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CALCULATION OF ULTRASONIC FIELD DISTRIBUTION RADIATED BY PLANAR
TRANSDUCERS*

ANNAMARKIEWICZ

Institute of Physics, University of Gdansk
(Gdarisk ul. Wita Stwosza 57, Poland)

This paper presents a method for numerical caleulation of amplitude
and phase distribution of ultrasonic fields radiated by a planar transducer in
the case of the different boundary conditions. Some theoretical consideration
are reported that yield to the numerical approach for the investigated problems.
Limited number of caleulations are presented to illustrate facilities of the pro-
gramme invented for this purpose.

1. Introduction

Amplitude and phase distribution of ultrasonic fields transmitted as well
as received is of the great importance to many investigators. The assumption
of the plane-wave is commonly used, however, it is not fulfiled in most cases.
When the real distribution is considered, especially in such applications as
calibration of the transducers, velocity and attenuation measurements, ultra-
sonic propagation in complex media, it helps to obtain the correct results [2-4].

2. Theory

An ultrasonic field radiated by a planar transducer can be regarded as
a diffraction problem of an arbitrary incident wave u(x, ¥, z) through an aper-
ture A in an infinite plane screen § of vanishing thickness and can be solved
by means of integral equations. Any solution « of the wave equation that is
regular inside a close surface X is expressible in terms of the boundary values
on X of either w or du/dn, at least if the corresponding Green’s functions of

* This work was supported by British Council and performed at University of Surrey, Physics Department,
Guildford, Surrey, U.K.
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the first and second kinds are known [1]. (X consists of an infinite plane 8 -4
and a half-sphere at infinity). Accordingly, if » is any wave function that is
regular for z = 0 and satisfies appropriate conditions at infinity [1] the Rayleigh
formulae express wu:

ik an exp (ikr)

or
L ¢ d [ exp (ikr)
e .{MW( r )dZ’, (2)

where the integration is over the plane ' = 0 (a planar diffraction problem)
and 7 denotes the distance between the field point (x, y, 2) and the source point
(@', 9’y 2').

If two different boundary condition are considered

#lg =0  soft screen, (3)
du

74 Ay 0  — rigid sereen (or baffled transducer), (4)
" s

and applied to (1) and (2) the solutions of the problems are obtained

1 d [exp(ikr
U =— fu—— M dX  soft screen, (H)
27 dan r
3 i
exp (ikr)\ 0
ff p("i i dX  rigid screen. (6)
o an
The other well known approximation to this problems is Kirchhoff’s ap-
proximation
1 exp(ikr) oOu d [ exp(ikr)
=— | — — 1 —— - -jrdA. 7
> 4 ;f{ 0 on % on ¥ } ()

There is an inconsistency of Kirchhoff’s theory because w and du/dn can-
not be simultaneously prescribed on 4, and that is why there exist various
modification of Kirchhoff’s theory. Kirchhoff’s solution can be interpreted
as the average of two Rayleigh’s solutions. These three formulae give different
results only within the near field of the aperture, and at a distance from it inte-
grals (5), (6) and (7) tend to the same value.

3. Numerical approach

The programme was invented to calculate pressure distribution of the
ultrasonie field in the plane parallel to the transducer face. The source was as-
sumed to be planar and in that case Rayleigh’s formulae can be treated as
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*  the transform relation
P(Zy Yy Zoonst) = J1(2, ¥, 0) %% fy(2, ¥, 2), (8)

where =% denotes twodimensional convolution with respeet to # and y and

rigid boundary condition

fi(@, 9, 0) =y 0n (9)
P soft boundary condition

1 exp(—ikr
= ___B(,T_z_m)_ rigid boundary condition
AT

Jalay y,2) = 1 @ [exp(—ikr) (10)

— — ———) soft boundary condition

2n dn r

The computations were performed by a convolution approach utilizing a
Fast Fourier Transform routine. The programme was run on a PRIME com-
puter, however, in order to optimize it, some parts were implemented by the
Array Proccessor (4P).

4. Results

All calculations presented were performed for a circular transducer of
a 5.7 mm radius and with a frequency of 0.948 MHz radiating into water.
The uniform distribution on the transducer surface was assumed.

In Fig. 1 the amplitude and phase distributions are shown at a distance
of 10 mm away from the transducer for three boundary conditions: rigid, soft
boundary condition, and Kirchhoff’s approximation. For quantitative compa-
rison several cross-sections for previous results are shown in Fig. 2.

Computer simulated formation of ultrasonie field in the case of the rigid
boundary condition (baffled transducer) is shown in Fig. 3.

