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INTRODUCEION The design of any underweter aystem involving
radlation, propagation or reception of acoustic wavesn
must inevitably be concerned, directly or indirectly, with the
apatial distribution of the pressure snd particle velooity of en
acoustic fisld, This psper ontlines some reasona why a atudy of

spatial field structurea is of intersat end shows what parameters
have to be measured. Meanursmsnt techniques are diacuased,
referring particularly to the uae of the computer-controlled facility
Tecently inatalled in the Acoustic Diviaion of the University of
Birminghaa. ;

YECTOR ACOUSTIC ADMTITTANCE A familiar ides in acoustic engineering
i that of acoustic impedsnce, defined as the ratio of preasurse

to particle velooity. A much more useful scncept can be developed
however by ooneidering the reciprocal of this ratio; i.e. tha
acoustic admittance. This has the veotor velocity in the numerator,
divided by the scalar pressure, so that the sdmittance iteelf is &
veotor guantity. Both velocity and pressure ars tims-alternating

quantities so their ratio can be repressnted by & complex number,
the real part containing the in-phase compenent of the veloolty and
the lmaginary part containing the component of velosity whioh is in
time-quadrature with the alternating preseurs. The two
componente of the admittance, st any peint in the field, are thenm-
galves vectora. In simpls casea; in uniform planar or sepherical
waves for example; both vector components point in the sams direction.
In general however they do not do so; the particles of ths medium
then oseillate in elliptiosl orbits and not in etraight 1inas as 1a
often imagined. Simultanecua measurement of both pressure and
velocity yielda mzch more information ebout the loeal behaviour of
the fleld than o?qm be ochtained from s knowledge of either

1}

paramater alona. A very useful device therefors is a vector
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adnfittance weter, capable of measuring the amplitude and phase of the
pressurs and vsloolty, in any chossn direction, and of displaying
their complex ratlo. This can be demonstrated quite nesatly

by oombining a pressure-sensitive transducer and a pressure-gradisnt
trlnsduogr in & single hydrophone unit and using the respective
outpute to provide the X and Y deflections on o CRT ecreen. The
resulting Ligea)ous figure givea an lmmediate visual impreseion of
the megnitude of the adwittance end of the releatlicnship betwsen its
reel snd imginary componente in the direction in which the

compoeite hydrophone le arranged to point at eny given tims,
Orientation of the device enables the sbeclute magnitude and
direction of elther oomponent of the admittance to be determined.

For moTe exact work the quantitles are of courss recorded numerilcally.
It ie uwsually the real component which is of moet intereat because
ite dimeotion alwaye coincides with that of the tims-averaged
power-flow in that partiomlar locality. An admittance hydrophone
can be used therefore to trace out, point by point, the form of the
power-flow field, Such inforwation ia of oonsiderable interest
for example in the design and testing of multi-element tranamitting
ATTAYD . Ancther interseting fact is that aince the phase angle

of the admittance near a boupdary d¢iffers from 1ts wvalue farther

put in the medium, a fixed admittance hydrophcne can be naed to
indicate the approach of & moving "targei"™ cbject or, alternatively,

& moving hydrophone will give readings indicating that it is
approaching a fixed boundary. Furthermore, reading olces to a
ﬁoundary will be influenced by the properties of the material of
whioh the latter i1e composed; this may comstimes be practically
usefal.

F4UI-FRESSURE SURPACE] Another property of the power-flow veotor is
that ite direotion ie always psrpendioular

to0 pressure eqpi-rhase surfaces; 1l.s. surfaces drawm in the medium
in such a way that the altemating preasures are cophasal over sach
puch aurface; (see Appendix).  The surfaces are alasc known
variously as wavefronts or phase-fronts. The magnitude of the
poweeflow vector is propertional to the pressure phase-gradient.
The presaure amplitude.gradient, on the other hand, is parpand icules
to preassure agqui-asmplitude surfaces and gives the direction of the
iraginary compement of the actmatie admittancs. S0 here wa have
another method of atudying the structure of the soocustic field;

by aampling the alternating pressure at s pufficiently large

number of points and using the resulte to trace cut the form of

the phase-fronts and of the flux lines of the powsr-flow fisld,
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which interaect them at right-angles. Any possible infinitesimal=
amplitude underwater accustic field can be axpressed in terms of
scalar potantiale. It is sometimes an sdvantags to taockle
prodlemes by this approach, msking uase of tha powerful tools of
potential field theory and subsequently translating the results back
into terms which are generally more familiar to engineers and are
more easily interpreted physically.

