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Abstract—In a previous paper [1], we studied transient radia- strengthgq(r). The source defined in (2) could represent a
tion from scalar collimated volume source distributions subjected discrete collection of point radiators (e.g., a 3-D antenna array
to impulsive excitation. In this paper, we extend our analysis ¢ isqiropic radiating elements) or a spatially continuous distri-
and results to the case of nonimpulsive excitation, paying special buti f h radiat te that in the di t lizati
attention to the parameterization of the radiation pattern of ution or such ra _'a ors (note a_‘ In h e discrete realizanon,
three-dimensional (3-D) ellipsoid source distributions driven by the spectral shaping of the far field is also affected by the
square pulses of finite duration. We study the role both of the interelement spacings). A special case of such distribution is
source’s space distribution and of the square pulse duration on a uniformly distributed source wherein all point radiators are

the generation of well-collimated short-pulse fields. In particular, driven with the same strength: specific examples of uniform
we explore the source’s angular and range resolutions as func- )

tions of the transverse and longitudinal dimensions of the source parallelepiped source distributions have_) been C_onsi_dered in [1].
(for a fixed source volume) and of the pulse duration. In the present paper, we explore uniform ellipsoidal source
distributions whose axis coincide with the axis in (2)
for which closed-form expressions can be obtained for all
radiation directions and for all observation times. Furthermore,
|. INTRODUCTION since the ellipsoidal shape may be continuously changed
N a previous paper [1] we investigated the radiation proffom @ prolate to an oblate spheroidal shape, the closed-form
erties of scalar wave field#/ (r,¢) radiated by three- results explain t_h_e different _radlatlon characte_nst_lcs _of both
dimensional (3-D) sources to the scalar wave equation elongated, quasrlmgar traveling wave source distributions and
guasi-planar broadside pulsed distributions, as well as those
(vz _ iﬁ) Ur,t) = —47Q(x, 1) @ of 3-D sources with comparable longitudinal and transverse
’ ’ dimensions. Finally, while the analysis in [1] has concentrated
on impulsive sources [i.e(/(t) = §(¢) in (2)], which gen-
erate near the beam axis singular field terms that cannot be
parameterized, the emphasis here is placed on finite pulses
Qr,t) = qo(r)G(t — 2 -v/c) (2) (specifically on square pulses).
Our interest in the source distributions considered above
where, without loss of generality, the main beam direction wasises from the fact that they yield highly collimated pulse
chosen to be the positiveaxis (z) and the space distribution beam fields with high degree of angular and range resolutions

Index Terms—Transient propagation.

paying special attention to sourcéXr,t) having the space-
time separable form of a “traveling wave”

q0(r) was normalized so that when they are driven by very short pulggé) [1]. Motivation
for the source structure in (2) is also provided by the possibility
/dI‘/fJo(I’/) =1 (3) of building 3-D pulsed antenna arrays composed of identical

electrically small photoconducting elements [2]-[4]. These

In order to compare the radiation performance for differemintennas, made of 1lI-V compound semiconductor wafers,
source parameters we have considered the source’s vdlumeadiate microwave pulses when triggered by short duration
as invariant. (e.g., picosecond) optical pulses. A 3-D array of such pho-

The class of sources defined in (2) represents a distributi@@onducting elements can thus be realized using fiber optics
of nondispersive isotropic point radiators, all of which radiand optical splitters, the latter to control the excitation strength
ate the same time signatufg(t) but with space-dependentassociated with each element as dictated ¢bfr) in (2)
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The source model defined in (2) can thus be viewed as an
approximation to a 3-D distribution of electrically small (and
thereby quasi-isotropic) photoconducting elements excited by
a space-dependent amplitugigr) and with progressive time
delayz - r/c along the main beam directiain

