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ABSTRAcr 

Acoustic pressure pattern due to a vibrating axisymmetric body in a 
semi-infinite fluid medium is calculated using the results of FIST program in 
conjunction with the method of images developed in the analysis~ 
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INTROIXJCTION 

Far field and near field acoustic pressure patterns are calculated for a 
cylindrical transducer vibrating in a semi-infinite fluid medium. The method 
of Unages is developed to calculate the acoustic pressure in .semi-infinite 
fluid using the results ot r'IST program.. FIST program calculates the radiated 
and scattered acoustic pressure due to an axisymmetric body in an infinite 
fluid medium. 

ANALYSIS 

The method of images is used here to study the acoustic wave propagation 
in a semi-infinite fluid medium due to vibrating axisymmetric structure. 

First we derive here the equations for a structure canposed of several 
axisymmetric carnponents with variously oriented axis of rotation~ Then, tram 
that expression, derive the expression for mirror image structure. 

The Helmholz boundary value problem gives the pressure 
point in an infinite fluid medium due to prescribed pressure 
velocity vrn distributions on 'M' number of cavities. 

p_(r: f.) 
·-m p 

at a 
and 

Each of the above m variables can be expressed in their own cylindrical 
coordinate systems. Let 

M 1'--..Jm 

p = L_ L p~ Cosnen~ 
m:. I n -=-0 

p'"" = zrri p;' Cos nG,., (2.) 
n=-0 

== rn N rYJ =- rf"\ rn 
V =- '?.-a Vn CosnS) (3) 

Then, as described in detail in the technical report T.R 5821, the pressure 
distribution ha:rroc>nic coefficient _ p~ can be expressed in terms of the 
ha:rroc>nic coefficients of pressure p~ and velocity V rn on the 
surface of mth cavity. n 

{P:} = G--1:]~~ + LG:] {v:} 
3 
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Substituting equation (2) into (1) we have 

p oc !, %:{ lH~ {R,i + ~j r\/nm}} Cos n Q~ (51 

Consider the case in which only two axisymmetric bodies oriented in 
arbitrary directions. For this case equation ( 3) reduces to 

P= !a { [ H~] ~~Cosns'{GQ{v~} Cosne' 

t- L H~ {P~} Cosn(9~ [G~] {vflz} Cosn@~} 
(6) 

Now let us impose the restriction that one cavity is the minor image of 
the other as shown in Figure l. 

p 

FIGURE l 

MIRROR. PLA"-.1£ 
~=f<Ef Sue~=""ACE. 

. c X I~. '"l) 

Consider a point on the mirror plane. For this point Q 1 = - Qz. 
a no 

C o.s n Q
1 

= C 05 n (-~ z) = C o.s n c9 ~ = C o.s n © 
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Since cavity 1 is the mirror image of cavity 2 and point P(x,y,z) on the 
mirror plane is always equidistant from any two corresponding points~ one on 
each of the two cavities, it is easy to see that the fluid matrices have the 
following relation 

rr~:,J = rH~ . 
.) (8) 

Substituting equation (8) into (7) we get 

pcr.~.<l)~ z{[H~ {~~}+{P~}{s~{v~}+[v4}}cosn~ 
(9) 

For pressure p ( r;- <9. ~) to be identically zero on the mirror 
plane we can see that the 

(1 0) 

(\ I) 

Imposition of conditions (10) and (11) on the problem gives zero pressure 
distribution on the mirror plane. Therefore, substitution of equations (10) 
and (11) into (6) gives the pressure at any point in the semi-infinite fluid 

p Cr; l9, 'l) = tJ [lt-1~] Cos n~ - [H ~ Cos n<9J {Pn} 
+ [G,J Co~n~- g;:] Cos n C9J {v"}} 

(_12) 

5 
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RESULTS 

Experiments were conducted in which the acoustic radiation from transducer 
which was freely supported at 6.75" below the surface of the tank were mea­
sued. The transducer was a solid right circular cylinder of 0. 75" diameter and 
7" length. Two cases of the vibration of the cylindrical surface of the 
transducer were considered. In both cases the cylindrical surface was 
considered vibrating in breathing mode whereas the end caps remained 
stationary. In the first case all the points were vibrating harmoneously with 
unit velocity normal to the surface, whereas, in the second case points along 
cylindrical surface, even though, were vibrating with unit velocity normal to 
the surface, but with a phase shift given by V e L k: '>'- where k ::. WI C , c 
is sound velocity in water~ The excitation frequencies in both cases were 
20,000 Hz and 50,000 Hz. A string of hydrophones located at offset distances 
of 4, 6, 8, and .10" from the transducer and at a depth of 6.75", 7.75", 9.50", 
11.25", and 13" fran the surface measured the acoustic pressure radiated by the 
transducer. There were in all twenty-one hydrophones, located on a straight 
segment at 1° apart. Each hydrophone measured amplitude of the acoustic 
pressure but did not account for phase difference. The amplitude of acoustic 
pressure was measured at all the hydrophones at a given depth and then the 
string was lowered to a new depth for additional measurements. In all, 
readings were taken with hydrophone string located at five different depths as 
shown in Figure 2. 

Analysis was performed to simulate the above experiment. Since the trans­
ducer was located in a tank which had a free surface from which the acoustic 
waves reflect, analysis used, as oescribed earlier, the method of images. As 
shown in Figure 2, transducer and its image, which are located equidistant from 
the surface, but the image having velocity distribution which is 180° out of 
phase with the transducer, vibrate at saroo frequency in an infinite fluid 
medium. The pressure distribution generated by this set is identical with the 
pressure distribution generated by one transducer below the free surface. Since 
the string of twenty-one transducers was symmetric with respect to the central 
plane normal to the axis of rotation as shown in Figure 2, the analysis was 
performed for eleven transducers for the first case since velocity distribution 
was also symmetric with respect to the central plane. All twenty-one 
transducers were used in the second case because of the nonsymmetry of the 
velocity distribution. Absolute magnitude of the acoustic pressure was 
calculated at five different depths, that is, at total of fifty-five locations 
in the first case and at total of one-hundred-five locations in the second 
case. Following two techniques were performed for averaging. 

"-.! 

DB AvE: = ~~ 20. tog{it=\l n I d.)} (13) 

DBAvc. 20. log { ~ {I Pel \c / dj}} (14) 

6 
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Where N=SS Case I, N=lOS Case II, rt is the location of a given hydrophone in 
(x, ~ C::J,_,~,) coordinate system and dj is the offset distance of the string. 

Calculations were performed at four different offset distances as shown in 
Figure 2. 

