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Appendices

This appendix section contains the various codes that were used to do the

numerical analysis discussed in Section I.

Also included here are two papers which were prepared to conclude the work

carried out during an earlier period of the Grant, preceding the work on focused

beams. This work was to be in preparation for an anticipated later effort to

merge the focused beam work and the earlier work on plate excitation by bounded,

but non-focused beams. Unfortunately, the results presented here could not be

used in conjunction with the results presented in Section I due to the decision

not to continue the Grant.
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A.I. INTRODUCTION

This appendix outlines the steps necessary for using the line focus software,

LFOCUS.EXE, developed to support ONR research on optical probing of ultrasonic fields.

Section A.2 outlines the hardware requirements for program execution. Since the software

is menu driven rather than batch processed, Section A.3 provides a short user's guide for

the menu driven interface. Section A.4 describes the output file structure used for data post

processing.

A.2. Hardware Requirements

The minimum hardware configuration required to operate LFOCUS.EXE consists

of a computer with an Intel 80386 Central Processing Unit (CPU) or 80486 CPU with the

following features:

0 one high density, 314" or 5¼/" floppy disk drive,

* PC Disk Operating System (DOS) Version 3.3 or later1,

* Monochrome display or display adapter,

"* Intel 80387 Math CO-Processorz,

"* A hard drive with 40 to 50 Mega-Bytes (Mb) of available

storage, and

Program compatibility has been verified with MS-DOS v 3.3 and 4.01 and Digital Research
DOS v 5.0 and 6.0.

2 The 80486 chip has an integral co-processor.
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0 4.0 Mb of extended memory.

LFOCUS.EXE accesses the Intel co-processor and will not run without It. As an

alternative, the program can be compiled to access the Weitek, ABACUS chip. This change

could improve program execution speed by about a factor of two. A graphics monitor does

not improve program performance. Additional hard disk storage space is only useful for

multiple program runs. A Microsoft@ or compatible mouse can be used as a pointing

device for program execution; however, a mouse is not required for program execution.

A3. Initial Execution

To run LFOCUS.EXE for the first time change to the hard disk directory which

contains the program, type LFOCUS, and press <Enter>. LFOCUS.EXE loads and

presents the initial menu screen shown in Figure A.l.

Data Entry Window

"FI0 Opens Menu <Esc, Closes Menu Pat-X Exits Program

Figure A.I. LFOCUS.EXE Initial Menu
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If a mouse is present, move the mouse cursor over the desired function and click the

"left mouse button to execute the function. If a mouse is not present, press the highlighted

key to execute the function. For example, the initial menu can be activated by pressing the

Alt key and W to select the Data Entry Window, moving the mouse cursor over Data Entry

Window and clicking the left mouse button, or pressing F10. If the Data Entry Window

function is executed by either technique, the first pull-down menu appears as shown in

Figure A.2.

Oats Entry Window

Run Parameters FO I'"
Off-Axis Data Points F7 -_

Transducer FS
Boundary Values F9 . ... ___ __ -_ ___ ___

-.. . . .. . . . . . . .. . .. .. .. . . : ... . ...

FIO Opens Menu <Esc> Closes Menu Alt-X Exits Program

Figure A.2. Data Entry Options

Run Parameters (F6) specifies the number of spectra used in the calculations

(minimum and maximum) and the on and off-axis data output points. Off-Axis Data Points

(F7) specifies the on-axis locations where the off-axis data points are output to a disk file.

Transducer (FS) specifies the key parameters associated with the line focus transducer, such

as, dimensions, aperture angle, initial on-axis pressure, etc.. Boundary Values (F9) provides

options for specifying the pressure amplitude distribution at the transducer surface. To

activate a menu press the highlighted key, the specified function key, or use the mouse

cursor and click on the choice.
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A.3.1. Run Parameters

To specify the input parameters for a run press R, function key F6, or highlight the

Run Parameters option with the mouse cursor and click. The Run Parameters menu shown

in Figure A.3 appears. The parameter values displayed are those used the last time the

program was executed. To exit this menu without changing any values, use the mouse

cursor to click the [0] symbol or press <Enter>. To move through the parameters on the

menu without a mouse, press the Tab key. Each time the Tab key is pressed the next menu

option is highlighted for data entry. To back-up, press Shift Tab and the previous data

entry option is highlighted for data entry. To select a field for data entry move the mouse

cursor over the text describing the value and click.

Data Entry Window
=[m] Run Parameters

Use Tab Key or Mouse to select data entry field

Minimum # Spectra (4 to 49): 5
Maximum 0 Spectra (Mmin to 50): 26
Number On-Axis Points (100 to 400): 300
Number Off-Axis Points (1 to 40): 30

.. .:..:.... Radial Step Size (0.02 to 0.001): 0.005
S" Min On-Axis Output (0.001 to 0.99): 0.001

Max On-Axis Output (1.05 to 2.0): 1.4
Max Off-Axis Range (1.1 to 10.0): 10
Max Off-Axis Points (10 to 200): 200

Error Message

Ok Cne

FIO Opens Menu <Esc> Closes /enu Alt-X Exits Progri

Figure A3. Run Parameters Menu

To enter in a new value key in the appropriate number. Do not press Enter, If you

wish to change other values before exiting the menu. Pressing <Enter> will exit the menu,

if there are no errors. If a value is keyed in which is out of range, an error message appears

when you attempt to exit the menu. For example, Minimum # Spectra represents the

number of spectral terms present at the start of a calculation. As shown, this is allowed to
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take on a value between 4 and 49 terms. If a value outside of this range is keyed in, such

-. - as Z the program writes the error message shown in Figure A.4 when the <Enter> key is

pressed. The program will not exit the menu until the entry is corrected. If multiple errors

are made when keying in values, each error has to be corrected.

Data Entr_ Window

___________-_ - I• =Run Parameters

_........... Use Tab Key or Mous to select data entry field

11Wniams 0Spectra (4 to 40) : 2
Maximum 0 Spectra (Min # to 50: 26S.... Number On-Axis Points (100 to 4 300

- - Number Off-Axis Points (1 to 40): 30
Radial Step Size (0.02 to 0.001): 0.005
Min On-Axis Output (0.001 to 0.99): 0.001

-- Max On-Axis Output (1.05 to 2.0): 1.4
Max Off-Axis Range (1.1 to 10.0): 10
Max Off-Axis Points (10 to 200): 200

_ Error Message Enisum Spectral Trm Out Of Rane I

_ • •~~ . ..... .... . __--_-

F10 Opens menu <Esc> Closes Menu Alt-X Exits Program

Figure A.4. Typical Error Message

The data entry values covered in the Run Parameters menu include:

Minimum # Spectra minimum number of spectral terms present at the
start of a calculation,

Maximum # Spectra maximum number of spectral terms allowed in
the calculation, that is the number of terms
allowed before the Fourier spectra is truncated,

Number On-Axis Points number of on-axis points where the amplitude
and phase spectra are saved during the
calculation,

Number Off-Axis Points number of points on the axis where the off-axis
amplitude and phase spectra are saved during the
calculation,

Radial Step Size normalized, transverse mesh step size used in the

calculation,
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-Min On-Axis Output the on-axis point where the on-axis output starts
(0 is at the face of the transducer and I is at the
geometric focal point),

Max On-Axis Output the on-axis point where the calculation is
terminated and the last on-axis data values are
written to a file,

Max Off-Axis Range maximum normalized size the transverse grid is
allowed to expand to during the calculations, and

Max Off-Axis Points maximum number of off-axis points which are
output at each specified output location.

The values shown in Figures A3 and A.4 within the brackets are the allowable data entry

ranges,

A3.2. Off-Axis Data Point Menus

To review or change the on-axis locations selected for off-axis data output prior to

running LFOCUS.EXE, select the data entry window and press 0, FV, or use the mouse

cursor to select Off-Axis Data Points from the options shown in Figure A.2. At this point,

the Off Axis Location I menu shown in Figure A.5 appears. Use the Tab or Shift Tab keys

to move between the data entry fields. To exit without changing any values use the mouse

to click on the [a] symbol or the Ok or Cancel buttons. Alternatively, use the Tab or Shift

Tab keys to move to the Ok or Cancel buttons. The range of allowable off-axis data values

is determined by the Run Parameters menu. For example, in menu shown in Figure A3,

the maximum on-axis output point is 1.4 (40% beyond the geometric focal point for the

transducer). Data entry follows the technique previously described for the Run Parameters

menu. Remember, the software will not exit a menu which has a value out of range. Also,

the program expects the values to be monotonically increasing. This menu will continue to

appear until all points have been selected for off-axis data output. Once the last data point

has been selected, the program returns to the initial data entry menu shown in Figure A.1.
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Data Entry Window1

-- .1iOff Axis Location I

fte Ta Key or lmeo to select data et _e_____I

Output Point (> previous value < 1.4) 0.75

Error Message

Ok Cancel _______

F1O Opens Menu <Esc> Closes Menu Alt-X Exits Program

Figure A.5. Off-Axis Data Point Selection

A3.3. Transducer Characteristics Menu Data Entry

To review or change the transducer data values prior to running LFOCUS.EXE select

the data entry window and press T, FS, or use the mouse cursor to select Transducer from

the options shown in Figure A.2. At this point the Transducer Characteristics menu shown

in Figure A.6 appears. Use the Tab or Shift Tab keys to move between the data entry

fields. To exit without changing any values use the mouse to click on the [0] symbol or the

Ok or Cancel buttons. Alternatively use the Tab or Shift Tab keys to move to the Ok or

Cancel buttons. Data entry follows the technique previously described for the Run

Parameters menu. Remember, the software will not allow the user to exit a menu which

has a value out of range. Once the last data entry has been made the program returns to

the initial data entry menu shown in Figure A.1.
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Data Entr W~indow

E�E (NJ- Transducer Characteristics

UNe Tab Kay or Meun to 19010t data Ofttry 11e1d _________

D- =eter (Meters: 0 .. 1) 0.023009 ___ __ _'_

.-- l Length (Meters: 0 .. 1) 0.04445
Initial Frequency (lMz: 0 .. 10) 1.0667 , !" .. ... __

Initial Pressure (kPa: 0 2000) 57.026

Error Message

Ok Cancel

PIO Opens Menu <Esc- Closes Menu Alt-X Exits Program

Figure A.6. Transducer Data Entry

A3.4. Boundary Value Menus

A three level menu system is used for selecting an existing or entering a new

normalized pressure distribution across the face of the line focus transducer. To select this

option from the choices presented in Figure A.2, press B. F9, or highlight Boundary Value

with the mouse cursor and click. The Transducer Pressure Distribution Options Menu

shown in Figure A.7 appears. This menu provides three choices for the pressure

distribution at the transducer surface.

Previous: The distribution used in the previous run

Uniform: A uniform distribution, e.g. the peak pressure at

each location on the surface of the transducer isa

assumed to be the same

New: The pressure distribution will be entered from

the key board or a data file
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..Daota Ent• Widow - _

l[lTransducer Pressure Distribution Options

To Select Option, Press Highlighted Letter

Pressure Distribution Source
(o) Previous (0) Use File
SUniform ( ) Inter DataSM~~~ew,'". .. .

Ok Cancel

F1O Opens Menu <Esc> Closes Menu Alt-X Exits Progra.

Figure A.7. Transduce Pressure Distribution Options

To select a value, either press the highlighted letter or move the mouse cursor over the

option and click. The default is to use the normalized pressure distribution for the previous

run. To change to uniform distribution, press U or move the mouse cursor over Uniform

and click. To enter a new pressure distribution, press N or use the mouse cursor to click

on New. If New is selected, the source choices become active. The default is to read an

existing data file which describes the pressure distribution. To enter a new data file, press

E or click on Enter Data with the mouse cursor. Once the final choice has been made,

press <Enter>, 0, or click on Ok with the mouse cursor.

If the source option is Use File, the Pressure Distribution File Name Menu shown

in Figure A.8 appears. Press F, use the Tab key, or the mouse cursor to select File Name.

Key in the file name and press <Enter>. If an error occurs during the data entry, a

descriptive message will appear in the Error Message window.
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. ...o., ...........t..... ...o

FIn] - Pressure Distribution File Name

File Name (-c40 Char) _______

Error Message ,',.,,_., __'

Ok Cancel

FIO Opens Menu <Esc> Closes Menu Alt-X Exits Program

Figure A.S. Entering New File Name

Once the desired field name has been selected press <Enter>. To terminate the process

at any time, tab to the Cancel button or click on this button with the mouse cursor.

A similar process is followed in generating a new data file. Select the Enter Data

option from the menu shown in Figure A.7 and press <Enter>. The New Pressure

Distribution File Menu shown in Figure A.9 appears. Press F, use the Tab key, or the

mouse cursor to select File Name. Key in the file name. Use the Tab key or the mouse

cursor to select Number of points. Key in a value between 1 and 100 and press <Enter>.

If an error occurs during data ently, a descriptive message appears in the Error Message

window. Use the Tab key or the mouse cursor to move to the data entry window that

contains the error and key in a corrected value. To exit at any time without entering a new

data file, use the Tab key or the mouse cursor to select the Cancel butt n and press enter

or click on the button.
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Data Entry Window

Fi -)= New Pressure Distribution File Name _
Pile Name (<40 Char)

Number of points ___

Error Message

Ok Cancel

To Change The Value, Press Highlighted Letter

Radial Point (a) 0.0 _____

Normalized Pressure 1 .0

Error Message

Ok Cancel

FIO Opens Menu <Esc> Closes Ienu At-X Exits Program

Figure A.10. Entering New Pressure Distribution File

To enter the transducer amplitude distribution use the menu shown in Figure A.10.

First use the Tab key or the mouse to select Radial Point (n). The radial location is

measured normal to the transducer aids of symmetry. The first entry must be the value on

the symmetry axis, e.g. 0. After keying in the appropriate value use the Tab key or the
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mouse to select Normalized Pressure. Key in a value between 0 and 1. If the radial

location extends beyond the transducer boundary, an error message appears. Also, a

normalized pressure greater than unity generates an error message. After the location and

pressure value have been correctly entered, press <Enter> or the Ok button. After the last

data entry is made, the program returns to the program main menu shown in Figure A.I.

A-3.5. Program Execution

After data entry is completed, press Alt-X or use the mouse cursor to click the AMt-X

Exits Program section of the menu shown in Figure A.1 to start program execution.

Depending on the data values used and computer CPU speed, program execution can run

from several hours to as much as a couple of days. While the program is executing, the

status message shown below is written to the screen.

Nstep= 264z= 0.136237k= 29m = 41Imax= 113
Nstep= 273z= 0.140900k= 30m= 41max= 115
Nstep= 282z= 0.145563k= 31 m= 41max= 115

Nstep is the calculation step number. Z is the normalized on-axis distance from the face

of the transducer. K is the number of the output point. The current number of harmonic

terms being used in the calculation is specified by m. Finally, Imax is the current location

of floating outer boundary for the edge of the calculational mesh.

To interrupt program execution press Ctr-C or Ctri-Break. After two screen writing

cycles, all relevant data is saved to the hard disk and normal program termination occurs.

