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Summary Page 1V

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 concliude 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.l. INTRODUCTION

This appendix outlines the steps pecessary 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 A3 provides a short user’s guide for
the menu driven interface. Section A.4 describes the output file structure used for data post

processing.
A2. 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:

° one high density, 3¥2" or 5%" floppy disk drive,

° PC Disk Operating System (DOS) Version 3.3 or later',

L Monochrome display or display adapter,

° Intel 80387 Math CO-Processor’,

° 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.

The 80486 chip has an integral co-processor.
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. 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.

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

Figure A.1. 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 A2.

Data Entry Window

Run Paraseters Fé

Off-Axis Data Points F7
Transducer F8
Boundary Values F9

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 (F8) 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.




A3.1. 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 A3 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 [®] 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 E

ntry Window __ o~ N

1400 Senoarots ot seneess -sv i e
Hemetrtr—— o s ttas e

(=) Run Parameters

ij
1t

Use Tab Key or Mouse to select data entry field =

Minisus # Spectra (4 to 49): 5
Maximum # Spectra (Min # 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
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 2 Cancel a

oarens smememene

“Fi ens Menu <Esc> Closes Wenu ALt-X Exits Program

Figure A3. Run Parameters Menu

To enter in a new vaiue 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 2, the program writes the error message shown in Figure A4 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 Entrz Window

{s) Run Paraseters
T e T Use Tab Key or Wouse to sslect data entry field
e Winisun # Spectra (4 to 49): 2
SEmmnmemeet Maxismum # Spectra (Min # to 50): 26
e Number On-Axis Points (100 to )y: 300
SEoEmnsmeme Numsber Off-Axis Points (1 to 40): 30
SRR Radial Step Size 0.02 to 0.001): 0.005
e Min On-Axis Output 0.001 to 0.99): 0.001
R Max On-Axis Output (1.05 to 2.0): 1.4
i Max Off-Axis Range (1.1 to 10.0): 10
SSsss=sEEmEs Max Off-Axis Points (10 to 200): 200

Error Message Winisum Spectral Tera Out Of Range!

Cancel .

Figure A4. 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 1 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 pumber of off-axis points which are
output at each specified output location.

The values shown in Figures A3 and A4 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 O, F7, 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 1 menu shown in Figure A.S 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 [®] 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 op-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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Oata Entry Win

Use Tab Key or NMouse to select data entry field
Output Point (> previous value < 1.4) 0.75
Error Message

F10 Opens Menu <Esc> Closes Menu Alt-X Exits Progras

Figure AS. 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, F8, 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 [®] 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
bas a value out of range. Once the last data entry has been made the program retums to

the initial data entry menu shown in Figure A.1.
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Data Entry Window

-swom. o e
warte. ., =
-om. maeo. amimitiom s -

Use Tad Koy or Wouse to select data entry field

Digmeter (Meters: O ..

1 .
Fc.al Length (Meters: O .. 1) 0.0444S
Initial Frequency (MHz: O .. 10) 1.0667
Initial Pressure (kPa: 0 .. 2000) 57.028
Error Message
Ok 2 Cancel 3

Y

e A ees et £ H 000 M e vov

F10 Opens Menu <Esc> Closes Menu ALt-X Exits Progras

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 A2, press B. F9, or highlight Boundary Value

with the mouse cursor and click.

shown in Figure A.7 appears.

The Transducer Pressure Distribution Options Menu

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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To Select Option, Press Highlighted Letter

===l Pressure Distribution Source
== (*) Previous (*) Use File
=== i z Unifors ( ) Enter Data
—— Hew

o] Ok a Cancel a

F10 Opens Menu <Esc> Closes Menu ALt-X Exits Progras

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>, O, 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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Data Entr!__w_indow

[-] Pressure Dis' Distribution File Name
File Name (<40 Char)
Error Message

ooy

; !lllﬂl!!!llﬂiliﬁii

Figure A.8. 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 entry, 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 u and press enter
or click on the button.
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F10 Opens Menu <Esc> clo;es Menu Alt-X Exit; Prograa

Figure A.9. Entering a new file name and number of points

Data Entry Window .