Further, calculations were performed at 20,000 and 50,000 Hz to give the 
acoustic pressure distribution along the points 5° degrees apart on the 
circumference of circles of 6", 10", and 204" radii for Case I and of 204" 
radius for Case II~ These results are plotted in Figures 3 to 8. In Figures 5 
and 6 the solid line refers to the acoustic pressure in infinite medium whereas 
the dotted line for semi-infinite medium. In Figures 3 and 4 tile results are 
presented for pressures in semi-infinite medium. The solid line refers to ti1e 
pressure distribution for 10" radius whereas the dotted line refers to tile 
results on 6" radius. Figures 7 and 8 show the farfield pressure in an 
infinite fluid medium for Case II. 

Table 1 gives for Case I velocity distribution the average 
by equations ( 13) and ( 14) , and far field pressure at s = 0 
offset distance c)j as given by equation 15 

~::.,;., 20. Los {I Pzo4 1 · 2.04. I dj} 
I h j _ {0.2145 for f = 50,000 Hz 
1'204 - 0.1158 for f = 20,000 Hz 

DB level given 
normalized to 

(15) 

Table II gives average DB level given by equations 13 and 14 for Case II 
velocity distribution. 

7 
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RESULTS FOR f = 20,,000 Hz 

dj (13) (14) (15) 

4 ll.98 ll.63 15.43 
6 8.47 7.90 ll.91 
8 9.06 8.73 9.41 

10 8.42 7.66 7.47 

RESULTS FOR f = 50,000 Hz 

dj (13) (14) (15) 

4 12.76 12.42 20.78 
6 ll.29 11.02 17.26 
8 10 .. 58 9.30 14.76 

10 10.66 10.37 12.82 

NORMALIZED AVERAGE DB LEVEL USING 

FORMULAS (13), (14), (15) FOR 

UNIFORM VELOCITY, CASE I, 

DISTRIBUTION 

TABLE I 

9 



RESULTS FOR f = 20,000 Hz 

dj (13) (14) 

4 -2.04 -2.26 

6 -7.08 -7.38 

8 -8.49 -8.70 

10 -11.2 -11.70 

RESULTS FOR f = 50,000 Hz 

dj ( 13) (14) 

4 -1.15 -2.48 

6 -5.85 -7.04 

8 -8.37 -9.77 

10 -9.05 -10.20 

NORMALIZED AVERAGE: DB LE:Ve:L USING 

FORMULAS (13) AND ( 14) FOR 

i k:.)C. e VELOCITY, CASE: II, 

DISTRIBUTION 

TABLE: 2 

10 
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Pressure on 10" Radius Circle 
•• • • • • · Pressure on 611 Radius Circle 

DB Pressure Variation due to Transducer Vibrating at f=20,000 Hz in 
Semi-infinite Fluid with Uniform Velocity Distribution 

Figure 3 

11 
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Pressure on 10 11 Radius Circle 
• ••••• Pressure on 611 Radius Circle 

DB Pressure Variation Due to Transducer Vibrating at f=SO,OOO Hz in 
Semi-Infinite Fluid with Unifonn Velocity Distribution 

Figure 4 

12 
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Infinite Fluid 
·~·····Semi-Infinite Fluid 

DB Pressure Variation at Far Field due to Transducer Vibrating 
At f=20,000 Hz with Uniform Velocity Distribution 

Figure 5 

13 
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Infinite Fluid 
• • • • • ·.. Semi- Infinite Fluid 

DB Pressure Variation at Far Field due to Transducer Vibrating 
At 50,000 Hz 

Figure 6 
14 
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DB Pressure Variation in Infinite Fluid at Far Field Due to 
Transduc~f Vibrating at 20,000 Hz With 

veL jC)(. Velocity Distribution 

Figure 7 

15 
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DB Pressure Variation in Infinite Fluid at Far Field Due to 
Transducer Vibrating at 50,000 Hz With 

Ve tk')(.. Velocity Distribution 

Figure 8 

16 
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APPENDIX A 

FIST MODEL AND COMPUTATIONS 

Transducer is a solid right circular cylinder of 7" length and 0.7511 

diameter. As shown in figure A-1, the generator of the cylinder is divided 
into 62 segments. Stations 4 to 60 are subject to unit velocity normal to the 
surface for cases I and II whereas stations 1 to 3 and 61 to 63 on the end caps 
remain stationary. Input velocity distribution represent the motion in 
breathing roode, i.e., n = o in equations 1 to 9. 

Equation 12 reduces to 

per,&>,~)= 

where superscripts 1 and 2 refer to the transducer and its image, respectively. 

Ccmputations of fluid matrices [l-1] and [G] requires geanetrical 
information supplied by figure A-1, and the locations of exterior points, both 
as listed in the input data for FIST program. 

The output of FIST program follows the listing of the input to FIST 
program. The message "ERROR OF ITERATION FACI'OR" is 0 signifies that the 
frequency of excitation is not at one of the interior resonance frequencies and 
as a result analysis do not require use of interior points. Three columns of 
numbers under the title "TOTAL ACOUSTIC PRESSURE ON EXTERIOR POINTS" are the 
real part, imaginary part and the absolute magnitude of the complex pressure in 
infinite medium at the locations of hydrophones. In the listing of the 
exterior points in the FIST input data, there are 210 points which represent 
ten sets of twenty-one numbers, each set refering to a string of twenty-one 
hydrophones at a given depth. The first set of twenty-one numbers refers to 
the string of hydrophones with respect to the transducer and the second set 
refers to the same string of hydrophones with respect to the "image" 
transducer. The string of hydrophones are located at five different depths 
giving ten sets of exterior points. The complex sum of pressures at jth 
hydrophone due to transducer and its image gives the acoutic pressure at jth 
hydrophone in semiinfinite medium. In the listed output there are five sets of 
results, each set refers the results to a hydrophone string located at one of 
the five prescribed depths. At the bottcm of each set these results are 
averaged using the fonnulas 13 and 14, for N= 21 and at the end of the output 
average level of acoustic pressure using formulas 13 and 14 for N=105 are 
calculated. 

A-1 
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IAJPUT TO F"IST PROGRAM 
RUBEGA CYLINDEk IN SE~I•INYI~ITE YLUlD,f;S~ouo,H~ 
0,000093D8 1 31415~.265,~8l0~.,6J,~,~.u,O 

21o,o r w c 
•3,5,0,,90,,0, 
•3,5,0,125,90,,90, 
•3,5,o.~5,90,,9o, 
•l,S,O,l75,0,,90, 
·3.37~,o.37S,o.,o. 
•3,2S,O,l7S,o,,o, 
•3,125,0,375,0.,0, 
•3,0,0,375,0,,0. 
•2,875,0,37s,o.,o. 
•2,75,0,375,o,,o. 
•2,625,0,375,0,,0, 
•2,5,0,375,0,,0, 
•2,375,0,375,0,,0, 
•2,25,0,375,0,,0, 
•2,125,0,375,o,,o. 
•2,o,o.375,o.,o. 
•1,875,0,37S,o,,o, 
•1,75,0,37s,o,,o. 
•1,D25,0,37s,o.,o. 
•1,5,0,375,0,,0, 
•1,375,0,375,o,,o, 
•1,25,0,375,0,,0, 
•1,125,0,37s,o.,o. 
•1,o,o.37S,o.,o. 

