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ABSTRACT 

The design and construction of a near-field hydrophone array 
for calibration of underwater transducers initiated by Trott 
(l) is reviewed in detail. Considering the recommended pro¬ 
cedures the authors propose to build a near-field array to 
test a transducer having the dimensions of a 17 ft cube, at 
a frequency of 3 kc. The desired far-field pattern of the 
proposed array is given by the formula (sin m (f /m sin ¢0 )* 
cosn (p , where the parameters m, n must be selected to insure 
an adequate effective width, i. e., spatial volume in front 
of the array. In a first choice the selection was m = 29» 
n = 21, resulting in a 40 x 40 = l600 element array with 
modified binomial shading, spaced 0.8X center to center, X 
corresponding to the upper limit frequency at 6 kc. Exten¬ 
sive near-field calculations were then made by assuming the 
elements to be point sources, and neglecting interaction 
radiation impedance effects. These calculations showed that 
+he effective width was 14 ft maximum, which was too small 
for the specified maximum size transducer. A second choice 
led to the selection m = 56, n = 26, resulting in a 50 x 50 = 
2500 element array. Extensive computations of the near field 
on an IBM 7090 computer were once more undertaken covering 
the frequencies of 1, 3, 6, 9, and 12 kc, ano distances from 
10 inches to 25 ft from the face of the array. Graphs of 
pressure amplitude and phase based on these computations 
show that an effective width of approximately 17 ft is avail¬ 
able from 1 kc to 6 kc, at distances of 10 inches to 25 ft 
from the face of the array. Over this volume and over this 
frequency the wave field is computed to be essentially planar. 
Beyond 6 kc the array will apparently not form a planar near 
field. Prom these results and from additional study it is 
concluded that the choice m = 36, n = 26 is acceptable. 

PROBLEM AUTHORIZATION 

SP 001-03-18-8047 
NRL Problem 55S02-12 

RP 101-03-44-4052 
NRL Problem 55302-07 

RP IOI-O3-45-5256 
NRL Problem 55301-24 

PROBLOI STATUS 

This is an interim report on one phase of the project. 
Work is continuing. 
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INTRODUCTION 

The calibration and evaluation of large sonar transducers, 
including the effects of their associated domes, at the 
Naval Research Laboratory Transducer Calibration Platform 
located on Lake Seneca in New York requires that near-field 
measurements be employed. An illustration is the BQS-6 
transducer which with its associated dome may be considered 
to occupy a volume enclosed by a parallelepiped 17 feet 
by 17 feet by 15 feet. If a far-field calibration of this 
transducer-dome complex were undertaken, the distance to 
the nearest calibrating hydrophone should not be less than 
¿2/X, see ref. (5), where D is the diameter and X the wave¬ 
length at the frequency in question. Therefore, the 
separation distance is given by (l7)2/(&)» or W feet at 
6 kc and not less than 173 feet at 5 kc? These test dis- 
t^oces are in excess of the barge length, which is 150 
feet, and therefore make near-field measurements a real 
necessity. In addition, the above distances are marginal 
since the first side lobe will not be properly formed unless 
the test distance is much larger than D^/a. 

Several near-field measurement methods have been proposed 
and investigated in the past few years. The procedure 
which uses a specially shaded receiving array has both 
versatility and minimum test station personnel requirements 
to recommend it and has therefore been selected as the 
initial approach to near-field measurements at NRLTCP, 
Lake Seneca. 