.~

To Change The Value, Press Highlighted Letter

Radial Point (m) 0.0
Normalized Pressure 1.0

Error Message

Ok a Cancel 2

!}!
l!l

it
font frthet
S AT o H

F10 Opens Menu <Esc> Closes Menu Alt-X Exits Progras

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 (m). The radial Jocation is
. measured normal to the transducer axis 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 retumns to the program main menu shown in Figure A.1.

A3.5. Program Execution

After data entry is completed, press Alt-X or use the mouse cursor to click the Alt-X
Exits Program section of the menu shown in Figure A.l 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 = 0136237k = 29m = 4 Imax = 113
Nstep= 273z= 0.140900k = 30 m = 4 Imax = 115
Nstep= 282z= 0.145563k = 31 m = 4 Imax = 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 Ctrl-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 LFOCUS and press <Enter>. When the program has finished
running, it writes PROGRAM EXECUTION COMPLETED to the screen.

A4. 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 1 through 44 = file header
Line 45 through end = amplitude spectra with
[ ] 4 A[O] Al1] Al2) oo
4 $.66833E-0003 0.0000E+0000 1.0032E+0000 6.2014E-0005 eee
4 1.0327E- 0002 0.0000€+0000 1.0057E+0000 1.0892E-0004 eoo
4 1.4990€ - 0002 0.0000E+0000 1.0081E+0000 1.5616E-0004  eese

Phasez. Data Structure

Lines 1 through 44 = file header
Line 45 through end = phase sgectra with
[} z Phifo Phift] Phiézl
4 5.6833E - 0003 0.0000 -4.8870E-0006  -6.4645E-0006 oee
4 1.0327€-0002 0.0000E+0000 -1.4608E-0005  -1.8326E-0005 eve
4 1.4990€ - 0002 0.0000E+0000 -2.9689E-0005  -3.6417E-0005 ooe

e e

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 1 through 44 = file header
Line 8 = nusber of-axis data output locations
Line 45 through end = amplitude spectra with

] z rit}) ) Al1) Y

) 7.5000E-0001 0.000([)5;0000 0. owsﬁ 2.833&4‘0000 ooe
r

5 7.5000€ - 0001 2.0000€E - 0002 0.0000E+0000 2.7830E+0000  eee

rid}
5 7.5S000E-0001 4.0000E - 0002 0 . 0000E+0000 2.6362E+0000  eoo

Phasezr. Data Structure
Lines 1 through 44 = file header
Line 9 = nuaber of-axis data output locations
L1ne 45 through end = amplitude spectra with

[ ] rj1) Phi Phift oo

5 7.50002-0001 0000(()5;0000 0.0000€ io&oo 9.7667&«&000 eoe
r

5 7.5000E -0001 2.000053i0002 0.0000E+0000 1.0189€+0001 ese
r

5 7.5000E - 0001 4. -0002 0.0000£+0000 1.1529€+0001 ese

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.




prograa MENU;

uses Oblects ,

Drivers,
Views,
Menus,
Dialogs,
)
const
MaxLines = 100;
WinCount: Integer = O;
caFileOpen = 100;
caNewl¥in = 101;
caNewDialog = 102;
ca0ffAxisData = 103;
caNewTransducer = 104;
csRuninput = 105;
csBoundary = 106;
caPrevious = 107;
calnifors = 108;
caNewFile = 109;
caNewFilevalues = 110;
var
LineCount,
MaxNusber,
Offols!ndex,
code,
: INTEGER;
Lines arcay(0.. uaxLines - 1] of PString;
errorflag : BOOLEAN;
type

{

Record types used by the program for temporary data VO

Runlnputvalues = record
MINM

: STRING[ 128
MAXM : STRING([128
Npoints : STRING([128
NDpoints : STRING[128
DeltaR : STRING[128
Znin : STRING[128
Zmax : STRING|128
Rgmax : STRING[128
RadiusMax : STRING[128
errorsessage : STRING([128

end;

