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Transient Field Calculation of Aperture Antennas

Sergey P. Skulkin and Victor I. Turchin

Abstract—The method of transient field calculation for large obtained for all observation points in the half-space in front
aperture antennas is proposed. It is shown that in the time of the aperture.
domain, _the (_:alculatlon of the_tran5|ent field is relatively S|mp_le The properties of UWB antennas can be completely charac-
for all points in the half-space in front of the aperture. The basic . . . .
properties of the transient field are discussed. tgrlzed by the rad.|ated fleld-s spatial-frequency dependgnce

E(w, ), where 7 is the radius vector of the observation

point and w is the circular frequency. In contrast to the
monochromatic antennas wheveis a constant, for the UWB
antennas the functional dependerites, 7) as a function of
I. INTRODUCTION w is significant because this dependence determines the form

EQUIREMENTS to increase the information content off the radiating pulsét(t, 7) (wheret is the time variable) at
radar and communication systems result in a bandwidife Point7. The latter is the Fourier transform of the former

increase and are a reason to investigate and describe the
transient fields from ultra wide-band (UWB) large antennas = / = it
. . Eit, )= | Elw, 7 dw. 1
[1]. Furthermore, a need for such an analysis occurs in near- (& 7) (w, e “ @)
field time-domain antenna measurements [2]. In these cases,
not only is the' tran§|ent fe}r f'?ld of interest. The Spa_t'all'ﬁ E(w, 7) is calculated for a unit complex exciting amplitude
temporal near-field distribution is also useful to the optima = . .
antenna arranaement on the complex obiects at everyw, then E(¢, ) can be considered as the totality of
. g pe ) : the pulse radiating characteristics (PRC) of an “antenna-free
Mention must be made that many issues of the theory of an_ .
. o . sSpace” system for each poiribf the space around the antenna
impulse radiating antenna (IRA) are discussed by Baum, F ]. In this case, the radiating antenna transient figl¢, 7)
and Giri [3]-[8]. The transient field from the circular focused =’ o . : X
) . ) . . Jor the polarization characterized by the unit vectocan be
aperture with uniform field distributions was considered Nefined as a convolution
[3]. Much attention is given to the IRA, which consists of a
reflector antenna fed by a large-angle conical TEM feed. It .
was shown that a radiated field includes three distinct parts. Se(t, 7) =& E(t, 7) * So(t) (2)

The first of these is the direct radiation from the feed structure

(prepulse), which has a low magnitude and lasts for a faitfyj,ore 6, (#) is the antenna input waveform adlt, 7) is the
long time. This is followed by an impulse, which 1asts 0% e, transfer function in the time domain, respectively. We
a brief time and is high in amplitude. Finally, there is @ o that the antenna transfer function in the time domain is

tail expected after the impulse. Closed-form expressions fé’élculated more simply than in the frequency domain, where,

prepulse were presented in [4]. Analysis was extended iip e pest case, the antenna near field can be represented

include the diffracted fields from the launcher plates and t%%alytically by a series of special functions [10], [11].
circular_ fim of thg reflector [5]. It was sh_own that there is an For large antennas, the transfer function calculation can be
exact time-domain match of the spherical and planar TEN,anized into two independent parts. The first is the transfer
waves (lnhomogenepus) at the reﬂector [4]__[7]' The eXaghction of the primary radiator. The calculated results for such
expressions for_the fields on boresight for a circular apertwe - \nas are given, for example, in [12]. The second issue is
were .obtalned in [8]. . . . the calculation of the transfer function of the aperture itself,
While the abovementioned works describe basic propertiggmeq by the reflector or array of primary radiators. In the
of transient fields of an IRA, many questions aré yet 0,qe of 4 reflector antenna, the primary radiator pattern can
be investigated. In this paper, the exact expressions for {le . cidered as the aperture illumination functig,, w)
transient fields radiated from a circular plane aperture Aferer, is the radius-vector of a point on aperture plane). In

the case of an antenna array, the primary radiator pattern is
introduced into the integral as the integrand factor (provided
Manuscript received February 19, 1996; revised May 22, 1998. This woyjia ignore the coupling between array elements, etc.).
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sient analysis.
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projectionE, (w, 7) on the unit vectog can be represented as