-•.875,0,375,0,,0, 
•0,75,0,375,o,,o, 
•0,625,0,375,0,,0, 
•0,5,0,375,0,,0, 
•0,375,0,375,0,,0, 
•0.25,0,375,0,,0, 
•0,125,o,37S,o,,o, 
o,,o,375,o,,o, 
0,125,0,37s,o,,o, 
0,25,0,375,0,,0, 
0,375,0,375,0,,0, 
0,5,0,375,0,,0, 
0,625,0,375,o,,o, 
0,75,0,375,0,,0, 
0,875,0,375,0,,0, 
s,o,o,37s,o,,o, 
1,125,0,375,0,,0, 
1,25,0,375,0,,0, 
1,375,0,375,0,,0, 
1,5,0,375,0,,0, 
1,625,0,375,0,,0, 
s,75,0,375,o,,o, 
1,875,0,375,0,,0, 
2,oo,o.375,o,,o. 
2,125,o,375,o,,o. 
2,25,0,375,0.,0, 
2,375,0,375,0,,0, 

1 2,5o,o.l75,o,,o. 
2,625,0,375,0,,0, 
2,75,0,375,0,,0, 
2,875,0,375,0,,0. 
3,0,0,375,0,,0. 
3,125,0,375,0,,0, 
l,2S,U,l7S,u,,o. 

~ 
0 

:z 
0 
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3,375,0,37S,O,,o, 
3,5,0,375,~90.,0. 
3,5,0,2~,-90,,•90, 
3,5,0,125,•90,,-90, 
3,5,o,,o,,-9o, 

•1,05796194 
•0,95030659 
•0,84324503 
-o, 7lo707H 
•0,63062543 
~0,52493197 
•0,41956085 
~0.31444669 

-0,20952460 
•0,10473038 

0,00000000 
0,10473038 
0,20952460 
0,31444669 
O,U956085 
O,S2493197 
0,63062543 
0,73670733 
o,B43245u3 
0,95030659 
1,05796194 

.. 1,05796194 
•0,95030659 
.. 0,84324503 
•0,73670733 
•0,63062543 
-0.52493197 
-0,41956085 
.. o, 31444669 
•0,20952460 
.. 0.10473038 

o,oooooooo 
0,10473038 
0,20952460 
0, 31444669 
0,41956085 
0,52493197 
0,63062543 
o, 73670733 

_0,84324503 
0,~5030659 
1,05796194 

-1,05796194 
-0,95030659 
•0,84324503 
-o. 73670733 
•0,63062543 
-0,52493197 
•0,41956085 
.. 0,314446o9 
-o.209524oO 
•0,1047lOJ8 

0,00000000 
0,10473038 
0.4!0952460 
o, )144-!669 

£x.TE1210e. P~II\JTS: 

t:i,OOOOvOuO 
6,0000\IOVO -
6,00001.10\iO 
6 1 0000U01)0 
6,000000110 
6,00000000 
.s,oooouooo 
o,OOOOOOUO 
6,oooououo 
6,00000000 
o,oooooooo 
6,oooooouo 
6,00001.1000 
o,oooouooo 
6,00000000 
6,00001.1000 
6,oooooouo 
6,00000000 
6,oooooouo 
6,oooouooo 
c.,oooouooo 

14,7732116112 
u, 7732116112 
u. 7732ti6d2 
U,77lh6iJ2 
U,77321:16d2 
14,7732116112 
u. 17321:161i2 
14, 77321:16tJ2 
u, 7732116112 
u, 7732116112 
14,77321:161:12 
14.77321:16112 
U,7732i161l2 
14,7732116112 
14,7732116112 
U,7732a6112 
14,7732116112 
14177321:16112 
14,7732116112 
u. 773 2~:~6112 
14,77321:1682 
6,08276272 
6 1 0827o2H 
o,OB27o272 
6,082762'/2 
6,0827o272 
6,01127o2"12 
6,0827o272 
6,0B27b272 
o,0827oH2 
6. 01127b2 "12 
b,OB27b2"12 
1),0827b272 
6,ll827u2'12 
o.lltl27v272 

:;! _., 

z 
0 . 



----- ~---

~ 0 

0,41956085 b,U84l7b272 • o, 52493197 6. 0827b2'12 , 
o.&3U62543 o,0827o272 
o, 736707J3 o,u8l7o272 0 0,114324503 o,0827C272 
0,95030659 6,0827o212 

(., 

1.05796194 6,0827a212 •':D .•.. 
•1,05796194 t:i.o923:i516 r~ 
-0,95030659 1:i,692h5~6 '· 
•0,84324503 t:),o9al:i516 

~ K' 
•0,73670733 1:i,692h516 t ;, 

:· 

•0,63062543 15,69235516 > . ..: 
.... ·. 

.. 0,52493191 15,6923!)516 ~ . : 

•0.41956085 1:i,6923:i516 
() t.i 

.;~~ 

•0,314446&9 15,6923~516 
<· •0,20952460 15,&923:»516 0 .. 0,10473038 \5,69235516 

0,00000000 15,6923:»516 ,: 
,: · 

0,10473038 15,6923:»516 0 ~·· : 

0,2095:1460 15,6923:1516 !r 

o, J1444669 15,6923$5i6 ~ · 
0,41956085 15,6923:i5i6 0 ~~ 0,52493197 15,6923~5i6 ,. 

~~- · .' 

0,63062543 l5,6923~5~6 (} .; 

·: : o, 73670733 15,69435516 ( ) ,,. 
o,a43245o:t 15,6923:)5i6 ~;~~ 
0,95030659 l5,69235Si6 }~g 1,05196194 15,69:U$5i6 •,) ):::> oo1;05796194 6,6001~921 F 

I .• -; l 

U1 •0,95030659 6,6001~921 ::'.: 

•0,84324503 6,6001~941 :J) f:~~ 
.. o,Ho707H 6,6001o921 t~~·~ 

:~.1: .. 0,630625U 6,6001li9l1 t .• 
•0,524931~7 6,6001~gl1 \} r; •0,41956085 6 1 6001~9:U LJ .. 0,31444669 6,6001~921 ~.-.:, 

•0,20952460 6,6001~921 0 :\: 
: ;r.~ 

•0,10473038 6,6001~921 ; _:,:. 

o,oooooooo 6,6001~921 h-2 
0,10i730l8 li 1 6001~9:U 

'~ 
~t 

0,20952460 li,6001tl921 -/: 
0,31444669 6,6001U921 p 
0,4195(1085 6,6001ii921 ~ 

~i; 
0~52493197 6,6001~921 

. 
!· ~~: 

0,&3062543 6,6001~941 g~ 
0,73670733 6,60011i921 

·~ 
~:~ 

0,84324503 6,6001ti921 :::! r~,. 