TransducerData = RECORD
Diameter : STRING[128};
RadiusOfC : STRING|128};
Frequency : STRING[128];
Pressure : STRING[128];
errormessage : STRING[128];

H
ZuData = RECORD
location
errormessage
9
BoundaryData = RECORD
RadioButtonDataA : Word;

RadioButtonDataB : Word;
end;

FileNaleData = REOORD
: STRING[128];
Errorllessage : STRING[128];
end;

STRING[128] ;
STRING[ 128] }
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FileNameData2 = RECORD
Name : STRING[128);
NusberPoints : STRING{128];
Srmruessaqe : STRING[128);
end;

BoundaryDatavalues = RECORD
location s STRING{128};
NorwmalizedP : STRING(128];
errormessage . STRING([128];

TuyApp = object(TApplication
procedur01l1 leEvent (var %vent: TEvent); virtual;
procedure InitMenuBar; virtual;
procedure InitStatusLino; virtual;
procedure NewTransducer;
procedure RunParameters;
procedure OffAxisData;
procedure NewWindow;
procedure SelectBoundary;
procedure EnterFileName;
procedure EnterFileName2;
grocedure BoundaryAxisoah;

end;

PInterior = “TInterior;
TInterior = ob}ect(TScrollor)
constructor
procedure Draw; virtual;
end;

PDesoWindow = “TDemoWindow;
TDesoWindow = object(TWindow)
RInterior, Llnterior: Plnterior;

constructor Init(Bounds: TRect; WinTitle: String; WindowNo: Word);

function Makelnterior(Bounds: tRect: Left: Booleanl: PInterior;
q procedure Sizelimits(var Min, Max: fPoint); virtua
end;

PDemoDialog = ‘TDelooialog;
TDesoDialog = object(TDialog)

end;

var
Transducer : TransaducerData;
RunInput ¢ Runlnputvalues;
u : Array[0..50] of ZuDATA;
BoundaryChoice : BoundaryData;
FileName : FileNameData;
FileName2 : FileNameData2;
BoundaryChoiceValues : Arrgzéo..w()] of BoundaryDataValues;
NusberBoundaryPoints : INTEGER;
textfile ¢ TEXT;

constructor TInterior.Init(var Bounds: TRect; AHScrollBar, AvVScrollBar:

in
Scroller.Init(Bounds, AHScrollBar, AVScrollBar);
Options := Options or ofFramed;

ngetLilit(iza, LineCount);

end;

nit(var Bounds: TRect; AWScrollBar, AVScrollBar: PScrollBar);

PScrollBar);




s

procedure TInterior.Draw;
var

Color: Byte;

I, Y: Integer;

B TDruwB fer;

b
lor H GetColor(t%
for Y := 0 to Size.Y - 1 do
begin
veChar(8, °’ Color, Size.X);

i := Delta.Y + Y'
11°(1 < LineCount) and (Lines[I) <= n11) then
loveStri CopgiLines(ll‘ oelta X + 1, S1ze.X), Color);
wrxtoLine ze.X, 1,
end
and,

constructor TDemoWindow.Init(Bounds: TRect; WinTitle: String; WindowNo: Word);

var
8: strlng[S);
R: TRect;
in
tr(WindomNo, 8);
TWindow. Xnit(Bounds, winTitle + ° * + S, wnNoNuaber);
GetExtent undsl
R.Assign(Bounds x Bounds .A.Y, Bounds.B.X div 2 + 1, Bounds.B.Y);
Linterior :s= Inkeln eriorén, Yrue),
LInterior* .Growuodo := grGrowHiy;
Inaert(Linterior&
R.Assign(Bounds.B.X div 2, Bounds.A.Y, Bounds.B.X, Bounds.B.Y);
RInterlor := Iakelnterior R,False);
RInterior* Growuode = gf rowHix + gfGrowHiy;
énsert(nlnterlor),
end;

function TDemoWindow.MakeInterior(Bounds: TRect; Left: Boolean): PlInterior;