The near-field testing of underwater sound transducers by 
means of such specially designed receivers has been 
investigated by Trott (l) with success. The Transducer 
Branch of the Sound Division, NRL proposes to build a 
large receiver of the Trott type of sufficient size and 
frequency range to permit testing of a full-size BQS-6 
transducer array with associated dome. To this end a set 
of design notes is appended below to show the reasoning 
followed in our selection of appropriate electronic and 
mechanical structures. 
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A. Design Notes 

I. The "Gaussian Emitter" 

The first objective In the design of a Trott-type receiver 
is to select an amplitude distribution over its face such 
as to permit it to generate approximate plane waves in its 
near field. We set our goal then to this: the near field 
is to be free of criss-crossing waves and their associated 
interference patterns. Experiment and theory (2) show 
that freedom from interference patterns in the near field 
is equivalent to absence of side-lobes in the far field. 
We are thus lead to consider first an amplitude distribution 
of Gaussian type over the surface of a radiating circular 
"membrane" in an infinite rigid plane, a distribution known 
to inhibit the formation of side lobes in the far field (2). 
Let the membrane radius be R, and the Gaussian shading 
fvnction (normalized to unity) be e-pV^o , in which R0 is 
the radius having a shading of e“l or 0.37 and p = radial 
coordinate. The characteristic near-field parameter for a 
rigid piston emitter of area S, at wavelength A is S/A (2) 
and the range D#of the near field being determined by the 
requirement D#<^. Por the "Gaussian emitter" the near¬ 
field parameter ^s taken (2) as Rq /*• If the symbol a is 
the distance along the axis of the circular membrane with 
orgin at the center of the membrane, mathematical derivation 
of the sound pressure pa of the Gaussian emitter on the axis 
leads to the formula 

A convenient distance parameter for this type of emitter is 
thus A = a/(R02/A). Reference (2) compares the relative 
axial sound pressure vs A for a Gaussian emitter (R = 2R0) 
and a rigid piston ÍR = R0), a reproduction of which is 
sketched in figure 4a). 
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Prom this sketch we may reasonably conclude that Oausslan 
emitters "homogenize" or produce rather constant pressures 
In the near field, at least along the axis of emitter. 
But this Is not sufficient for our purposes. We must also 
examine the off-axlal near field. In reference (¿) we 
find an elaborate experiment for measurement of the near 
field of a Oausslan emitter at off-axlal, as well as axial, 
positions. A sketch of experimental resuitslsshownln 
figure ib). The results of this experiment lead to the_ 
conclusion that áausslan emitters aré unacceptaoiefm near^ 
Leid testing because^ of poor off-axlal pressure_ nomogeneit 

II. The Cos11 (tx/B) Emitter 

Linhardt (3) discovered experimentally that rectangular 
membranes shaded according to the distribution function 

Cos11 Ç, x/B being the ratio of distance from center to 
total membrane width, also tends to homogenize the near 

field. Now the distribution Cosn (^) over a rectangular 

membrane generates a far-field pattern R(Ç ) fetched In 
figure (lc). In figure ip), a Is the direction angle 
measured from the axis. It Is Immediately apparent that 
the condition of no side lobes corresponds to "large. 
However, for n large the function cos" 0 vs 0 diminishes 
very rapidly from unity at 0 = 0 to zero at P = y/2* 
distribution function cosn 0(n> 3) is thus similar ^o 

Gaussian function e-P2/R0*. Hence we conclude that 

"cosn(Tx/B) emitters", though they homogenize the near 
field on the axis, generate reduced and variable fields off 

axis. Hence "cosn (Ç9 emitters" are unacceptable for near- 

field testing for the same reasons as applied to the Gaussian 

emitter in section I above. 

HI. Trott Shaded Bnitter 

a 11np arrav of n + 1 elements shaded according to the 
expansion coefficients of the blnomlsl expanslcp wljl |enera e 
a rar-fieid__£attern of the type cosU 0, *2. sin 7 
a iq.A-AXCXV« yM.www».. -- -- ^ - 1 O JL 
d is element spacing and 7 is direction angle. Such 

_ -«_ __3 exhlblt^no side lobes. and hence corresponds to a homogenlzed 
near field, on axis. As before, the d the 
unacceptable for near-field testing. Trott (!) modified 
line binomial shading so as to introduce side lobes 
far-field pattern, thereby attempting to homogenize the off 
axis field as well. He strove to find a pattern given by the 

characteristic 
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O = sin COSn <P 
m sin y 7 

With proper choice of m, n the near field will not b® 
homogenized on axis, but off-axis as 
shows that If n Is large and m small, the axial field is 
trood but the off-axial field poor. If m is large and n 
is small the off-axial field is excessively variable in 
magni .Aide and phase over any parallel plane in 
field. Hence the general (empirical) requirement that n 
and m should not differ greatly. 