This paper generalizes our work in [1] by considering
transient radiation from volume source distributions excited by
finite duration square pulses. Our goal is to explore the role
both of the excitation pulse duratidl and of the length-to-
width ratio ¢ = L/a (where . and « are, respectively, the
longitudinal and transverse dimensions of the source distri-
bution) in establishing a highly collimated pulsed field with
a high degree of angular and range resolutions. The angular
resolution will be quantified from the directional properties of
the time-domain radiation patterd'(x, t) characterized by the
peak amplitude and energy patterns while the range resolution
will be determined from the pulse duration Bir, ¢). Special
emphasis will be placed on the far-field properties near the

main beam direction. ig. 1. Schematization of (G)T(é ) is the Radon transform along the
L 0{S, s
The work reported here encompasses that of Harmuth @?axis obtained by integratingo(r) on surfaces orthogonal t§. The

where the peak amplitude, energy, and slope patterns of a lifire-domain pulsed-radiation pattefis (&, ¢) is related ta, via the scaling
ear (one-dimensional) array composed of elements that radiatés)-
far-field square pulses are derived using simple geometrical

arguments. Also, the Radon transform radiation integral, whighajong which the projection is compute@(é, 5) is shown

is the starting point of the present analysis, is a special cagethe left portion of the figure as the plot of the areagqgf

of the theory in [7] (formulated for electromagnetic source@omputed along the planes &€ =swith s being a parameter
that applies to any time-dependent source distribution [Ngfong the¢ axis. The time-domain pulsed-radiation pattern is
necessarily of the form in (2)]. We would also like to mentioBhown in the right portion of the figure and is obtained from
that even though we restrict our attention to ellipsoidal volumﬁ(é s) by mappings — —ct/¢ and scaling the amplitude by
source distributions, the formulation presented here is ratr@@ Referring to Fig. 1, we see that if the source dimension

general and can be applied to any 3-D source configurationjQfihe ¢ direction isA(€), then the pulse duration of,(z, t)
the form in (2). In what follows, we adopt the notation usegdjong the observation directiah is

in [1].

Il. REVIEW OF THE GENERAL THEORY

The time-domain radiation patterA(t,t) is obtained by
asymptotically evaluating the radiation fidltr, t) asr — oo,
thus vyielding [7], [8]

1
U(rr,t) ~ —F(x,t —r/c). 4
T
For the special case of the source in (@), t) reduces to [1]
F(r,t) = G(t) * Fo(,1) (5)

T(x) = EA(E)/c. (7)

Similarly, the temporal peak amplitude—defined as the max-
imum amplitude (over all time) of the time-domain pulsed-
radiation patterr¥,(x, ) in a given direction—is given by

Fomax(£) = ¢ Amax (€)]/€ (8)

where Amax(é) is the maximunl projection of the source’s
space distributionyy(r) onto theg axis.

I1l. TIME-DOMAIN PULSED-RADIATION
PATTERN: ELLIPSOID DISTRIBUTIONS

where * is used to denote temporal convolution and where We consider uniform volume-source distributigp$r) with

the time-domain pulsed-radiation patterfy(r,t) (e.g., the
source’s impulse response) is given by [1]

Fy(i, 1) = gq—o(é, 5) (6)

s=—ct/€

where¢ = &€ = #—z (hencef = 2sin 0/2) andgy (€, 5) is the
Radon transform of,(r) evaluated at the plane¢ = s. Thus,
for fixed ¥, the time-domain pulsed-radiation pattefi(r, ¢)

the shape of an ellipsoid that has rotational symmetry with
respect to the: axis and with radial and axial dimensions
and L, respectively. To comply with the source normalization
in (3), the source’s magnitude is taken to be

1y, Ty <l
no(r) = {O/ else S

(9)

with V' = Za”L being the source’s volume. Henceforth, we

is defined by the projection ofo(r) onto the line directed shall express the source dimensiomsand L in terms of

along the unit vectok.

the volumeV and the length-to-width ratié = L/a. Thus,

A schematization of (6) is depicted in Fig. 1, which shows = (6/7)'/3V'/3¢=1/% and L = (6/x)'/3V"(*/3, By doing
the planes: - £ = s that lie perpendicular to the unit vectorthis we may now compare sources with the same volume
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Fig. 2. Peak amplitude pattern of ellipsoidal source distributions undeig. 3. Far-field pulse duratioff’ of ellipsoidal source distributions under
impulsive excitationfy max as function off (in degrees) fo¥ = 0.2,1,5. impulsive excitation versug (in radians) for/ = 0.2, 1, 5.