var
HScrollBar, VScrollBar: PScrollBar;
R: TRect;
begin
.Assign(Bounds.B.X-1, Bounds.A.Y+1, Bounds.B.X, Bounds.B.Y-1);
VScrollBar := New(PScrollBar tnzt(R))
VScrollBar“.0Options := VScrollBar* Opt1ons or ofPostProcess'
if Left then VScrollBar*.Growdode := grGrowHiy;
Insert(VScrollBar);
R.Assi n(Bounds A. x+2 Bounds.B.Y-1, Bounds.B.X-2, Bounds.B.Y);
HScrollBar := New(PScrollBar Xnit(n)
HScrollBar‘.Options := HScrollBar~ Options or ofPostProcess;
if Left then NScrollBar“.GrowHode := gfGrowHiY + gfGrowLoY;
Insert(HScrollBar),;
Bounds .Grow(-1,-1

:akexnterior 2 New(PInterior, Init(Bounds, HScrollBar, VScrollBar));
end;

procedure TDemoWindow.SizelLimits(var Min, Max: TPoint);
var R: TRect;

be?w1ndou SizeLimits(Min, Iax);

Min.X := LiInterior*.Size.X + 9;
end;
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. { This is the event handler used to call the data entry procedures.

anNewTramsducer = call to NewTransducer
‘,' anRualnput = ali to RunParamcters
: anOffAxisData = aall 1o OffAxisData
° cmNewWin = all 1o NewWindow
anBoundary = call 1o SelectBoundary

grocedure TMyApp .HandleEvent (var Event: TEvent);

@
gApglication HandleEvent (Event);
vent.What = evCosaand then

0880 Event.Coamand of

caNewWin : NewWindow;
caNewTransducer : NewTransducer;
csRunlnput : RunParaletert'
ca0ffAxisData :

VAL (Runinput. leoioge MaxNusber Code)
For OffAxisIndex := 1 To MaxNumber OffoisData;

end;
cdoundary ¢ begin
SelectBoundary;
Case Boundar%ﬂoice.nadioeuttonoatu of

0:;
1 : begin
{This section sets a unifors aperture distribution}

NusberBoundaryPoints
BoundaryChoiceValues{0)}.location
BogndaryChoiceanuele] .NormalizedP :
end;

2 : Casé BoundaryChoice RadioButtonDataB OF

1
lo'.
1

egnteaneNane
gF skipflag = "FALSE THEN
egin
Asségn(textfxle ,FileName.name);
! RESET (textfile)
READLN(textflle NulberBoundaryPoints)
FOR n := 0 TO NunberBoundaryPoxnts -1 oo

begi
gEADLN(textfxle BoundaryChoicevalues(n).location);
READLN(textfile,BoundaryChoicevValues|n] NorlallzedP),
BoundaryCho1ceValues[n] errormessage := '’;
FOB n := NuaberBoundaryPoints TO 100 DO
WITH BoundaryChoice alues[n] DO

beg
ocation H
NormalizedP := '’
errorsessage := '’
end;
CLgSE(textfile),

ond-

.
)
.
1
.

1
egnterFileNalez
IF skipflag = = FALSE THEN

o
VAE(FileNale2 NusberPoints ,NusberBoundaryPoints,Code

)i
Fo; OffAxisIndex := O to NunberBoundaryPoints -1 Do BoundaryAxlsData,
en

end;
end;
end,

else
Exit;

end;
ClearEvent (Event);
end;
. end;
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{ This is the interface for the pull- down menu system. 1 connects the commands with the keystrokes that activate
each individual command. For ezample, R or F6 are linked to anRunlnput which is used 1o call the procedure
RuaParameters.

procedure TMyApp.InitMenuBar;
var R: TRect;

bogin
etExtent (R);
R.B.Y := R.A.Y + 1;
MenuBar := New(PMenuBar, Init(R, Ne‘enué
NewSubMenu('Data Entry “W-indow’, hcN text, NewMenu(
Newltea(’'~R-un Paruetoro','Fs',khFe' csRunlnput, hcNoContext,
Newltea(’'0-ff-Axis Data Points’,’F?7’ kbF7, caoftAxisData hcNoContext,
Newltes(’' T~ ransducer’, 'F8°, 8, caNewTransducer, hcuoéontext,
mﬁ-xte: *-B-oundary Values’,’ 'F9°', 'kbF9, caBoundary, hcNoContext,
nil))))),
nil))

end;’