0,95030659 o,60011l9411 ....... t; 
1,05796194 6,6001~921 d) 

•1,05796194 11,32231140 0 f.:: 
•0,95030659 11,32231140 

. ~ :-: 

•0,84324503 17,3221iuo CJ C) (· 
•0,73670733 1'1,32431140 .J::> :(: ...... L •0,63062543 17,3223!140 0 ~r. : 

CJ 
l ·'. 

•0,52493197 17,3223iUO .:D f: •0,4195&085 11,3223ihO 
..... . 

•0. 314.44669 11,32231 hO ·• 
•0,209524&0 n, 32231 uo t) 

~ .. 0,10473038 11,322liHO 
0,00000000 17,322llh0 
0,10413038 1'1,32231140 ) 
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124 0,843245 u ,322311 

1'~: 125 0 1 9!lOl07 l1 i 32231' ,) 
126 1,057962 17,322311 
127 .. 1,0~7!162 7,500000 
128 •0,9SOl07 7~500000 •J) J~ 129 •0,843~45 7,500000 J . 

130 •0,7~6,07 7,500000 •,t; 

131 •0,6l0b25 7,500000 ·· '. 
@ :·-: 

132 .. o,524~l~ 7,500000 ' 
~·:~ 

133 •0,419:361 7,500000 ! ':~ 

1H •0,314441 7,!500000 i.;J :/~ 
135 •0,209!:12~ 7,500(100 ::j ";.\ 

116 •0,104'130 1,500U00 - :~." 

137 o,ouoooo 7,500000 ?f ,j) ;j·:; 
138 0,1U4730 7,500000 ·. ~: 
139 0,20952:, 7,500000 . ' 
140 0,314447 7,500000 C) 

.;:.. :l} 141 0,419~61 7,500000 ...... 
142 0,5H!13:.l 7,5UOOOO 0 ~·· C) 
143 0,6JOb2!l 7,500000 ........ Q . 

144 o,7J6·io7 7,500000 
1.45 0,8iH4:J 7,5oouoo ., . 
146 0 1 9!)0JO '/ 7,500000 J ;t-1 147 1,0!)79£,;.! 7,SOOuOO 
148 -l,,lS7:.16~ l8 0 !11lb65 ~~; 149 ·0~9~0JOI 18,97lo6S ) 



··- ................. ,. .. ~ ,. .._ . - " .. ' .. . . 
0 ~ · M· · · - , ,.. . _ __. .. . .M-~-------~-----......... - ... 

0 0 

• 150 •O,h3245 111, 973t>o~ • 151 .. o,1Jt>"fo·1 18,973665 
152 •0,6l0b2!) 18.97lb65 

() 153 .. o,5~4!Jl<! 18,9736b5 1) 
154 •0,4J.9S6l 18,973665 
15~ .. o,li4'14f 18,91)665 

....... 156 •0,209~2!:1 18,913665 :t) 
157 •0,1u4'131.1 18, 9H66~ 
1511 o,ououou 18,973665 

r-. 159 O,lv4~3o 18.973665 ;:f) 
160 0,209a2a 18,973665 
161 0,314447 18,973665 

,·~ 162 0,419561 18,9731>65 ':) 
163 0,5i4~H 18,973o65 
164 0,630b25 18,973665 

.·:~\ 165 o,H6107 18.973665 0 166 o,843H5 18,973665 
167 0,950307 18,973665 

~ · 168 1 ,o:iH62 18,973665 ~ 1 .. 1 169 •1 ,o~H6~ 8,6631161 
170 •0,9!:10307 8,6631161 

-~, 111 .0,843~45 8,663861 ,~) 
' ., .. 172 •O,H6707 8,6631161 

173 •0,6;;0625 8,6&31161 
, ..... 174 .o,sl49:U e,6~3S61 0 us ,.o~U9$U fl,66l861 

176 .. o,3iH47 ,6631;61 
.•, ::P 177 .o,:z09$:zs ,6U¥6i 0 I 178 ... o,104131i ,6631161 - 179 o,oooooQ 1 6U861 w 

180 0,104730 ,66386~ a .... ·Jo. 181 0 1 2U9S:Z5 ,(!631161 
182 o,udu ,Ci0386i 

~· 1Bl 0,419561 ,66386, 0 184 0,52493~ ,663661 
185 0,63062$ ,663it6l 
186 0,7~6107 ,663861 · ·'i ·~ 187 0,843245 ,663861 
188 0,950301 ,663861 

:J 189 1,0~7~6~ ,663861 3 190 •1,0SH6jl ~0,6U281 
191 •0,950307 ~0,641281 

.... 192 •0,843~4~ ~0,641281 @ ,:) 193 •0,7J67o1 ao,6412tll 
194 .o,6lo6:zs 20,641~111 
195 •0,5i49H 20,641liH 0 196 •0 1 U9561 20,6il281 ..... 
197 -o,3i444'1 20,6412111 :::.: 

:j 198 oo0,209il2!) 20,641:.!111 iS ib 199 .. o,t047lu 20,6412111 
.. . 

200 o,ououoo 20' 6412tll 
201 0,1U4'13U 20,641281 OJ 

~ ., ~ 202 0,2U9~2:i 20,641281 -20l 0,314i47 20,6412111 0 
OJ 204 0,419S61 20,6412111 ...... ~ - 205 o,si4~32 20,6412131 

~06 0,6J0b25 20,641:.1111 
207 0,136 '101 20,641~111 

~ ·- 208 O. 643H:; ~0,6412111 
209 o,9aoJo·l 20,64J;liJ1 
210 1,0:,796~ 20,641281 _') 



.. .. - ........... - 4 ... ~ .. - .... . 1 • ~ ••• j . .. 4 .. .. ... ... ... . .... .-.~ .............. ,. .... __ <11' __ ..... ... ..._ ... 

