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This paper presents a method for constructing plane, rectangular sound
gources with large directionality of vibration energy radiation into the far field.
The directional properties of sound sources of this type were analysed for uni-
form, Hanning and Blackmann distributions of the vibration velocity amplitude
on their surface. It was found that a rectangular sound source with large direc-
tionality of vibration energy radiation into the far field can be realised in prac-
tice in the form of a plane, rectangular mosaic system of sound sources with
a discrete Hanning distribution of their relative bulk efficiencies.

1. Introduction

In a large number of ultrasonic applications, e.g. in metrology, diagnostics
or ultrasonic technology, there is the need for using sound sources with large
~ directionality of vibration energy radiation into the far field, in order to obtain
the appropriate shape of and ultrasonic wave beam or the required energy
concentration in some region of a medium.

The construction and study of the properties of sound sources with large
directionality of vibration energy radiation have to date been the subjects of
a large number of theoretical and experimental investigations (e.g. [2], [3],
[10], [12], [13]). The authors of these papers paid most attention to the selection
of an appropriate vibration velocity amplitude distribution on the surface of
a planar or spherical sound source with given shape, most often a circular one.
In the 1970's much interest was enjoyed by the properties of a sound source
with & Gaussian vibration velocity amplitude distribution on its surface [2],
[3], [10] and [13]. Recently, intensive research has been carried out on the pro-
perties of systems of sound sources (e.g. [6], [7] and [8]).
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18 A. PUCH

This paper presents a method for constructing rectangular mosaie system
of sound sources with large directionality of vibration energy radiation into the
far field.

2. Radiation directionality of a planar sound source

Let us assume that in the plane z = 0 (Fig. 1), which is an ideal rigid baffle
8,, there is a planar sound source o, which vibrates harmonically at the frequen-
cy fo. Let it radiate vibration energy into the half-space 2z > 0, filled with a loss-
less and homogeneous liquid medium with density p, in which the sound wave
propagates at the velocity ¢. Let us assume that, as a result of the vibration

Fig. 1. The gound source o, placed in the baffle §, and radiating vibration energy into the
medium filling the half-space over the baffle

of the sound source o,, the distribution of the normal component of the vibra-
tion velocity in the plane of the baffle 8, is defined as

v(8y, t) = x(8o)exp(—j2nf,l), (1)
where
%(8,) #0 for the surface of the source a,, (2)
%#(8,) # 0 for the other part of the baffle §,;

is a function determining the vibration velocity amplitude distribution on the
plane 8,. \

In the half-space z > 0, let us consider the surface of the hemisphere § with
the radius

r > 1, = nforialc, (3)
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surrounding the sound source o, in its far field [4], [9], where 7, is the longest
of the distances between points of the contour of the sound source o, and the
origin of the coordinate system. The acoustic pressure distribution generated
by the sound source o, on the surface of the hemisphere 8§ can be expressed
by the formula [4], [9]

?(8, t) = P(8)exp(—j2=nfyt), (4)
where

P8) = —j f:_Q exp (j2mrfy/e) f #(8o)exp [ —j2nfyrycos(ry, r)/c]dS, (5)
8o

is a function determining the acoustic pressure amplitude distribution on the
surface of the hemisphere 8. Since the funetion [4], [9]

Py8) = — 2 exp(jamrfyfo ©)

defines the acoustic pressure amplitude distribution generated on the surface
of the hemisphere 8 by a point sound source with unit efficiency, placed in the
baffle 8, instead of the planar sound source g,, expression (5) can then be repre-
sented as

P(8) = Py(8)RE(8), (7)
where
R(8) = [ %(8,)exp[—j2nforscos(ry, r)[e]dS, (8)

8o

is a function defining the relative acoustic pressure amplitude distribution on
the surface of the hemisphere 8. It can be noted that the function R(8) does
not depend on the radius r. In view of this, this function determines the relative
acoustic pressure amplitude distribution on the surface of the hemisphere §
with any radius r which satisfies condition (3). Since at a given vibration fre-
quency f, of the sound source ¢, the function R(8) depends only on the angle
between the radius » and the axis 0z, the function E(S) can then be used in
evaluating the sound source o, in terms of directionality of acoustic pressure
wave radiation in the far field. In comparing sound sources with respect to
one another, it is more convenient to use the normalised function B(S), i.e. the
function R(8) satisfying the condition