V (and thereby the same input endigfor different values hence, the peak amplitude radiation pattéfn..(¢) and the
of the parametef. Furthermore, when comparing elongate@nergy radiation patterty(¢) under impulsive excitation are
sourceg? > 1) with flat sourceg¢ < 1), we shall consider, in identical within a multiplicative factor.
particular, sources with the same maximum dimension definedn the limit ¢ — 0 we obtain from (11)
as the diameter of the smallest sphere completely enclosing T(0) ~ (6/7) 13V /3= 1130/c (15)
the source. Therefore, we shall compare the results for an
elongated source with, say,= ¢, > 1 with those of a flat hence,l'(¢) decreasesnonotonically with¢ (for fixed ¢ ~ 0),
source with¢ = (72 while from (12), (14), (15), bottF}, wax(¢) and.S(6) increase
Using the general Radon transform relation in (6), it igwonotonically with/. Under impulsive excitation, elongated
found in the Appendix that the time signature &f(r,t) (large!) sources thus produce far-field pulses of higher ampli-
for the ellipsoidally shaped distribution in (9) has, at a givetde and shorter duration in the main-beam directian 0.
observation direction: with polar angled, the shape of a  Fig. 2 shows plots of the peak amplitude radiation pattern
parabola Fy max(8) for ellipsoid source distributions with length-to-
B 6 ] < L7(e) vv_idth ratios/ = 5, 1, a_nd 0.2. These plots reveal that for a
Fo(6,t) = {ST(ﬁ) GO olse 2 (10) givend ~ 0, higher radiated energy and peak amplitude (and
' thereby peak power) is available for largé(i.e., elongated
where distribution case). The presence of a secondary radiation lobe

at# = = for the small¢ (planar source) case is also observed.
T(0) = ¢~ (6/)' /3= 3V 3 5in 04/ 1 + €2 tan?(0/2) Plots of the pulse duraticfi(#) for the case$ = 5, 1, and0.2
(11) are shown in Fig. 3. We found that the dependence of
the pulse duration is monotonic only fdr < 1 and, more
is the time duration of'(¢, ). The peak amplitudén imax(f)  importantly, that the pulse duration for a fixédn the vicinity
is readily seen from (10) to be (see Appendix) of the main-beam axis (i.ef} ~ 0) is shorter for larger.
3 For physical interpretation of the abovementioned effects, the

Fomax(0) = maxy[|Fo(0,1)]] = 27(0) (12) interested reader is referred to [1].

Following the discussion in [1], we define the energy
radiation pattern

IV. TIME-DOMAIN RADIATION PATTERN
UNDER SQUARE-PULSE EXCITATION

S(#) = 7T/OO dt|F (i, )| = /Oo dw|f (&, w)|? (13) In this sgcti_on, we investigate the properties _of the time-
0 domain radiation pattern generated by scalar ellipsoid source

where f(i, ) is the frequency-domain radiation pattern, i.e_ollstrlbutlons driven by unit amplitude square pulses having

the temporal Fourier transform &f(x, ¢). Thus, the energy ra- time durationiV’, i.e.,
diation pattern of ellipsoid distributions subjected to impulsive G(t) = I, 0<t<W (16)
excitation is found to be 0, otherwise.

