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INTRODUGTION

The pressure f'ield of o transmitting somar transducer is conventio-
nally determined by measuring the pressure field directly et &
chosen distance, normally within the farfield. In practice the dis-
tance required for direct farflelc calibration can be prohibitively
large for arrays whose dimensions are large compared with the wave=
length in the medium. Under these conditioms it is necessary to use -
alternative methods of calibration. This paper deseribes two
methods of predicting the field of transmitting sources from memsure-
ments made in the neerfield thus obviating the need for large
measuring distances. Both methods described rely on the use of the
Eelmholtz Integral formuletion of the diffraction of scalsr fields.
The methods were tried for both plane and -cylindrical arrays and
compared with direet calibrations.

Thoory

Consider a closed surface S, conteining all the socurces, The field
at a point X4 a distence r from the surface is glven by the
Helmholtz Integral;
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where U(Z;) = |U(Z,) | 6'°1, 1s the pressure at point %, exterior tos,
U(!o)= | ulx o)leiac, is the pressure on the surface § at the pejnt X,
n is the outwerd normal to the surface S at Xos i =,,-’7 and

G(;o- x_1) is the free space Green's function given as a solution to

the time Independent scalar wave equation with s delta functiom as a
source term;

2, (¥« kzo) G(X =X )= 8(k ~-X,) where §( - X,))=14f X =X,
=0 if X AX,,

ko = % i8 the wave mumber, where Ag is the free space wavelength,

and the solution to eq, 2 is,
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The normal pressure gradient %(Lo) at the surface S, needed in the

evaluation of equation 1,, 1s not particularly eassy to determine ex-
perirentally. One method of reducing equation 1. to & function of
pressure, U(Xg), only, thereby chviating the need to determine



% (Eo }, 1s to find & Green's functions that satisfies both

equation 2, and the boundary condition, G{Xy- X, ) =0 X, on §;

A funetion that satiafles the above conditions 1s ¢alled an exact
Green'a function, The Helmholtz equation, eq. 1., can now be re-
written,
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where GE(§° - X,)1s an exact Green's function. For an infinite
plane surface 5, the normal derivative of the exact Green's
function takes the form,

b6g .
5. 5 (o™ %)= 2cos (n, r) (ik - E1T) exp(ik |z| )/1£|

where |r| = Iio =X, and ces (n, £) 1s the cosine of the angle
between the rormal to the surface at X, and the vector defining
the point 51 from !D'

For a oylindrical surface S,
6 iBx —x )™ —(-,———B""m(k" l]) (v6)
— - = — B v
* 5n o =1 2ne Ve = oo Hy 1 (knﬂ-) oo

where a fs the radius of the oylindrical surface, © 13 the oylind-
rical polar co-ordimate of X, on 3, and

1,01 xlz] ) = 3,(k[z]) + 17, (klzx)) and 1s the Hankel Punotion of
the first kind of order v, Equation 4 may therefore be.evaluated
by using the appropriate Green's function for the surface under
coneideration and inserting the measured walues of the pressure-
fleld on the closed surface S, In practice the integral need only
be evaluated over that part of the swrface where the sontribution
of the integrand i3 significant,

An alternative method of reducing the Helmholts equation, eq, 1.,
to & function of pressure only is to find a suitable appreximation
for the preasure gredient, on the surface 5, in teras of the
pressure, Thlz can be done simply for an infinite plane surface
by assuming that the pressure gradient field at the surface, S,
approximates to that due to a plane wave field,

Let U(fo ) = exp(ii [R])/[R] where R define a source within the
surface S, then we have
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assuming that R * w (ie, a plane wave field} and that the directlon
of propagation is nearly normal to the surface S, This approxima-
tion for the pressure gradient can also be used for gently curving
¢ylindrical apd spheriecal surfaces, It is now possible to reduce
the Helmholtz equation to,

8. U(g,) = h;tmmo-so- X, -%4) 1U(E,) as

where (K, = X1) = exp(tk, | (X, - £ ) /1 (&, - X)]

As no boundery conditions are imposed on G{X - X,), the free space
Green's funotion, it remains simple in form and independent of the
measuring surface, Therefore by writing the approximate form of




the Helmholtz ecustion in the required co-ordinates the pressure
at X, U(E‘1 ), can easily be calculated from the preasure measure-
ments on the surface S. The relative merits of equations 4 and 8
will be discussed in the conclusions, .