R(8) =1 for the angle (r, r,) = =/2. (9)

It follows from dependence (8) that for the angle (r, ;) = n/2 the function
R(8) takes the value

Vo = f #(8,)d8,) (10)
5y
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equal to the bulk efficiency of the sound source ¢, placed in the baffle §,. In
view of this and from (8),

R(8) = R(8)V,, (11)

The function R(8) is called the directional characteristic of the sound source
o, [4]

3. The spatial spectrum of the vibration veloecity amplitude distribution function

Let us represent expression (8) in a rectangular coordinate system. Let
v = fy[e denote the spatial frequency of a sound wave radiated by the sound
source o, into the medium filling the half-space z > 0. Since [4], [9]

¥roCO8 (7, 1) = wry[cos(ry, «)cos(x, r)+cos(ry, y)ecos(y, r)], (12)
then, when
& = ryC08(%y, X), (13)
Y = 1,c08("q, ¥) (14)
are the coordinates of points of the baffle §,, and
v, = vCos(z, 1), (15)
v, = vCos(Yy, 1) (16)

are the components of the spatial frequencies of partial planar waves whose
spatial superposition represents the wave radiated by the sound source ¢, into
the medium filling the half-space z > 0 [1], [15], the function E(S) can be
given in the form

400 400

Ry ) = [ [ (@, y)exp[—j2n(ov, +y»,)dody. (17)
It follows from dependencies (15) and (16) that in the half-space 2z > 0 the
spatial frequencies », and », can take values from an interval defined by the

inequality
I/vi, Yot (18)

It can be noted that expression (17) has a form analogous to a simple, two-
dimensional Fourier transform [1], [15]. Let us consider the spatial spectrum
of the distribution function x»(, y) of the vibration velocity amplitude in the
plane of the baffle §,, defined by the expression

400 oo

E(yv) = [ [ =@ y)exp[—j2n(ar, +y»,)ldedy, (19)

—00 —00
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where —oo < ,, %, < + oco. It follows from dependencies (17) and (19) that the
distribution R (v,, »,) of the relative acoustic pressure amplitude on the surface
of the hemisphere S can be determined from the spatial spectrum K (»,, v,) of
the distribution function %(z, y) of the vibration velocity amplitude in the plane
of the batfle §,. Namely,

R(v:u vy) 5 K(v:r.! vy)HV("'a:’ "'y)! (20)

where

B, %) =1" far'Vv, v, (21)
H,(v,,v,) =0 for the other »,, v,

with — oo < 9, », < + oo. It follows from dependencies (20) and (21) that the
baffle S, plays the role of a low-pass spatial filter [1]with the spatial transmitta-
nce H,(»,, »,), causing restriction of the spatial spectrum K (»,, v,) of the distri-
bution x(x, y) to the region of spatial frequencies defined by expression (18).

It can be noted in turn ((10) and (19)) that the bulk efficiency of the sound
source o, is given by the expression

+oo  4eo

Vo= [ [ (= ydedy = K(0,0), (22)

where K (0, 0) is a component of the spatial spectrum K (v,y »,) of the distribu-
tion function »(, y) for the spatial frequencies », = », = 0. In view of this and
from (11) and (20), the directional characteristic of the sound source g, can be
determined in the following way:

E(”m! vy) s K(va:? vy)Hn(vx, vy)/K(O’ 0)' (23)

It follows hence that the directional characteristic of the sound source g,
for a given spatial frequency », can be determined from the spatial spectrum
K(v,, »,) of the function x(, y) defining the vibration velocity amplitude dis-
tribution in the plane of the baffle 8,, which contains the sound source o,.

4. The effect on the directional characteristic of the sound source of its shape and that of the
vibration velocity amplitude distribution on its surface

The function x(, y), defining the vibration velocity amplitude distribution
in the plane of the baffle §,, can be represented as the product of the function
J(@, y), which was used to define the shape of the vibration velocity amplitude
distribution on the surface of the sound source oy, and the distribution z(z, y),
defining the shape of this source. Namely,

#(@, ¥) = f(, y)2(2, y), (24)
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where

z(z,y) =1 for the surface of the source o, (2b)
2(w,y) =0 for the other part of the baffle §,.

