a slowly decaying pulse propagating in a long line is used
as a base of the solution to the problem. The parameter of the decay is chosen from experimental data. The influ-
ence of the high order effects concerning with mismatch between antenna and fider line as well as fider line and

ultrawideband pulse generator is studied.

1. Introduction

Vibrator antennas are widely used as a radiators of
pulse signals in spite of distortion of signal form. The
investigation of the problem in frequency domain
was performed in work [1]. This paper is devoted to
the solution of the radiation problem in time domain
with vector potential method.

2. Statement of the Problem

The radiator of pulse signals is a conductor of length
[ which is disposed perpendicularly to an ideal metal
screen. The geometry of the problem and co-ordinate
system is described in Fig. 1.

Z
)

Fig. 1. The problem geometry

Current distribution on the conductor is pre-
sented as a travelling wave of current, which moves
with velocity of light and has the time dependence in
form of time derivative of gaussian
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where [, is the amplitude value of current, c is the
velocity of light, o defines the duration of the pulse,
« determines the decay of current wave amplitude.
We suppose that thickness of conductor is infinitely
small, and « is a constant.

3. Solution to the Problem

The problem is solved with well-known method of
electrical vector potential. The change of variables in
Maxwell equations in the form

rot £ = —%rotA

yields the following equation in vector potential A:
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where ¢, and p, are electrical and magnetic con-

stants respectively, I isa given current of a source.
Using the solution of this wave equation
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one can derive the following expression for radiated
field in case of infinitely thin conductor:

B(it) = ﬁf{déﬁﬁ)R —(R.R)
l

e
3(I.R)R 41(3,3) N (1,3)32 j (R’R)}dl/
cR c“R



About Radiation of Short Pulses by Wire Antenna of Finite Length

where R =7 — 7', 7 is the radius-vector to the
point of observation, 7' = ['Z, is the radius-vector to
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the current source, I’ (r’,t — | is time derivative
c
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The integration limits must be — and [ because of
influence of the screen.

The value of decay of current wave « is chosen
from theoretical and experimental time dependencies
of the received field for the radiator of the same type
[2]. To take into account reflected current wave we
suppose that it is described by the same expression
(1) but with opposite sign of amplitude and co-
ordinate z .

4. Numerical Simulation

The duration of the input bipolar signal for the nu-
merical simulations (1) is 2 ns, the same as in [2].
Normalized time and angle dependencies of transver-
sal electrical component amplitude for [ =1,64 m are
shown in Fig.2 (R =2 m, near field) and in Fig.3
(R =30 m, far field). The received signal consists of
four parts radiated from the begin and the end of
conductor by initial current wave and reflected one.
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Fig. 2. Time and angle dependencies of amplitude of
transversal electrical component for R = 2 m

Time dependence and spectrum of transversal
field amplitude for different | are depicted in Fig. 4.
It is shown, that the short vibrator radiates signal
with the same form as a time derivative of initial cur-
rent. In case of a long conductor we observe the in-
fluence of the current wave reflection that changes
spectrum but does not increase total energy of re-
ceived signal. ~ We can take into account reflection
from the source of current by the same way as for
reflection from the end of the conductor. Time de-

pendence and frequency spectrum of amplitude of
transversal electrical component for the cases of ab-
sorption and total reflection of current wave from
source are represented in Fig. 5. The case of two re-
flections from source is considered. Radiation losses
cause the decay of amplitude of received field. So,
real distortion of received signal must be smaller for
partial reflections from source of current.
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Fig. 3. Time and angle dependencies of amplitude of
transversal electrical component for R = 30 m
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Fig. 4. Time dependence and frequency spectrum of
amplitude of transversal electrical component for
R = 30 m and different |
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Fig. 5. Time dependence and frequency spectrum of
amplitude of transversal electrical component for the
cases of absorption and total reflection of current
wave from source (R =30 m and [ = 1,64 m)