To restart the program, type LIFOCUS and press <Enter>. When the program has finished

running, it writes PROGRAM EXECUTION COMPLETED to the screen.

A.4. Output Data File Structures

After LFOCUS.EXE has completed execution four text data files are written -

amplitude and phase files for on-axis and off-axis data points. Figure A.11 summarizes the
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relevant characteristics of AMPZ and PHASEZ - the on-axis amplitude and phase spectra

output files. The first 44 lines in each file summarizes the input data used to conduct the

run. This is followed in each case by the amplitude spectra or phase spectra, depending

upon the file type. Since the number of spectral terms will vary, depending upon the

nonlinearity of problem, e.g. initial pressure, effective focusing gain, etc., the first output is

the number of spectral terms, the second output is the location along the z axis. The

subsequent output terms are either the amplitude or phase spectra depending upon the file

"type. The amplitude spectral terms are normalized to the peak pressure. The phase terms

are in radians.

Ampz. Data Structure

Lines I through 44 = file header

Line 45 through end = amplitude spectra with
a z A[0I AI. I A[21 e.g
4 5.6633E-0003 O.O000E+000 t.0032E10000 6.2014E-0005 coo

4 1.0327E-0002 O.OOOOE+0000 1.0057E+0000 1.0892E-0004
4 1.4990E-0002 O.000E+40000 1.0081E+0000 1.5616E-0004

Phasez. Data Structure
Lines 1 through 44 = file header
Line 45 through end = phase spectra with

a Z PhOl Phil[ .I Phi(2.
4 5.6633E-0003 0.0-00 -4.8870E-000 -6.4645E -0006 **
4 1.0327E-0002 O.OOOOE+0000 -1.4608E-0005 -1.8326E-0005
4 I.4990E-0002 0.0000E+4000 -2.9689E-0005 -3.6417E-0005 ***

Figure A.11. Ampz and Phasez Output Data Structure

A similar file structure is used for the off-axis points, as shown in Figure A.12.

Again, the first 44 lines of AMPZR or PHASEZR summarize the input data. Line nine is

an integer entry which specifies the number of off-axis data output points. Starting with the

first output location, a record is written which contains the number of spectral terms used

at the location, the normalized on-axis location, the normalized off axis location, and the

first through n' amplitude or phase terms.
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Ampzr. Data Structure
Lines I through 44 = file header
Line 9 = number of-axis data output locations
Line 45 through end = amplitude spectra with

a Z ril, A... AiIJ
5 7.5000E-0001 O.OOOOE+O000 0. OOWO+0000 2.8336E*0000

r(21
5 7.50OOE-0001 2.OOOOE-0002 0.OO00E+O000 2.7830E+0000

ris'
5 7.5000E-0001 4.OOOOE-0002 0•.000E+O000 2.6362E+0000

Phasezr. Date Structure
Lines 1 through 44 a file header
Line 9 a number of-axis data output locations
Line 45 through end a amplitude spectra with

* Z r'll PhiLO] Phil 4000
5 7.5000E-0001 O.OOOOE+0000 O.O000E+O000 9.7667E+0000 *6O

r121
S 7.5000E-0001 2.OOOOE-0002 0.OOOOE.0000 1.018@E+0001

r131
5 7.5000E-0001 4.0006E-0002 0.0000E+0000 1.1529E+0001

Figure A.12. Ampzr and Phasezr Output Data Structure

The amplitude spectra are normalized relative to the initial input pressure and the phase

- spectral terms are in degrees.
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This appendix provides a listing of the menu program used by LFOCUS.EXE. This
_/ program is written in Turbo Pascal v 6.0 and called by the FORTRAN code during initial

execution. Since the program uses the standard Turbo Vision applications framework, only
the unique source code is commented.

B
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program MENU;

uses Objects,

Viewas,
menus,
Dialogs,
App;

cofist
MaxLines =100;
WinCount: Integer a 0;
cuFileOpen a 100;
CaNe'wln a 101;
CoNOWialog a102;
cm0ffAuisData a 103;
coNewTransducer a 104;
cmRunInpU't a105;
caBoundary a106;
cmPrevious a 107;
caUnitorm a 106;
cmaweFil: a t09;
cmNewFlleValues = 110;

var
LineCount,
HMaxumber,
OffAxis Index,
code,
nl INTEGER;
Lines: airrayjo. .MaxLines - 11 of PString;
errort lag BOOLEAN;

type

Record tyes used by the prorazn for temporary data I/O

RunlnputValues = record
UINM STR NG(1281;

3MAXM : STRING(1281;
N Wnts : STRINGj 1281;
NO~lints : STRINGI 1281;
DeltaR :STRINGI1281;
Zuin :STRING(1281;
Zmax : STRING1128);
Rgmax : STRING(1281;
RadiusMa~x :STRING( 1281;
erroruessage : STRINGj 1281;

end;

TransducerData 2RECORD

Diameter :STR1N011281;
Radius~fO STRTNG( 1281;
Frequency STRING I128J;
Pressure STRINGI1281;

ergrormessage :STRING 128j;

ZuData z RECORD
location : STRING 11281;
ergroruessage :STRING 1281;
end

BoundaryData z RECORD
Radio~uttonDataA : Word;
Radio~uttonoataB Wbrd;

end;

FileNameData z RECORD
Name :STRINGII281;
ErrorMessage : STRINGj1281;

end;
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File#Eaae~ata2 RECORD
Name :STRING 1286
NumberPoints STRING! 1281;
Error~essage STRXNGI128I;

end;

BoundaryDataValues a RECORD
location :STRING1 1281;
NorealizedP : STRING (1281;
erroruessage :STRING1128;

T~~p object (Tpplication)
podure HandleEvent(var Event: TEvent); virtual;

pcedure Init~enu~ar* virtual;
procedure InitStatusLlne; virtual;
procedure NemTransducer;
procedure RunParameters;
procedure OffAxisData;

proedue Nw~idow;
procedure Selecteoundary;
procedure EnterFileNafe;
procedure EnterFileName2
procedure BoundaryAxis~af a;

end;

PInterior z TInterior;
TInterior =object(TScroller)

constructzor Init( var Bounds: TRect; AHScrollear, AVScroll.Bar: Pscrollear);
procedure Draw; virtual;

end;

POewoWindow z T~emoWindow;
T~emoWindow =object(TWindow)
Rlnterior, Llnterior: Plnterior;
constructor Ir±ti(Bounds: TRect WnTitle: String; Windot~o: Word);
function Makel nterior (Bounds: i~ecit Left: Boolean): PInterior;

en;procedure SizeLiuits(var Min, Max: fPoint); virtual

P~emocialog z ^Toemooialo;lg )T~emoDialog = object(TDialg
end;

var
Transducer : TransoucerData;
RunInput :RunInput Values,
Zu :ArraylO. .501 o# ZuDATA;
BoundaryChoice : BoundaryData;
FileName : Filefafecata;
FileName2 : FilefaueOat2
BoundaryChoiceValues : Array O. .1001 ~of BoundaryDataValues;
NumberBoundaryPoints : INTEGER;
textfile : TEXT;

constructor Tlnterior.Init(var Bounds: TRect; AliScroliBar, AVScrollBar: PScrollBar);

~~ScrollerInit(IBounds, AHtScroll~ar, AVScrollBar);
Options :=Options or of Framed;
SetLimit(128, LineCount);

end,
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procedure Tlnterior.Orow;
var

Color: Byte;
1, Y: Inteler;
B: T~ravw~u for;
begn : GetColor(1)
for Y 0Oto Size.ý I do

Wo~har( , Color, Size.X);
i :a Oelt a.* Y+
if (I < LineCouni) and (LineslIll nil) then
NoveStr BCopjjLines(Ij^ Oelta.X + 1, Size.X), Color);

WriteLine(O,' Y, ze.X, 1, 6);
end;

end ;

constructor TDesoWindw. I nit (Bounds: TRect; WinTitle: String; Windowt~o: Word);
var

5: string(3);
R: TRect;
blr (Windowk$o, 8);
TWindow. Init (Bounds, WinTitle + S , wnNoNumber);
GetExtent (Sounds);
R.Assiln(Broun s.I.X Sounds.A.Y, Bounds.B.X div 2 + 1, Bounds.B.Y);
Linterior :a Maeinterior(R*, T~rues),
Llnterior^.Growiod :z gt rowiiY;

R Asig(Bond ;Xdiv 2, Bounds.A.Y, Bounds.B.X, Sounds.B.Y);
Rinterior := MakeInterior (R,False);
Rlnterior^.GrowMode := gfGrow~iX + gfGrowM~iY;
Insert(Rlnterior);

end;

function TDeuoWindow.Makelnterior (Bounds: TRect; Left: Boolean): PInterior;
var

HScrollBar, VScrollBar: PScrollBar;
R: TRect;

begin
R.Assign (Bounds.B.X- I, Bounds.A.Y.1, Bounds.B.X, Bounds.B.Y-t);

I VScrolIBar := New(PScroll~ar Xnit4R));
VScrollBar. Options := VScrollBar-.Optlons or ofPostProcess;
if Left then V~croll~ar^ .GrowMode .- gfGrowtliY;
Insert (VScroll~ar);
R.Assign (Bounds. A.X02, Bounds.B.Y-1, Bounds.B.X-2, Bounds.B.Y);
HScrollBar.:; New(PScrollBar Init(R))*
HScrollBar .Options := HScroilBar- .optlons or of PostProcess;
if Lef t then HScrollBar^.Gro~wode := gfGrowtliY + gfGrow~oY;
Insert (tScrollsar);
Bounds .Grw( -I,-I);
MakeInterior := New(Plnterior, Init(Sounds, IIScrollBar, VScrollBar));

end;

procedure TMeeoWindow.SizeLivits(var Mm, Max: TPoint);
var R: TRect;

TOWindow.SizeLinits(Mn Max);
Min.X :a LInterior Size.X + 9;

end;



Thibs is the event handler used to caD the data entry procedires.
cmNeWrransduce calil to New'Transducer
onRuninput m al to Runfaraanctcrs
anOffAxisDmaa call to OffAzisData
cnNew Win = call to New Window
cofloundary = al to SelectBoundary)

crocedure T~yApp.HandleEvent(var Event: TEvent);
?Ap licat ion.HandleEvent(Event);
it Kvent .Wat - evCouuand then
begin
case Event.Command of

cUmerin : Nelmindow;
culewTransducer : Ne*Transducer;
cuflun Input :RunParameters;
cwOffAxisOata .b inCd)

For OffAxislndex :a I To NaxNu.mier Do OffAxis~ata;
end;
caSoundary :begin

SelectBoundary;
Case BoundaryChoice.RadioluttonoataA Of

0 :;
1 : begin

(This section sets a uniform aperture distribution)

NumberfioundaryPoints =1
BoundaryChoiceValues[Oj .location := 0.
BoundaryChoiceValueslol .NorualizedP : 16,
end;

2 :Case BoundaryChoice.Radio~uttonDataS OF
0 :belin

IF skipf lag s FALSE THEN
begin

* Assan (textf ile,FileName. name);
RESE ( textfilie);

-READLN(textfile NumberBoundaryPoints);
FOR n := 0 TO Number~oundaryPoints -1 DO
begin.lato)

READLN(textfile IBoundaryChoiceValuesinj .NormalizedP);
BoundaryChoiceValueslnj .errormessage :=;

end;
FOR n := Number~undaryPoints TO 100 DO

WITH BoundaryChoiceValuesinj DO

NorualizedP :=''
erroruessage :

end;
CLOSE(textfile);
end;*nd*

I: begin

IF skipt lag - bILSE THEN

VA2(FileName2 .NumberPoints ,Number~oundaryPoints,Code);
For OffAxislndex :=0 to Number~oundaryPoints I Do BoundaryAxisData;
end;

en~nd 
end;end;

end;

end;
end;
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S ibThis is the interface for the pull-down menu system. It connects the commands with the keystrokes that activate
each individual command. For ceampie.ý R or F6 are linked to auRuninput which is used to call the procedure
RuaParamirlse.

procedure TMyApp. InittenuBar;
var R: TRect;
besin

GetExtentR) ;
R.B.Y := R.A.Y + 1;
MenuSar := Nlew(PlPenufar, Init(R, NewMenu(

NeowubMenu('Data Entry Tindow' , hcNoContext, Newdfenu(
Newlte( -RRun Parameters', 'F6' ,kbF6 cuRunInput, hcNoContext,
Newltes( "0ff-Axis Data Point',F1,kbF7, cmOffAxlsOata hcNoContext,
Ne(lte( I T-ransducer' 'FS', kbF S, coNe*Transducer, hcNo.ontext,
Newlte.('S-Boundary Values', F9, kbF9, cmSoundary, hcNoContext,
nil))))),

nil))

end;

This procedure coatrol the status line at the bottom of the main menu. It links the keys that open and closc the
main menu.

procedure T1yApp. InitStatusLine;
var R: TRect;
be in

GetExtentIR) ;
R.A.Y : " R.5.Y - I:

StatusLine :; New(f'StatusLine, Init(R,
New6tatusDef (0, SFFFF,

NewStatusKey('-F0O- Opens Menu <Esc> Closes Menu', kbFlO, ceMeni,
NewStatusKey('Alt-X- Exits Program', kbAltX, cmOnut,
nil) ),nil)

nil

end;

""This procedure is used to check real input values to determine whether they arm valid. If the data entry is not a real
number, the error flag is set to FALSE. the error mesage is set to the string errorl, and the procedure branches to
the Cl. If the data type is correct, the procedure checks to see whether the data entry is between the upper
(UpperLimit) and lower (LowerLimit) limits. If it is not, the error flag is set to FALSE, the error message is set
to the string erwor2, and the procedure brancbes to the eit.

procedure CheckRealData(VAR NewVAlue, NewValue2 : STRING;
errori, error2 :STRING;

VAR errorflag : BOOLEAN;
LowerLimit, UpperLisit SINGLE);

LABEL localout;

VAR realvalue : SINGLE;

begin

Val(NewVAlue, realvalue,code);
NewValue2 = ";
IF code <> 0 THNbein

ewValue2 := errori;

Errorflag :* FALSE;
GOTO localout;

end;
I (realvalue - lowerlihit) OR (realvalue > upperlisit) THEN

rnrorflaq := FALSE-
NewValue2 :x error2;
GOTO localout;

end;
localout :;
end;



This procedure is used to check integer input values to determine wheth4r they ame valid. if the data entry i not
an integer, the error flag is set to FALSE. the error meae is set to the sting errorl, and the procedure branches
to the eaxt. If the data type i oorres. the procedure checks to see whether the data entry is between the upper
(UpperLimit) and lower (LowerLimit) limits. If it is ot., the error lW is set to FALSE, the eror message is set
to the string error2 and the poemdurc branches to the eiat.

procedure ChecklntegerOata(VAR NewVAlue, NewValue2 : STRING;
errori, error2 :STRING;

VAR errorflao : BOOLEAN;
LowerLinit, UpperLimit SINGLE);

LABEL localout;
VAR integervalue : INTEGER;

begin

Val(NewVAlue, integervalue,code);
NewValue2 :,
IF code <> TH&Nbegn

beveWyaIue 2 := errorl;

Errorflag := FALSE;
GOTO localout;

end;
IF (integervalue < lowerlinit) OR (integervalue > upperlimit) THEN
begin

Errorfla : FALSE'
NewValue2 errori;
GOTO localout;

end;
localout
end;

This procedure checks to make sure that the filename conforms to PC-DOS standards

procedure CheckFileNaue(VAR name,errorsessage: STRING);

LABEL localout;

begin {CheckFileName)

errortlag := TRUE;
errormessage :a 1 ;

IF length(name)>12 Thenbeginrrorflag := FALSE;

Erroressage :z 'Length > 12 Characters!';
GOTO localout;

end;

IF ((POS('.',name) > 9) or (POS('.',naae) = 0)) and (length(naae) > 9) THENbeginerrorflag : FALSE;

Erroruessage :a 'Name - 8 Characters!';
GOTO localout;

end;

IF (Length(name) - POS('.',nme)) > 3 THEN
eirrorflag :z FALSE;

Errormessage := 'Extension > 8 Characters!';
GOTO localout;

end;

localout :;

end; 4CheckFileNaue)
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This procedcre reads the input parameters for the run.

procedure TlyApp.RunParaaeters;
var

Thomas: PView:
Dialog: Poeuo6 ialog;
R: TRect;
C: Word;
errormessage,
tempstring : STRING;
yfirst,
xleft
xright,xleft2'

xrliht,xleft3•
xright3 : BYTE;
lowervalue : INTEGER;

procedure CheckRunParameters;

""Ibis is he tocal pfccdue that checks the run paramtcr data ecames. It uses CbecklmegerDmtm and

CUCkRealsDm with the appropriate values.