) 0 

• • 5EG, NO ALPHA2 .SEGl.J:;~J ti~TA1 Bt;T~2 tsE.SJ,~ I:!I::SL2 

"" 
1 1,57079637 0,12!l000UO .. 0,00000012 .. o,oouoo012 .. o,OOOOOOl2 •0 1 00000012 0 2 1,57079637 o,l25000uO .. o,oooooo12 .. 0,00000012 .. o,oooooo12 .. o,uoooo012 
3 1,57079637 o,12~ooouo •0,00000012 .. o,ooo00012 .. o,oooooo12 .. o,ooooo012 

--I 4 0,00000000 0,1250004)0 o,oooooooo o,oouooooo o,ououoooo o,aooooooo () 5 o,oooooooo u,l25000uO 0,00000000 o,uooooooo o,oooooooo o,oooooooo 
6 0,00000000 0,12500000 0,00000000 ll,oooooooo o,oooooooo o,c.ooooooo 

.... 7 0,00000000 00 12500000 0,00000000 o,oooooooo 01 0000QOCIO o,vooooooo 0 8 0,00000000 0,12500000 o,oooooooo o,oouoooao 0,110000000 o,uooooooo 
9 0,00000000 0,12500000 o,ooouoooo u,oouooooo o,ooooouoo o,uooooooo 

10 0,00000000 u,125ooouo o,oooooooo o,oooooooo o,oooooooo o.oc.oooooo (j) 
11 o,oooooooo 0,12500000 o,oooooooo o,oooooooo o,oooooooo o,uooooooo 
12 o,oooooooo o,12:;;ooo11o O,OOOOOQOO o,oouooooo 0,1)0000000 o,oooooooo 
u o,oooooooo 0,125000UO o,oooooooo o,oooooooo 0,00000000 o.uooooooo 0 14 0,00000000 0,1250001.10 o,oooooooo o,oooooooo 0,00000000 o,oooooooo 
15 o,ooooooou o,125ooouo o,oooooooo o,oooooooo o,oooooooo 01 00CIOOOOO 
16 0,00000000 o, l25000UO o,oooooooo o,oooooooo o,oooooooo o,oooooooo () 17 0,00000000 0,12500000 o,oooooooo o,oooooooo o,oooooooo o,oooooooo 
lB o,oooooooo o,12sooooo, o,oooooooo o,oooooooo 0,00000000 01 CIOOOOOOO 
19 0,00000000 o,usooouo 0,00000000 o,oooooooo o,oooooooo o,oooooooo 0 20 o,oooooooo 0,125000UO o,oooooooo o,oooooooo o,oooooooa o,oooooooo 
:u o,oooooooo 01 l25000uO 0,00000000 o;uooooooo o,oooooooo o,oooooooo 
22 o,oooooooo o,U5ooooo o,oooooooo o,oooooooo 0~00000000 o,oooooooo 0 23 o,oooooooo 0,12500000 o,oooooooo 0' 00_1)00000 o,~ooooooo o,oooooooo 
24 0,00000000 o,i2SOOO\IO 0,00000000 o,oooooooo o,oooooooo o,oooooooo 

-. );::. 25 o,oooooooo 01 125000UO o,oooooooo o,oooooooo o,oooooooo o,oooooooo 0 ·' I 26 o,oooooooo 0,125000110 0~00000000 0,001)00000 o,oooooooo o,oooooooQ 
~ 27 o;oooooooo 0,12500000 o,oooooooo o,oooooooo 0,00000000 o,oooooooo 

t 28 0,00000000 0,12500000 0,00000000 o,oooooooo 0~00000000 0,oooooooo "..:} 29 0,00000000 0' 12500000 o,oooooooo 0,001)00000 o,oooooooo o,oooooooo 
30 0,00000000 0,12500000 o,oooooooo o,oooooooo C)-00000000 o,oooooooo t· 31 0,00000000 0,.2500000 o,oooooooo OiOOOOOOOO ' . o:oooooooo 0~00000000 (~ [ )2 0,00000000 01 125000UO o,oooooooo o,oouooooo o,oooooooo o,oooooooo 
33 0,00000000 0,12500000 o,oooooooo o,oooooooo 0,00000000 o,oooooooo 
H o,oooooooo 0,125000110 o,oooooooo o,oouooooo o,oooooooo o,oooooooQ (,) 

:i. 

35 o,oooooooo 0,12SOOOUO o,oooooooo o,oooooooo o,ooooouoo o,oooooooo t 36 o,oooooooo 0,12500000 0,00000000 o,oouooooo o,OOOOO(IOO o,oooooooo 
l1 o, 00000000- 0,1250001,10 o,oooooooo o,oeoooooo o,oooooooo o,oooooooo ® 

'.'. 

--' 38 o,oooooooo 01 12SOOOQO o,oooooooo o,oooooooo o,oooooooo 0,00000000 k 
39 o,ooooouoo 0,125000()0 o,oooooooo o,oooooooo o,oooooooo o,oooooooo ~ 
40 0,00000000 0,12500000 0~00000000 o,oooooooo 0,00000000 o,oooooooo ® '-· 
u o,oooooooo 01 125000UO ~ o;oooooooo o,oooooooo o,oooooooo o,oooooooo i' 
42 0,00000000 01 125000UO .,0,00000000 o,oooooooo 0~00000000 0. 00'000000 r 

tt: 
43 o,oooooooo 0,12500000 o,oooooooo o,oooooooo o,oooooooo a,oooooooo 

::;! (:) i'; 
44 o,oooooooo 01 12500000 0,00000000 o,oooooooo o,oooooooo o,oooooooo f· ..... r; 45 0,00000000 01 125000UO o,oooooooo o,oooooooo o,oooooooo o,oooooooo 
46 o,oooooooo 0,1250001.10 0,00000000 o,oooooooo 0,00000000 o,oooooooo 0 .] f:, 

) 47 o,ooooooou 0,125000(.10 o,oooooooo o,oooooooo o,oooooooo O,I)OQOOOOO -

f 48 0,00000000 0,125000110 0,00000000 o,oooooooo u,oooooooo 0,00000000 co 49 o,oooooooo 01 12:iOOOUO o,ooooouoo o,oooooooo 0~00000000 o,oooooouo -+:> .]) _! 50 0,00000000 o,125ooovo 0,00000000 u,oouooooo o,oooooooo- o,oooooooo ..... 
(' 0 

51 o,ooooouou U,l25000UO o,oooooooo o,oouooooo o,ooooooou o.oouooooo co 
52 0,00000000 0,125011000 o,oooooooo o,oouooooo o,ovooooou o,c.ooooooo ....... 