{ This procedure controls the status line at the bottom of the main menu. It links the keys that open and close the
main menu.

procedure TMyApp.InitStatusline;
var R: TRect;
begin
etExtent an& H
R.AY := RB.Y - 1;
StatusLine := New(PStatusLine, Init(R,
NewStatusDef (0, $FFFF,
NewStatusKey(’“F10~ Opens Menu <Esc> Closes Menu', kbF10, csMeny,
NewStatusKey(’~Alt-X~ Exits Program', kbAltX, cmQuit,

nil)),
nil)
));
end;
{ This procedure is used to check real input vakies to determine whether they are valid. If the data entry is oot a real

number, the error flag is set to FALSE. the error mesage is set to the siring errorl, and the procedure branches to
the cxit. If the data type is correct, the procedure checks to see whether the dala eolry is betweea the upper
(UpperLimit) and lower (LowerLimit) tmits. If it is not, the error flag is set to FALSE, the crror message is set
to the string error2, and the procedure branches to the exit.

procedure CheckRealData(VAR NewVAlue, Newvalue2 : STRING;
error1, error2 :STRING;
VAR errorflag : BOOLEAN;
LowerLimit, UpperLimit : SINGLE);

LABEL localout;
VAR realvalue : SINGLE;

begin

Val(NewVAlue,realvalue,code);
Newvalue2 := *';
IF code <0 HEN
n
ewValue2 := errort;
Errorflag := FALSE;
GOTO localout;

end;
II:F irealvuue < lowerlimit) OR (realvalue > upperlimit) THEN
egin

grrorfl := FALSE;

NewvValue2 := erroré;

GOTO localout;
end;
localout :;

]
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. { This procedure is used 1o check integer input values 10 determine whether they are valid. If the data entry is not
an integer, the error flag is set 10 FALSE. 1he error mesage is set 10 the string errorl, and the procedure branches

. 10 the exit. If the data type is correct, the procedure checks to see whether the data entry is between the upper
(UpperLimit) and lower (LowerLimit) tmits. If it is not, the error flag is sct 1o FALSE, the error message i set
Lo the string error2, and the procedure branches to the exit.

procedure CheckIntegerData(VAR NewVvAlue, Newvalue2 : STRING;
errort, error2 :STRING;
VAR errorflag BOOLEAN;
Lowertimit pperLllit : SINGLE) ;

LABEL localout;
VAR integervalue : INTEGER;

begin

Val(NewVAlue, 1ntegerva1ue code);
NewValue2 := '°
IF code <>'0 Thin
n
ewValue2 := errort;
Errorflag := FALSE;
n:OTO localout,
end:
gF (lntegervaluo < lowerlisit) OR (1ntegervalue > upperlisit) THEN
rrorfla := FALSE;
NewValue := erroré
GOTO localout;
end;
localout :
end;

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

procedure CheckFileName(VAR name,errormessage:STRING);
LABEL localout;
begin {CheckFileName}

errorflag := TRUE;
erroraessage = '°;

IFblength(nale)>12 Then

rrorflag := FALSE;
Errorlessage 1= 'Length > 12 Characters!’;
GOTO localout;
end;

IF ((POS(' ',name) > 9) or (POS(’.’,name) = 0)) and (length(name) >= 9) THEN

egrrorflaq := FALSE;
Errormessage := 'Name > 8 Characters!’;
GOTO localout;

end;

IFb(l.enoth(nalo) - POS('.’,name)) > 3 THEN
rrorflag := FALSE;
Errornessage := 'Extension > 8 Characters!’;
GOTO localout,
end;
localout :;

end; {CheckFileName}




{ This procedure reads the input parameters for the rua. )

procedure TMyApp.RunParameters;
var
Thomas: PView;
Dialog: POelcbialog;
R: TRect;
C: word;
errorsessage,
tempstring : STRING;
yfirst,
xleft
xright,
xleft2
xright2,
xleftd
xrightd : BYTE;
lowervalue : INTEGER;

procedure CheckRunParameters;