— 00

(0) = 6m (14 We shall present the results in terms of the normalized pulse
57(8) duration

1valid for sources of the form (2) that are uniformly excited. W= CI/V/V1 /3, a7)
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The time-domain radiation pattefii(x, t) is now computed pulse duration$? [see (17)]. Note the angular region near the
by convolving the square pulsé(t) of (16) with the time- beam axis wheré:,., = 1, which is more visible for the large
domain pulsed-radiation pattedft,(#,¢) of (10) and (11). In W case. As expected, high directivity is obtained in the large
performing the convolution, one identifies two distinct angular smallZ limits. This result is related, of course, to the overall
domainsé < ©,.(¢,W) andé > ©,.(¢, W) where linear dimension of the source distribution (i.e., the diameter
of the smallest sphere completely enclosing the source), which

Oc (£, V) becomes increasingly larger fér> 1 and? < 1. The plots
1/2 A A .
| =1 TF (7 /6)BEBE 1) also provide insight into the need for excitation pulses of short
= 2sin 202 — 1) duration (relative to the source’s size) in order to achieve good

angular resolution.
(18)
For (m/6)2/3¢2/3(£2 — 1)W?2 < 1 this expression yields B. Peak-Amplitude Beamwidt.
B 1 /7\1/3 B In order to explore the effect ¢fand}¥” on the beamwidth,
O.(6, W) = 2sin~" [5 (g) £1/3W]~ (19) we shall refer to the angl®, defined in (18). From (23) this
angle is readily identified as the 0-dB beamwidth. We have
This approximation also provides the limit of (18) &at= 1. also studied numerically the behavior of the 3-dB beamwidth
©. is defined by the condition that fat < ©,, T(0) < W  of the peak-amplitude radiation patteffiy... (), but the results
while for ¢ > ©,, T'(¢) > W whereT'(0) is defined in (11). (not shown) where similar to those obtained €.
Accordingly, for¢ < ©, there is a time interval denoted as We consider first the limiting cadé” < 1 (quasi-impulsive
T/2 <t < W —T/2 where excitation). In this case, we obtain from (18)

G(t)*FO(G,t):/tho(G,t):/dr’qo(r’):l (20) O (6, W)lw—g ~ (n/6)! /202 (24)

For large planar sourcé$ < 1), this approximation is valid if

where we have also used the normalization in (3). By manipy . L
. X . < 6/m, while for large elongated sourcé$>> 1), it is
ulating the convolutiorZ(¢) * F,(#, t) separately in these two valid if a/{/B/ﬂx < (6/7)1/49_ Thus gunder thesééécondi)tions e

angular regions we obtain (21), shown at the bottom of trFl%\t sources are seen to yield better peak amplitude directivity

?Oigg’iorg = g f)rin?l SZT)( ; hEV\g; a_t tg e:e():lfem f(:(f)rt:e(zpla)\ge[han the elongated ones. Note also that the impulsive excitation
PO =0 tS'_ G(t) as 'ex e&ed - ' " limit (W = 0) yields ©. = 0 independently of!. This, of
R P ' course, is in agreement with results reported in [1], where
. the normalized peak amplitude radiation patterns of elongated
A. Peak-Amplitude Pattern and planar sources were found to exhibit identical angular

The peak-amplitude radiation pattefy... (¢) is found from dependence in the vicinity of the main beam direction.

(21)-(22) to be The condition in (24) applies for both elongated and flat
1 <0 sources as long as the excitation pulse is short enough as
Frox(0) = max, [|F(0,1)]] = 2;1(4/9) _ 2[7%3)]3 9 g @: specified above. An_other possible_limit is for a large elongated
source(¢ > 1) excited by a relatively long pulse such that

23) (W3/% > 1. In this case (19) yields
Note that in the _smaIW_ limit, (_23) yie_lds_me(G) ~ % 0.(, ) = /2(r/6) /0 0= /3737112 (25)
which agrees with the impulsive excitation result (12) (apart
from the factorW arising from the fact that in the squarewhich tends to zero a§ — oo subject to the condition
pulse casef dt G(t) = W). V3 > 1.