0 
r 

} 53 0,00000000 0,12500000 0,00000000 o,uooooooo O,OIJOOOOOO o,ooooaouo 

I 54 0,00,000000 0,12500000 o,oooooooo O,OOuOOOOO o,ooooouoo o,oooooooo 
55 o,oooooooo 0,12500000 o,oooooooo o,uouooooo O, vi.IOOOOOu o,oooooooo G j 56 o,ooooooou 0,1250001.10 o,oooooooo o,oovooooo 0,()0000000 o.oooooooo 
57 0,00000000 0,125000UO o,oooooooo o,oovooooo 0~ OCiOOOCII)O 0,00000000 
58 0,00000000 o,l250uouo 0,00000000 0,00000000 o.ouooooou o,c.ooooooo -3 r 
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59 
60 
61 
62 

:::> 
I ...... 

CJ1 

o,oooooooo 
•1,5707963"1 
•1,57079637 
.. 1,57079637 

u,l25ooouo 
o,125oaouo 
0,12500000 
0' 12!i00000 

o.oooooooo 
0,00000012 
0,00000012 
o,oooooou 

o,oooooooo 
o,oooooo12 
o,uoooo012 
o,ooooo012 

,, 

.,· 

.o.ouooouoo 
0,00000012 
0,00000012 
0,00000012 

., .. , .... · ··-·~·~ ''""' ""·- -. , ..... . - ... . --""":'~""""--~--~ 

o,oooooooo 
0,00000012 
0,00000012 
o,oouoo012 

-i 
:::: 

~ . 
co 
-Po ...... 
0 
co 
....... 

0 

• 

0 r· 
0! 

I! o, 
01 

~ 
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0 1.' 
i i 
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THlS TRIAL HAS 10 O!VJ.SlONS 

MATRIX A 

G• MATRIX 

ERROR Uf 
ERROR UF 
ERRON OF 
ERROH UF 
t:RROH UF 
ERROR OF 
ERROR OF 
ERROR Of 
ERROR OF 
ERRDH Of 
ERROR OF 
ERROR OF 
ERROR UF 
ERROR OF 
ERROR OF 
t:RROR OF 
ERROR OF 
ERROR OF 
ERROR Uf 
ERROR OF 
ERROtl OF 
ERROR OF 
ERROR Of 
ERROR Of 
ERROR OF 
ERROR OF 
ERROR OF 
ERROR OF 
ERROR OF 
ERROR OF 
ERROR OF 
ERROR OF 
ERROR Of 
ERROR OF 
ERRDH CIF 
ERROR Uf 
ERROR llf 
ERROH Of 
t:RNOR Uf 
ERROR OF 
I::RROH Of 
ERIWR Of' 
t:RROH OF 
ERROl{ UF 
ERHDR OF 
ERROR OF 
ERkOR OF 

ITERAIJON f~CIOH IS 
lti::HAiiON FACZOI{ lS 
ItERAtiON FACtOH lS 
ITERATION FACTOH IS 
ITE~AilON FACTOH lS 
ITERATION FACTO!{ IS 
ITERAtiON FAC~OI{ ts 
ITERATION FACTO~{ IS 
ITERATION FACTOH 15 
ItERATION fACtO~ IS 
ITERA~JON FACIOH lS 
tTERATlON FACfO~ ~S 
I'l'ERATION FACi'OK JS 
ITERA1ION FACTOK Js 
ITERA~ION fAC10R 1~ 
lTEKAtiON FACtO~ ~S 
ITERAtiON fACtO~ 15 
ITEKATION FACTOK IS 
tTERATION FACIOk ts 
lTERAJION fACtO~ %S 
ITERAiJON fACiOK ts 
ITERATION FAC~DR ~S 
I~E~AilON fACiOK is 
ITEkATION FACTOK ts 
ITERATION fACtOR l$ 
I~EHAliON FACTUK ts 
ITERATION fACtOK ~6 
ITERATION fAC~OR 18 
lTERA~ION fACiO~ I$ 
ITERAtiON fACtOij 14 
liERAliON FACfD~ l5 
ItERATION FACIO~ lS 
IIEk~tiON FACIO~ lS 
llEKATION FACtOH lS 
ITEkA~ION FAC~O~ !S 
ItERAtiON fACrOH 15 
I~Ek~TIJN FACtO~ JS 
llE~AttON fAC10H ~S 

ITEKAilON FACIO" IS 
ltE~AIION FAC¥0ri IS 
li~~AIION FAClOd 'S 
ITE~AtiON fAC~O~ IS 
IIEkAIION fACtOk IS 
IiEkAllON fACTOK J.S 
lfEkAtlON FACIOri 15 
I!EMA!ION FACIO~ &S 
ITENAilUN fACIOk J.S 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

,0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
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t;RIWI< Uf' Ill!:i<A'.L'lON 
t:RROR ur h:EKI<'.i'lLJN 
t:RHOI< uf' Ht:ltA'.rlUN 
ERROR Uf' UEkA '.rlON 
ERROR (If' Il'Eri A'.clON 
t:RHOR UF l'.1.lWA '1'1 ON 
ERROR LIF ITt:kA'UON 
E.RROR l..lf' l '.LEHA'£10N 
t:RROH OF I'.LI::~<.t ·auN 
t:RROH UF I'1E~tAA:IUN 

ERROR OF ITI!:kA'!'lON 
ERROR OF I':r:t:I<A'l'lLlN 
ERHOR iJF I'!Ef\A '!'IuN 
ERROR UF UE~A'UON 
ERIWR L)f' I'lEtcA '.riON 
ERHOR Ut' ITEI<A'l'ION 
ERI<OR Of' I'.CEnA'£1t)N 

11•1 INVERSE MATRIX 

H•INVERS&::*G "'A'.t:RIX 

t'AClOK J.S 0 
FAC'!'Ori !5 0 
FAC.mK lS 0 
f'AC'.L'OK J.S 0 
FAc·~·oj( ~5 0 
FAC'1'0~ LS 0 
FACLO~ J.S 0 
FAClOK !S 0 
FAC'!'Orl J.S 0 
FAC'1'0K !5 0 
FAC'J.'Ori .LS 0 
FAC'.LOH lS 0 
FAC'.&:Otc J.S 0 
FAC'.t:Ot< .LS 0 
FACl'Otc IS 0 
FAC'J;Otc 15 0 
FAC4'0tc 15 0 

···········•!•··~~~·•t••••••t••········· OMEGA; 0,31~159~5Et06 ~KARMfi 0 WK' Q~5l,li~7~~t0l 
RHOWATER~ 0,93ij60090E•Q4 ~V~L~ 0,56~9eQ90~tQ~ JftAP~ · . 9 

GRlD NO 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
lB. 
19 
20 
21 
22 

COMfLt:X fRE~SUR~ 
1,364Sij528 · 1,0736a19Y 
~.31300497 0,67517545 
1,1555~1i5 0,18601660 
~.211814~8 •0,73693350 
3,40242672 •0,10305458 
4,082172H7 2,41609311 
2,36~5b848 4,97329568 