FAR-FIZLD FREDICTION The olassical theory of Kirohhoff and
Helmholtz shows that 1f an iﬁnginary psurface is drawn so that 1tA
comppetely encloges any transmitting array then ttie thsorstically
poasible to reconstruct the whole field, at all points in the reglon
outnide that surface, from a Imowledge of both the pressurs and the
pressure gradient over the whole of the surface. This desirable
process is mathematically elsgant but practically impopsible to
realize. The real problex is essentially ane of compromise; of
finding ocut how beet to choose the reference. surface and how best to
distribute over it scme reasonable finite number of sampling pointa,
One convenlent approach la to chooss part of the enrfage to be n
planar "windos" and then to contrive that the contributions from
the rest of the surface are negligibly amall. The window then
becomsa the aperturs of a hypothatical array which, 1t is hoped,
has & far-field pattern which is acceptably close to that of the
original array. One advantage of choosing a plansr sampling
surface is that it is then not necessary to measure both pressure .
and pressure-gradient; it can bs shown that either will euffice to
enable the result to be computed. It is hnw:ver somotimes
appropriate to depart from thia and to adopt mome other eimple
geometrical form; e.g. a oylinder, for the sampling surface. Even
then it is often posaible to arrange that the radius of ourvature of
the oylinder 1le large enough to justify sesumptions which atill
enable the pregoure-gradient measuremenis to be avoided. Cara
has alwmye to be taken to ensure that the sampling surface is

placed far enough away from the physical boundary of the array

for the effecta of the boundary fisld asscolated with it to have
fallen to & negligible valus. Thie explains why the sampling
operation ie not carried out at the face of the array itself.

The “"evenescent™ waves whiah make up the boundary field ocannot
propagate into the far-field tut they can interfere with the sampling

progess.
USE OF POSITIONING MACHIRE Prectical investigations of the spatial

dietributions of acoustic fields require soms zeans for plecing a
sampling prode accuratsly in any desired position end then causing
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it to move along some pre-determined path in a test tank. At the

sams time it 18 necessary to measure both the amplitude and relative
phase of the altermating pressure at sash point and to stors this
informatlon for eubasesquent processing. The baais of the
equipment vhich we have dewvaloped st the University of Birmingham
for this purpose is a travelling gantry maohine, running on raile
above a tank roughly 10 X 5 metres in ares and 3 mstres desp,
capable of positioning a probe or even a complete array, with an
aoourecy of ¢ 1 mm in three dimensions.™  Positionsl control is
achieved either manually, by aetting the required numerical values
of the go-ordinates or sutomatically, by feeding the required
programes into the FDPS digital computer which is linked to ths
wachine. " Pulaed agoustic signals are ussd to avold interference
by tank-wall schoas. The complex amplitude of the slternating
oarrier within the received pulse 1s measured by a pair of
quadreture-connected phase-sensitive datectors which produce sine
and coaine coeffiofente. These are punched cut on paper tape.
Ths system i usually worked in an open-loop condition but we have
experimented with a feedback method in which the phase information
from the received signal 1s fed into the control circuits of the
machine in such a way that the latter 1s made to trace out auioe
matically lool on which the pressure phase is acnatant. From the
pravious paragraphs it oan be seen that this can be of intersst in
atudies of the power-flow field near an array.

APFERDIX  The particle welocity A in a simuscidally osclllating
field is given by u = - J—‘JP vp

where F ie density and - ia alternmating pressure.

p=lple”
vh= vie'+ jvope’

ao admittance 1s (L i - i %_
= - vy +
P ap T TJep
The real part of the admittance is proportional to the pressure

phaoe-gradient V& and alsc to the time-averaged power-flow. The-
pPhago-gradient at eny point is perpenmdiculer to the equi-phage
surface at that point. Hence power-flow flux linee always
intereeot pressure equi-phass surfaces at right-angles.
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