When m and n are properly selected the resulting line array 
can be used as the basic line in a planar array by means of 
the beam pattern multiplication theorem. Trott«s procedure 
as outlined in (l) is then thisi (l) find the 
l^ne array, i. e., the correct m and n for the Job, (2) con¬ 
struct the plane array by use of the Product pieorem. We 
shall apply Trott's procedures and design a plane-wave 
array for testing large transducers of the type mentioned 

before. 

B. NRL Array Design 

I. Overall Dimensions and Element Spacing 

All previous experience (l) with these arrays have shown 
that the "effective width" of the array, namely, that width 
over which the plane wave near-field goals are fulfilled, 
is in excess of 1/2 of the actual physical dimensions. 
If we desire to test a transducer of over all 17 ft 
dimension (i. e., the dimension to good approximation of 
the BQS-6 transducer-dome complex), we guess that the total 
dimensions of the array should be at least 36 ft x 36 ft. 
Over this length we set the individual elements at such a 
spacing d that the ratio d/X is less than 0.8. The r®8son 
for this number will be explained later. Now the upper 
frequency of interest is 6 KC, ..hich corresponds to a wave¬ 
length of 10 inches. Hence we allow d to be 8 inches. In 
a single line of the total array we thus should have 
36 x 12/8 » 54 elements, a somewhat large figure. Since 
m and n should not differ much from each other we could set 
m = n = 25, say. However, calculations corresponding to this 
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selection of parameters show that a number of coefficients 
will have effectively values of zero, especially along the 
outer edges of the array. We therefore arbitrarily make 
the nominal total on one line to be 50 elements, m « 29, 
n = 21. The actual total will be less for a complete line 
because a few elements will have effectively zero shading, 
but we shall reject these edge elements only after the 
calculations with these parameters are made. 

Por initial orientation we have calculated and plotted the 
far-field patterns based on the formula and ranges. 

R 
sin m (p 
m sin<p 

m ® 11, 13, .... 31 

These plots appear in Pigs, le. If. We have also marked 
on these plots the position and magnitude of the peak of 
the first minor lobe for the condition n * o, m * 50. A 
similar plot for n * 25 is shown in Pig. 2. 

II. Effective Width, Frequency Range of Usefulness, Plots 
of Normalized Pressure at Center of Array vs Frequency 

Por convenience we assume that n + m as well as m - n 
are even integers. We direct our attention to the design 
of the appropriate line array, and note first that it is 
symmetrical with respect to the center line of the array. 
These stipulations imply that the first piezoceramic array 
element is at a distance of d/2 from the center line. Each 
succeeding element is at a spacing d from its neighbor (see 
figure $d)). 

We imagine now that each ceramic element is effective over 
a distance +d/2 from its position, and that rotation of the 
(shaded) area of effectiveness about the center line of the 
array generates a ring transducer of average radius Ri, 
width d, and source strength (= shading) w*. Now according 
to Stenzel (4) the pressure p’ at the center of this 
imaginary ring in the plane of the ring is 
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p' = 2 Wi sin M ^cos (eut + ^ 

+ j sin (eut + ï - kRl)] 

If we omit the time factor Jot and write j = e**/2, we 
see that 

{5-'= Wi sin 

The total pressure p then due to (m' g --) imaginary trans¬ 

ducer rings is therefore 

m+n 

wi sin 

i=l 

in which Ri = (2i - l)d/2. By assuming values of d/* one 
can plot p vs d/X to find the frequency range over which 
the pressure at the center of the planar array will be 
constant. This range is a good estimate of the frequency 
span of the final array which will produce a roughly con¬ 
stant volume plane wave core. A representative plot of 