{ This s the local procedure that checks the run parameter data cotrics. [t uses ChecklnlegerDats and
CheckRealData with the appropriate values. }
VAR
newcode,
ninisuad,

maxisumll : INTEGER;
UpperBound : SINGLE;

LABEL Done;
begin
{ First set the errorflag }

Runlnput.errorsessage := '’;
errorflag := TRUE;

{ Then check cach of the record values starting with the minimum number of spectra) 1crms, Minm. If an error occurs
in any of the checks, the error flag is set 10 FALSE before exiting the procedure. }

Checklntegeroata(Runlnput.Iinl,Runxnput.errornessage,
‘Minisua Spectral Tera Not lnteger!’,
‘Minisus Spectral Term Out Of Range!’,errorflag, 3, 48);
IF errorflag = FALSE THEN GOTO Done;

VAL (RunInput .Minm MinisusM,code);

Checklnte erOataiRunInput.Haxl,Runxnput.error.essage,
‘Maxisum Spectral Term Not Integer!’,
'Maximum Spectral Term Out Of Range!’,errorflag, MinimumM, 51);
IF errorflag = FALSE THEN GOTO Oone;

CheckIntegerData(RunInput .Npoints ,Runlnput.errorsessage,
‘Nusber Of On-Axis Points Not An fntegerl',

'Number Of On-Axis Points Out Of Rangel’,errorflag, 99, 401);
IF errorflag = FALSE THEN GOTO Done;

Checklntegeroata(ﬂunlnput.Nopoints Runlnput.erroreessage,
‘Nusber Of Off-Axis Points Not An fnteger!'.

‘Nusber Of Off-Axis Points Out Of Range!’,errorflag, O, 41);
IF errorflag = FALSE THEN GOTO Done;

CheckRealData(RunInput.DeltaR,RunInput.erroraessage,
‘Radial Step Size Not A Number!',

‘Radial Step Size Out Of Range!',errorflag. 0.001, 0.0201);
IF errorflag = FALSE THEN GOTO Done;

CheckRealData(Runlnput.Zain,Runlnput.erroraessage,

‘Minisum On-Axis Output Not A Number!’,

'Minisum On-Axis Output Of Range!‘,errorflag, 0.001, 0.99);
IF errorflag = FALSE THEN GOTO Done;
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|

- CheckRealData(RunlInput.Zmsax,Runlnput.errormessage,
‘Maxisum On-Axis Qutput Not A Nusber!'’',
'Maximus On-Axis Output Of Range!’,errorflag, 1.05, 2.00);
- IF errorflag = FALSE THEN GOTO Done;

CheckRealData(RunInput.Rgeax,Runinput.errorsessage,
‘Maximus Off-Axis Range Not A Nuaberi{’,

‘Maxisuas Off-Axis Rang: Out Of Range!’,errorflag, 1.1, 10.0);
IF errorflag = FALSE THEN GOTO Done;

ChecklntegePOata(nunlnput.Radiuslax,nunlnput.errornessane,
'Maxisus Off-Axis Points Not A Nuaber!’,
'Maxisus Off-Axis Points Out Of Range!’,errorflag, 10, 200);
IF errorflag = FALSE THEN GOTO Done;
done:
end;

begin
left = 4
xright := xleft + 40;
Xleft2 := Xright + 1;
Xright2 := XlefTt2 + 8;
Yfirst = 4;

