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Acoustic Response of an Elliptic Receiver to an Elliptic Source

By

Kazunari YAMADA

Abstract

Ultrasonic response of an elliptic receiver to an elliptic piston source surrounded by
an infinite rigid baffle is given as the total acoustic pressure which is derived from the

sum of the acoustic velocity potential on the surface of the receiver.

are necessary for the deduction of the result:

Following conditions

1. The surface of the receiver is similar to that of the source.

2. 'The surfaces have a common center axis and the long radius on the surface of the
receiver is parallel to that of the source.

3. The velocity of the source is uniform over the surface and is sufficiently small.

4, The effect of multiple reflection is omitted.

5. The medium through which the signal propagates is uniform.

The result obtained here has a form of double integral representation.

When the distance is sufficiently small, the result is approximated with the

wave response.”
allowed for the formula.

For sufficiently large distance, the

“plane-

“spherical-wave apporximation” is

Numerical calculations for the acoustic response versus distance between the source

and receiver given for several cases.

Numerical calculations for the radiation impedance at an elliptic piston source are

given for two cases.
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the velocity of the source, and exp
(—jkez—az), |L| which is written
as the normalized acoustic response,
vs. normalized distance. Curves are
corresponding to the cases of the
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round marks are values correspond- -
ing to w(1+y2)(1+e2)/4.
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Fig. 3 Normalized acoustic response, |L]|,
vs. normalized distance. Curves are
corresponding to the cases of the
elliptic source and receiver at k,a=
12.5, a;=0.0 neper, and e=1/ 4 3.
The round marks are values corres-
ponding to w(1-+y2)(1+e%)/4.
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neper, y=1.0, na’e=19.63cm?, when
the receiving area is a constant. The
round marks are values correspond-
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different cases of a2=1.0, 0.1, 0.0
neper at y=1.0, and e=1.0. Full
lines ky2=12.5. Dashed lines k=
25.0.
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Tho, D «;=1.0, 0.1neper &L X35 &L EH
aky=12.5 OHIREER 72 DEHLTNE, Ko
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Fig. 10 Radiation impedance divided by the
product of the radiation area, the
acoustic impedance of the medium
vs. ka. Curves are corresponding to
the cases of the elliptic piston source
at e=1.0, 0.5, 0.25 respectively.
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Table 1 Radiation impedance at the circular
piston source for a set of parmeter
values e.
e=1.0
Real Imaginary  Absolute
ka Re(Z) Im(Z) 1Z]
+0. 000 +0. 000 +0. 000 -+0. 000
+0. 500 +0.120 +0.397 +0. 415
+1.000 ~0.423 +0. 647 +0.775
+1.500 +0.774 +0. 680 +1.030
+2.000 +1.033 +0.535 +1.163
+2.500 +1.131 =+(.323 +1.176
+3.000 +1.092 +0. 160 +1.104
+3.500 +1.001 +0.099 +1.006
+4.000 +0.941 +0.122 +0.949
+4.500 +0.945 +0.167 +0.960
+5.000 -+0. 991 +0.179 +1.007
~+5.500 +1.032 +0.147 +1.043
+6.000 +1.037 -+0. 098 +1.042
-+6. 500 +1.011 +0. 067 +1.013
+7.000 +0.981 +0. 068 +0.983
-+7.500 +0.973 +0. 088 +0.977
+8. 000 -+0.989 +0.102 +0.994
+8.500 +1.011 +0. 095 +1.016
-+9. 000 +1.021 +0. 072 +1.023
+9. 500 +1.011 +0. 052 +0.012
+10. 000 +0.993 =+0. 047 +0.994
+10. 500 +0.984 +0. 058 +0.985
+11. 000 +0.989 +0. 069 ~+0.992
+11.500 +1.003 +0.070 +1. 006
+12. 000 +1.013 +0. 058 +1.014
+12.500 +1.010 =+0. 043 +1.011
+13. 000 +0.999 -+0. 037 +1. 000
+13.500 -+0.990 +0. 042 +0.991

T90° DEICAM bOTHBH, TOEBMEAD
ke EbN A1 5 FREE B Y 2 F ORISR
XL BIEPES TN B BERZERL TN B, TD
120 ¥ EERG IIEB LA OB IR D BE OBJX
RHMICEEBINLTNC Enbh b, #E->T Fig. 9 ©
He b S FHAIE TRV 2 X2 TR 4S 49 3
ZEINARA do AN, EFETROERHRIC X
BEHEZEES) de % Khimunin®:® ORER de/c=
() (5% Hmy zzemeaa,

aky
Fig. 10 & Table 1~3 i3 ek Ot LT, HE

(e=1.0)) RUKHIE (e=0.5, 0.25) OER b vF

(231)
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Table 2 Radiation impedance at the elliptic
piston source of a set of parmeter