Let us determine the spatial spectrum of the distribution funection (24). The
use of the theorem on the Fourier transform of the product of the function and
the distribution [1] gives

400 4o
K(”z! ”lr) _— f f F(ya'.? .luy)z("z —Hzy Yy '—'Juy) dluzd-uv

= F(vyyn) *Z(vyyv). (26)

Hence, it follows that the spatial spectrum K (»,, »,) of the distribution
function x(x, ¥) of the vibration velocity amplitude in the plane of the baffle
8,, containing the planar sound source o,, is a convolution of the spatial spec-
trum F(»,, »,) of the function f(z, y), which was used to define the shape of the
vibration velocity amplitude distribution on the surface of the source ¢,, with
the spatial spectrum Z(»,, »,) of the distribution z(x, y), defining the shape of
this source. In view of this and from (11) and (23), the directional characteris-
tic of the sound source o, can be determined by the expression

E(Vz, "y) = [F(va:! vv) ¥ Z(vz! vy) ]Hv(”z! "'y) VO' (27)

The authors of previous papers [2], [3], [13] and [14], on the study of the
properties of sound sources with large directionality of vibration energy radia-
tion into the far field, did not go beyond the analysis of the effect of chosen
functions of the shape of the distribution f(x, ¥) on the directional characteris-
tic of the sound source, neglecting the effect on this characteristic, of the distri-
bution z(x, y) defining the shape of the source. Further considerations here
will propose a method for constructing sound sources with large directionality
of vibration energy radiation, consisting in selection of an appropriate function
defining the shape of the vibration wvelocity amplitude distribution on the
surface of a source with presecribed form.

5. Sound sources with large directionality of vibration energy radiation

The absolutely directional sound source will be understood here to be a sou-
rce radiating vibration energy only towards the axis 0z. Accordingly, the spa-
tial spectrum of the vibration velocity amplitude distribution function in the
plane of the baffle §,, containing such a source, can be determined in the fol-
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= lowing way:

K(v,, v,) = %9 0(v,, ”y)' (28)

where é(v,, »,) is a Dirac distribution.
Let us determine the vibration velocity amplitude distribution in the plane
of the baffle 8,, containing the absolutely directional sound source. The use

~ of the theorem of the inverse Fourier transform of the Dirac distribution [1]

gives
%(2, y) = %o, (29)

Hence, it follows that the absolute directional sound source is a source with
infinitely large size and uniform vibration velocity amplitude distribution on
its surface. Using this idealized model, unrealizable practically, of the sound
gource, it is possible to determine the method for constructing sound source
with large directionality of vibration energy radiation. Since the distribution
(v, »,) can be defined as the limit of the function series K (»,, v,; 4, B) satis-
fying the conditions [11]:

imK(v,v,; 4, B) =0 for », v, #0, (30)
A0
B0
and
+o0 400
[ [ E( v; A, B)dv,dy, =1 for all 4, B>0, (31)

the distribution function »(z, y) of the vibration velocity amplitude in the plane
of the baffle §,, containing a sound source with large directionality of vibration
energy radiation into the far field, should be chosen in such a way that the func-
tion series K (»,, »,; 4, B), derived from the Fourier transform K(v,,v,) of the
distribution function x(x, y) would satisfy the conditions given above. Accor-
dingly, it can be shown that the sound source with a Gaussian vibration velocity
amplitude distribution analysed in papers [2], [3], [10] and [13] is a sound
source with large directionality of vibration energy radiation in the sense de-
fined above, since the function series K (v,, v,; A, B), derived from the spatial

- spectrum K (v, »,) of the distribution function x(«, y) of the vibration velocity

amplitude in the plane of the baffle 8;, containing this source, which has the

- following form in a rectangular coordinate system [13]:

-K(vx! Vy3 -A! -B) =-K(va:; A)K(”y; B), (32)

where

E(sy; 4) = exp(—m3/4%), (33)
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whereas
1
K(»; B) =— exp(—m}/BY), (34)

satisfies [10] conditions (30) and (31). Since a sound source with a Gaussian
distribution, as the absolutely directional sound source, is a source with infi-
nitely large size, therefore, strictly speaking, it is realizable in practice realiza-
ble only in approximation [2]. Further considerations will show that it is not
possible to construet practically realizable sound sources with large directiona-
fity of vibration energy radiation into the far field.