Fig. 4(a)—(f) explores the combined role of the pulse width Fig. 5 shows plots of2. versus{¢ and parameterized by
W and of the radiator shape on the peak amplitude radiatidifferent values ofV'. For a fixediV, there is a value of (say
pattern Fryax(#). The figure shows plots ofy,.x(€) for £ = £;) where®, reaches a maximum and the angular resolution
100, 10, 1 (sphere).1, and0.01 and for various normalized is poorest (for a source with a given volume and pulse length).

R —T/2<t<T/2
F(0,t)=< [dt Fy(6,t) =1 T/2<t<W-T/2 (21)
T+ Wty FHW -t —T/24W<t<T/2+W

L B— ~T/2<t< W =T/2
F(0,t) = 3% — Z(W? —3W2t+3W%) W -T/2<t<T/2 (22)
s+ta(W—t)— =W =1  T/2<t<W+T/2
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Note also that for largél’s, there is a range of where®,  will be found from the analysis of in the regiond > O,
reaches its maximal possible valaeso that the source doeswheres is described by (28). The leading term {i) in this

not exhibit any peak-amplitude directivity. expression is given bys(d) ~ % ~ g(%)”'*ﬁ/?%g—w/’v,
_We also explored analytically the variation &f with where the second approximation follows from (15). The 3-dB

W using (18), thus finding that, decreases monotonicallybeamwidth obtained by solving(#) = L is therefore given by

with W. Moreover,{;, — oo asW — 0 (quasi-impulsive

case). Hence, optimal selection of the shape of the radiator is e 12 (z)l/Sgl/SW _ B@c (31)

accomplished in the quasi-impulsive ca$€ (~ 0) by using 5 \6 5

the smallest possible value 6f(i.e., a planar source). and is smaller for flat sources (smd). One therefore con-
cludes that flat sources provide better energy focusing than

C. Energy and Correlation Patterns elongated sources of comparable volume. Note in addition that

Next, we shall explore the directional dependence both 8inces(¢) = 71.S(¢) we haveS(6)|w_o ~ 2%~ which is

the energy radiation pattern [defined in (13)] and of a radiati&i@nsistent with the impulsive source case in (14).
characterization we shall call the “correlation” or “matched A similar analysis applies to the correlation pattern in (29).
filter” pattern L(#), which we define as Thus, for smalli¥’ and ¢

_ _ B (8)1/3p=1/3,p-1p <O
max,[|F(0,t)* F(0 = 0,¢)]] N {1 (L) W™, oT
— 26 L(8) ~ NEYESIEY L _ (32)
O = mmr@=0,0ro=00] 2® ) ST = S(R)VPOPWET, 0> 0.

where* denotes temporal convolutior.(4) provides a mea- Thus, comparing (32) and (30) we note that the energy and
sure of the directional dependence of the (norma"zed) pe@‘krrelation patterns exhibit a similar beha\!ior in the V|C|n|ty
amplitude at the output of a matched filter tuned to the fa@f the main beam direction for sources with < 1.

field pulse in the main-beam directiofi(6 = 0,¢) = G(¢) In summary, the results above support the conclusion ob-
(where a target or receiver may be expected to be located). Tii§ed in connection with the peak-amplitude patt&n. (),
characterization thus simulates the angular resolution availapfimely, that in the quasi-impulsive limit flat broadside sources
in target detection or secure communication applications. Provide narrower beamwidth than elongated sources.

The normalized energy radiation pattergi(g) — 2) General Case: Simulation Result®lots 0f§(9) for the
5(0)/5(0 = 0) = % is obtained from (13), (21), and length-to-width ratiog = 100, 10, 1, 0.1, and0.01 and for the
(22) and is given by normalized square-pulse duratiois = 0.1 andW = 1.0 are
shown in Fig. 6(a) and (b). These plots are also very similar
S(@) =1- LT (27) to those ofL(#) (not shown here). Referring to Fig. 4, we also
35W find that.S(@) [and, thus,L(#), too] depends o, 17/, and¢
for § < ©,., whereT'(8) is given in (11), and by essentially in the same manner as the peak-amplitude pattern