VAR
newcode ,
minimulM,
NaximulM : INTEGER,
UpperSound : SINGLi;

LABEL Done;

begin

Fwst set the ermidlag

Runlnput.errornessage :- ";
errorflag := TRUE;

, { Then check each of the record vakcs staning with the minimum number ofsipectraj terms. Minw. if eng €nr occurs
in any of the checks.t he error flag is set to FALSE before eziting the procedure.

Checklntegeroata(Runlnput. Mine, Runlnput. errormessage,
'Minimum Spectral Term Not Integer! ',
'Minimum Spectral Term Out Of Range!',errorf lag, 3, 48);
IF errorflag = FALSE THEN GOTO Done;

VAL (RunI nput. nm, Min imuml, code) ;

ChecklntegerOata (Run Input. Maxm, Run Input. errormessage,
'Maximum Spectral Term Not Integeri ',
'Maximum Spectral Term Out Of Range!',errorflag, MinimumM, 51);
IF errorflag = FALSE THEN GOTO Done;

Checklntegerat a (Runlnput.Npoints Runlnput.errormessage,
'Number Of On-Axis Points Not An integerw',
'Number Of On-Axis Points Out Of Rangel ' ,errorflag, 99, 401);
IF errorflag a FALSE THEN GOTO Done;

ChecklntegerOata(Runlnput.NDpoints Runlnput.erroreessage,
'Number Of Off-Axis Points Not An integerl',
'Number Of Off-Axis Points Out Of Range ' ,errorflag, 0, 41);
IF errorflag - FALSE THEN GOTO Done;

CheckRealOata(Runlnput .DeltaR,Runlnput. errormessage,
'IRadial Step Size Not A Numberl ',
'Radial Step Size Out Of Range!' ,errorf lag, 0.001, 0.0201);
IF errorflag = FALSE THEN GOTO Done;

CheckRealOata(Runlnput Zfin,Runlnput. erroreessage,
'Minimum On-Axis Output Not A NumberI',
'Minimum On-Axis Output Of Range! ' ,errorflag, 0.001, 0.99);
IF errorflag = FALSE THEN GOTO Done;
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CheckRealData(Runlnput. .Zax, Runlnput. erroruessage,
'Maximum On-Axis Output Not A Numbeu!',
I'Maximum On -Axis Output Of Range! ', errorf lag, 1 .05, 2. 00);
IF errorf lag a FALSE THEN GOTO Done;

CheckRealData(Runlnput.Rgmax Runlnput .errormessage,
'Maximum Off-Axis Range Not A Number!',
'Maximum Off-Axis Range Out Of Range!',errorf lag, 1.1, 10.0);
IF errorf lag a FALSE THEN GOTO Oon.;

Check! ntegerOata(Runlnput .RadiusMax ,Runlnput. errormessage,
'Maximum Off-Axis Points Not A Number!',
'Maximum Off-Axis Points Out Of Rangel',errorf lag, 10, 200);
IF errorf lag = FALSE THEN GOTO Done;

done:
end;

begin
Xleft :4,

Vt irst :u4-
R.Assign(S 151, 75, yfirst +16);
TEmpString *u 'Maximum 0 Spectra (Min # to 50):';
Dialog : NewSPoeio~ialog, Init(R, 'Runfarameters'));
with 0a og do
begin
R .Assignxleft 2, xleft + 48, 3);
Insert (New (PLa 6el, Init(R, 'Use Tab key or mouse to select data entry field', Thomas)));
R.Assign(xleft2 yfirst , xri ht2, yfirst +- 1);
Thomas := New(PlnputLine, Init(R,128));
Insert(Thouas);
R.Assign(Xleft yfirst, Xright, yfirst + 1);
Insert (New(Pla~iel,Init( ,Minimum 0 Spectra (4 to 49): ',Thomas)));
R.Assign(xleft2, yfirst +' 1, xright2, yfirst + 2);
Thomas := New(PlnputLine, Init(R,128));
Insert(Thomas);
R.Assign(xleft, yfirst + 1, xright, yfirst +- 2);
Insert (New(Plabel, Init (R,TempSt ring, Thouas)));
R.ASsign(xleft2 yfirst + 2, xright2, yfirst + 3);

-,Thomas := New(PinputLine, Init(R,128));
Insert(Thomas);
R.Assign(xleft, yfirst + 2, xright, yfirst +- 3);
Insert(New(Plabel, Init (R, 'Number On-Axis Points (100 to 400): ',Thomas)));
R.Assign(xleft2, yfirst + 3, xright2, yfirst +- 4);
Thomas := New(PlnputLine, Init(R,128));
Insert(Thomas);
R.Assign(xleft, yfirst + 3, xright yfirst + 4);
Insert(New(Plabel, Init (R, 'Number Off-Axis Points (1 to 40): ',Thomas)));
R.Assign(xleft2 yfirst + 4, xright2, yfirst + 5);
Thomas := New(PfnputLine, In'it(R,128));
Insert(Thoma)
R. Assign (xlesftI yfirst +- 4, xright, yfirst +O 5);
Insert (New(Pla~el, Init (R, 'Radial Step Size (0.02 to 0.001): ',Thomas)));
R.Assign(xleft2 yfirst +- 5, xright2, yfirst +- 6);
Thomas :x New(PfnputLine, Init(R,128));
Insert(Thomas);
R.Assign(xleft1 yfirst +- 5 xright yfirst +- 6);
Insert (New(Pla~eI,Init(R,1M~n on-Axis Output (0.001 to 0.99): ',Thomas)));
R.Assign(xleft2 yfirst +- 6, xright2 yfirst + 7);
Thomas :z New(PfnputLine, Init(R,1281),
Insert(Thomas)*,
R.Assign(xleft yfirst + 6, xright, yfirst +- 7);
Insert(New(Plabel Init(R,'Max On-Axis Output (1.05 to 2.0): ',Thomas)));
R.Assign(xieft2 y~firat +- 7,' xright2 yfirst +- 8);
Thomas := New(PfnputLine, Init(R,1285);
Insert(Thoeas);
R.As~iin(xleft, yfirst + 7, xright, yfi rst + 8);
Insert New(Pla el,Xnit(R,'Max Off-Axis Range (1.1 to 10.0): ',Thomas)));
R.Assign(xlett2, yfirst +- 8, xright2, yfirst + 9);
Thomas := New(P nputLine, Init(R,128));
Insert (Thomas);
R.Assian(xleft, yfirst +- 8, xright, yfirst + 9);
Insert (New(Pa.lntR,' Of-Axis Points (10 to 200): ',Thomas)));
R.Assign(1,frst +- 10, 56, yfirst + 11);
Thomas :=New(PinputLine, Init(R,128));
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Insert(Thoaas)*
R.Assijn(l, yfirst + 10, 15, ytirst + II);
Insert (New(Plabel,Init(R,'Error Message, ,Thomas)));

These ame the escpe buttons from the WaK. To use the values entered ezeajie crnOK. To discard the changes
ewcoite anc-anceL )

R.Assign(xleft + 9, yfirst + 12 xleft + 19 yfirst * 14);
Insert (New PeuttonM 'ni(R 1, cuOK, bfbefault)));
R.Assign(xioft + ytirsi + 12 xleft + 44 , first * 14);
Insert (New(P~utton, Init(R, 'Cancel', cmCancel, bfNorval)));

owl
REPRAT

C := DeskTop^.ExecVi.Cw'D~loq9V
if C <3 cmCancel then Dialog .46etData(RunInput);

Check to see whethe there are any enon. Uf an error has occurted. then do not exit the progrun.)

CheckRunParainet crs;
UNTIL ((C z cuCancel) or (C acuOK)) and (errorfilag TWJE);
Dispose D Dalog, Done);

end;
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This procedure is used to input or change transducer related parameters. webh as the radius of wmturw, diamcter.
initial on-azis povir, and frequency.

procedure T~tyApp .NewTransducer;
var

Thomas2: PView;
Dialog2: PDeuo~ialog;
R: TRect;
C: Word;
orrormessage : STRING;
xleft
xright,

xrighti,
yfirst :BYTE;

( This is the local procedure that checks the transducer dafta entries. It uses CbecklakqerDsta and CheckReal~gts

with the appropriate values.

Procedure CheckTransducer;

LABEL Done;

begin {CheckTransducer}

{ First set the error message and error flg. Then check each of the data entries starting with the diameter. If an
error occrs. set the error flg to FALSE and cuft.

transducer.erroruessage : '
errorf lag := TRUE;
CheckReal~ata( transducer .diameter ,transducer .errormessage,
'Diameter Entry Is Not A Number!',
'Diameter Entry Out Of Range!,errorf lag, 0, 1);
IF errorf lag = FALSE THEN 89TO Done;

CheckRealOata(transducer.RadiusOfC,transducer errormessage,
'Focal Length to Not A Numberl',
'Focal Length Out Of Range!',errorf lag, 0, 1);
IF errorf lag a FALSE THEN GOTO Done;

CheckRealData(transducer.frequency,transducer .erroruessage,
'Frequency Is Not A Number!',
'Frequency Out Of Range!',errorflag, 0, 10);
IF errorf lag = FALSE THEN GOTO Done;

CheckRealData (transducer.pressure,transducer.errormessage,
'Pressure Is Not A Number!',
'Pressure Out Of Range!',errorf lag, 0, 2000);

done:
end; {CheckTransducer)

begin :2

Xleft ~2?;
Xright :kieft + 34;
Xleft2 :z Xright +t;
Xrioht2 := Xleft2 + 10;
R.Assign(5, 6, 58, 20);
Dialog2 := New(PDemoialog, Init(R, 'Transducer Characteristics'))
with Oialog2^ do
be g~i~8 n0 fl(eft Yfirst 50, Yfirst + 1);

Insert New(PLa iel, Inif(R, 'Use Tab key or mouse to select data entry field', Thomas2)));
R.Assian(Xleft2 Yfirst + 2 Xright2, Yfirst + 3);
Thoinas2 :* New(OinputLine, I nit( (,126));
Insert(Thouas2);
R.Assign(Xloft, Yfirst + 2 Xright, Yfirst + 3);
Insert(New(Plabel,Iinit(R,' 6 iameter (Meters: 0 .. 1):',Thouas2)));
R.Assign(Xleft2 Yfirst + 3 Xright2 Yfirst + 4);
Thomas2 :z New(olnputLine, fnit( (, 126));
Insert(Thosas2);
R.Assian(xleft, first + 3 xright, Yfirst + 4);
Insert (New(PlabelInit(R,'ýocal Length (Meters: 0 .. 1):',Thomas2)));
R.Assign(Xleft2, Yfirst +4, right2, Yfirst + 5);
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Thoma*2 := New(PlnputLine, Init(R,128));
Insert(Thomas2);
R.Assign(xlft, i first +4,4 xright, YfIrst + 5);
Insert (New(l ab ,Init(R1, Initial Frequency (Mlz: 0 10):1,Thouas2)));
R.Assign(Xleft2 et 4irst + 5 Xri ht2 Vt irst + 6);
Thomas2 a NeW(OInp4tLinemt( 1A)
Ins~rt(Thomas2);
R.Assi n(xleftt first * 5 xright, Vtirst + 6);
Insert(New~Plabe1 Init(R 'initial Pressure (kPa: 0 ..2000):',Thomas2)));

R.A:,in(6 Y irt 7 49, Yfirst + 8)

Insert(Thdba&2);
R.AssiaIn(1,Yfirst + 7 l15Ytirst + 8);
Insert (Newt Plabel, Ini (R, IError Message' IThowas2)));

7hese ame the escpe buttoes from the bca. To use the values catered exwctec nO)L To discard the changes
ezecute anCamel.

R.Assian(1O Yfirst + 9 20, Ytirst + 11);
Insert New(hutton Init(R '0Ok', I mOK, bf~efault)));
R.Assi In(35 Vt tnt + 9 41 Vt irst 4 11)'Insert (New(Ahutton, Inli(i, 'Cancel', cuC~ncel, btNorual)));

RE ~T

it C - cuCance'. then Dialog2 ̂ .tetData (Transducer);

( Check to swe whether there ame any eriroB. IU an error has ocairred. then do not exit the program.

CheckTransducer;
UNTIL (((C =cm an~cel) or (C =cmOK)) and (errorf lag =TRUE));
Dispose(Dialog2 ,Done);

end;
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Ibis proceduare is used to selec thie type and soursce of the initial pressure distribution at the face of the transducer.
The options allow &he user to enter the data or seliect a file.

procedure TUyApp.Select~oundary;
* var

Thomas2: PView,
DialWg: PODuo6 ialog;
R: T et;
C: Word;

rrrssage :STRING;
aloft
xri h~

xri ht~l

YRightBI,

YRightfko
I first : BYTE;
extfile : TEXT;

feirs :z 2;
Xleft :a 2;
Xlefttl :z6;
YleftBl : 5;
XRightBl : XleftB1 + 14;
YRightBl YleftBl + 3;

XleftB2 y :zX htBl + 6;
YleftB2 -= VieftBl*
XRigtS2 :z XLeftB + 18;
YRightB2 := YleftB2 + 2;
Xright :=Xleft + 34;
Xleft : Xright + 1;
Xright2 :=Xleft2 + 10;) RR.AssIgn(5, 6, 55, 18)
Dialog :- New(Pl~emooialog, Init(R, 'Transducer Pressure Distribution Options'))
with Dialog2^ do
beg in

R.Assign(Xleft, Yfirs~t,(46, Yfirst + 1);
Insert(New(PLabel, I nit(R, 'To Select Option, Press Highlighted Letter', Thouns2)));

( iis set of radio buttons allow the selection of the values used in a previous run, a uniform distribution, or a set of
dta values conatained in a file.)

