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David H. Chambers and D. Kent Lewis
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Abstract: Localized wave (LW) pulsesvere producedising a standard Navy array in the anechoic tankKUWC

Keyport. The LW pulsesised were theMPS pulse firstderived byZiolkowski, and a newtype of pulse based on a
superposition of Gaussian beam modes. Tewtype is motivated by a desire to makeanparison of the MPS

pulse with another broad band pulse built from solutions to the wave equation. The superposed Gaussian pulse can be
described by parameters which are analogous to those describing the MPS pulse. We compare the directivity patterns
and theaxial energydecay between theulses. Wefind the behavior of the pulses to be similar so that the
superposed Gaussian could be another candidate in the class of low diffractive pulses known as localized waves.

INTRODUCTION

Several kinds of low diffraction pulsémve been formulated ithe lastseveral yearsAmong thesere Greenleaf
andLu’s X waves[1], Brittingham's Focused Wave Mode§-WM) [2], Ziolkowski's Modified Power Spectrum
(MPS) pulse [3,4], and Stepanishen and Sun’s transient Bessel beams [5]. All afréh&senulated as diregtulse
solutions of the scalar wave equation or superpositiortiredt solutions. In thispaper we comparthe directivity
patternsand down range energgecayrates of theMPS pulseand anew broad bandpulse formulated as a
superposition of single frequency Gaussian beams. The measurements were performed in an anechNidWADk at
Keyport. The pulsesvere produced by a standaetousticarray (AdCap) used bthe U. S. Navy. Details of the
experiment are reported in the accompanying paper by Lewis and Chambers [6].

FORMULATION OF SUPERPOSED GAUSSIAN PULSE

The original intent of the Keyport experiment wagptoduce arMPS pulse using th&dCap array. However, a
secondtype of broad bandulse waglesiredfor comparison. Since thelPS pulsewas originallyformulated as a
superposition of Focused Wave Modes, we designed this second pulse as a superposition of Gaussiadebeam
We chose Gaussian beam modes because of their widespreadiesgite forwargropagating beams evémough
they are not exact solutions of the wave equation. The fundamental mode Gaussian beam is given by [7]
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wherek = a)/c is the wave numbee) the angular frequencyy, the beam waist, ang, is the focal distance from
the aperture. A superposition of Gaussian beams of different frequencies can be written as

wvvzexp(m)(t—#):) d wr?

2
wwW - 2ic(z-2) pE_ouwz—mc(z ZQE @

o(r,zt) = }q”:(o;

where cf)(a) is the weighting for the beam with angular frequetcyn order to obtain a simple analytical form the
beam waist is chosen to be a functionfreuency, w,(w) = roﬁlwo/w , andthe weighting is chosen to be

d(e) ==xp( w/P, /w,. With thesechoices the integratan beperformedgiving the final expressiorfor the
acoustic potential of the SG pulse:
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The parameterg, (pulse radius)z,, andw, € 2t f,), completely specify the SG pulse.
In comparison, the acoustic potential for the MPS pulse is given by
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where w, is the pulse radiusz, is the pulse axial halfwidth, and,, is the range scale length. Thgsrameters are
related to Ziolkowski's MPS parameters a, b, gr{cef. 3) by
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From the acoustic potential, the normal velocity in the aperture (z = 0) is obtaingd-layp/ dz.

RESULTS

Two MPS pulses (MPS1 and MPS2) and two superposed Gaussian pulses (SG3 and SG4) were launched from the
array. The parameter values for the MPS pulses ®ere 1000 metersz, = 0.48 cm., andv, = 7.5 cm. (MPS1)

or w, =21 cm. (MPS2). For the superposed Gaussian pulses wefuse80 kHz, z, = 0.0, andr, = 15 cm
(SG3) orr, = 7.5 cm (SG4). Also, tone bursts of 18, 21, 35, and 50 kHz were launched for comparison. The

directivity patterns of MPS2, SG3, and SG4 showed narrower central lobes than the tone bursts and lower side lobes.
Pulse MPS1 showed a curious double humped central lobe structure. The low side lobes of the LWs occurred at an
angle neat50°, in agreement with the grating lobes of the 50 kHz tone burst. This was further confirmed by the
power spectrum of the received pulse3°. In summary, the behavior of the superposed Gaussian pulses compared
well with that of the MPS pulses leading us to include them as another member of the class of localized waves.
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