6. Rectangular sound sources with large directionality of vibration energy radiation

Let us now construet a rectangular sound source with the sides @ and b
showing large directionality of vibration energy radiation into the far field.
The following series will be used for that purpose [11]:

K(v,, v,; A, B) = K(v,; A)K(»,; B), (35)
where
K(v,; A) :—}{ sine(»,/4), (36)
whereas .
K (v,; B) =% sinc(,/B), (37)

satisfying conditions (30) and (31), with A =1/a, B = 1/b, while

8in (mz)

sinc(z) = (38)

174

Let us consider uniform, Hanning and Blackmann distributions. The Fourier
transforms of these distributions are functions of the form of (35) [6].

a) Uniform distribution. Let us assume that the vibration velocity amplitu-
de distribution in the plane of the baffle 8, is defined in the following way
(Fig. 2): g

#(wy Y) = %ox(w)%(y), (39)
where
%(@) =1 for |2|< a2, (40)

#(z) =0 for |z|> a2,
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| whereas
x(y) =1 for |y|<?/2, . (41)
%(y) =0 for |y|>b/2,

Let us determine the spatial spectrum of the distribution function (39).
The use of the theorem on the ourier transform of the product of distribution
with separated variables and the theorem on the transform of the distribution

‘sgn(z) [11] gives

K(vyy v)) = %K (v,) K(v,), (42)
where
K(»,) = asine(ar,), (43)
whereas
K (v,) = bsinc(by,). (44)

The transform K (v,) (Fig. 2) of the distribution funection (40) is a function
having the main maximum for », =0 and side extremes decreasing as |v,|
increases, at a rate of 20 dB [decade. The highest of the side extremes are larger
by 13 dB than the main one.
~ b) Hanning distribution. Let us assume that the vibration velocity amplitude

~ distribution in the plane of the baffle 8, is defined in the following way (Fig. 2):

#(@y Y) = xoen(@)%(y), (45)
where
%(®) = 0.540.6cos(2rzfa) for |#|<al2, (46)
%(@) =0 for |@|>a/2,
whereas

%(y) = 0.64+0.6cos(2ny/b) for |y|< b/2,
#(y) =0 for |y|> b/2. (47)

Let us determine the spatial spectrum of the distribution function (45).
This gives

K (v, v,) = K (v,) K (v,), (48)
- Wwhere :
7 K(v,) = a[0.5sine(av,) +-0.258in(av, —1) +0.25sine(av, +1) 1, (49)
- Whereas
K (v,) = b[0.5sinc(by,)+0.25sine (b, —1) +0.25sinc(by, +1) ]. (50)
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The transform K (v,) (Fig. 2) of the distribution function (46) is a funetion
having the main maximum for », = 0 and side extremes decreasing as A
increases, at a rate of 60 dB/decade. The highest of the side extremes are larger
by 32 dB than the main maximum. Compared with the uniform distribution,
the transform K (»,) of the distribution function x(«) for the Hanning distribu-
tion has a wider main maximum, but lower and more slowly decreasing side
extremes.

¢) Blackmann distribution. Let us assume that the vibration velocity ampli-
tude distribution in the plane of the baffle 8, is defined in the following way
(Fig. 2):

#(@, Y) = #o%(0)%(Yy), (51)
where
#(@) = 0.42 +0.5cos(2nz/a) +0.08cos (4nxfa) for |2| < af2,
#(@) =0 for |z|> a/2, (52)
whereas

#(y) = 0.424-0.5cos(2wy [b) +0.08cos(4=y/b) for |y|<b/2,
%(y) =0 for |y|>b/2. (53)

Let us determine the spatial spectrum of the distribution funetion (51)
This gives

K(”m! vy) - an(Vz)K(i’y)! (54)

where
K(v,) = a[0.42sin¢(av,) +0.25sine(arv, —1) +
+0.258ine(av, +1) +0.04 sine (av, —2) + (55)
+0.04sinc(av, +2) ],
whereas

K (v,) = b[0.42sinc(by,) +0.25sine(by, —1) +
+0.258ine(by, +1) +0.04sinc (by, —2) + (56)
+0.04sinc(by, +2) 1.

The transform K (»,) (Fig. 2) of the distribution function (52) is a function
having the main maximum for », = 0 and side extremes decreasing as|»,|
increases, at a rate of 34 dB /decade. The highest of the side extremes are larger
by 57 dB than the main maximum. Compared with the Hanning distribution,
the transform K (»,) of the distribution function »(x) for the Blackmann distri-




SOUND SOURCES WITH LARGE DIRECTIONALITY 27

~ bution has a wider main maximum, but lower and more slowly decreasing side
extremes.