•1 1 2606llS6 5,80575752 
.s.t420~9a6 3,9e9o3656 
p1,28695t54 •0,05608699 
•6,354073~2 •4,66098974 
•2 1 3920,0Ul •7,74l5ij621 
3,0661~1b7 ~7,6207ij762 
7,6365~7l6 •4,06069946 
9,14071178 1,60~52955 
6,6637~542 6,96440077 
l 1 054826U2 9 1 57300663 

p~.355144~8 8,08514786 
•9,7372J7~3 2,93234420 

•)0,026517~5 •3,77673674 
-~.89~5~641 •9,12789917 
1,0163~5~4 ·lO,b7~454ij0 

~B~OL~'£ ,RESSUBE 
- 1,'13630571 

l,5780~7l7 
1,17039788 
~,33198357 
3,403981P 
4, 74358940 
5,50551271 
5,94104526 
6,50796461 
1, 28716803 
7,&9214230 
&,10211h5 
U,215215t>8 
8,6490~744 
9,28064H6 
9,631i90648 
9,63(194616 
9,69779301 

10,1691!)136 
10,71426967 
lO,tl6626i116 
10,72791l241 
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, 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
JS 
36 
37 
38 
39 
40 
41 
42 
u 
u 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

li'Ri:SSURE 
64 
65 
66 
67 
68 
69 
70 
11 
72 
73 
14 
75 
76 
77 
78 
79 
80 

7,76JB~Ol6 
11,3449b0:l4 
1u,0593JB:J7 
'1,3038~2~9 

-3,529721~8 
•lO,o52loOil3 
•12,3506ti7U3 

.. 9,2911i:11H 
-2,07449341 
o,2lo916u2 

12,018l'i6J5 
12,o69964"19 

7,7867:i6\i4 
.. o,o129li248 
•8, 9223'18S4 

·13,4984~3!)8 
•12,261748J1 
•5,640560~3 
l,5696l5i4 

11,lBt13h25 
14,37324333 
H, 1l68t.1ilo 
. 2,98726416 
•6,o009to7o 

•1l 1 47U7119 
•U,5903H15 

•9,38411149 
•0, 02<U03ij2 

9,49274445 
15,0417~114 
J4 1 1709SI416 

7,1640B21l5 
•3,06971lo7 

•12,2479:i4j7 
•16,565967S6 
•14,33869408 
' .. 6,70997190 

6,89397669 
10,36Hi8t14 
U,981099h 
p~818709~7 

At ~X!ERIOR PfS, ~U~ 
•0,076553~0 
•0,076d2St 
•0,071006<44 
•0,07584513 
.. o,o702l9.h 
•0,0578ii2j3 
• o.o372o602 
.. o,OOil2d945 

o,o276§9jo 
0 '0617ii9Jl 
0,10761905 
0,1419~844 
0,165332!:10 
0,172500:.47 
0,1596t~6U4 
0,12521SJ4 
0,0702J7~3 

.. 7,:i81696!19 
•1,0238o701 

6,21ii8:i967 
1u,96o63264 
\1,031145406 
6,25!:183649 

•1,41526520 
.. ii,o7HH1B 

•'12,30774784 
.... to, o2l4927o 
•4, 23127174 

4,16:i37619 
10,!11548252 
13,01232910 
9,43588448 
le6456U11 

.. .,~01258087 
•12,74566269 
•U1 9711325U 

•7,51224136 
11 H318507 
9, 74525833 

q,9871l207 
12,13628960 
4,9114U33 

•4,!)6379890 
•12 1 154U3U 
-14,47316014 
•10 1 4H099U 
•117U16126 
1' 114~25318 

14,00235844 
u,~:U190l5 
·7,U5455U 
·a;~o79uas 
·H~H007B&l 
•U, 14825726 
-U,Ol1109Bl 

a,8419~9a1 
Bi2U61801 
10i095870~7 

TO &URFAC~ VEL,D~~TH, 
o,Ol5s:>ou 

.. 0,02~92349 
•0,09700228 
•0,15~88824 
•0,21l31ao 
~o,25:ZB4445 
•0, 21455711 
.. 0,27584460 
•0,25532687 
.. 0,21310003 
.. 0,15089694 
•0,07220059 

o,0171J616 
0,11200962 
1),20237720 
0,27979779 
o,33!:121BU 

10,ti5161599 
11,3910ii75l 
ll,i12643318 
11,78091431 
11 ,5890&460 
11,11l99!1l..S 
12,43150997 
12,11075630 
12,48135281 
12,31902027 
12,74146939 
u,3311u4bO 
13,40825558 
13,02675819 
U,986l300l 
U,598l6674 
U,12539U2 
0,93799973 
13,460280t2 
U,642853H 
14,4l5867H 
14,79$64025 
u,3o2snao 
13,8Hj2790i 
U,340~0l28 
U~28HS270 
15,355392t6 
u,47317n' 
u,u9724&17 
U,ll87U.V 
.6,19962692 
l5, 73861960 
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TRANSPUCER IS AT b 1 75 I~, FKOM 5UKfAC~ ~~~ bTUING Uf IIYORUPHO~E~ A~~ LOCATEP AT 

FOLLUW!NG iHRE~ 5EiS Of HEbULT~ ARE ~~~S~UH~~ ANU TilE ABSOLUtE MAG~llUU~S ~U~ tO LQWEk tRA~SPUCER 
-VE UPPER TRANSDOC~R ~ Til~ S~M OF A~UV~ iw~ ~~TS, TH~ LAST COLUH~ =~o.•L~~~~bS(PRESSUkE)) 

-v,4S4tll9'J2 •O,Olb1~7oB o ... !)~ 1 utDs ,.f>,II371Sl77 
•0,44'>174375 O,il320b6i8 .U,45088544 ·6~~h67590 
-O,U:~OS219 0,074~~:~748 u,-.<t~bll!17 •7,4191;t351 
-o,lb5162o4 0,106641192 u,~lfou729 -a.lY479S42 
-u.2914~756 0,12670liU7 O,J17tl07t'l1 •9,!Hib7136tl 
·0,410225!i!)0 0,!33Hl58 u.~4n4959 -12,31473923 
•U,102H7t10 O,l2677U2 O,lb292599 •15,76019287 