Table 3 Radiation impedance at the elliptic
piston source for a set of parmeter

values e. values e.
e=0.5 e=0.25
Real Imaginary  Absolute Real Imaginary  Absolute
ka Re(Z) Im(Z) | Z] ka Re(Z) Im(Z) | Z]

+0.000 +0.000 +0. 000 -+0.000 +0. 000 +0. 000 +0. 000 -+0. 000
+0.500 +0.061 +0.281 +0.287 -+0.500 +0.032 +0.184 +0.187
+1.000 +0.225 +0.502 +0. 550 —+1. 000 +0.116 +0. 342 —+0. 362
+1.500 +0.447 =+0. 626 +0.769 +1.500 +0.234 +0.457 +0.513
+2. 000 +0.671 +0. 648 +0.933 +2.000 +0.361 +0.524 -+0. 636
+2.500 -+0. 852 +0.592 +1.037 +2.500 -+0.480 -+0. 552 +0.732
+3. 000 +0.972 +0.495 +1.091 +3. 000 +0.581 +0.556 -+0. 804
-+3.500 +1.033 +0. 394 +1.106 +3.500 +0. 664 +0.548 +0. 861
+4.000 +1.055 +0.308 +1.100 +4.000 +0.736 +0.535 +0.910
+4. 500 +1. 056 +0.244 +1.084 -+4.500 +0.801 +0.518 +0. 954
+5..000 +0. 048 +0.196 +1.066 +5. 000 +0. 861 +0.496 +0.993
+5. 500 +1. 036 +0.160 +1.048 +5.500 +0.914 +0. 466 +1.026
+6. 000 +1.019 +0.134 +1.028 +6. 000 -+0.958 +0.430 +1.050
+6.500 +1.000 +0.119 +1.007 -+6.500 +0.992 +0. 392 +1.066
+7.000 +0.984 +0.115 -+0.991 +7.000 +1.017 +0.354 +1.076
+7.500 +0.975 +0.119 +0.982 +7.500 +1.034 +0.318 +1.082
+8. 000 +-0. 975 +0.126 -+0.983 -+8. 000 +1.046 +0. 284 +1.084
+8.500 +0. 682 +0.129 +0.991 +8.500 +1.054 +0. 252 +1.083
+9. 000 +0.993 +0.127 +1.001 +9. 000 +1.057 +0.222 +1. 080
+9. 500 +1. 002 +0.120 +1.009 -+9.500 +1.055 +0.194 +1.073
+10.000 +1.008 +0.110 +1.014 +10.000 +1.049 +0.171 +1.063
+10. 500 +1.010 +-0.100 +1.015 +10. 500 +1.041 +0.152 -+1.052
+11. 000 +1.010 +0.090 +1.014 -+11. 000 +1.032 +0.137 +1.041
+11.500 +1.009 -+0.082 +1.012 +11.500  +1.023 +0.125 +1.031
+12.000 +1.006 +0.075 +1.009 +12.000 +1.014 +0.116 +1.021
+12.500 +1. 002 +0.070 +1.005 +12.500 +1. 006 +0.110 +1.012
~ +13.000  +0.998  +0.106  +1.003
B3 aiE4 ve—& v 2002RIC L DEHE LR +13. 500 +0.991 +0. 104 +0.996
LDTHB. CDHEIHA ¥ ¥ —F v X OMEIMEHEE - +14. 000 +0. 985 +0.104 +0.991
DEEL vE—F VR polk LEROKNER tae : +14. 500 +0.982 +0. 106 -+0.987
Tl TEHALL, & OFEHA ¥ B ¥ X DEBEL +15. 000 +0.980 +0.107 +0.986

Re(2) LINOEFER In(2) KD TEALTY

6. ©LIU

%, Fig. 10 tho#EE#E (e=0.5, 0.25) fu41 v ¢
—# VY AD Re(2) HH3HEE (e=1) OHEED Re
(D) XD d ak OBIIT B EEIT, Wo< &1
DENIELEME, T, BEEO I(2) LD
E—7 BHEOBALD b ak ORESVHFIEBET 2
T EWRENTNE, TNHOEAIZER P Y FED
ERHE A LRI IR A BIEE I » T 5,
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