Tt follows from these considerations that each of the distributions: uniform,

~ Hanning’s and Blackmann’s, can be used to construct a rectangular sound

“gource with large directionality of vibration energy radiation into the far field.

:- o achieve this, for a given frequency f, of vibration of the surface of the sound

* source, appropriately large size of the source, compared with the length of the
und wave in the medium where this source will radiate vibration energy,

% (x/a)

(aw)l!

o ATAT
Fig. 2. Vibration velocity amplitude distribu-  _gp}| r\ﬂ {-\r\f\
tion function (a) and their Fourier transforms (b) [\
for uniform (1), Hanning (2) and Blackmann (3) e
distributions Py S L

ghould be selected. In view of the magnitude of side extremes of the directional
characteristic, compared with its main maximum, the Blackmann distribution
seems to be most useful for practical application. However, the considerable
~ width of the main maximum of the directional characteristic in this case re-
quires the use of sound sources with appropriately large size, compared with
the wavelength, much larger than are necessary in the case of the Hanning
distribution. In view of this, a rectangular sound source with the Hanning
distribution of the vibration velocity amplitude on its surface seems to be more
useful for application as a source with large directionality of vibration energy
radiation into the far field than one with uniform or Blackmann distributions.



28 A. PUCH

7. Rectangular systems of sound sources with large directionality of vibration energy radiation

Let us consider a rectangular sound source ¢, with the sides @ and b (Fig. 3)
showing large directionality of vibration energy radiation in the far field. Let
us assume that the vibration velocity amplitude distribution in the plane of
the baffle §,, containing this source, is defined by the function »(z, y).

Let us replace the sound source o, by a system consisting of a number of
point sound sources o,,, spaced respectively at intervals Az = a/M and
4y = b/N from one another on the surface of the rectangle occupied by the sound

» y 6, b ’
/ o X L
4 %
\ Q
b > e
a X g e
8 0 X
a
a=MAx

:Nlﬂy

b

Fig. 3. Rectangular sound source (a), rec- '.....".-.‘
tangular system of point sound sources (b), SSSEEH SRR

rectangular system of planar sound sources

source o, (Fig. 3). Let us assume that the efficiencies of individual sources in
the system are equal to the values x(mAdwx, ndy) of the distribution function
#(@, ¥). Aceordingly, the vibration velocity amplitude distribution in the plane
of the baffle §,, containing the system of point sound sources under study,
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defined by the expression (Fig. 4)

1
%, (2 Y) = x(a, Q)MIH(WMW; y[4y)

+ ]
— 2 2 d(@—mdw, y—ndy) (67) -
Mm=—00 N=—00
M2 N2
= Z Z x(mdx, nAy)é(x—mAdz, y—ndy).
Mm=— M2 n=—N]/2
Let us determine the spatial spectrum of the above distribution. The use
of the theorem on the Fourier transform of the Dirac distribution [1] gives

M2 Nj2
Ey(vpy v) = 3 Y w(mde, ndy)exp[ —j2r(mdav, +ndy»,)]. (58)
;. me=—M[2 n=—N/2
- Since

exp(—j2ny,mdx) = exp[ —j2n (v, +F,)mdx] (69)

exp( —j2ny,ndy) = exp[ —j2=n(v,+F,)ndy], (60)

there ¥, = 1/Az and F, = 1/4y, therefore, for any », and »,, the spatial
pectrum K, (v,, »,) of the distribution x,(, y) satisfies the condition

K, (vyy ») = Ky(v,+F,, v,+F,). (61)

- Hence, it follows that the spatial spectrum K, (»,, »,) of the distribution
»(®, y), which defines the vibration velocity amplitude distribution in the
ane of the baffle 8, containing the system of point sound sources under study,
& periodic function with the periods F, and F,, respectively in the direction
- the axes 0v, and 0»,. From the theorem on the Fourier transform of the
Stribution 1/dwdy IIL(x/Az, y|Ay) [1], the spatial spectrum K,(»,, »,) of
stribution (57) ean also be represented in the form