/p/ vs d/A is shown in Pig. 3* 

An examination of these plots leads to the following con¬ 
venient (empirical) rule concerning frequency range of 
usefulness : the parameter d/X has an upper llmlt^f 

permissible value at approximately Q-ar gng 1 }° 
of permissible value at approximately 0_.2. This holds for 
most choices of parameUrs mint The array Is, however, 
usable at lower and Higher frequencies at the cost of a 

reduced plane wave core volume. 
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III. Shading Coefficients 

As noted above the first step in Trott's design procedure 
is to find the shading coefficients of the primitive line 
array. The basic shading is binomial, because we desire 
a partial suppression of the side lobes. In this respect 
the parameter n determines the value of the shading 
coefficients in accordance with the following scheme of 

Stenzel (4), 

(?2n= L1’ (ï>< (2)_(n)] 

where 

Example: n = 3 

1, 3, 3, 1 • 

The basic binomial shading must be modified to improve 
the off-axial field. Following Trott's methods, we use 
the parameter m as a replication factor. If m = 3* in 
the above example the primitive iTne array is increased 
from 4 to 6 elements, and the new (improved) shading of* 

the array is. 

13 3 1 

13 3 1 

13 3 1 
1, 4, 7, 7, 4, 1 
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For the choice of parameter m = 29 and n = 21, the replica¬ 
tion procedure leads to the following Table of Shading 
Coefficients for the primitive line erray. Note that tne 
coefficients are normalized to unity ana that only one-half 
of the total number are listed since the line array is 
symmetrical about the center line. The first coeffielen 
corresponds to the first element to the left of tne center 
line, and each succeeding coefficient corresponds to the 
succeeding elements in the line. 

Table 

1.0000, 1.0000, 1.0000, 
0.9992, 0.9964, O.9667, 
O.5OOO, O.5518, O.I917, 

1.0000, O.9999, 0.9999, °-?998, 
O.9608, O.9054, O.8085, 0.6682, 
0.09462, 0.05918, O.OI55O. 

We have omitted the coefficients of the last 5 elements 
toward the edge because these are very minute. 

A special significance is attached to the distance Rq 
thePcenter line of the primitive array to the element having 
a normalized shading coefficient of value 0.5. £9 
defines, in the opinion of Trott (l), the radius of the 
effective width of the plane array. For parameters m = 29, 
n = 21 we see that R = Since d = 8 inches (at 6 kc), 
we estimate the effectiv? width at 6 kc of the ^nal Plane 
array to be 2(29 x 8/2) = 252 inches or 19-1/3 ft. The 
parameter R0 may be used to estimate the lower frequency 
limit of usefulness. We allow d/2 to be R/29, and plot the 
pressure at the array center vs R0/** In a computa¬ 
tion for the selection m = 9, n = 5 Trott found that 
o/X/^1.2 constituted the lower limit of usefulness of the 
arrav. If we accept this figure for Rq/^ we see that 
i l l", R0 = lib111, and = LLt/l.2 or 96-2/5 inches Th s 
is equivalent to ~ 620 cps. Since d/X has an upper limit 
of 0.8, and .(in the case of m = 29, n = 21) a J0*'®1’ 
of 2/29 0.07, the ratio of upper to lower limits Un fre¬ 
quency) Ts estimated to be C.8/0.07 or 11. If we do^ngt 
accept R0/A rJ 1.2 as the proper lower limit we must make 

a plot of pvsRo/X. This plot is not available to date, but 
will appear in our final design. 

