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INTRODUCTION The design of any undemter system involving

radiation, propagation or reception of acoustic vevsa

must inevitably be concerned, directly or indirectly, with the

spatial distribution of the pressure and particle velocity of an

acoustic field. This paper outlines some reasons vhy a study of

spatial field structures is of interest and shows what parameters

have to he measured. Measurement techniques are discussed,

referring particularly to the use of the computer-controlled facility

recently installed in the Acoustic Division of the University of

Birminghsm. ‘

VEM‘OR ACOUSTIC ADMIT‘MIICB A familiar idea in acoustic engineering

is that of acoustic impedance, defined as the ratio of pressure

to particle velocity. A much more useful concept can be developed

hovsver by considering the reciprocal of this ratio; i.e. the

acoustic admittance. This has the vector velocity in the numerator,

divided by the scalar pressure, so that the admittance itself is a

vector quantity. Both velocity and pressure are time-alternating

quantities so their ratio can be represented by a complex number,

the real part containing the in-phaee component of the velocity and

the imaginary part containing the component of velocity vhich is in

time-quadrature with the alternating pressure. The two

components of the admittance. st any point in the field, are them-

selves vectors. In simple cases; in uniform planar cr spherical

vsves for example; both vector components point in the same direction.

In general hcvever they do not do so; the particles of the medium

then oscillate in elliptical orbits and not in straight lines as is

often imagined. simltaneous measurement of both pressure and

velocity yields much more information about the local behaviour of

the field than c?uld be chtsined from s Into-ledge of either
')parameter alone. A very useful device therefore is a vector
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admittance meter, capable of measuring the amplitude and phase of tie

pressure and velocity, in any chosendirection, and of displaying

their complex ratio. This can be demonstrated quite neatly

by combining a pressure-sensitive transducer and a pressure-gradient

transducer in a single hydrophcme unit and using the respective

outputs to provide the l and Y deflections on a CRT screen. The

resulting Lissajous figure gives an inadiatc visual impression of

the magnitude 0! the admittance and of the relationship betvsen its

real and innginary components in the direction in which the

composite hydrophons is arranged to point at any given time.

Orientation of the device enables the absolute magnitude and

direction of either component of the admittance to be determined.

For more not eork the quantities are of course recorded numerically.

It is usually the real component vhich is of most interest because

its direction always coincides lith that of the time-averaged

pour-Ilse in that particular locality. Lu admittance hydrophone

can be used therefore to trace out, point by point, the form of the

power-flow field, Such information is of considerable interest

for example in the design and testing of multi-slsment transmitting

arrays- Lnother interesting fact is that since the phase angle

of the admittance near a boundary differs from its value farther

put in the medium, a fixed sdmittanoe hydrophcnc can he used to

indicate the approach of a moving "target" object or, alternatively,

a moving hydrophcne will give readings indicating that it is

approaching a fixed boundary. Furthermore, reading close to a

boundary vill be influenced by the properties of the mterial of

vhioh the latter is composed; this may sometimes be practically '

useiul.

WAnother property of the power-flow vector is

that its direction is always perpendicular

to pressure eon-phase surfeoes; i.s. surfaces dram in the medium

in such a say that the alternating pressures are cophasal over each

such surface] (see Appendix). The surfaces are also knosn

variously as eavetronts or phase-fronts. The mgnihade of the

pose-flee vector is proportional to the pressure phasefladien .

The pressure amplitude-gaunt, on the other hand, is perpendicular

to pressure equi-smplitude surfaces and gives the direction of the

imginsry component of the acoustic admittance. So here we have

another mthod of studying the structure of the acoustic field|

by sampling the alternating pressure at a sufficiently large

munbsr of points and using the results to trees out the form of

the phase-fronts and of the flux lines of the power-1‘10! fieldl   
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which intersect them at right—angles. Any possible infinitesiml-

amplitude underwater acoustic field can be expressed in terms of

scalar potentials. It is sometimes an advantage to tackle

problems by this approach, making use of the poweer tools of

potential field theory andsubsequently translating the results back

into terms which are generally more familiar to engineers and are

more easily interpreted physically.

FAR-FIELD PREDICTION The classical theory or Kirohhoi'f and

Helmholtz shows that if an inmginary surface is drawn so that it‘

completely encloses any transmitting array then His theoretically

possible to reconstruct the whole field, at all points in the region

outside that surface, from a knowledge of both tbspnssure and the

pressure gradient over the whole of the surface. This desirable

process is authentically elegant but practically impossible to

realile. The real problem is essentially one of conpromisel of

finding out how best to choose the reference surface and how best to

distribute over it some reasonable finite number of sampling points,

One convenient approach is to choose part of the surface to be a

planar "tinder" and. then to contrive that the contributions from

the rest of the surface are negligibly stall. The windo- then

becomes the aperture of a hypothetical array Ihioh, it is hoped,

has a far-field pattern which is acceptably close to that of the

original array. One sdvsntsge of choosing a planar sampling

surface is that it‘ia then not necessary to measure both pressure _

and pressure-gradient} it can be shoe-n that either will. suffice to

enable the result to be computed. It is howfver sometimes

appropriate to depart from this and to adopt some other simple

geomtrical form: e.g. a cylinder, for the sampling surface. Even

then it is often possible to arrange that the radius of curvature of

the cylinder is large enough to Justify assumptions which still

enable the pressure-gradient measurements to be avoided. Care

has always to be taken to ensure that the sampling surface is

placed far_encugh away [ranthe physical boundaryof the array

for the effects of the boundary field associated with it to have

fallen to a negligible value. This explains why the sampling

operation is not carried out at the face of the array itself.

The "evanescent" waves which make up the boundary field cannot

propagate into the far-field but they can interfere with the sampling

process.

USE 0? POSITION!” moms Practical investigations of the spatial

distributions of acoustic fields require some means for placing a

sampling probe accurately in any desired position and than causing
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it to move along some pre-de'termined path in a test tank. At the

same time it is'necessary to measure both the amplitude and relative

phase of the alternating pressure at each point and to store this

intonation for subsequent processing. The hasis of the

equipment ehich we have developed It the University of Birmingham

[or this purpose is a travelling gantry machine, running on rails

above a tank roughly 10 x 5 metres in area and 3 metres deep,

capable of positioning a probe or even a complete array, with an

accuracy of g 1 mm in three dimensions!” Positional control is

achieved either manually, by setting the required numerical values

of the co-ordinstes or automatically, by feeding the mquired

programs into ths PDPB digital computer which is linked to the

machine. . Pulsed acoustic signals are used to avoid interference

by tank-wall echoes. The complex amplitude of the alternating

carrier eithin the received pulse is measured by a pair of

quadrature-connected phase-sensitive detectors Ihich produce sine

and ccaine coefficients. These are punched out on paper tape.

The system is usually worked in an open-loop conditionbut we have

experimented with a feedback method in which the phase information

from the received signal is fed into the control circuits of the

machine in such a way that the latter is lads to trace out auto-

matically loci on which the pressure phase is constant. From the

previous Wealth: it can be seen that this can he of interest in

studies of the power-flow field near an array.

M The particle velocity u in a sinusoidally oscillating
field is given by at = 3%,, VP
where F is density and P is alts-Eating pressure.

P= we. ..
vp= WCWJ'VQIHZ‘

ac admittance is g. _ v '1—1‘ 3P W *J “r 2%
The real pert oi the admittance is proportional to the pressure

phase-gradient V9 and also-to the time-averaged pour-flow. The
phase-gradient at any point is perpendicular to the eqni-phase

surface at that point. Hence power-new !lux lines always

intersect pressure uni-phase surfaces at right-angles-
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