400 + 00
Ky(vs; %) = F,F, Y 3 K(v,—kF,, v,—IF,). (62)

k=—00 l=—00

b

- Hence, it follows that the spectrum K,(»,, »,) of the distribution x,(=, ¥),
fining the vibration velocity amplitude distribution in the plane of the baffle
Qontammg the system of point sound sources under study, is the sum of the
bectra K (v,, »,) of the distribution function »(w, y) of the vibration velocity
mplitude in the plane of the baffle §,, containing the rectangular sound source
(Fig. 4), multiplied by F,F, and displaced by F, and F, with respect to each

S e A,
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other, respectively in the direction of the axes 0», and O,. In view of this and
from (20), the relative acoustic pressure amplitude distribution on the surface
of the hemisphere 8, surrounding the system of point sources under study in
its far field, is defined by the expression

'Rp(vz’ vy) 5y Kp(”z! vy)Hv(vz! vy)' (63)
a
Ax =a/M
10 |
5
X o5}
ENQ
| L1
0 Ax/a 05 x/a 10
b E =1/Ax
0
ba IR, (av )l
:i -40 _ q p
=3
il
s NanN
2 N
-80 -
Fig. 4. Vibration velocity amplitude distri-
-100 0 ; = 3 &k bution (a) and its Fourier transform (b) f

a discrete Hanning distribution

It follows from dependencies (22) and (58) that

MJ2 Nj2
Ey(0,0)= D' D x(mdw, ndy) =V, (64
Mem—M/2 ne=—N/2

where 7, is the efficiency of the system of point sound sources under study
In view of this and from (23), the directional characteristic of this system
sound sources is given by the expression

Ep('zr v,) = RB,(vyy v)[Vyp. (65)

It follows from dependencies (62), (63) and (65) that when F,, F, > 2
i.e. when Az, Ay < A/2, where A = 1/[», then

R, (v;y ) =R(v,, ). (66;‘.
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~ Hence, it follows that when the intervals among the individual sources
[ a system of point sound sources are sufficiently small compared with half
e length of the sound wave radiated, the directional characteristic of this
stem has a shape close to that of the directional characteristic of the rectan-
ilar sound source o, (Fig. 4).
- Let us now replace the rectangular sound source o, by a practically realizable
gtem of planar sound sources o,,,, spaced at the respective intervals 4o = a/M
id 4y = b/N, on the surface of the rectangle occupied by the sound source g,
fig. 3). Let us assume that the vibration velocity amplitude distribution in the
lane of the baffle 8,, containing the central source o), 0f the system, set apart
om the other sources, is defined by the function x,%,(z, ¥). Let us assume
at the coefficients x,, for the individual sources o,,, in the system are equal
o the values x(m Az, nAy) of the distribution function % (z, y). Accordingly, the
ibration velocity amplitude distribution in the plane of the baffle §,, conta-
ling the system of planar sound sources now under study, can be defined
| the following way:

%y(2y Y) = %,(@, Y) * 2,(2, ¥), (67)

M2 N/2
w@, 9)= D D ximde, ndy)d(@—mdz, y—ndy). (68)
m=—M[2 n=—N|2

-Let us now determine the spatial spectrum of distribution (67). The use of
the theorem on the Fourier transform of the convolution of the function and
the distribution [1] gives

Ku("x! "v) i Kz(”z? vy)Kp(”z? vy)l (69)
M2 N2
Ky(v, v) = D D »(mdw, ndy)exp[—j2n(mdav,+ndy»,)]. (70)
m=—M/2 n=—N|/2

~ In view of this and from (20), the relative acoustic pressure distribution
m the surface of the hemisphere 8, surrounding the system of planar sound
sources under study in its far field, is defined by the expression

Ru("z! vy) s ol [K‘(V_,” vu)Kp(vz’ ”v) ]Hr(”zr vy) e Rl("z’ vv)Rp(va:! "')' (71)
~ In view of this and from (22),
R,(0, 0) = R,(0, 0)R,(0, 0) = V,V, = V,, (12)

' :.i- ere ¥, is the bulk efficiency of the system of sources under study. From
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dependencies (64) and (72), it can be written that
M/2 NJ2

Chadls St (73)

m=—M2 n=—N/2

where
Vn = V.x(mAz, ndy) (74)

is the bulk efficiency of the source o, of the system. Hence, it follows that
the series of the values x(mAz, nAy) of the distribution function x(@, y) is
defined by a discrete distribution of the relative bulk efficiencies of the sources
Oun i the system, referred to the efficiency V, of its central source g,,. From
(23), (75) and (72), the directional characteristic of the rectangular system of
planar sound sources is defined by the expression