W
E ?) — = 2 2
(W, 7) e //g(u,w)'v(hu)
Sa

6i(u;/c)|1_"—1_"a|

a

3
where S, is the aperture regiong(7,, w) is the aperture
illumination function, andy(7, 7,) is the factor defined by
the pOIE_‘”Zat'On relations. In p"_ﬂt'cu'ar’ for a long focal IengtF—'ig. 1. The curve of intersection of the sphere with radius and the
parabolic antenna, we approximate the aperture suiaG@s aperture plane. Heré,, is antenna aperture.

a plane and for the basic polarization we assume

|F_ 7_’:1|

oo w) ~ f<$—/ Y w) wherel is the curve determined from the equatipfr, ) =
T FF’ 0; = = z(v), y = y(v) is a parametric representation Bf

crlg is the element of length df. It is supposed here that the

s6lution of the equatiop(z, i) = 0 for =, y € S exists and

determines a unique cunde. If for all =,y € S, ¢ > 0 or

@ < 0, then the integral (8) equals zero. For the integral (8),

V(7 7o) 2 (71, 70)? (4) the equation determining the curdeis

where 2/, 3/ are the Cartesian coordinates on the apertu
plane, F' is the focal distancef(¢, n, w) is the pattern of
the illuminating radiator¢, » are the direction cosines, and

wherery = (7 — #,) /|7 — 7|, 7 is the normal to the aperture |7 — 7| = ct. 9)

[13]. Here, for a wide-band illuminating radiator, we will

assume that the aperture illumination function and the shapdn three-dimensional space, (9) describes the sphere with its
of the illuminator’'s radiation pattern are independent of theenter at the poinf’ and radiusct (c is the speed of light).

frequency The sphere crosses the aperture planecfas =, wherez is
. o~ the distance from the pointto the aperture plane. Similarly,
9(7a, w) = g(Fa)win(w). (®) it is obvious that forct < z, E, = 0. CurveT (a locus of
Based on (5), the radiating antenna transient f&l, 7) intersection of the sphere and the aperture plane) is thg circle
for polarizationé can be represented as | with radiusb = /(ct)* — z* and the center at the poirf
4 where/ is the projection of vector on the aperture plane (see
Se(t, ) = So(t) * Siu(t) * <_ E.(t, m) (6) Fig. 1). For this circle|"— 75 || gradl/c|# — 7a|)|; o = b/c,
dt hence
where S;;(¢) is the pulse radiating characteristic (PRC) of 0, (@)
the illuminating radiator, it is defined as the Fourier transfor- g = — 1
i tor, it : : (=9 1 277, 7o)g(7a € L) dy (D)
mation of wy;(w), dE./dt is the Fourier transformation of oh COS™AM, 70)9\Ta © La) &Y
—iw E.(w, 7). Taking into account (3) and (6), we can write ¢ (10)
1 I', is the part ofl", belonging toS,. In the case (a), we have
R 1 g(Ta)¥(T, 7’,,,)6<t TG |7 — ml) I, ¢ S,. For the constant amplitude distribution over the
E.(t, 7)) = — —— dS,  aperturgy(7,) = 1inthe case (b), there follows the elementary
2 |7 — 7% -
; e formula for E.:
(7) i Y
where§ is the Dirac delta function. It is essential for represen- E.(t, 7) = cos™(i, 7o)¢/(2m) (11)

tation (7) of E. that (3) and (5) are correct for all frequencies L o

—0 < w < oo, whereas (3) is suitable for field calculationdVhere anglep is given in Fig. 1. _

of antennas with the aperture diamefe; much larger than Such a_transformatlon in the physical sense can be e>_(pla|ned
the wavelength and (5) does not hold for all frequencies. JHae following way. If each element of the aperture radiates a
overcome this constraint we will assume that the energy ofPUISeé at the moment = 0, then, at the moment, > 0,
pulse signal § is concentrated essentially in the frequenc?]e field at the point” is defined only by elements lying on
bandwmin < @ < Wmax aNd Dy > 27¢/wimin. Although (7) he circle or its part where the sphere®f radius and center

would still not be formally correct, in this case will enable u&t 7 Point crosses the aperture plane. The field amplitude is
to obtain the right result foi, (t, 7) defined by the weighted integral over the given circle; the latter
(¢, 7).

in many cases can be expressed by elementary functions.

