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An approximate solution for the acoustic coupling factor (the diffraction correction function) 
from a focused transducer to a fiat plate and back to the transducer is provided. This function 
is useful for system calibrations where a pulse-echo system or transmit-receive system is used. 
Numerical solutions are provided for the important case where the fiat plate is placed near the 
focal plane of the transducer. The solution for a fiat disk transducer is obtained as a limiting 
case. Experimental evidence for a focused transducer is provided. 

PACS numbers: 43.20.Fn, 43.20.Rz, 43.20.Bi 
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the transducer is needed when the reflected signal from a 
fiat plate is used to measure the system transfer function of 
a transmit-receive system, as in the case of a backscatter 
measurement system. For a fiat disk transducer, this func- 
tion has been solved by a number of authors, including 
Lommel, • Huntington et al., 2 Williams, 3 and Seki et al. 4 
Extensive numerical integration of these results has been 
provided by Khimunin 5'6 and Benson and Kiyohara. 7 The 
solution for a fiat disk transducer with transient excitation 

has been reported by Rhyne. 8 An exact solution to the 
steady state problem was obtained by Williams 3 in the in- 
tegral form as 

Dœ(z;f) = l - ( 4/sr)exp'(j kz) 
Jo 

+4a • cos • O) ]sin • 0 dO, 

exp[--jk(• 

(1) 

where z/2 is the distance from the transducer to the flat 

plate, and 0 can be regarded as a dummy variable for 
integration. For ka• 1, Eq. ( 1 ) was reduced by Rogers and 
Van Buren 9 to 

Dœ(z;f) = 1 -exp(-j2,r/S) [Jo(2•r/S) 

+jJi (2•r/S) ], (2) 

where $=2•rz/ka • is the normalized distance from the 
transducer to the flat plate. 

In many instances, however, it is more desirable to use 
a focused transducer and it is the diffraction correction 
function for such a transducer that will be discussed. An 

exact solution to this problem in integral form will be 
shown and an explicit approximate solution will also be 
shown, along with numerical presentations. The solution 

for the flat disk transducer is obtained as a limiting case of 
the general solution. Experimental data from a focused 
transducer are provided. 

I. DERIVATION OF THE DIFFRACTION CORRECTION 
FUNCTION 

A pulse-echo system is shown in Fig. l. The distance 
from the transducer (the transmitter) to the fiat reflector is 
denoted by z/2. The receiver can be
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FIG. !. Coordinate systems used for analysis. The flat plane 



are the zeroth and first-order Lommel functions of the 

second kind. Substituting Eqs. (18) and (19) into Eq. 
(17), we have 

Z (exp [ j ( Y/2 - Z2/2 Y) ] - 1 OF(z;f) = ---• j(r/2_Z2/2y) 

-exp(j Y)I2( Y,Z) ), (20) 
where 

Iz(Y'Z)=2 =o exp --j•-(1--U•) [%(Y, ZU2) 
--jvt( Y, ZU2) ] U2 dU2. (21) 

The details for the reduction of Eq. (21) will not be 
given here. It is sufficient to state that by substituting 
Eq. (19) into F.q. (21), a summation of complex integrals 

in the form of f[r2=oU•+lJ,,(ZU2)exp[ -- j(Y/2)(1 
-- U•)]dUz for n>O results and their solutions can be de- 
rived from similar expressions given in the text by Gray 
and Mathews. m After some lengthy manipulation, Eq. 
(20) becomes 

1 [exp[j(Z/2)(X--1/X)]--I 
Dr(z;f) = --• [ j (Z/2) (X-- l/X) 

--exp(jZX) [So(X,Z) --jS• (X,Z) ] ), 
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neeted directly to a digitizing oscilloscope (model 9430, 
LeCroy Corporation, Chestnut Ridge, NY}. The radio- 
frequency (rf} signal was digitized at a 100-MHz sampling 
rate with 10bit precision. An antialiasing filter with a cut- 
off frequency of 45 MHz was used before digitization. 
Time-domain averaging of 100 traces of digitized rf signal 
was used for each measurement to reduce broadband noise. 

The digitized rf signal was transferred via an IEEE 488 
interface to a personal computer for storage and process- 
ing. The envelope of the rf signal was calculated from the 
amplitude of the complex analytic function associated with 
the rf signal.• 

The received signal at the oscilloscope when the fiat 
plate is positioned at a distance z/2 away from the trans- 
ducer can be written as 

Vout(Z;t) = Via,ampX(f)FR(f)X(f ) 

Xexp[ j (•ot--kz) l Dr(z;f), (28) 

where V•,.amp was the amplitude of electrical signal driving 
the transducer, X(f) was the electroacoustical coupling 
factor of the transducer, and Fn(f) was the filter function 
of the receiving circuitry. The filter function Fn(f), which 
was used to remove the requirement that the transmit- 
receive circuitry be symmetric, could have included the 
gain function if any amplification circuitry was used be- 
tween the T/R switch and the oscilloscope. The combina- 
tion IX2(f)Fn(f) l, which is a function of frequency only, 
is the system transfer function which needs to be deter- 
mined for the calibration of pulse-echo systems. ItBT
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includes the solution for a flat disk transducer as a limiting 
case. Experimental results have a fAnExperimen440000 0.0 Td
(providedas ) Tj07.200000 0.0 Td
toa 