R.Assign(XleftBl YleftBl XRightBl,YRightBl);
Thomas :a New(P Q ioeutions,Init(R,

NeWSlte. ('Previous',
NewS~te. -K'lJniforal,
NewSItemi -K 'ew',
nil)))

Insert(Thoua*2);

R.Assign(XleftBl.4, YleftB1 - 1, XMight.,A1+4, YLeftBl);
Insert (New(PLabel, Irsit(R, 'Pressure Clstpi~.utionl, Thomas2)));

This allows the selection of a previous file or the s--.ation of new file.

R.Assian(XleftB2 YleftB2 XRightB2,YMOMtB);
Thomas2 :z New iadio~ut~ons Init(R,

NevS! tem('Use -F-Ie
NewSIte.( 'E-nter Data',
nil))

Insert(Thomas2)

R.Assian(XleftB2 + 4, YleftB2- 1, XRightB2, YleftB2);
Insert (New(PLabel, Init(R, 'Source', Thouas2)));

B-14



These am the esce buttons from the boa. To use the values entered ezeazie anOK. To discard the changes
execute ornCancel.

R.Assign(7, Yfirst + 7 17, Yfirst + 9);
Insert (New(P~utton, Init(R,'O-k' CinOK, btDefault)));
R.Assign(29 Ytirst + 7 3, Yf iral + *
Insert (New(Ahutton, Inil(R, 'Cancel' co~ancel, bfNorual)));

end ,
REPEAT
Dialo92 SetDat a (Bndary~hoice);
C := DeskTop^.ExecVlew(Dialog2)*
It C -, caCancel THEN Dialog2 -.(6tData(BoundaryChoice);

UNTIL (((C a cuCancel) or (C =*K))
Dispose(Dialog2 ,Oon.);

end;
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( Ibis procedure is used to enter and check the name assoicated with an existing data file.

procedure TUyApp.EnterFilet~aae;
war

Thomas2: P~iew'
Dialog2: Poeuo6 ialog;
R! TRect;
C: Word;
erroruessage :STRING;
xleft
xright,

But~onLength,
OKXlocat ion,
OKYlocat ion,
CXlocat ion,.
CYlocation,

It~rt :BYTE;Sextf ile :TEXT-
DirInfo SearcAkec;

begin {EnterFileName}
Xleft :=2;
Xright :u Xeft + 22;
Yfirst a2;
Xleft2 aXright + 2;
Xright2 :-XlSt2 + 30;
But onLength := 10;
OKXlocation :a 10;
CXlocation :r35;
OKYlocation :=6;
CYlocation :=OKvlocation;
R.Assign(5, 6, 65, 15);
Dialosg?: New(PDeao~ialog, Init(R, 'Pressure Distribution File Name'));
with Dialog2^ do
begin

R.Assign(Xleft2, Yfirst Xright2 Yfirst4'1);
Thoaas2 := New(PInputLine, ntA18)
Insert(Thoeas2);
R.Assign(Xleft, Yfirst, Xright, Yfirst + 1)'
Insert (New(PltabelIInit(A 'F'ile Name (<40 6fiar)',Thomas2)));
R.Assign(Xlett2, Yfirst4 , Xright2, Yfirst+3);
Thouas2 :z New(PlnputLine, Init(R,126));
rnsert(Thomas2);
R.Assign(Xleft, Yfirst+2, Xright, Yfirst + 3);
Insert (New (Plabel, Init (R, 'Error Message' , Thoaas2)));

These ame The escpe buttons from the bcK. To use the vakius entered execute omOL- To discard the changes
exectite anCancel.

R.Assign(OK0(location OKYLocation, OKXlocation + ButtonLength, OKvlocation + 2);
Insert (New(PButton, init(R, '0Ok', cmOK, bfoefault)));
R.Assian(CXlocation, CYlocation, CXlocation * ButtonLength, CYlocation + 2);
Insert (New(P~utton, Init(R, 'Cancel' , cmCancel, Mfoul);

end;
REPEAT

DialogV'.Setoata(Filefaue)
C := DeskTop^.ExecView(Diafog2);
if C <> cmCancel then
begin

akipflag : FALSE,
Dialog2'.Get~ats(hiIeNane)*

checkf ilename(f ilename. namej iienaue. errormessage)
IF (C = cuOK) and (FileNaae.Name ')THEN errorf lag :=FALSE

ELSE
IF Errorf lag - FALSE THEN
begin
FindFirst(f ilenaue. name, AnyFi le, DirIXnf o);
IF DosError 0 THEN

begin
errorf lag :FALSE;
filenaue.erroruessage := 'File I'.filename. name+ 'Not Found!';
end;
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* end;
end else
begin

errorf lag TRUE;
skiptiag TRUE;

end;

UNTIL (((C x cmCancel) or (C a c*OK)) and (errorfisg a TRUE));
IF C a cmCancel THEN BoundaryChoice.RadiosuttonDat :=0;
Dispose(Dialog2,Done);

end; {EnterFileNaae)
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Thiis procedure is mued to cater the name of a data Site which is to be created, the number oldata points which wifl
be contained in the file, and check the file name to make sure it conforms om DOS standards.)

procedure TWyApp .Enterfilekame2;
var

Thoeas2: PVjew;
Dialog2: P~euooialog;
R: TRect;
C: Word;
erroruessage :STRING;
Xleft
xrighf,
Xleft2
xrighti,
ButtonLength,
OKXlocat ion,
OlCYlocat ion,
CXlocat ion,
CYlocat ion,
i first BYTE,
extfilie TEXT

Procedure CheckNumberPoints;

( This procedure checks the number of points to make sure it is an integer and within rane.

LABEL Done;

begin {CheckNumberPoints)

filename2.errormessage : '
errort lag := TRUJE,
Checklrnteger~ata(filenaae2.NumberPoints,filename2.erroruessage,
'Number Of Points Must Be > 0',
'Number Of Points Out Of Range!V,errorflag, 0, 100);

end; {CheckNumberPointsl

begin {EnterFileName2)
Xleft :~2;
Xright :2Xleft + 22;
Yfirst :x 2;
Xleft2 :~Xright +' 2-
Xright2 :Xleft2 + 0
ButtonLength :=10;
OKXlocat on :=10;
CXlocation :35;
OKYlocation ~7;
CYlocation :OKYlocation;
R.Assign(5, 6, 65, 16);
Dialog2 :- N-Peoilg Init(R, 'New Pressure Distribution File Name'));
with Dialog2 dAo
begin

I ,~ n(Xleft2, Vt irst, Xright2, Vt irst.1);
Thomas1 := New(Plnput~ine, Init(R,128));
Insert (Thouas2);
R.Assign(Xleft Yfirst, Xright Yfirst 4 )
Insert (New(Pl~el,Init(R,'-F -He Name (<40 biar)',Thomas2)));
R.Assign(Xleft2, Ytirst.'1, Xright2, Vt irst42);
Thomas2 :- New(rlnputLine, nit (R,128)),
Inserti(Thomas;2);
R.Asslgn(Xleft, Yfirst41, Xright, Yfirst + 2);
Insert(New(Plabel,lnit(R, 'N-umber of points' ,Thomas2)));

R.Assign(Xleft2 Vt irst+3, Xright2, Vtirst+4);
Thomas2 :a New(hXnpuftLne: Init (R,126));
Insert(Thouas2);
R.A3sign(Xleft, Yfirst+3, Xright Yfirst + 4);
Insert(New(Plibel,Init(R, 'Error 4essage' ,Thomas2)));

( These mrethe esampe buttons from the bca. To use the vahues entered execute anOL. To discard the changes
execute anCancel.

R.Assian(OKXlocation OKYLocation1 OKlOocation + ButtonLength, OKYlocation + 2);
Insert (New (Pflutton, init(R '-0-k ,cuOK bfoefault)));
R.Assign(CXlocation , CYlocation, Cilocation + ButtonLength, CYlocation + 2);
Insert(New(Pflutton, Init(R, 'Cancel', cmCancel, bfNor al);
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end;
REPEAT

skipflag := FALSE*
Oialog2^.Setoata(#ileNaae2);
C := DeskTop^.ExecView(Dialog2);
if C - caCancel then

ch~ ~ ckiea e~fleail.aenfilenm2erroU ehage);
IF ((C ucsOK) and (File4ame2.Naae ')THEN

begin
Orrortlag := FALSE;
filenauez.eri'oruessage := 'No File Name Entered!';

end
ELSE

e Fnd or i? TRUE THEN CheckNumberPoints;
begin

errort lag :a TRUE;
skipfiag :a true;

end;
UNTIL ((C z cuCancel) or ((C u cinOK) and (errorfiag = TRUE)));
IF C . caCancel THEN BoundaryChoice.Radioautton~ataA :~0;
Dispose(Oialog2 ,Oon.);

end; {EnterFileName2)
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4 This procedure is used for the off-axis darn entry.)

procedure T~yApp.OffAxisOata;
var

Thoeas2: PView-
Oialog2: Poeuo6 ialog;
R: Tfeet;
C: Word;
tespval,
erroruessage : STRING;
'left'
xrigh,

xrighti,
yfirst :BYTE;

4This.i the local procedure that checks the transducer data entisn. It ose CheckefItageltoansd CbrickitealDts
with the appropriate values.

Procedure CheckOffAxis~ats;

VAR
minval,
maxval :SINGLE;

LAMS Done;

begin {Check~ffAxis~ata}

( First set the error mcssag and error flag Then check each data entry. ~Sam this procedure is called each time the
off axis index chuangs. If aa error ow=rrs set the error Mlg to FALSE and exit.

ZU (off axis indexI. errormessage : I
errortsag := TRUE;
VAL(ZUfoffaxisindex -Ij I.location, minval,code);
VAL (Run Input. Zxax,maxval, code);
CtleckRealbata(ZUjof faxisindexl I.location, ZU Ioff axisindexl I.erroruessage ,
'Off -Axis Entry Is Not A Number!' 'Previous Entry '+
ZU~offaxisindex -1I.location + 'Entry Out Of Range!',errorf lag, minval, *axval);
IF errort lag = FALSE THEN GOTO Done;
done :

end; (CheckOffAxisData)

fi~rst :a 2;
Xlett :2 5;
Xright : left + 36;
Xlett2 :Xright + 1*
Xright2 :Xleft2 + 1o;
STR(offaxisindex teupval);
R.Assign(5, 6, 66,17)
Dialog2 := New(Memo~log, Init(R, 'Off Axis Location '. tempval));
with Dialog2^ do

.1Asign(Xiei't Ytirst Xleft * 50, Vt irst + 1);
Insert(New(PLa6el, Inil(R, 'Use Tab key or souse to select data entry field', Thouas2)));
R.Assig n(Xleft2, Vt irst +,2 fXright2, Yfirst +3);
Thouse := New(PlnputLine, nit (R,128));
Insert(Thomas2);
R.Assign(Xleft Yfirst * 2 Xright, Vt irst + 3)
Insert New(Pla6el,Init(R,'6utput Point (> previous value < '4 Runinput.Zuax: *'):',Thowas2)));
R.Assi n1 6,Yfirst + 4 59, Vtirst + 5)
Thowas2 :* New(PinputLine, Init(Rq128));
Insert(Thowas2);
R.Assign(1,Yfirst 4 4,15,Yfirst + 5);
Insert (New(Plabel, Init (R, 'Error m~essage' ,Thomas2)));

4 These are the escape buttons froni the bcs. To use the values entered execute anOK. To discard the changes
execufte ancancel )

R.Assign(1O, Yfirst + 6, 20, Yfirst + 8);
Insert (New(P~utton, Init(R `0k' cuOK, bfDefault)));
R.Assian(35 Yfirst + 6 46 Ytiml + i
Insert (New(h'utton, Znii(Rt,"'Cancel', cm6ancel, bfNoreal)));

end;
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REPEAT
Dialog2^.SetData(ZU OffAxislndexj);
C :z DeskTopA.ExecView(Dialog2 )ep t(tiff~i~dx)
if C - caCancel then DRalog2'.t~taaZ1f~~~dx)

( Check to see whether there are any errors. If an error has occurred. then do not czit the progran.

CheckOffAxisoata;
UNTIL (((C v caCancel) or' (C xcaOK)) and (error'tlag =TRUE));
Dispose (Dialog2 ,Oono);

end;
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* ( ibis procedure checks ewh location and pressure pair to make sure they am within range.

procedure T~yApp.BoundaryAxis~ata;
VAR

* Thomas2: PView,
Dlal*g2: POeuo6xalog;
R: TRect;
C: WORD;
tespval,
erroruessage : STRING;
xleft,

xrighti,
yfirst :BYTE$

procedure Check~oundaryAxisData;

7 bis procedure cheeks the normalized pressure or the radial input point to assure that the normalized pressure is
less than 1.0 and that the radial input point is less than the transducce's ransverse radius.)

VAR
minval,
*axval :SINGLE;

LABEL Done;

begin {CtieckBoundaryAxis~ata}

BoundaryChoiceValues Ioff axis index). errormessage := '';
errorf lag := TRUE;
ainval :=0;
VAL (Transducer. Diameter, maxval, code);
maxval := maxval/2.O;
CheckRealData(BoundaryChoiceValues Ioffaxi~sindex I location,
BoundaryChoiceValuesi off axisindex j errormessage,

'Off-Axis Location Entry Is Not A Number' '
'Location ' + BoundaryChoiceVal~ues Ioff ax islIndex) location+
I Out Of Range!' errorf lag, minval, uaxval);

IF errorf lag = FALkE THEN GOTO Done;

minval :x 0;
maxval :Z I;
ChecitRealDa a (BoundaryChoiceValues[I off axis index I NormalizedP,
BoundaryChoiceValues Ioff axis index I errormessage,
'Pressure Is Not A Number!',
' Pressure Entry Out Of Range!', errorf lag, minval, *axval);
IF errorf lag a FALSE THEN GOTO Done;

done:
end, (CheckloundaryAxisData)

begin
Yfirst := 2;
Xleft :2 8;
Xright :Xleft + 28;
Xleft2 :uXright +1;
Xright2 :a Xleft2 + 10;
STR(offaxisindex * I teupval);,
R.Assian(5, 6, 65,18;-
Dialog := New(PDeeo~ialog, Init(R, 'Pressure Distribution Location * *teepval));
WITH Dialog2^ 00
bR.Assign(Xleft-3 Yfirst Xleft + 50, Yfirst + 1);
Insert(New(PLabef, Init(A, 'To Change The Value Press Highlighted Letter' , Thowas2)));
R.sinXet first + 2 ,Xright Yf irst + 93);

Thma2 =New(olnputLine, Int(R,128))
Insert(Thouas2);
R.AssinXleft eYfirst + 2 ,Xright Yfirst + 3);
Insert Nw( Pla 1e,Init(R, 'Radia -0oint (oi) ,Thouas2)));
R.Assign(Xleft2 Yfirst + 3 Xri ht2, Yfirs + 4);
Thomas2 := New(olnputLine, fnit (A,1293)
Insert(Thoaas2);
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R.Assign(Xleft, Ytirst + 3, Xright, Yfirst + 4);
Insert(New( Plabel,Init(R '--ormal~ized Pressure' ,Thomas2)));
R.Assign(18 ,Yfirst .6 5 56 Yfirst i6);

Thomas2 := New(P inputLlne, Init(R,128));
Ir'sert(Thomas2);
R.Aasign(1,Ytirst + 5 15 Yfirst + 6);
Insert(NewiPlabel,Init(R, 'Error Message' ,Thomas2)));

{ These ame the escape buttons fromt the b~x. To use the vakies entered emecue onOK. To discard the changes
execute ancancel.)