3 4 6 considered in Fig. 4. Furthermore, the numerical study also
5(0) = 6w _ (K) + %(K) 2 <W> (28) revealed that the 3-dB beamwidths of batlid) and L(6)

5T r B\T ) 35\ T depend on¢ and IV essentially in the same manner as the

for § > ©,. (We normalizeS so as to be able to compareP€ak-amplitude beamwid®. considered in Fig. S.
sources excited by pulses of different duration.) _ _
The “correlation patternZ.(6) is obtained from (26), (21), D- Pulse Duration and Range Resolution

and (22), giving The far-field pulse duration(6) is given by [see (21) and
L(0) = {1 — 1o 19), 0<0O. (29) (22)]
7@V~ merEV 0= 0e r(6) = W+ T(0) (33)

where ©,, is defined byI'(©.;) = 2W.

_ . . . _ where T(6) of (11) is the pulse duration under impulsive
1) Special Case: Quasi-Impulsive Excitatio@onsider

i T } ) : excitation (i.e.,7|lw=o = 7). Plots of the normalized pulse
first the limit 4" < 1. We examine this case using the sma uration7(8) = r(0)e/V'/? for various values of and W

W limits of 5(¢) and L(0) as com_puted using (27), (28), andy e ghown in Fig. 7. Note that near the main-beam direction
(29). H_ere,Qc <1 as described in (24). We use the sméall 7(0) is mainly controlled by//’. The shape of the radiator (i.e.,
appr_OX|mat|ons ofF(_@) from (15). Forf < ©. we therefore £) has, on the other hand, a significant effect away from the
obtain from (27), with (15) and (24) main direction (for example, one can easily show that away

9 /6\'/3 - from the main directions varies monotonically witté only
):1——(—) E‘*/'*W‘*G:l—%@—. (30) for ¢ > 1).

‘ 3) Range Resolution for Highly Directive SourceBSor

This expression describeé§0) near the beam axis fér< ©,. highly directive sources we may consider only the angular
but, as follows from the second expression in (30), it does n@inge near the beam axis. Specifically, we shall consider the
describe the relevant range for- ©, whereS(6) may stillbe angular rangd < ©. where®. is peak amplitude beamwidth
nonnegligible [note that(©. ) is about 0.75 of the value ¢f in (18), which provides a reasonable figure of merit to the
atf = 0]. Hence, the effective beamwidth of the energy pattemelevant angular domain.
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Fig. 4. Peak-amplitude patterim.x versus ¢ for ¢
1, 10, 100, and for various values ofV. (a) W = 0.01. (b) Small angles
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Using (33) together with (15) and (24) for sméalland©..,
the normalized pulse duration reduces to

F(0) ~ W + (6/m) /20130 = W(1 4+ 6/0.,).

(34)
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beam zone. Denoting this parameter @§ we find from
(34)
w.

O
= @i /0 6 7(6) ~ (35)

c

N |

Thus, for highly directive source distribution§&;) is—apart
from an unessential factor—equal to the normalized pulse
width W, thereby being independent of the source shape
parameter?.

A drawback of the above definition is th&. depends
both on¢ and W. Hence, the average value of the far-field
pulse duration is computed within different angular regions for
different source configurations. An alternative approach would
be to measure the average ofvithin a fixed angular region
# < 8, wheref, is some fixed small angle in the vicinity of
the main direction. Analytical and computer-simulated results
obtained for this case (not shown here) revealed that elongated
sources provide better range resolution than planar sources of

Next, we calculate the average pulse duration within the maicemparable size in the quasi-impulsive excitation case.
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We also found that the angular dependence of all patterns
studied (peak amplitude, energy, “correlation pattern,” etc.)
and, of the pulse duration, is monotonic only for 1 and that
this result is independent of the normalized excitation pulse
width 1. Planar broadside sources thus generate undesirable
backward radiation lobes, which are not produced by elongated
endfire sources.