0,00129230 o,AOII4ol97 o,ioat~l3114 .. 111,2911211083 
0,10963734 o,oii0765lO 1),136111~96 •17,31735420 
o,~llll8590 0,04&78502 o,iio!j8959 •13,27122211 
11,305~4074 0,00!1114612 0,~0569932 •10,29tt11125 
o,JIIb5259o .. o,o2oU691 0,38744330 •8,23583698 
u,45126435 •0,05962587 0,4:):;111655 •6,8362.216 
0,49b7S474 .. 0,08662610 0,~0425130 ·5,94105!163 
0,52064812 ~o, 1060H06 O,!j31H380 •5,4926:;u99 
0,52134168 .. 0,11720297 o,:;Hl5H9 •5,Ul42709 
o,•9a08633 .. 0,1206~804 0,5~248759 •5,UC16lll07 
0,45110309 •0, u 788947 o,4oo:Z5310 ~6,627bo586 
!1,38111154 •0 1 U1479SO o,~9765H6 •8,0098l998 
o,:t9~4l407 •0,1046o953 0"31060165 .. Jo.~~59:l480 

)> 
0,~8706162 •0,10q3193 0~~~~6.492~ ·H··~~7~2o~ 

I 

···*····~···········••!•!~~·~···· w 
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o,oo1197l03 •0,.077!,1953 0,10808264 ~19,32488060 
-0,01163361 •0,0~864043 o,o99ll409 •20,051190846 
-o,o313n26 .. o,o87606~6 o,ouo5482 l'!'i0,62:»22507 
.. o,osooB724 .. 0,01491773 o,o9oq8eo ·~0,90369225 
•0,06'fb6l87 •0,06088639 0,09102501 .. o,hn&5B1 
-0,081102468 •0,0451J2217 0,09570694 do,38UH13 
•0,09~12401 •0,03002929 0,10l572U -19,695011553 
•0,11294417 •0, 01380\70 O,i1378U2 •18,87835121 
.. o,1254858S 0,00257806 0,12551233 •1d,Q2627182 
•0,13b76819 o,018846U 0,1]806055 •17,19116(1840 
•0,14o8U8l 0,03475260 0,15087679 .. 16,42755127 
•0,155b712l 0,05006176 0,16353036 ool5,72!103307 
•0,16337846 0,0645791J1 0,1756711119 •15,10560894 
•0, 16SI!Hi080 0,1)7809938 o,iii704595 •14,56103420 
•U,l7545445 0,09045649 0,19739971 .. 14,09307003 
•0,17!H18494 0,10150729 0,2U6548S9 oo!J 1 b9955540 
•O,l832ti546 0,11112931 o.21432b75 •1l,l7114'123l 
·0,1855~691 0,11922631 o,22o592o8 .. u, 12&17~55 
•U,Uollo667 o,12!i72B!i8 0,22522618 •12.~4162421 
•O,ill704949 0 1 J.3059HS u,H812Y'IO •12,b363bl79 
•U,~8o1u336 O,l~l11221l9 u,~:l!1222b6 •12,19411~035 

··············4·················· 
•U,44:,1:146tl9 ·O,l231l37<t1 Oo4b272!i76 .. 6,&:i9352b74 
•O,'t6!l77J~ •O,Obb57396 Oo4bblS5H •&,&:i25137927 
•0 0 1t504!)444 .. O,OlJ33947 0,4ll0b51tlll .. b,92.H 1b71 
.. 0,41~2494!9 o. 03173120 0 1 'i164591:19 ... ,. 60tl5J6'12 
-0.~5~12144 o,u65818o8 (l,l&:St0316 •8,7516ciS96 
•0,~11~:~280111 o,u8751041 u,~'l!IJ:iM7 •10,<t1o2dv8 
•U,:COl4tilli2 o,09674~!i4 o.~H487:n •1l,U1494~03 
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.. o.10'It>!;lu7 
•O,Ul:)IHII51 

O,U7!)11 "171 
0,1~8"/2091 

o. ~ Jv R<ltib7 
U,~B11lll!;~O 
0 ·-'2t)"/'Jl94 
O,.l4~19lbll 
O,J4i4:ib74 
U,l14H20ii9 
0,26:J!S0b18 
v,l941144H7 
O,l05lll4a7 
"·"009!l82b 

o.09<ib62:l8 
0,08J36JJ7 
o.06!)bJ115 
0. 0445!ilt11l 
o,02J4~oas 
o. 001195395 

-ll,001152b12 ' 
~o,u15ao7:)6 
-o,01!)69561l 
•0,00950873 

0,001l3b_,4 
0,01424908 
.o, 02!l92"112 
O,Ul269096 

••••••••••••••••••••••••••••••••• 

O.l4411o0ll 
o.ull4115651 
c.,u'197a0~9 
li,lb4~67"14 
O,:H21JH 'IO 
0,~117928!)2 
O,l2b!i05l.b 
o.H~544:»2 
o •. Hllll1:.!9 
0,314964-17 
0,2655095& 
O.l!iSlbS:tl 
0,10i152721 
o,o~21osuo 

•li•.7810l'nl 
•21 ... 2o2!lfo:ll 
.. ;to,il21717u7 
-15,r.572~664 
•12,b8897915 
.. tu.aJ4lu721 

•9,7115olt06 
•!11 . ~2~92039 
-~.321111~57 

.. J O,OH7b906 
•11,511sH7l3 
-14.1830!)683 
ooJ9~A:892~&44 
oo29, "10111 no 

SUM OF AB~OLU~E PkESSUR~S At 21 PUINTS/21,DUE TU TNANSDUC~R B~LOW SURFAC~ IS 
D~=20,fLOG(~Tl)= - "'8,2171191137 

..•.......••.......•.••. ,.~·~···· 
HESULTS fO~ HYDROPHONES ~T r.,oo 

20,fLOG(AVE~AG~ or 105 PKESSURES)• 
AVERAGE UF(20,LOG~PRES~U~E~)5 
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Tr~ No. 841087 

ACO~STiC RADIATION FROM TRANSDUCER IN SEMI-INFINITE FLUID MEDIUM (U) 
Jayant S. Patel 
Engineering Mechanics Division 
Engineering & Technical Support Department 
TM No. 841087 
Job Order No. K96714 

EXTERNAL 

ARL, T. Pigott 
CEL, J. Jenkins 
DARPA, T. Kooij 
NORDA, C. Wilcox 
NTEC, R. Breaux 
NWC, L. Gulich 
ONR, N. Basdekas 

T. Swafford 

INTERNAL 
Code 0211, R. Bernier 

10, W. VonWinkle 
101, A. Van Woerkom 
3222, H. 11 son 

G. Kudl ak 
3302, P. G. Calde 
3332, R. Radlinski 
33491, R. Dinapoli 
363, J. R. Short 
38203, R. Rubega 
38291, J. Miranda 
3822, R. Menoche 
40 
44 
4491 
4494 (3 cys) 
60, J. Dlubac 

T. Fries 
J. G. Keil 

61, J. S. Cohen 

EXTERNAL - 8 
INTERNAL - 22 

TOTAL - 30 

DISTRIBUTION LIST 