R.Assign(t0, Yfirst + 7,(20, Yfirst + 9);Insert (New(AMutton Inif(R '0Ok', ICOOK, bf~ofault)));
R.Asstgn(31, Yttrsi + 7 , 44, Yflrst + 9);
Insert(New(P~utton, Init(R, 'Cancel', cmCancel, bfNoreal)));

end,
REPRAT
DilglStsaBudr~oc~lelf~ildx)
C :a DeskTop^.ExecView(Dialog2);
IF C < cuCancel THEN
Dialog2^ .Get~ata(BoundaryChoiceValuesj~ffAxislndexj);

CheckBoundaryAxis~ata*
UNTIL (~C a cmCancel) 6A (C aCOOK)) AND (errorfiag TRUE));

0 oeýialog2,Done);
end;
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procedure TUyApp.NewWindow;
var

Window: P~emoWindow;

b*yin

R.Assign(0, 0, 45, 1S);
fl.Move(Random(34), Randoa(1i));
Window :z New(PoesoWindow, Init(R, Devo Window', Winrount));
Des kTop' Insert (Window);

end;

var
MyApp: T~yApp;

{ iis procedure is used to initialize the radio button choices and the file nms.

procedure Initistefoundary FileName;

VITH BoundaryChoice DO
beadioauttongataA G*(;
Radio~uttonDataB : 0;

end;
WITA FileName 00
begin

Name
ErrorMessage

end;
WITH FileName2 DO
begin

Name
NumberPoints :
Error-Message :=;

end;
end;
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Thiis p.ocdure saves the parameter values seleced for use as defauits for the next MIL.

procedure WriteDefault;

VAR
textf ile :TEXT;

begin (Wr iteoefault)
A l(texttil.,'Default.dat');

WithTransducer do

Writein t:xtfil::Aadius~fj
Wr telnttfile frequency);

end,
WitA Runlnput Do

(tlntexttile,MINU)
Writein (textfile,MAXN).

Write n (textf ile, Nointsl;
Writein (textfile,Del taR);
Writein (textfile,ZwIn);

Wientextfile,Zuax);
Writen~t tfil,Rgmax);

Writeln(textfile,RadiusMax);
end;
For n := 0 to 50 do
WITH ZUlni Do
be i~

end;
Writeln(textfile,Number~oundaryPoints);
FOR n := 0 TO Number~oundaryPoints - 1 DO
beg in
VAL (BoundaryChoiceValuesinl I.locatlcin,teopl ,code);
VAL (BoundaryChoicevaluesInl I NormalizedP,temp2, code);
Writeln(t xtfile,Teinp1:12:8);
Writeln(textfileTeap2: 2:8);

end;
Close(textfilie

end; {Writeoefsuit
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I lts procedure read; the parameter values slched for un as defauha for the Beut run.

procedure ReadDefault,

* VAR
textfile :TEXT;

bein {Read~etault)
Asig Itexttile, 'Defaul t.dat');

Roset( textf ii,);
with T ransducew- do
begln textfile,Duiaeter~
Readin textfileRadiuj
Readin 'textfile:tsrsquency
Readln(textfilepr ssre;
errorusessage : '

end,
WitA RunInput Do

begdin ttflNpie)
Readin (textfie,MNMpit)
Readin ItextfileDeltnaf);
Readin (textfile,Zu int);

Readin (textfile,Zoax);
Readln textfile,Rgoax);
Readln textfile,Radiusilax);
errorues~sago= s

For n := 0 to 50 do

leading textfile, location);
errormessage : I

end*
REZhN (textf ile ,NuubereoundaryPoints);
FOR n := 0 TO Number~oundaryPoints 1 00D

READN~txtfleBundry~oicealus~n.location);
* -READLN(textfile,BoundaryChoiceValues jnj.NormalizedP);

BoundaryChoiceValuesinJ .erroruessage ;
end;
FOR n :Number~oundaryPoints TO 100 DO
WITH BoundaryChoiceValuesin) DO
beYation :

NorwalizedP :
erroruessage := '';

end;
Close(textfile);
end; {Readoel'ault)
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'Ibis piocedire writs the input data file for the LFOCUS nme.

*procedure WritelnputData;

* VAR
teitfile TEXT*
tempatring STRING;
tempval,
radiusmaxval,
deltarOut,
radiuaval :DOUBLE-
tempint :INTEGEA;

begin (Wite nputData)
Assin rtextf ile,'Inpu .dat');

Rwriti (textfieRwl0t).a.'O)
Writein (textf ji,1'.d1 4'
Writein (textfieTansu Irssr.DS)
Writelin(textflle., 'O.Inpd+2'); sax)

Wten (texttfile,'5.500'4);

Writelin textfile Transducer. RadiusOfCi'DOI)
VAL (Transducer. Diameter, tempval,code)
tempval := tempval/2.O;
STR(teupval:9:6,to " tring);

I~itl tetil4' igDO'),
Writln xtlleR~unput I aDO'0);

Writeln(textf ile,Runlnput.Zuax.'DO')
Writeln textfilo,Runlnput .Nponts);

Wrti textfile,Runinput.Nopints);
VAL(Run Input.Nopoints,Tempint,code);
For n :=I to teepint Do

¶riteln ( textf ile , location+ I DOI'
end;
With RunInput Do
begin
Writeln(textf ile,EINUM);
Writeln(textf ile,WMA);

end*
Wriieln(textf ile, 'I .492D+3') )
Writeln(textf ile, Transducer. frequency+ ID+61);
Writeln(textf ile,NuuberBoundaryPoints);
FOR n := 0 TO Number~oundaryPoints - 1 DO
begin
VAL (BoundaryChoiceValues Inj locat ion, tempi , code);
VAL (BoundaryChoiceValues In I .Normal izedPteup2, code);
Writeln(textf'lleTspt:12:8,' ',Temp2:12:8);

end;

end; {Writeltiput~ats)
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ibis procedure write a file which contains the location. normalized preswr pai that is used to describe the initia

amplitude distrbutiom at the face of the transducer.

pmcoedure WritefloundaryFaie;

VAR
teatfile: TOMF
a : V"WEGU;
Templ.
Tcanp2 :DOUBLE;

begin Write~oandwyFide)

Axs~i(tatWFiklName2.ame);
Rewrite(tadk);
Writeln(teztlik.F&lName2.NumberPoinus).

FRa :- 0l N0umberfloundwyPoints - I DO

VMALaBoumq~oVeake4.I .locaion~temp1.Wode)
VAt~moudarboieVab~ahJNxmaizedP~temp2,coe);
Writel snit.Templ: 128);
Wristen(textfilcTemp2:I2:8);

end;
CLOSE(textfie);

end; (WriteBoundaryFilc)

begin (Menu)
ZUj01.1ocation 0.'
ReadDefauit;
last atefloundary-FileName;

* ~errorfiag :- TRUE;
)MyApplimi;

* -,MyApp.Run;

MyApp.Doue;
WriteDefault.
IF BoundaryChoice.RadioButtoomltaA =2 THEN

If BoundaiyChoice.RadiolkaooDataB =I MhEN WriteBoundasyFile;
Writetlmnptaia

end. {Menu)
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APPENDIX C

LFOCUS.F

PROGRAM LISTING
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* Some addtional terms used in the program

* ZMIN - Minimum Z value for output purposes
* ZMAX - Maximum Z value for output purpoes
* RGMAX - Maximum grid dimension
* Romin - Minimum gid dimension
• Rmax Maximum R value
SRESHOLD - Amplitude threshold wben spectral term s added

• MINM Minimum number of spectral terms in a cackualtiom
• MAXM - Maximum number of spectral terms in the cuMaltion
5 NPOINWI Number of normal longitudinal output points

NDIOINTS - Number of detailed longitudinal output poiab
"* Number BP - Number of transverse boundary points (i'duding 0)
* TPOeIfS Total number of output points
* JOUTrMAX - Maximum transverse index for output
• MARRAYINDEX- Maximum array index
* IMAX - Maximum transverse army index
• IMAXI -MAX- I
* IMAX4 [MAX - 2
• DA&MI14 - Starting transverse array index
* IMAXMAX - Maximum transverse array index
• RESTART - Fbg for restart after a coutrobcd exit
"* K - Counter for on-axis output
* L - Counter for off-aiis output
• COUNTER Local counter for fixing output points
* CASE - The current analysis case
• NS1TEP - Step number
* Pt -Pi

" I�'wOpi - 2.0 * Pi
* 0- Initial On-axis pressure (kPa)
• Omega - Angular fundamental frequency
* BoverA - Nonlineadity parameter (B/A)
• &weer2A - I + BoverA/2
* Number RP Number of uniformely spaced radial poi
• NewDeldtaR - Radial step size in meters

DOUBLE PRECISION KI I2 K3, KNI, KN2, 1043, 1014
DOUBLE PRECISION ZMIN, 1iAX, Threshold, Pi TwoPi
DOUBLE PRECISION PO, Omega, BoverA Bover2A, Rmax, Rgmin, Rgmax
DOUBLE PRECISION OldDeltaR, NewDeltaR
INTEGER CASE, MAXM MINM, RESTART, IOUTMAX, NPOINTS NDPOINTS, Number HP
INTEGER TPOINTS, C6 UNTER IMAX, I, NSTEP, K, L, M, fMAXHIN
INTEGER IMAXMAX, IMAX4, IMAX1, Number RP
LOGICAL NEW"EST

* ThIis is the first set of COMMON blocks

cOMON IALLI NEWTEST
COIMON ICONSTN4TSI A, D, Freq, CO, TwoPi, P1
ODIOM KVALUEI KI, 1K2, 1(3, KNI, KN2, KN3, KN4

• Tlis common is used for indicees

COON /INDEXES/ IMAX, U, IMAXI

• This common is used by NEXr and the main program

COMN iNEXTC/ OeltaR, DeltaZ, Rayleigh, Ld, AlphaD, Roax

• At this point, take the maximum and minimum Z values and the specified
• detailed output points and determine the points to output data.
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* The logic is simple. First calculatc the location of each normal output
"* poinL t hen, make a loop and use the loop to populte the ZOUT army. Js
* the array is populateL check to see ifa detailed output point has been
"* reached. If so. add it to the amy

* Bcfo reading the input data writ one as the resan Mg so that the
* restart option can be exercised. if desired.

OPEN8(,FILE - 'RESTART')
READ(5'-) RestartCLOSI(i)

* Set the maimum aray index

MARRAYINDEX a 4000

* if restarting executio, reset the current parameter values to the ones present
• when the run was leminated.

IF (RESTART.EQ.1) THEN

• if restarting, read the relevant paramtcrs.

OPEN(5,FILE='TEI1 .DAT')
READ(5,') Case
READ (5,') Threshold
READ(5,*) loutMax
READ(5, ) Rgax
READ(5,°) Rgoin
READ(5, ) RAax
READ(5, ) AlphaO
READ(5,") Alpha

AD5,'* AlphaD
READ(5,') PO
READ(5,') ROO
READ(5,') BoverA
READ(5,') Bover2A
READ(5,') D
READ(5,*) A
READ(S,•) DeltaR
READ(5, ) DeltaZ
READ(5,') Zain
READ(5,') Zuax
READ(5,') ZREAD(5,- ) K
RF.AD(5, *) L
READ (5,) NSTEP
READ(5,') IMAklAX
READ (5,) IMAXMIN
READ.(5 ,) IMAX
READ(S,* M141

READ(5,* K2
READ (5,') K
READ(5,) TpIREAD (5,) KN2

REA)(5,*) 1014
REN)(5, ) Nlta
READ(5,: N~polnts
READ(5,*) Number BP
REA)(5,• ) Tpointis

DO 299 1 z I NOpoints
READ(5,") fU(I)

299 CONTINUE
DO 298 1 0 0, Number BP - 1

READ(5,*) BoundaryP(O,I),BoundaryP(1,I)
298 CONTINUE

READR5,' Max
RMN)5,° I CO

READ(5,*) Freq
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READj(5,') OmegaREAD (5,')1 Ray I sih

READ(, Ld
READ(5,' I Pi
READ(5,•) TwoPi

"* Now, read the initialy ccualted output array.

DO 606 I = 1, Tpoints
READ(5,') ZOUT(X)

606 CONTINUE
CLOSE(S)

* Next. read the arras used in the caiculation 0 and H.

CALL READTEUP(G, H, MAXM, IMAXMAX)

* Now, open the old output files from the terminated run, set the pointer
* to the end of the Wl and retuna to the program.

334 OPEN( 11,FILE-'AMPZ' STATUS-'OLD')
READ(11,',END0335) 66IUiY
GO TO 334

335 OPEN ( 2,FILEx&PNASEZ',STATUS 'OLD')
READ)(12 -,END=336) DUiNV'
GO TO 345

336 OPEN(13,FILE='AMPZR' ,STATUS= 'OLD')
READ(13 ,ENO-337) DUIMY
GO TO i66

337 OPEN (14,FILE'PIHASEZR' ,STATUS='OL0')
READ(14 -,END=338) DUMY
GO TO SA7

338 BACKSPACE(11)
BACKSPACE(12)
BACKSPACE (13)
BACKSPACE (1 4)
DWUY a DOUY * 1.0

* Jump to proram execution.

GOTO 333
ENDIF

S hIbis is not a restar. therefore open the menu program. But first set
* restart to I for future reference.

OPEN (5,FILE = 'RESTART')
Restart a 1
WRITE(5 397) Restart

397 FORMAT(f4)
CLOSE(S)

•�Ecute the menu program.

CALL SYSTEM('Menu.exe')

S "Ibis is the primary code input section. For the integrated Pascal & FORTRAN
* code. the file INPUr.DAT B the transfer point between the two codes.

OPEN(5,FILE = 'INPUT.DAT')
REA (5,':) Case
READ (5,') Threshold
READ (5,*) loutMax
READ(5,' R: a
READ(S,') Alphao
READ(5,') PO
READ(S,') RO0
READ(5,*) BoverA
READ(5,') D
READ(S,) A
READ(5,*) DeltaR
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READ(5,0) Zain
READ(5,0 Zuaz
READ 5,' ~onts
READR* 5,' int
Do 399 1,:)1, ~N0oints
READ(5 5,0 I

399 CONTINUE
REA(5,*) Minil

READ (5,*) Mailp
READ(5,-) CObe

Do 297 1 0.O Numl~fBe D- I
REA'D(5,6) BoundaryP(OJ),Boundazr'P(1.I)

297 CONlNUIE

Close the file and Calculate some of the paranseters

CLOSE(5)

* Set the boundary regioo Rgmnin to 10% greater than the physical edge
of the tranxduce.