Again in accordance with Trott (l) the axial depth of constant 
sound pressure is Rq /X. At 6 kc this figure amounts <.0 

(ll65/3 in) or 140 ft. 
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IV. Planar Shading Coefficients 

The primitive line array lends itself to the construction 
of a plane array by means of the product theorem. We 
select, as with Trott (l). two possible plane symmetries 
(l) Circular Symmetry, (2) Square Symmetry. Let the shad¬ 
ing coefficients of the primitive array tabulated above be 
labelled a, b, c _ etc. in order, left to right. Then 
circular and square symmetrical arrays may be constructed 
from the primitive array by the scheme shown in the sketches 
of one quadrant of each array below: 

ac be cc dc 

ab bb cd db 

aa ba ca da 

Circular 
Symmetry 

I O » 

i o * d ' d ' d1 d 

c 1 c * c * d1 e * 

b > b1 c ' d1 e1 

a1 b1 c1 d ' e1 

Square 
Symmetry 

Here, ac means axe. Also the primed symbols are related 
to the unprimed symbols by the relation, 5e' =e, Ud' +e=d 
etc. 

For the present report the case of circular symmetry has 
been extensively studied, leaving the case of square symmetry 
for later investigation. Computation results of planar arrays 
designed for circular symmetry on the basis of the primitive 
array m = 29, n = 21 are presented and discussed below. 
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V. Field Calculations on Proposed Array 

Let p(x, y, z) be the pressure in arbitrary units at some 
point in the field to one side of the proposed Trott array. 
We assume that each element in the array is a point source 
of sound, and that interactions between elements are 
negligible. Each element, subscript j, contributes to p. 
Thus 

p(x, y, z) ^ 2-WJ elk J 

J 

Here, Wj the shading coefficient of the jth element, kdj 
is a possible phase angle of the shading coefficient (here 
assumed zero), rj is the distance between the jth element 
in the plane andthe field point, and k = 2v/\. We proceed 
by constructing a set of circular symmetry shading coeffi¬ 
cients using the coefficients of the primitive array 
tabulated above, as explained in the previous section. 
Although a total of 50 x 50 elements is called for (m + n = 50) 
by the formulas, we shall reject, in the experimental array 
all shading coefficients of the primitive array with value 
less than 0.01. This rejection leads to a tentative array 
40 x 40 in size. Further, since the computation of 400 
separate points is very tedious, it will be enough for our 
purpose here to calculate the pressure (phase and magnitude) 
on any particular plane, Z = h, only along the X-dlrection 
in the plane (called "vertical" here) and along the 45° 
diagonal in the plane (called "diagonal" here). We have 
selected the following planes, z = const., for investigation: 
z = h = X, 2X, 10X, 20X, 20X, ancj have clotted magnitude /d/ 
(in arbitrary units) and phase (degrees) vs (relative) 
element position from zero at the edge of the array to 19-5 
at the center of the array. These plots appear in Figs. 4A 
to 41. 

To interpret the plots we will need a good criterion of the 
concept "plane wave". For purposes confined to the present 
application, we shall consider a "plane wave" to coincide 
in spatial extent with a wave front of constant phase, and to 
progress in the direction af travel from plane Z|, to plane 
Z2 with a phase change e^k/z2 “ zl/. Further, since we 
desire a 'plane wave' over a region at least 17 ft in diameter, 

eilcrJ 

_ rJ 
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we see that at 6 kc the Plane wave region must extend from 
the center line out to relative position b. With this in 
mind we examine the plotted field at h « X in Pigs. 4A, 4B. 
This plot shows that a plane wave has been achieved out to 
18 ft. The pressure magnitude is constant within 1-1/2 db 
only out to 16-2/3 ft. At h = 2*, the plotted field in Pigs. 
4C, 4D show little change from conditions at h = X. At 
h « 10X Pigs. 4E, 4f the plane wave extends over 18 ft, with 
an error of 2 degrees along the "vertical", and an error of 
7 degrees along the diagonal. Once more the pressure is 
constant within 1-1/2 db over 16-2/3 ft. At h = 20X, 
Pigs. 40, 4H, the error in the plane wave phase over the 
18 ft on the diagonal is 13*• The pressure is constant to 
within 1-1/2 db over approximately 14 ft. At h = 30X, Pigs. 
41, 4J the plane wave extends over 18 ft with an error in 
phase of 8 degrees. The pressure is constant to within 
1-1/2 db over approximately 15 ft. 