[I. CALCULATION TECHNIQUE

To calculate the PRC let us take a formula for an integral lll. NEAR-FIELD FORMULAS

containing as function of complex argument [19] Let us now introduce the cylindrical coordinate system
Fl2(v), w(1)] (p, ¥, 2), the center of which coincides with the center of
// [z, y)ble(z, y)] dz dy =/ v, BVLEY the circular aperture of radius. Using (11) and taking into
s r 197adelemo(y), y=y(») account that the field depends only arp, z, we obtain by

(8) means of integratior®, (t, p, z) = (22/(ct)®)(1 — ¢(t) /).
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Fig. 2. Spatial-temporal amplitude distributioRi, (', p = a/4, =) for
circular plane aperture.

Substituting the expression fgr, we obtain in the limits of
the projector area, i.e., at < a,

Ee(tv P Z) =
( 07 O<ct<z
22
(ct)Q’ z<ct
<72+ (a—p)?
22
7(ct)?

a
| ™ — arccos

<722+ (a+p)?

V22 + (a+p)? < ct.

(12)

\07

Outside the limits of the projector area, i.e., for- a,

Ee(t7 p7 Z)
(0, 0<ct < /22 +(a—p)?
52
——— arccos
m(ct)?
= —a’ 4+ "+’ 13
- - 7 7 >2 _ 2 ct ( )
oy VEHlemer<
<z +(a+p)?
L 0, 22+ (a+ p)? < ct.
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Fig. 3. Spatial-temporal amplitude distributiﬂh(t’, , z = a) for circular
plane aperture. Fogs/a < 1 we use (12); forp/a > 1 we use (13).

the pulse duration also decreased, and the PRC form tends to
the form of theé-pulse function.

As p increases in the limits of the projector area, the leading
edge of the pulse remains invariable, the duration of the
pulse trailing edge is increased. Asincreases outside the
limits of the projector area, the pulse edges are broadened, the
amplitude drops and the pulse duration tends to the v2due
Outside the projector area the steepness of the leading edge
is larger than the trailing one; this is due to the nonlinear
dependence of tharccosfunction argument on time.

Based on the above described PRC peculiarities, we note
that in the near zone the antenna transfer function has two
impulses corresponding to the leading and trailing edges of
the PRC [2].

IV. FAR-FIELD FORMULA

At infinity the field at each moment of time is defined
as the integral over the line of two plane intersection. The
first one is the aperture plane and the second one (viewed
as the sphere of radiug r — oc) is the plane inclined
by the angled to the aperture plane and given in the form
E.(t, 6, p) — (1/r)f(t",6), r — o, wherez = rcosf,
p=rsinb, ct’ =ct—r

0, asing < |ct”|
2
sin? 6

/(asin )2 — (ct”)?,

f@", 0)

lct’| < asiné
(14)

The diagrams of these functions are given in Figs. 2 aggr 9 — 0f(t’, §) — =wa?6(¢"). Diagrams depicting the
3. Here, for simplicity’s sake, we introduce new variablgansient far field at three different angksre given in Fig. 4.

t' =t — z/c. It can be seen that with smallthe PRC turns
into the short pulse due to the aperture element pattefet ).
Whenp = 0, i.e., on the axig, E.(¢, p, z) has the form of a

V. DISCUSSIONS

rectangle multiplied tqz/ct)?, whereas: increases the delays The PRC for circular plane apertures have been obtained for
of the leading and trailing edges vary with different velocityall observation points in the half-space in front of the aperture.
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Fig. 4. The far-field time-domain dependence fdt'’, ¢) for the circular
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plane aperture.

20
The formulas obtained turn out to be simpler than those f([)r]

aperture antennas in the monochromatic case [10], [11].
The PRC formulas can be used in the error computati

These errors are generally associated with near-field pecu-
liarities. The error computation can be done for different

probe patterns because this pattern can be introduced to
the integrand in (7) and the strict PRC will be obtained

by taking the probe pattern into account [17]. The use
the PRC method enables one to understand that far-fi
time-domain dependence (restored by measurements of
near-field antenna responses to ultrashort pulse using

method of data transformation described in [18]) is define
by the short initial part of this response. This conclusio
allows one to reduce distances to surrounding objects
a few wavelengths in the case of near-field time-domal
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