Rgmin a 1.100

0 Calculate fl2A u"n fl/A

Bover2A = 1.0130 + (BoverA/2.000)

* Set thevalues of Piand 2Pi for tbepmgram

Pi 2.000 * OASIN(1.000)
TwoPi a 2.0130 * Pi

* Set Owega and the attenuation terms

Omega =TwoPi ' Freq
Alpha A~lphaO,*,(Freq**2)
AiphaD uAlpha0

* Set the total number of points

TPOINTS a NPOINTS + NDPOINTS

* No, open the output files

OPEN( 11,File a 'AMPZ'
OPEN(12 File a IPMG1EZ'
OPEN (13,FILE a 'AMPZRj)
OPEN(14,FILE a 'Pt4ASEZR')

0 To identifyr the output later include the input data a file header.

00 237 1 x 11,14
CALL IIEADER(I,Case,O,A,PO,OeltaR,Zain,Zuax,loutMax,Npoints,NDpoints,Number-BP,Tpoints,

237 CONINUE l,MinU,MaxM,Freq ,BoundaryP)

0 Set Z to MI.fN, COUNT*ER to 1, and populate the output point army.

DUMMY a (ZUAX -ZMIN)INPOINTS
Z z MNIN
COUNTER a 1
00 10 1 a1, TPOINTS
Z aZ + DUIEIY
IF ((Z.GE ~DNE) N.(ONE.L.NPIT) THEN

Zz Z zGOUNTR oy ~ #TE.ENPIT)
ZOUT(I) a ZU(COUNTER)
COUNTER = COUNTER + 1

ELSE
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ZOUT(I) a ZENDIF

10 CONTINUE

"* Now initialize a momber of program paraneter.

"* Fistm calcualte the K values used in the &fferencing scheme.

KI a -1.000/12.000
1(2 a 16.000/12.000
K3 a -30.000112.000

I341 z 1.000190.000
1N2 a -1.000 * ((1.000/12.000) + (2.000130.000))
KN3 : (16.00O/12.00O) + (15.00 .0019000'
KN4 - -1.000 * ((30.000112.000) + (2.0009.000))

S

* Tlu the rest

I1AXUAX a INT((RgmaxlDeltaR) + 1.00-5)

"* "Ibis keeps the data entry erra from bMming up the code.

IF (IXMMAX.AT.MARRAYINDEX) THENIMAXML•X a MA¥AYNDEX

ENOIF

"* Continue with the calculation.

IRAXMIN a INT((Rgain/DeltaR) + 1.Od-5)
IMAX I= IMAIN
IMAX4 = IMAX - 4
K = I
L s I
NSTEP a 0
Rayleigh = Omega * A * AI(2.000 * CO)

S

* For later use save the initial value of DehaR.

OldOeltaR = DeltaR

DeltaR = DeltaR * DSORT(Rayleigh/D)
Rmax a DSORT(Rayleigh/D)

Use 0.4 in the DeltaZ conversion process to make the calculations more stable.

DeltaZ a 0.4d0 * (OeltaR *" 2)
Z = -DeltaZ

"* Calculate the initial discontinuity distano.

Ld RoO * (CO"*3)l(Bover2A * Omega * PO)

* Now run the initialization programs. Remember the initializatio hs to
* be at the m-timum gWd points. First set the transverse boundary condition.

CALL SET BOUNDARY(A. NumberBP. RadialP. BoundaryP, NewDeltalk. NumberRP. OIdDelta•, IMAXMAX)

CALL INITIAL(G, H, IMX0•AX, MAXN, DeltaR)

* Ibis is the rentry point for a restart.

333 CONTINUE

IMAXI = IMAX - 1

"* To allow program restart, set the contrrl break option. Once Ctrl C is
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* prpaed. the progmn will jump to the desigmated point. once detected.

NEWTEST a .FALSE.
OPTION BREAK(NEWTEST)

• Set the major program loop

100 NSTEP * NSTEP + I
Z a Z . oeltaz
IF (Z.GT.ZOUT(K)) THEN

Z a ZOUT(K)
ENOIF
CALL NEXT(GiH)

• Thi simple four ine sactkem of ode floats the tranwerse boundauy.
• Cadculate the ampitude four oells orn the rigid boundary. If it has
S eacceded the threjsold, expand if uvcessay. "Tis works because the lowest

* index value corrapoods to the lowest firecuay.

IF(IMIAX.LT.ITkUA•) THEN
IFAmpltu(G(IMAX4,1 ) ,H(IMAX4,1 )) .GT.Threshold) THENI&• a IMAX +. 2

IF IVAX.GE.IMAXM) IIMX = IMAXMAX
IMX a IMAX - I

IMAX4 a IMAX - 4
ENDIF

ENDIF

* Now see whether the on-axis output is necessary by checking to see if the
• value corresponds to an element of zout(k).

IF (Z.EO.ZOUT(K)) THEN

• At each output point, write the on-zis amplitude and phase spectra.

WRITE(11,1O09) M , Z, (AMPLTU(G(0,N),H(O,N)),N== 0,M)
WRITE(12 1009) M , Z, (PHtASE(G(O,N),H(O,N)),N O,M)
WRITE(*,500) Nstep, z, k, s, Imax

500 FORMAT(' Nstep = ',16,' z z ',FIO.6,' k = ',13,' m ',13,' Inax a 1,14)
K K+ I

ENDIF
1009 FORMAT(1P,14,' ',SOOE16.4E4)

IF(Z.EQ.ZU(L)) THEN

If z is at the pont zo) the increment the index in the zu(I) array.

IF(L.LT.NDPOINTS) THEN
LL+I

ELSE
L * NDPOINTS

ENDIF

"* This is the place to output the spectra to mpr and phaser.

WO 2000 INEW a 0, IOUTBAX
WRlTE(13,1009) M, Z, (OldDeltaR * INEW), (AMPLTU(G(INEW,N),H(INEW,N)),N=O,M)
20 RITE(14,1009) M, Z, (OldOeltaR & INEW), (PHASE(G(INEW,N),H(INEW,N)),N=O,M)

200 E CONTINUE
ENDIFIF (N.LT.KAM) THEN

IF(AMPLTU(G(OM) ,H(0,U)) .GT.Threshold) THEN

ENDIFENDIF
IF(K.EQ.(TPOINTS+I)) GO TO 115

* If -"C has been prssed the @o to 905.

IF(NEWTEST) GOTO 905
GOTO 100

115 CONTINUE
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V If inhaj. then react resaut toO0.

OPEN (5 F ILE= IRESTART)
RESTAif 0
WRITE(5 ')RESTART
CLOSE (55

NM ?ojap to W&

QOTO 906
905 CONTINUE

N Ifresarding then unite the relevant parsterl

0'" 5FZ LE*'TE'1 .DAT')

WRITE (5,') Thrahold
WRITEi5,*) Rgetax

MITES,-Rgmin
WRITE (5,') Max
WRIT (5,') Alph&O
WRIT (5,' Alpha
WRITER (5' paD
WRITE (5,') PO
WRITE (5,') RoG
WRITE(5 *) BoverA
YMXTE(S,') Bovor2A
WRITE(5,') 0
WRITE(5 ,') A
WRITE(5,') boltaR
WRITE(S,') Zuina

WRITE(5,*) Zuax
WRITE(5,-) Z
WRITE(5,-) L

WRITE(5,') NSTEP
WRIT (5,*) IMAMXUA
WRTE(5 -) IMAXMIN
WRITE(5,) IlAX
WRITE(5,-) IMAX4

WRITE(5,') K2
WRITE(,'-) K2

WRITE(S'- K)03
WRITE(5, KN
WRUTEI (5' N2it
WITE 5't )N3pit
WRITE (5,') KN4_erB
WRITES,-5j) Tpoints

WRITE 1, NOpoints

00 96 1 3 ,) Numbr SP I
WITE(S,*! SoundaV(,)''BudrPI

1 1.5' inDKnt

SITEs (5').
19 CNITE(5 ) Freq

MITE(S,*) Bomegar-0,, 9BudyP1I

WRITE(5,') Raleg

WRITE(5,' on
WRITE (5,') P1yvig
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• Now write the ouqut array that was initialh calculated.

00 406 1 a 1, Tpoints
WRITE(5,I) ZOUT(I)

406 CONTINUE
CLOSE(5)

* Next write the ara ud for G and H in the calculation.

CALL WRITETEMP(G, H, MAXM, IMAXMAX)

906 CONTINUE
WRITE(*,*) 'PROGRAM EXECUTION COWPLETED'

• Now cl the output lks

CLOSE(11)
CLOSE(12)
CLOSE (13)
CLOSE (14)
STOP
END
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SUBROUTINE HEADER(N, Case, D,A, PO Del taR, Zvi n, Zmaar Iout~ax Npoints, N~pointsNuuberBP, Tpoints,
ZU ,MinM,MaxM,hoeq,Bou~ndaryP)

* This subroutine writes a header on each output file

DOUBLE PRECISION ZuinI Zuai DeltaR, D, A, Freq, ZU(50), PO, BoundaryP(O:1,O:100)
INTEGER CASE INpoints, N6points, Tpoints, MinM, MaxV, N, loutia, Number8OP
LOGICAL NEWTiST"
COMMONd /ALL/ NEWTEST

Thiis is the ooUection of write statements

WRITE(N,*) CASE
WRITE(N 1000) 0
WRITE (N,000) A
WRITE (N,1000) PO
WRITE(N,1000) DeltaR
WRITE(N,t000) Freq
WRITE (N,1000) Zoin
WRITE (N,1000) Zmax
WRITE (N,') Joutiax
WRITE(WN' Npints
WRITE (N, N=ponts
WRITE(N,') Tpoints
WRIT, E(N,') Mini
WRITE (N,') MaxM
DO 002! 1 1 NOpoints
WRITE (N,1006 ) ZU( I)

f002 CONTINUE
DO 1003 1 = 0 Number BP1
WRITF(N,') ioundaryP(O,I),' ',BoundaryP(1,I)

1003 CONTINUE
1000 FORMAT(1P,E15.6E3)

RETURN
END
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SUBROUTINE READTEWP(G IH UAXM IMAX)
DOUBLE PRECISION G(O:4060,O:AO), H(0:4000,0:30)
INTEGER MAXM,IMAX

* Ibis subroiutine reads Okis Tcmp?4dat tbrough Temp5.aL

OPEN(5,FILEu'TEMP2.OAT')
00607 I=O,MAXMI2

00 608 J a DIKAX
REA(5,*) G(J,I)

608 CONTINUE
607 CONTINUE

CLOSE(S)
OPEN3S5,FLE TES.T'

308 CONTINUE
307 CONTINUE

CLOSE 5)
OPEN( , ,ILE='TEP4 .DAT')
00 617 I=O,MAXM/2

DO 618 J a 0,IMAX
REA(5,*) H(J,I)

618 CONTINUE
617 CONTINUE

LOPEN(, FILE='TEMP5.DAT')
D0 317 la(MAXM/2).1,MAXU
00 318 J a OSIMAX

READ(5,') H(J,I)
318 CONTINUE
317 CONTINUE

CLOSE(S)
RETURN
END
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SUBROUTINE WRITETEMP(G H MAXM IMAX)
DOUBLE PRECISION G(O:400,O:34S), H(O:4000,0:30)
INTEGER M.AXM,IMAX

* ibis subroutine writes Tcnap2.dat through Tcmps.dat

50FORVAT(lP,4D30.15

DO100 I=O,MAXMI2
DO 90 J a0 IMAX
WUXTEJ5,*j G(J, I)

100 CONTINUE
CLOSE(S)~ mTV3.A'OPEN(5PLu TP3DT)
DO 200 1j (UX2 )1

D9 ON10 I =OMA

200 CONTINUE
CLOSE(S)
OPEN (5, FILE= ITEP4 .DAT')
DO 300 10O,MAXN/2

DO 290 J a 0,IMAX
20 WRITE(5,*) H(J,I)

300 CONTINUE
CLOSE(S
OPEN ( 5,ILEz'EMr5.DAT')
DO 400 X=(MAXMI2) , SAM

DO 390 ~J aO,1MA
30 WRITE(5,-) H(J,I)

400 CONTINUE
CLOSE(S)
RETURN
END
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SUBROUTINE SET BOUNOARY(A Number BP, Radial P, BoundaryP, New0eltaR, Number RP,

OidDeltaR, Inax)

• This subroutine calculates the initial normalized pmssume distribution

"* Declared variables

• A - Transducer radius
• NumberBP - Number of experimental values
• NumberRP - Number of uniformly spaced radial points
* BoundazyP - Experimental point 2-D array
* OldDeltaR - Normalized step size
• NewDdtaR - Radial step sie (meters)
* Radis - Radial location (meters)
• Radial P - Undormly spaced normalized plessum values
• LocalIndex - Array index for incrementing BoundaryP

1 = lAXop index
• Imax - Maximum number of tansverse terms
S m -Slope

• b Y intercept

INTEGER Number BP LocalIndex I Number RP Imax
DOUBLE PRECISION Aadial P(O:4i600j, Boundiryl(O:1,0:1OO), NewOeltaR
DOUBLE PRECISION OldDelTaR, Radius, m, b, a

• Set number of radial points. Ibis value s passed to main program.

Number RP = IDINT(1.OdO/OldDeltaR)
IF (DMD(1.0dO,OldDeltaR).NE.O.OdO) Number RP = NumberRP + I

• Given the number of radial points. set the pressure values. For a
• uniform distribution set the premssure to 1 and go to the end.

IF (Number BP.E0.1) THEN
DO 100 I-= 0 Number RP

Radial P(Ij = 1.OdO
100 CONTINUE-

DO 110 I w Number RP +1, Imax
Radial P(I) a OOdO

110 CONTINUE-
GOTO 500

ENDIF

* Now if we don't have a uniform distrituuion, construct a profile
• based on the experimental points. Set the on axis point (0)f
S the local index. and radial step size (in meters).

Radial P(O) = BoundaryP(1,0)
Locall5dex a I
NewOeltaR a OldDeltaR * A

• Now build the army

DO 200 I = 1, Number RP
Radius a I 9 NewOelrtaR

• Check whether the radius is < Boundaq.?P(0,ocalindex). If so,
• interpolate to determine RadialP(J).

210 CONTINUE
IF (Radius.LE.BoundaryP (0,LocalIndex)) THEN

m = (BoundaryP(1,Locallndex) - BoundaryP(1,Locallndex 1))
m = m/(BoundaryP(O,LocalIndex) - BoundaryP(O,Locallndex - 1))
b = BoundaryP(1,Locallndex) - (m * BoundaryP(0,Locallndex))
Radial P(I) = (m * Radius) + b
ELSE

If not, increment the index and loop back-
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IF (LocalIndex .LT. (Nisber SP - 1)) THEN
LocalIndex = Local ndex +-1
GOTO 210
ELSE
Radial P(I) BoundaryP(I ,Locallndex)
EN)IF

ENDIF
200 CONTINUE

DO 220 1 a Number RP +1, Imax
Radial P(I) a O7OdO

220 CONTINUE"
500 CONTINUE

Now write the results to check the proes.