5. Conclusions

The problem of radiation of a vibrator have been
solved using model of the travelling current wave
excitation. The influences of conductor length and
reflections from fider line are investigated.
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Ob N3JIYUYEHUU KOPOTKHUX
UMIIYJbCOB IMTPOBOJIOYHOM
AHTEHHOM KOHEYHOM IJIMHbI

H.H. I'opobey, A.H. [Jymun, O.A. [ymuna

3amada M3MyYeHUs] KOPOTKUX HMITYJIbCOB MPOBOJIOY-
HOM aHTEHHOW KOHEYHOM UIMHBI paCCMAaTPUBAETCS BO Bpe-
MEHHO# oOnactn. du3ndyeckue 3aKOHOMEPHOCTH H3MEHe-
HUSI (JOPMBI HMITYJIbCA BO BCEM MPOCTPAHCTBE HAOIIOACHUS
HCCIEyIoTCsl 0e3 OrpaHHYeHHH Ha IJIMHY aHTEHHBI M Ha
¢dopmy nmmynbca. VM3ydaercss BIUsiHUE JUTHHBI BUOpaTOopa
U IPOCTPAaHCTBEHHOM JUIMTEIBHOCTU UMILYJIbCA Ha BOJIHO-
Boii mpornecc. Kak ocHOBa pelleHHs: HCIOb3yeTCsl MOJENTb
MEJUICHHO 3aTyXaloIleT0 UMITyJIbCa, PACIIPOCTPAHSIOIIETO-
csl BAONb JNUHHON nuHuM. [lapamerp 3aTyxaHust BeIOHMpa-
€TCsl U3 SKCIIePUMEHTANBHBIX JaHHBIX. M3ydaeTcs BiusHNE
3G (PEKTOB BBICOKOTO TOPSIKA, CBA3AHHBIX C Paccoriaco-
BaHHEM MEX]Iy aHTEHHOW M (HICpPHOH JIMHUEH, a Takke
MeXIy (QUIEpPHON JIMHUEH U TeHEPaTOPOM.

ITPO BUITPOMIHIOBAHHS KOPOTKUX
IMITYJIBCIB IPOTSAHOIO AHTEHOIO
CKIHYEHOI JTOBXXKWHU

M.M. I'opobeyv, O.M. /Jymin, O.0. dymina

3angavya BUIIPOMIHIOBAHHS KOPOTKUX IMITYJIBCIB JpO-
TSHOK aHTCHOK CKIiHYCHOI JOBXHHH PO3TIISAIAETHCS Y
yacoBiii o6macti. Di3nyHI 3aKOHOMIpPHOCTI 3MiHH (opmu
IMITyJIbCy B YChOMY HPOCTOpPi CIOCTEPEIKEHHS MOCITIIKY-
[0ThCS 0e3 OOMEeXeHb Ha JOBKUHY aHTEHH Ta Ha (opmy
iMIynbcy. BuBUaeThcs BIUIHB JOBKWHH BiOpaTopa Ta mpo-
CTOPOBOI TPUBAJIOCTI IMIyJIbCY Ha XBUIIbOBHUIT mpouec. Sk
OCHOBa PO3B’SI3Ky BHUKOPHCTOBYETHCS MOJICNb IOBLIBHO
3aTyXal4uoro iMIyJbCy, IO PO3IOBCIOKYETHCS B3IOBK
nosroi Jinii. [Tapamerp 3aTyxaHHs BHOMpAEThCS 3 €KCIIe-
pHUMEHTAJIbHUX JaHUX. BUBYaeThcs BILUIMB e(eKTiB BHCO-
KOTO HOPSJIKY, IOB’S3aHUX 3 HEHNOTOMKEHHSIM MDK aHTe-
HOIO Ta (iepHOIO JIHI€I0, @ TAKOXK MIX (iIepHOIO JIiHIEI0
Ta TEHEPATOPOM.

374 Radio Physics and Radio Astronomy, 2002, v. 7, No. 4