These results are promising and show that the choice m = 29, 
n « 21 is in the correct range. It will be instructive to 
check the effects of shading by making one calculation with 
uniform excitation on all contributing sources. We have 
made this calculation at h = 10X, and plotted the results 
in Pigs. 5A, 5B. The strong pressure and phase fluctuations 
are immediately evident in this last case, and demonstrate 
the advantages of adequate shading for the purposes at hand. 
We note however that the peak pressures for uniform excita¬ 
tion are considerably higher than for Trott-type shading. 
If the proposed array were a power source we would expect 
greater power from uniformly excited elements than from 
shaded elements. 

Conclusions: Our tentative choice of parameters lead to an 
array of 40 x 40 = l600 elements, or approximately 26 ft x 
26 ft actual size. The design falls somewhat short of our 
ultimate goals, and we shall consider in the next section a 
further exploration to improve the pressure distribution at 
distances of 10X to 30X from the plane of the array. To 
this end, we have devised a Fortran Program suitable for use 
on the IBM 7094 computer, with the object of varying the 
parameters m and n so as to Improve the effective width of 
the array. 

11 



VI. Improved Design 

The availability of the Fortran Program mentioned above 
gave us hope that we could improve the effective width of 
the receiver array by an overall increase in size. We then 
selected m = 36, n = 26 and formed an array with circular 
symmetry. Some of the shading coefficients at the edge of 
the array were effectively zero. We Judged that a deletion 
of 5 outside rings would not affect the results. Our tenta¬ 
tive choice then was a 50 x 50 array, with element spacing 
of 8" making an overall size of approximately ft x ft. 

The results of our calculations of amplitude and phase of 
pressure at a frequency of 3 kc are shown in Figs. üA, bB 
respectively. Our survey ranged from a height of l/2\ to 15* 
above the surface of the array in 7 steps (1/2X, IX, 2.5X, 
5X, 7.5X, 10X, I5X). Our first concern is effective width. 
We see from Fig. 6A that the effective width at 3 kc as 
cu ^ermined by the amplitude of +1/2 db variation of pressure 
at the highest surveyed level (750 cm or 25 ft) is approxi¬ 
mately 17 ft. At a height of 1/2X (that is, 10") the 
effective width is approximately 18-1/2 ft. From 10" to 
25 ft above the array the effective width is 17 ft or better. 
This satisfies our requirements, at least with respect to 
pressure. With respect to phase our design is somewhat less 
satisfactory. We examine Fig. 6B ami note that for trans¬ 
verse planes of survey near the array, from 1/2X to 5*, the 
phase is constant within 3° over an effective width of l8 ft. 
At 7-1/2X, the phase error is 5°» at 10X the phase error is 
8° and at 15X the error is 10°, all over an l8 ft effective 
width. These phase errors are acceptable within the frame¬ 
work of our initial assumptions regarding this array. The 
tentative design is therefore acceptable (in an overall sense) 
at 3 kc. 

When a similar investigation was made at a frequency of 6 kc 
a surprisingly better performance was obtained. The element 
spacing (= d) for this design is 8", which at a frequency of 
6 kc Is 0.8X. From Trott (l) this value for spacing is the 
recommended one. Fig. 7A shows the relative pressure ampli¬ 
tudes at distances in front of the array from IX to 30X. 
We see that an effective width of l8 ft is easily achieved 
within this range. The required maximum depth of effective 
plane wave core is 17 ft, or **l8X. Hence at b kc the pro¬ 
posed design satisfies all requirements of pressure uniformity. 
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With regard to phase uniformity a similar remark can be 
substantiated by examining the phase plots of Pig. 7B. 
Here the uniformity of phase at the various distances 
from the array implies the existence of an effective 
plane wave up to and beyond the necessary region. The 
design requirements are therefore satisfied at 6 kc. 