OPEN(5File * 'TeupFile.dat')
Write ( ,* Number RP
Write (5,'* NeGOel~aR
Write$s,') A
Write (5,) Number BP
Wrie 5j) OldDel&aR
DO a00, Iuax

RADIUS = I * NewOeltaR
Write(5,') Radius,' ',Radial P(l)300 CONTINUE

CLOSE(S)

" Stop and return.

RETURN
END
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SUBROUTINE INITIAL(G, H, IlAX, MAxI, DeltaR)

* ibis subroutine Initializes the coefficients G and H at the transverse boundary.

DOUBLE PRECISION G(0:4000,0:30), H(0:4000,0:30), U, DeltaRl
DOUBLE PRECISION INIAMP, INIPHS, A, 0, Freq, CO, TwoPi, P1
INTEGER MAXM IMAX, I, N
LOGICAL NEWTEST
COMON /ALL/ NEWTEST
COMION /CONSTANTS/ A, D, Freq, C0, TwoPt, P1

" Sim only a single harmonic cidsts at the stan, initaize G and H of (I).

00 10 I=O,IMAX
U a I * DeltaR
IF (Radial P(I).NE.O.O00) THEN

G(,1) -- Rdal P(I COSINIPHS (U)
N(1,1) 1 Radia-P(I )'OSIN(INIPNS(U))

ELSE
G(I, an 0.000H( *I 0.000

10 CONTINUE

S For safetYs sake set all oher tems to 0

DO 20 I = 0, IMAX
O0 30N N 2 IAXM

H(jN) O.OODO
30 CONTINUE
20 CONTINUE

RETURN
END
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DOUBLE PRECISION FUNCTION INIPKS(U)

* This procedure adjusts the phase of the input pressure front so that it
"aears to be comming from a curved surface.

DOUBLE PRECISION A, D, Rvalue, U, Freq CO, TwoPi, Pi, K
DOUBLE PRECISION DeltaR, DoeltaZ, Rayleigh, Ld, ALphaD, Raax
LOGICAL NEWTEST
COMMON IALLI NEWTEST
COMMON /CONSTANTS/ A 0 Freq, CO, TwoPi, P1
COMMON /NEXTC/ DeltaA, 6 eltaZ, Rayleigh, Ld, AlphaD, Roax

* Convert from normalized radial coordinates to real coordinates.

Rvalue - A * U * DSQRT(DI(4.O00 * Rayleigh))
S

* Calculate the wave number based on the input frequency

K a TwoPi * FreqlCO

• Phase Factor

INIPHS = K * (DSORT(DOD + Rvalue*Rvalue) - D)

RETURN
END
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SUBROUTINE NEXT(G,H)

* This subroutine calculates G and H for the next longitudinal distance step.

DOUBLE PRECISION G(0:4000,0:30), H(0:4000,0:30)
DOUBLE PRECISION GNEW(0:4000), HNEW(0:4000) NORM
DOUBLE PRECISION GFN(0:4000), HFN(0:4000) 60L(O:4000), Ruax
DOUBLE PRECISION SUNG SUMHI Eps,Rayleigh, A, , Freq, CO, Cs
DOUBLE PRECISION Cl, 2, DeltaR, DeltaZ, Ld, AlphaD, TwoPi, Pi
INTEGER M IMAX, LMAX, IMAXI
LOGICAL NbWTEST
COwMON /ALL/ NEWTEST
COMMON /CONSTANTS/ A 0 Fr , CO, TwoPi, Pi
COMMON JNEXTC/ Delt a, DeltaZ, Rayleigh, Ld, AlphaD, Roax
COMN /INDEXES/ IMAX, M, IMAXI

• Set the local convergence constants

• These constants are calculated outside the loop to speed up the p:gram-

DO 60 N=1 M
Cl DeltaZ -N -01(2.000 * Lcd)
C2 = 1.000 /(1.0DO + (DeltaZ AlphaD * N N))
C3 DeltaZl(4.000 * N DeltaR * DeltaR)

• This loop calculates the non-linear term contribution.

DO 10 ]=O,IMAXI
Go00(I) = G(I,N)GFN(I) a GOLD (I)+Ct *SUMG (G, H, N,M, 1)
HNEW(I) - H(I,N)
HFN(I) = HNEW(I)+CI-SUMH(G,H,N,M,I)

10 CONTINUE

• L is the convergence counter. If L exceeds 20. the progra aborts.

• Apply the seven point Lapacian

20 CALL CONVOL(GNEW,GFN , C2, C3 HNEW)
CALL CONVOL(HNEW,HFN,C2,-C3,GNEW)

* If the step to step error etceeds the convergence fcor, continue to iterate.

DO 50 1=0 IMAXI
NORM = Uis,(GNEW(I) - GOLD(I))
IVAL zi I
IF (NORM.GT.EPS) GOTO 77

so CONTINUE

* If the setp to step error is allowable, jump to the next step.

GO TO 54
77 CONTINUE

DO 59 I=O,IMAXl
GOLD(I) 2 GNEW(I)

59 CONTINUE

• If L > 20, then terminate the program and write the diagnostics.

IF (L.GT.LMAX) THEN
WRITE(',') 'ITERATION FOR N = ',N,' FAILED. PROGRAM ABORT'
WYTITE(',885) NORM Eps, L, IVAL

885 FO MAT(1p,2d15.6,215)
STOP

ENDIF
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* Increment L and continue to iterate

L = L+1
GO TO 20

* Set G and H to the new values

54 0)53 1 a O,IMAXI
G(I,N) , GNEW(I)
H4 I,N) = HNEW(I)

53 CONTINUE
55 CONTINUE60 CONTINUE

RETURN
END
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SUBROUTINE CONVOL(ZX,C2,C3,Y)

S "Ibis subroutine performs the seven point lapacian operator at each point in the Array Y.

DOUBLE PRECISION Z(0:4000), Y(O:4000), X(0:4000), C2, C3, K1, K2, 1(3
DOUBLE PRECISION KNI, KN2, KN3, KN4
INTEGER IMAX U IIIAXI
LOGICAL NEWT&ST
COWAN IALLI NMTEST
COWM /INDEXES/ IMAX M, IMAXI
CMIMON IKVALUEI K1, 1(2, K3, KN1, KN2, KN3, 10O4

Z - The output vale which is G or H
* X = Tbe previous grdpoint value which is G or H
o Y - Mh aArrent id vaue which is H or G

C C - I DO/(IODO + (DelkZ • A•phaD • N • N))
C3 - D *DeltaTJ(4.ODO 7_) " N " DeltaR I Deltal)

S

* Calcualte the or-m-a term, and the next two terms novin$ away frm the axs

Z(O) - C2 •(X(O)+ C3 (KN1 * (Y(3) + Y(3)) + KN2 * (Y(2) + Y(2)) 4 KN3 * (Y(1) + Y(i))
+~)aC KN4 *• Y8O))

Z(1) ( C3 2 (KN1 * (Y(4) + Y(2)) + KN2 * (Y(3) + Y(1)) 4 1013 0 (Y(2) + Y(O))+ N4 Y(1)))
Z(2) = C2 *(X(2)+ C3 * (KN1 * (Y(5) + Y(1)) + KN2 * (Y(4) 4 Y(O)) * KN3 * (Y(3) + Y(l))

+ K1N4 * Y(2)))

"* Next compute the terms up to the IMAX - 4

DO 10 1 : 3, IMlAX - 4
Z(I) C2 *(X(I)+ C3 * (KN1( (Y(I+3) + Y(I-3)) + KN2 * (Y(I÷2) 4 Y(I-2))

+ 1(13 * (Y(1+1) + Y(I-1)) + KN4 * Y(I)))
10 CONTINUE

• End by calcuaiti,, the terms at the upper boundary
0

Z(IMAX-3) = C2 * (X(IMAX-3)+ C3 - (K1 - (Y(IMAX-1) + Y(IMAX-5)) + 1(2 * (Y(IMAX-2)
+ Y(IMAX-4)) + K3 * Y(IMAX-3)))

Z(IMAX-2) : C2 : (X(IMAX-2) + C3 * (Y(IMAX-1) - 2.000 : Y(IMAX-2) + Y(IMAX-3)))
Z( IMAX-1) = C2 (X(IMAX-1) + C3 (Y(IMAX-2) 2.000 Y(IMAX-1)))

* Return to the main program

RETURN
END
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• This pair of functions is used to calculate lincarized sum term at
• each longitudinal step

DOUBLE PRECISION FUNCTION SUMG(G,HN,M,I)

* This function calcualtes the linearized contriubtion for G

DOUBLE PRECISION G(0:4000,0:30), H(0:4000,0:30), SUM
INTEGER K N N, I
LOGICAL Nb'WTiST
COMMON /ALL/ NEWTEST
SUM a 0.000
DO 10 K =1,(N-1)12

SUM- SUM4O(I,N-K)'G(I,K).H(I,N-K)'H(I,K)
10 CONTINUE

IF (MOO(N,2).ED.O) THEN
SUM x SUM + (0.5*(G(I,N/2)**2 - H(I,N/2)**2))

ENDIF
Do 20 K=M,(N+I),-1

SUM m SUM-G(I,K-N)*G(I,K)-H(I,K-N)'H(IK)
20 CONTINUE

SUNG = SUM

RETURN
END

S

DOUBLE PRECISION FUNCTION SUWI(G,H,N,M,I)

IThis function calcualtes the linearized contributio, for H.

DOUBLE PRECISION G(0:4000,0:30), H(0:4000,0:30), SUM
INTEGER K, N, M, I
LOGICAL NEWTEST
COWMON /ALL/ NEWTEST
SUM x 0.000
DO 10 K=I,(N-1)

SUM = SUM+G(I,N-K)*H(I,K)
10 CONTINUE

DO 20 K=M, (N+1),-1
SUM SU+G(I ,K)*H(I,K-N)-H(I,K)*G(I,K.N)

20 CONTINUE

SUMH = SUM

RETURN
END
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* The following funcfions ame used to calculate the amlitudc and
* phase of the spectral terms lven the local values of G and 1i.

DOUBLE PRECISION FUNCTION AMPLTU(G,H)

' This function caialtes the normalized pearue amplitude of the na harmonic.

DOUBLE PRECISION G, H
LOGICAL NEWTEST
COWu /ALL/ ENETEST
AWPLTU = DSORT(G•G+H.H)
RETURN
END

DOUBLE PRECISION FUNCTION PHASE(G,H)

I This function returns the nth harmonic's phase in degrees.

DOUBLE PRECISION G, H, MAG
LOGICAL NEWTEST
COMMON /ALL/ NEWlEST

"* Calculate the malaimade of the spectral term

MAG a DSORT(G*G+H'H)
IF (MAG.EQ.O.) THEN

PHASE = 0.000
ELSE

PHASE = DATAN2(HG)'90.ODO/DASIN(1.0DO)
ENDIF

* Make sure the phase is a number between 0 and 360 degrees.

IF (PHASE.GE.-1SO.DO) GO TO 20
10 PHASE = PHASE+360.OO0

IF (PHASE.LE.- lO.DO) GO TO 10
20 RETURN

END
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Phase of Lamb wave radiation from a plateimmersed in a liquid
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A stroboscopic Schlieren image of ultrasonic radiation from a plate immersed in water is
presented and is compared with the calculated radiation pattern for the plate in which a
leaky Lamb mode has been generated. The phase relationship of the radiation lobes created
at the top, bottom, and narrow end surfaces of the plate are discussed.

Keywords: leaky Lamb modes; Schlieren imaging; radiation pattern phase

It was recently shown"' that Lamb waves in a solid plate end of the plate as well as from the top and the bottom
immersed in water radiate some of their energy from the near the plate's end. The interference by incident
end of the plate. This radiation from the end of the plate or reflected waves has been eliminated in both the
consists of an odd number of lobes when the plate carries mathematical model and the experimental arrangement
a symmetric Lamb mode and an even number of lobes described.
when the mode is antisymmetric. The previously published
Schlieren images produced by continuous waves and
theoretical calculations of the relative intensity distribution
between the lobes2 , as well as hydrophone measurements' Calculational approach
do not indicate the respective phase of the radiation. The basis for the calculations are the finite different
Moreover, the use of continuous waves incident from the methods discussed by Bond' and Harker', adopted for
water onto the plate to generate a given leaky Lamb the present case of energy transfer from the particle
mode also produces specular and non-specular reflections, displacement at the end surfaces of an aluminium plate
first observed by Schoch3 , and later explained and to the surrounding water. This particle displacement can
described by Neubauer', Bertoni and Tamir5 , and be calculated for a plate vibrating in a Lamb mode which
others6"7 . When these reflections of the incident continuous is excited by a longitudinal ultrasonic wave in water,
wave occur near the end of the plate. they may interfere incident at the appropriate Lamb angle.
with other possible reradiations from the end of the plate. Assuming that the long dimension of the plate is the
The Schlieren images published by Zhu et al.' clearly x-direction, the thickness of the plate is in the :-direction
show reflections from, and transmissions through, the and the Lamb wave propagates in the x-direction, then
plate which are caused by such interferences. They are the wave motion in the homogeneous solid plate can be
not specular or non-specular reflections since the expressed as
radiation is not taking place at the expec'ed Lamb
angle. elu

However, the numerical approach used to find the (. + /)VV iu + UV2 u = p -i (1)
intensity distribution of the radiation at the end of the
plate2 does contain information from which relative Here . and p are the Lamý constants, p is the density of
phases of the waves in the lobes can be determined, the plate material, and u is the displacement vector which
Furthermore, the numerical method can be used to has an x and Y component and is time dependent. The
"describe radiation from the top and the bottom ef the y-direction can be omitted assuming the plate to be wide

", plate, near its end, which does not include specular enough to eliminate any y-dependence. With the velocities
and non-specular reflections. The latter are simply a of the longitudinal and shear waves given, respectively by
consequence of a particular technique of exciting Lamb 2
modes and, thus, may be considered not to be a part of p ( + P p (2)

the radiation from a Lamb mode per se. s2(3)
This paper is concerned with the phase and the =

amplitude distribution of the radiation occurring at the The general equations for the particle displacements in
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"the x and : directions. u and r, res'pctixel). are then

U11 = p
2u, + (P 2 

- ' + S
2
U::. (4)

I.,= pll:: + (p2 S2 ) '"z + 5

the subscripts indicate derivatives.
The Lamb wave to be examined is produced by

allowing an ultrasonic beam of frequency f (with f
between 2 and 10 MHz) to be incident at the appropriate
angle from the water on to the plate so that the desired
Lamb mode is set up in the plate. Other parameters

- needed for a numerical analysis are the beam profile,
beam width, plate thickness d, and distance from the
point of beam incidence on the plate to the end of the
plate. In the present case the plate was 0.9 mm thick, and
the distance beam to the end of plate could be varied.
The beam profile was assumed to be Gaussian.