We also explored the role of the length-to-width ratio on the
directivity of the source when the normalized pulse duration
is kept fixed. It was found that there is a breakdown region
(or point £ = ¢,) where the beamwidth reaches its maximum
(keeping W fixed). Optimal selection of the shape of the
radiator is accomplished at any of the extremess> ¢,
or { & {y (i.e., choosing/ away from the breakdown
region). Moreover, we have also investigated the variation of
the suboptimal length-to-width ratié, as a function of the
~ ; width of the excitation pulse. Interestinglyy was found to
[>(@ decreasemonotonicallywith the normalized pulse widthy.

\ Moreover, 4, — oo asW — 0. Hence, minimum beamwidth

is accomplished in the quasi-impulsive excitation case by using
the smallest possible value 6f(i.e., a planar source).

The range resolution in the neighborhood of the main-beam
Fig. 8. Cross section of an ellipsoid volume source distribution used fjs was found to be controlled mainly by the width of the
compute the time-domain pulsed-radiation pattesiii, t) analytically. [ . . . .

excitation pulse. For highly directive sources (such as quasi-
impulsively excited sources) the average range resolution as
V. CONCLUSION computed within the peak amplitude beam regiod ©. was
und to be independent of the shape of the radiator.

This two-part sequence has dealt with the (far-field) raofl(-)
ation characteristics of collimated pulsed-source distributions
having the “traveling-wave” form in (2). We have parame- APPENDIX
terized the radiation properties for sources of this class inWe refer to the geometry in Fig. 8, which schematically
both frequency and time domains. The time-domain route dfows a cross section of the source in the direction:
based on radiation integrals in the form of planar projections of 0/2% — sin 0/2% where, without loss of generality, the
the time-dependent source distributions along the observations ‘is taken to be in thér, =) plane. Denoting the point of
directions, thereby providing simple analysis and optimizatiqRersection of the cross-sectional plane with thexis aszq

tools with direct physical (geometrical) interpretation. and the cross-sectional area By#; z,), we obtain from (6)
The general analysis tools were developed in the first paper.
In that paper, we also considered explicitly the radiation Fy(6,1) = fqu(g; 20) | cos b /2=t (36)

characteristics of canonical parallelepiped source distributions
under impulsive excitation. Such sources produce, however, 6 )
singular field solutions along the main beam axis and, thelygbere, _from (3)40 o _1/V — wail and§ - QSIH(H/.Q)'

. . . The line that delimits the cross section shown is a second-
fore, cannot be properly parameterized. This paper has Consol(rjder olvnomial with the shane of an ellipse with axdas
ered finite duration signals. We studied, analytically, canonical POy P P 854

source distributions with the shape of an ellipsoid WhosaenOl dp—p given by

axis coincides with the main-beam direction. Furthermore, by 5
: L Ly/p(0) — 4z /a?
changing the ellipsoidal shape from a prolate to an oblate, we e = : (37)
have clarified the different radiation characteristics obtained by i wi(#) cos(6/2)
an elongated quasi-linear traveling-wave source distribution or 1(0) — 4962/&2
by a quasi-planar broadside source distribution. dp_p =« 7 0 (38)
We have been mainly concerned with the role both of the #()

width of the excitation pulse and of the length-to-width ratio 9, 9 : . .
N =141 6/2).
of the source for fixed-source volume. The source’s focusi@vl\éhere”( ) * an”(¢/2). The area of this ellipse is,

properties associated with the peak amplitude, energy, angrefore, given by

“correlation” patterns were found to be strongly affected by - La[ﬂ(g) — 4353/@2]

both the excitation pulse width and the shape of the source. A0 0) = 1 [1(0)] cos(0/2) (39)
High directivity is achieved using either large plarjar 1)

or elongated(¢ >> 1) sources and short-duration excitation Substituting (39) in (36) yields (10). The peak amplitude
pulses (such thatl < 1). is calculated using (8) withd,.x = ¢qA(f;2zq = 0) =
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A(&) is obtained by finding the point§ and @’ in Fig. 8
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