5. Conclusions

Using the approach presented in this paper one can caleulate the real field
distribution, both amplitude and phase, radiated by a planar transducer for
different boundary conditions, different shape of the transducers and different
distribution across the transducer surface. The latter can be assumed theoreti-
cally [6] or obtained experimentally [7].
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from Computing Center of University of Surrey for help with using AP.



]|

100MPSTRI] T JO SNIPRI 9T} 0} POZI[BULIOU IR SIXE fi puw ‘uorpemirxoxdde s jjot
-goary (2 ‘uogrpuos Lrepunoq j3os (q ‘Lrepunoq PIS (v :SUOIHPUEO LILPUNOQ JUIISIFIP IO 3T WOIY Aeme WL ()] JO 90URISIP © J8 920] I2ONpPsULI)
o1y 01 poreaed ouvyd ot ur snrpel wu £'¢ pue Lousnbory Z I 8F6°0 FO I9))TUISURIY 97} 10§ UONNLISIP PIO1} OTTOSELM JO uotjRUamE) T ‘S

ree

FEETET

apnjndwo

apnyndwio e spnindwp ; j



ULTRASONIC FIELD OF PLANAR TRANSDUCERS
amplitude phase
a I5¢ e ok LA —r——
% 130 4
o 3 r ; 1
[ 1 201 1
df 1 ot : 1
ot e I R SR PSRt e Y
% 10 20 2 =20 -10 0 10 20
4 e Tt 40 e T e i
i ] + \ 1
ot 131 1
E 1 20t 4
5P T M 1
C JgE &
0 o gty EE e =3 s Lo gl T
-20 -0 a 10 20 =20 -0 e 10 20
10 eayaan T 40 T r=r Ty
: 1-30¢F
st 1 20t
L r
[ 1 10
X L ! ' L L i YA 1 8
0 s S S T - S
e W x 107!
y=0
A xio! amplitude 3
2f 0 ] |
8f ]
¢ b ] _{
£ 1 1
P e AR s R j
s S 1) 0 10 20
2f ] J
C 3 a
5: 1 1
¢f j 1
4 =20 -10 I a : ?‘b - 2‘0 y
10— ey =4
8F 30 r j
et 20
Lt
2t L 5 .

o i AL 1 1 1 1 i1 I GE‘ i i i 1 i L .I : 1
<20 . -I10 a 10 20 -20 -10 Q 10 20
—_— X x10°7

y=19




88 A. MARKIEWICZ

amplitude.

PR )

e TR R S8 o I i |

o
| L. BT N A T

x/r

-2 amplitude
q e e D e

40

30

20

T A e 3 a1 G |
N il R Al O el

=20 = =10 0 0 20

S0 Py

40+
30+
20

geigl g

0

28

20

TTTYT I TT TV YT
CE 0 Y X ) e O

e bl A L

= v [} 0 20




%1072 amplitude : phase
e — E et X0 1
i1 4 L i
L 4 3ot -
1ur 1 L 4
0 el )
6 : 10+ 4
2 A i 1 1 i 1 1 0 A 1 A 1 i i i
20 10 0 ST 205 = G 0 20
- 4 40— —
B j 30k : < |
: 1of 1 20t |
. i o} ﬂ
S : | r E
P i Capaey
20  -10 0 1020
= ———r
s 1 30} .
! 0 4 L i
? - 1 2o0f :
| 6F 4 r 1
‘ " 1 ot 1
: 4 Ml 4
‘ < %, 00 ek
—_— X/ x 107!
y=76
-2 amplitude phase
5B ALl 0 e e
| C 1 30} .
| or ¥k 1
| g i ]
‘ St 1 1w} .
: N = - .
1 1 1 1 { ey 1 1 Il 1 L 0 Ll L L 1 L 1
| =20 -10 0 0 20 20 -0 0 0 20
} i Gp e ; 40 P s Ot N R
6+ - ]
! 5 1 30t
743 e
’ L — 20 -
I 8t 1 =
| - 4 ot
| o ; e
[ 1 1 i 1 1
1 20 -10 g -10
‘r 74 L S N 3  § g o it | 40 T T
| L 3 L |
; L 1 30 1
] 3 - - - 4
[ 1 20t 1
| 4t i 10 4
: L ] F 1
| r e 1 i 1 1 1 L 1 D n L 'l I 1 1 1
r 20 -10 R 20 -0 0 0 20
:
x/r x107!
y=95

Fig. 2. Quantitative comparison for three boundary conditions for the situation as presented
in Fig. 1. The curves are presented in a sequence: rigid, soft boundary condition and Kirch-
hoff’s approximation for different cross-sections moving away from the transducer axis:
a)y = 0 (on axis), b) y = 1.9 mm, ¢) ¥y = 3.8 mm, d) y = 5.7 mm, e¢) ¥y = 7.6 mm, f) y =

.

= 9.6 mm
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