Equations (4) and (5) tan then be solved by the FDM
with incremental steps of x of about 0.1 1. and the
increments of t are selected so that Figure 1 Calculated intensity distribution of an ultrasonic field in

water created by reradiation of an Ai -Lamb mode in an aluminium
At <t Ax(p 2 + s2 )- 1,2 (6) plate. Platethicknessd = 0.9 mmandparameterfd = 2.96MHzmm

If the size of the time and space increments are selected
so that Equation (6) is satisfied, the accuracy and stability
of the calculation will be assured'0 .

Numerical calculations
The above method was used to calculate the radiation
pattern at the end of the plate vibrating in the A,-Lamb
mode. The frequency of the continuous wave was assumed
to be 3.29 MHz and the plate thickness 0.9 mam. resulting
in anfd-value of 2.96 MHz mm. The A,-Lamb mode will
be excited for these parameters if the angle of incidence
in water is 13.6-.

This set of parameters is used as the input. The output
is an array of calculated sound-intensity values for 43
points along the x-direction and 34 points in the
:-direction. Since calculations are made at incremental
distances of 0.1 mm in these two directions, the mapped
area is 4.2 mm by 3.3 mm, which means that there are
1462 calculated intensity values in the mapped area. Figure 2 Stroboscopic Schlieren image of radiation lobes for

Gridding software is used to establish as many an aluminium plate in water. Parameters are the same as used for
additional intensity values as desired, located between Figure 1
the calculated data points, and to create contour lines
connecting identical intensity values. Software was also
used to find the maximum value of the intensity in the after the start of the generation of the Lamb wave in the
radiated energy in the water in the mapped area which, plate. Therefore, the reradiation pattern around the end
in the case discussed here, was approximately 0.033 of of the plate is well established, the high-intensity areas
the maximum value of the intensity of the Gaussian beam in the water represent the location of the positive and
incident at the water-solid interface of the plate. negative maximum pressure amplitudes in the lobes, i.e.

Figure I shows the intensity distribution in the mapped the ½2 locations of the 3.29 MHz wave in the water. Based
area. The conour lines are I dB apart, starting with those on this particular appearance of the low lobes radiating
lines connecting the maximum intensity points in the from the end of the plate one cannot determine whether
lobes and ending with those lines connecting intensity the water in the lobes are in phase or 180 out of phase
points - 10 dB below that value. No lines are drawn in as they leave the plate. This is also the case for a Schlieren
areas where the intensity is more than 10dB below the image of the ultrasonic field at the end of the plate, as
maximum. All points with intensity values above the shown in Figure 2.
maximum in water are connected with one line, regardless This image was obtained by creating a Schlieren image
of how much higher the intensity value is at those points, of the ultrasonic field where the light source consisted of
compared with the maximum intensity in water. Clearly a small HeNe laser whose output was modulated by a :
this results in a dark area. representing the plate where Bragg cell. The time delay between the generation of the
the intensity is generally very much higher than in the leaky Lamb mode and the stroboscopic illumination of
reradiation pattern in the lobes in the water. the resulting radiation field could be adjusted. The image

The intensity representation in Figure 1 depicts the presented here shows the radiation field created by an
situation at a given time increment, in this case 34 periods incident 'tone burst' consisting of four cycles, with the
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frequency, mode, and plate dimensions being the same
as used for the calculations (Figure 1). Also visible in
Figure 2 are portions of the transmitted and reflected

* tone burst, consisting of long, straight wave fronts. Their
* interference with reradiation lobes, can be held to a

minimum when the tone burst is short.
A comparison of Figures I and 2 shows that it is

possible to calculate and thus predict radiation patterns
and lobe structures of plates immersed in a liquid and
vibrating in a given Lamb mode. However, the calculation
can also predict the relative phase of the waves in the
radiation lobes.

Figure 3 shows the amplitude distribution in the two
lobes generated at the narrow end of the plate with only
the positive x-direction particle displacements considered.
The negative-going half cycles of the waves have been
suppressed in the graph and thus it becomes evident that
the waves in the two lobes are 180 out of phase. The
contour lines within every section of the waves indicate
the levels of amplitude in ten equal steps from the
maximum to zero amplitude with the lowest contour
corresponding to the location of the zero-amplitudes of
the waves. The wavefronts show an increasingly noticeable
curvature with the circular pattern being centred at the
centre of the narrow end of the plate.

Radiation lobes from the top and bottom surfaces of
the plate are visible in Figures I and 2. The points where
the two lobes at the top and the bottom of the plate
originate are separated by one half-wavelength of the
leaky A,-Lamb mode. Results obtained with the FDM
indicate that these lobes have intensity variations along

Figure 4 Calculated wavefront pattern for radiation from the top
and bottom surfaces, considering only positive displacement
amplitudes

their propagation directions which are cyclic. The lobes
originating at the plate top and bottom surfaces, as shown
in Figure 1, have high intensities at the point of origin for
the lobes close to the narrow end of the plate while the
lobes originating farther away from the end of the plate
have a low intensity at the point of origin. However, if
the time increment between generation and radiation of
the Lamb mode is changed the resulting high intensity
areas in the lobes move along the propagation direction.

The phase relationship between the wavefronts within
the lobes originating on the top and bottom surfaces
as well as the narrow end of the plate can be seen by
comparing the intensity distribution in the ultrasonic field
(Figure 1) with the amplitude distribution (Figures 3 and
4) which shows that the waves in adjacent lobes are 180;
out of phase. Figures 3 and 4 reveal the phase information
which is not available from an observation of the
experimental results shown in Figure 2, or from the results
of intensity calculations shown in Figure 1.
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On the crossing points of Lamb wave velocity dispersion curves
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Standard dispersion curves relating the phase velocity of Lamb waves to the frequency-plate
thickness parameter fd indicate that in some cases symmetrical and antisymmetrical
mode velocity curves cross each other. Viktorov's equations are used to shgw that the crossing
points are points where the dispersion curves are discontinuous so that no distinct Lamb
mode exists for these particular velocity-fd combinations. Procedures are given to predict how
many such points exist and where they are located in a given range of fd.

PACS numbers: 43.35.Pt

INTRODUCTION points where the velocity dispersion curves for the sym-
metrical and the antisymmetrical modes cross.

Lamb modes are either symmetric or antisymmetric The calculations leading to this result are rather in-
and their velocity of propagation depends on the frequency volved and would be very taxing if all the crossing points
of the mode f and the thickness d of the solid plate sup- had to be found with no prior knowledge of the approxi-
porting the mode as well as on the bulk wave velocities of mate location of these points. Fortunately, a much shorter
the material. If one plots the phase velocity of the various method is available to determine the location of those
symmetrical Lamb modes as a function of the product f d points on the families of velocity dispersion curves where
one obtains a family of curves none of which crosses an- no solution to the defining Lamb equations exist. This

other. The same is true for a plot of the antisymmetrical method will be discussed below.

modes. However, if the two families of curves are plotted

together there are some instances where symmetric and
antisymmetric curves seem to cross, as is evident from a
representative example shown in Fig. 1 which applies to I. THEORETICAL CONSIDERATIONS
aluminum plates.

This implies that the plate supports a symmetrical and Noting that the phase velocities of Lamb modes at
an antisymmetrical mode at the same time, both modes cntical crossing points are greater than the bulk longitudi-
propagating with the same phase velocity, if the plate nal wave velocity, one can use the defining Lamb mode
thickness d and the mode frequency f is such that the equations for the symmetrical and antisymmetrical modes,
product fd is the fd value of the "crossing point." The respectively, as given by Viktorov'
resulting particle displacement within the plate could then tan a/tan P3+ B=O, (1)
be a superposition of two different modes with the vibra-
tional mode of the plate not being defined as a Lamb mode. tan fl/tan a + B=0, (2)

If one were to assume that no pure Lamb mode exists at where
crossing points, the defining equations given by Viktorovi

should not be satisfied for those particular sets of parame- a = (,rpfd)/c, (3)

ters. Viktorov's basic wave equations (1.2) lead to a 4x4 P = 1
determinant, which in turn lead to two characteristic equa-

tions, determining the eigenvalues of the wave numbers of p= V,1- (c/01, (5)
the modes, given by Viktorov as Eqs. (II.4) and (11.5).
One can now use these equations to calculate the value of q 4(ct/c 1)2- (c,/c) 2, (6)
the defining determinant for the values of f. d and the
phase velocity of the Lamb modes at the crossing point. 4(c4/c) 2pq (B=- -- >0,(7

A computation was performed, using double precision, [2 (ct/c) '- I (
of the value of the determinant for the crossing point lo- with c, the shear wave velocity of the bulk solid, cl the
cated near the value of f" d= 8.5 MHz mm and the phase longitudinal wave velocity, and c the phase velocity of a
velocity of around 6.9396 km/s, shown in Fig. 1. These Lamb mode defined by ve s. (1) and (2).
calculations for the value of the determinant were per-
formed by changing the values of f" d in increments of
"10-8 MHz mm and c in increments of 0.1 mm/s. The This is the region of interest for the present purpose. One

result is that for the velocity range c=6.9396744 to can write general expressions for the defining equations

c= 6.9396764 km/s and the f- d range from 8.45435146 to S(c,fd) =tan a/tan fl+ B, (8)
8.45435157 MHz mm the determinant is nonzero. This re-
sult would indicate that a Lamb mode does not exist at A (c,fd) =tan fl/tan a + B. (9)
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12 The procedure to determine at what values of c, fd,
11" and m and n type I and type II critical points occur for a

10. set of Lamb mode velocity dispersion curves consists of
combining Eqs. (10) and (11) for the type I points, and:
Eqs. (12) and (13) for type II critical points.

As an example consider the procedure for type I crit-
S 7' ical point evaluation for an aluminum plate where the lon-

S6- gitudinal and shear bulk wave velocities are, respectively,
6.42 and 3.04 km/s. These are the same values that were

i 2 4 L e1 used in the determinant calculation mentioned in the In-
Id (MHz.mm) troduction above.

Treating m and n as integers whose magnitude is not
specifically assigned, Eqs. (10) and ( 11 ) are two equations

FIG. 1. Section of Lamb mode velocity dispersion curves for aluminum with two unknowns, i.e., a critical value offd and a critical
showing the phase velocity c and thickness-frequency parameterfd for the value of c in p and q, respectively. Not specifying for the
first four mode crossing points. moment the value offd but knowing that fd will have to be

the same in a and 3 where a critical point is located, one
Sooltions of iktorovs and uAtions, are daluetermi aned by t can substitute the expression forfd from Eq. (10) into Eq.
approo riats ofScfd areefned Acfd)r i, te vues and anA e ( 11) and solve for c in terms of m and n. This yields the
appropriate fd are defined for an S mode and an A4 mode following expression for the critical phase velocity, cc:

when S(c,fd) or A(c,fd), respectively, are zero.

II.cc= (14)II. CRITICAL POINTS OF VIKTOROV'S EQUATIONS (M+= ) 2 (C/c,) 2 - ( +1)2"

The variables a and 3 are the functions of the param- For the critical phase velocity to be real, nonzero, and
eters c and fd. Thus, for any given phase velocity c, tan a greater than the longitudinal wave velocity, the conditions
and tan 3 are periodic functions of fd, where the periodic- for m and n are
ities are c/p and c/q, respectively. The arguments of both
tangent functions are zero forfd=O, regardless of the value m=$:n, m>n, (m+½)/(n+½)>cc/c,=2.12 for Al.

of c. With increasing values of fd, the values of S(c,fd) For these conditions and the condition that tan a and tan
and A (cfd) usually remain nonzero; however, in order to 3 go to infinity at the same fd, one finds only three (in, n)
satisfy Viktorov's equations they must be zero which oc- combinations, (1,0), (2,0), and (3,0) for the range of the
curs only when either tan a/tan (3= -B or tan/3/tan a parameter fd given by 0 <fd < 12.
= -B according to Eqs. (8) and (9). Substituting these three sets of values for (mr,n) into

These conditions on Eqs. (8) and (9) must be satisfied Eq. (14) yields three critical phase velocities. The three
simultaneously at mode crossing points in the c-fd plane if corresponding critical fd values are found by substituting
an A mode as well as an S mode are to exist at such points, the three sets of c, and (m,n) into either Eq. (10) or Eq.
Investigating the behavior of the two tangent functions one ( 11) to solve for the value of fd. The three critical points
finds that two types of critical points may exist where there for aluminum are thus found at
are no solutions to Viktorov's equations. As will be shown
below, these critical points in the c-fd plane are identical c=8.5221 km/s, fd= 4.88 MHz mm, (m,n) = (1,0),
to the mode crossing points; one of these points was iden- c=6.9396 km/s, fd=8.45 MHzmm, (m,f)=(2,0),
tifed in the introductory discussion of the determinant so-
lution. c=6.6647 km/s, fd=11.96 MHz mm, (m,n)=3,0).

Type I critical points exist when the respective values
of tan a and tan 3 both reach infinity at the same value of Type II critical points are determined in a similar fash-

fd which occurs when ion by using Eqs. (12) and (13). Following essentially the
same procedure as outlined above, one finds the possible

a= (irpfd)/c,= (m+½)ir, (10) critical velocities to be given by

03=(irqfd)/ct=(n+½)ir, (11) m2-n2

for certain values of the integers m and n and for certain c m 2(c/c)2 _n2 c (15)
values of p and q which in turn are functions of the phase Making the appropriate substitutions one finds only one
velocity. (mr,n) set in the range 0<fd< 12. This single type II crit-

Type II critical points exist when tan a and tan(3 ical point has the values
reach zero at the same value of fd that requires that the
arguments are c=8.5221 km/s, fd=9.76 MHzmm, (mr,n)=(3,1).

a = (irpfd)/c,= mir, (12) Comparing these results with the mode velocity curves
of Fig. 1 shows that the four calculated critical points are

f3= (0rqfd)/ct=nzr. (13) the only crossover points of A and S modes in the range
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0 <fd < 12. Inasmuch as the parameters of the critical a solution to the equations, thus these unique points are not
points do not satisfy Viktorov's defining equations, the parts of either the symmetrical or antisymmetrical velocity
"crossover points are not valid solutions either and neither dispersion curves. The relatively simple procedure de-

',an antisymmetrical nor a symmetrical mode exists at these scribed here can be used to find the number of crossing
epoints. points of Lamb mode velocity dispersion curves as well as

their velocity and fd parameters of these points.
III. CONCLUSION

The Lamb mode velocity dispersion curves generally ACKNOWLEDGMENT
exhibit a number of points where an A mode and an S
mode cross which seems to imply that for that particular This work was supported by the Office of Naval Re-
set of parameters a solid plate should be able to support a
symmetrical as well as an antisymmetrical mode. Examin-
ing the simplest form of Viktorov's equation shows that the I. A. Viktorov, Rayleigh and Lamb Waves: Physical Theory and Appli-

parameters defining these crossing points do not constitute cations (Plenum, New York, 1967).

9

1895 J. Acoust. Soc. Am., VOl. 93. No. 4, Pt. 1, April 1993 Q. Zhu and W. G. Mayer: Lamb wave velocity dispersion curves 1895