We next explored the calculated performance at a frequency 
of 1 kc. The relative pressure amplitudes at various 
distances for this frequency are shown in Pig. 3A. 
Examination of this chart shows that performance has 
deteriorated. We require an effective width of 17 ft up 
to distances of about 3-2/3* or 550 cm from the plane of 
the array. The calculated effective width is lo ft up 
to 250 cm (or 2X), but drops to 14 ft at 500 cm (or 3-1/3*)• 
If we relax our (arbitrary) definition of effective width 
so that +1-1/2 db of pressure variation is permitted we see 
that the”new effective width is about 17 ft. Prom the 
Dcint of view of pressure uniformity the proposed design is 
marginal at 1 kc, but still acceptable:The variations oiL 
phase from the ideal phase-distance relations in plane 
waves are shown in Pig. 8B. Here, at 500 cm (3“l/3*) there 
is a maximum phase error of about 12° when compared with 
the mean at nearer distances. This too is a marginal per¬ 
formance, but we shall accept it. 

Calculated performances at two other frequencies (9 kc, 12 
kc) were also studied. The results at 9 are shown in 
Figs. 9A, 9B. Examination of these graphs shows that an 
effective right cylindrical volume of plane wave character, 
such as appeared in the 1 to 6 kc region is no longer in 
existence for the calculated regions. Instead, we see in 
Fig 9A the rudiments of 3 plane wave regions, whose use for 
near-field testing is problematical. Even greater deteriora¬ 
tion is shown in Figs. 10A, 10B, which present the data for 
12 kc. We conclude from these last four graphs, and from 
previous results at the lower frequencies that the proposed 
design is limited in its use for near-field testing by an 
upper and lower frequency beyond which the calculated per¬ 
formance is apparently unacceptable. For our design the fre- 
quency limits are 1 kc at the lower end to approximately b kc 
at the upper end, when the Ë<àS-b transducer-dome combination 
is the test oFJêct. The array is usable for lower frequencies 
for test objects having a reduced plane wave volume require¬ 
ment compared to the BQS-6. 
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VII. Tables of Calculated Performance 

All the graphs presented In Pigs. 6A to 10B are for calculated 
performance in one plane only {namely the XZ plane, Z being 
the direction perpendicular to the plane of the array). Data 
for all other planes containing the Z-axis are also available. 
We list below sets of tables from which additional performances 
may be calculated. 

Table No. 

1A 

IB 

2A 

2B 

3A 

3B 

4A 

4b 

5A 

5B 

Frequency 

1 Kc 

1 Kc 

3 Kc 

3 Kc 

6 Kc 

6 Kc 

9 Kc 

9 Kc 

12 Kc 

12 Kc 

Type of Data. 

Pressure 

Phase 

Pressure 

Phase 

Pressure 

Phase 

Pressure 

Phase 

Pressure 

Phase 

VIII. This work was supported in part by the Office of 
Naval Research, Code 468, RF 001-03-05 (Special). 
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NOTE ON TABLES 1A THROUGH 5B 

In the following Tables IA through 5B the numbers 
refer to a matrix of 25 x 25 elements located in the 
upper left quadrant of the planar arrays of point sources. 
The tables represent either pressure magnitude or pressure 
phase. In the magnitude tables the numbers are relative 
only, the meaning of any entry being established by the 
value in the corner of the lower right hand side of the 
table. In the phase tables the numbers are true phase 
ranging through the positive values 0° to 270°. When a 
phase is greater than 270° an arbitrary factor of ^bO^ls 
subtracted from it and the resultant phase appears as a 
negative number. Thus an entry of means a phase of 
jig» (= -nii0 + 3òour- 
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