Eu("'z! "vy) il Ru(vmi yy)/Vu (57 Rs(vzs vy)Rp("x! "Vy)' (75)

It follows from the above dependence that the directional characteristic of
the system of planar sound sources is the product of the directional characteristic
of the central source o, of this system and the directional characteristic of a 8ys-
tem of point sources derived by replacing each of the sources o,,, by a point
source. In a case when the dimensions of each of the sources g,,, in the system
are small compared with the length A = 1/» of the wave radiated, it can be as-
sumed that

B, (v, v)~1. (76)
In this case, expression (75) can be represented as
Eu(”a:! ry) ~ Rp(yx! vﬂ)' (77’

In view of this, in a case when the dimensions of each of the sources O D
the system of planar sound sources under study are sufficiently small compared
with the length of the wave radiated, the directional characteristic of this
system has a shape close to that of the directional characteristic of a rectangular
system of point sources derived by replacing each source d,,, in the system of
planar sound sources by a point source. '

In summary, it follows from the considerations made that the directionality
of vibration energy radiation in the far field, close to that showed by a rectan-
gular sound source o, with the vibration velocity amplitude distribution on its
surface defined by the function »(, y), will occur for a mosaic system of sound
sources, composed of planar sound sources with sufficiently sinall dimensions
compared with the length of the wave radiated, spaced on the surface of the
rectangle occupied by the source d,, at intervals which are also sufficiently short
compared with half the wavelength. In addition, the relative bulk efficiencies
of the sources in this system must be equal to the values of the distribution
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efion »(2, y) at the intervals at which its individual sources are spaced.
b shows the directional characteristic of a rectangular mosaie system of sound
y determined for a discrete Hanning distribution of the relative bulk
iciencies of the sources in this system. It was assumed that ¢ = b = 44,

’ P . e i
L < A L A
R e L i S e P et
DA R S Y S0 Y S5 AT T
A 5 S T ST VS 0 S
VA 7 A S AP Y B W AT AL
> v G ¥ A S S A > I S A
D G L R O B
i L A

L Z AT Y 5
¥ 7 A 2 i Z
N Al 0 0 00 (0 L L 9 A 9 7o o
W/ 1/a 2/a 3/a

g ' 6. Directional characteristic of a rectangular mosaic system of planar sound sources
with a discrete Hanning distribution of their relative bulk efficiencies

p = Ay = 0.42, a, = b, = 0.34 (Fig. 3). This characteristic does not differ
ietically from that of a rectangular sound source with the same dimensions

d Hanning distribution of the vibration velocity amplitude on its surface
ig. 2).

8. Conclusions

It follows from these considerations that a rectangular sound source with
rge directionality of vibration energy radiation into the far field can be reali-
d in practice in the form of a rectangular mosaic system of planar sound sour-
vibrating in phase, with a discrete Hanning distribution of their bulk ef-
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ficiencies. To achieve this, for a given frequency of vibration of the surfaces of
the sound sources, it is necessary to select sufficiently large dimensions of the
system of sources, compared with the length of the sound wave in the medium
in which this system will radiate vibration energy. In addition, as small as pos-
sible dimensions of the individual sources in the system and intervals among
those sources, compared with the wavelength, should be selected. In practice,
it is enough to assume the dimensions of the individual sources and the intervals
among them to be less than half the length of the wave radiated by this system,
whereas the sufficient dimensions of the system should be several times larger
than the wavelength. The directional characteristic of such a system of sound
sources ean have side extremes decreasing as the spatial frequencies |»,| and |»,|
increase, at a rate of 60 dB/decade, in the region of the spatial frequencies

Vm < v, where » is the spatial frequency of the sound wave radiated
by the system. The highest of the side extremes of the directional characteris-
tic of the system, occurring in the region of spatial frequencies, is lower by 32 dB
than its main maximum. On the basis of the results obtained in the present in
vestigations, it is in particular possible to construct ultrasonic transducers
showing large directionality of vibration emergy radiation in liquid media, as
_mosaic systems of piezoelectric transducers. In this case, the required discrete
distribution of the bulk efficiencies of individual transducers can be achieved
by selecting appropriately their initial polarisation or the supply conditions
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