The initial measurements were made on & 2A, by 2\, transmitting
array of 16 transdueers, suspended in & conorete tank, 12\ 5 by
183, by Bho filled with fresh water, A small prohe hydruphone
was traversed in a plane parallel to and about A/8 from the
array, The hydrophone used was omidirectional to within 14dB,
The amplitude and phase of the signal measured by the hydrophone,
when the array was transmitting, was recorded at points corres-

nding to a sampling distance of 2, These values of amplitude,
TOU(EO)], and phase, 85, were used to emluate the field at a
distant point, Xy, using equation k4, with the derivative of the
exact Green's function, given by equation 5, A compariscn waa
mede by evaluating the field at a distant point, X4, uaing
equation B8 with the same pressure data,

Measurements were also mede on a cylindrical surface of L3N,
radius swrrounding a cylindrical transducer array of 4ig .
radius suspended from a calibration tender at sea. The fie].g on
this surface was measured at 5° intervals over an arc of 120

using a line hydrophone, the outputs of which were joined in parsl-
lel in the axial direction, The line hydrophone was omnidirectio-
nal to within 2dBs in the plane normal to the axis of symmetry of
the surface, The megsuring arc was limlted to 120° by englneering
difficulties. A 120 are of the oylindrical array was available
for transmission. The field at a distant point Xy, was caloulated
uaing the messured values of the pressure over the 120° ar to
evaluate the exset formulation, equation 4., A comparison was made
by evaluating the field at a distant point, Xy, using ocquation 8
in circular polars with the same data,

According to sampling theory it is only neocessary to sample st
intervals corresponding to a half wavelength at the higheat
spatial frequency present, As measurements were made in a reglon
where the field contained both evanescent and propagating modes
apatia] frequencies higher than lk were measured, This could
lead to errors due to the overlapping of the side bands of the
spatial frequency functien for 2 sampling, However in this
case the levels of the speotrum above k, were well below thoae of
the prepagating fleld and so half wavelength sampling was
aufficient,

Pirect calibrations of the far field response of both the plane
and oylindrical arrays were made so that the agouracy of the pre-
dicted fields could beoaaaeaaed.. All the patterns were normalised
8o that the field at 0 (the directlon of propagation) wes OdBa.
The direct calibration was only accurate down to about -23dBg for
the plane array and -124Bs for the oylindriocal array. This
reatrieted any comparisons to & range of sbout + 70 for both
plane and oylindrical arrays,

" RESULTS

The standard deviation of the errors between the predicted and
callbrated farfield pattern for both the plane and oylindrical
arrays was calculated to give an indication of the acourasy of
prediotion, The farfield of the plane array consisted of a cen=~
tral main lobe and two side lobes in the angular range considered,

The exact formulation, eq. 4 gave a standard deviation of the




errors over the ranges + €0° and + 70 of 0,68 dBs and 14B
reapectivelg The ap roximate theory, eq, B, gave values for the
ranges + €0V and + 70 of 0,97 dBs and 1,1dBs respectively, The
errorswere calculated every two degrees and values of the call-
brated pattern lese than =23 dBs were excluded, Both methods
predicted the anguler position of the nulls to better than x 1°,
The main difference in the accurasy of the predictions is that
the side lobes are much more ascurately predicted using the exact
formulation. The same data was used for both methods,

The farfleld pattern of the cylindrical array was much more
regular than that of the plane array and had no nulls in the
angular range considered, The exact formulation %4 4, gave a
standard deviation over the rangea + 60° and + 70° of 0.4dBs and
0,53dBs ria.‘al:uac::1'.1\.rt315c"5 The approxi.mate theory, eq. 8, gave values
over the ranges + & and + 0% of 0. 62:135 and 0,71dBs respective-
ly. The errors were calculated very 5 and no values were
exeluded,

Sa.?plea of the nearfield were also mage as frequently as every
Ay 15 but gave no improvement over AJ 2 samples in the angular
range considered,

The measurements on the plane array were made over an area
corresponding to that of the array face, When a larger area was
used the results deterdorated contrary to expectation. This was
probably due to reflection from the tank.

CONCLUS IOHS

The prediction of the farfield of transmitting arraya from near-
field measurements can be seen to be & reasonable pethod where
direct oallbratlon is not practiceble due to large measurement
distances, Both the methods described have their advantages. It
appears from the limited results available that the exact formu- .
lation 1n this case proved more successful in predicting the
ferficld, however the simplioity of the computational form of the
approximate methed should be taken into account,
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