R.Assign(15, 1, 75, yfirst + 16);
TE|g3tr1nq = 'Haxilul # Spectra (Min # to 50):°';
Dia 08 := New{PDemoDialog, Init(R, ’'RunParameters'));
:1t2 ialog* do

egin

.Assign(xleft, 2, xleft + 48, 3%;
Insert?New PLaﬁel, Init(R, 'Use Tab key or mouse to select data entry field', Thomas)));
R.Assign(xleft2, yfirst, xrightz, yfirst + 1);
Thomas := New(PinputLine, Inlt(R.128));
Insert(Thomas);
R.Assign(Xleft, yfirst, Xright, yfirst + 1);
Insert?New Plnﬁel,lnit(ﬂ,'liniuun # Spectra (4 to 48):’',Thomas)));
R.Assign(xleft2, yfirst + 1, xright2, yfirst + 2);
Thomas := New(PInputLine, Init(R,128));
Insert(Thomas);
R.Assign(xleft, yfirst + 1, xright, Kfirst + 2);

- Insert(New(Plabel,Init(R,TempString,Thosas)));
b R.Assign(xleft2, yfirst + 2, xright2, yfirst + 3);
P Thomas := New(PfnputLine, Init(R,128});

Insert(Thomas);

R.Assign(xleft, yfirst + 2, xright, yfirst + 3);
Insert(NewiPlabel,Init(n,'Nunber On-Axis Points (100 to 400):’',Thomas)));
R.Assign{xleft2, yfirst + 3, xright2, yfirst + 4);

Thomas := New(PInputtine, Init(R,128));

Insert(Thomas);

R.Assign(xleft, yfirst + 3, xright, yfirst + 4);
Insert(New{Plabel,!nit(R,’Nunber oft-Axis Points (1 to 40):’,Thomas)));

R.Assign(xleft2, yfirst + 4, xright2, yfirst + §);

Thomas := New(PinputLine, Init(R,128));

Insert(Thonas{;

R.Assign(xlef ytirst + 4, xright, yfirst + 5);
Insert?NewiPlaﬂel,Xnit(n,'Hadial Step Size (0.02 to 0.001):',Thomas)));
R.Assign(xleft2, yfirst + 5, xright2, yfirst + 6);

Thomas := New(PinputLine, Init(R,128));

Insert(Thonaa%;
R.Assign(xlef yfirst + 5, xright, yfirst + 6);

Insert(New Plaﬂel,lnit(n,'lin on-Axis Output (0.00t to 0.99):’,Thomas)));
R.Assign(xleft2, yfirst + 6, xright2, yfirst + 7);

Thomas := New(PinputLine, Init(ﬂ,!ZB‘);
Insert(Thonasz;
R.Assign(xlef yfirst + 6, xright, yfirst + 7);

Insert (New Plaﬁel,lnit(n,'lax On-Axis Output (1.05 to 2.0):’,Thomas)));
R.Assign(xleft2, yfirst + 7, xright2, yfirst + 8);

Thomas := Hen(anputLine, Init(R,!ZBS);

Insert(Thomas);
R.Assign(xlef yfirst + 7, xright, yfirst + 8);
Insert?ﬂew Plaﬁel,lnit(ﬂ,'ﬂax Off-Axis Range (1.1 to 10.0):’,Thomas)));

R.Assign(xleft2, yfirst + 8, xright2, yfirst + 9);
Thomas := New(PinputLine, Init(R,128));
Insert(Thonasz;
R.Assign(xlef yfirst + 8, xright, yfirst + 9);

. Insert(New Plaﬁel,lnit(ﬁ,’lax Oft-Axis Points (10 to 200):’,Thomas)));
R.Assign(16, yfirst + 10, 56, yfirst + 11);

Thomas := New(PinputLine, Init(R,128));
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L. Insert(Thomas);
: R.Assign(1, ytirst + 10, 15, yfirst + i
Insert(New(Plabel,Init (R, Error Message’,Thomas)));

{ These are the escape buttons from the box. To use the values entered execute amOK. To discard the changes

ezecute cmCancel.

R.Assign(xleft + 9, yfirst + 12, xleft + 19 ¥first + 14);
Insert (New(PButton, Init(R, '-0-k’, ceoK, bfBefault)));

R.Assign{xleft + 35, yfirs{ + 12 xleft ¢+ 44, yfirst + 14);
Insert(New(PButton, Init(R, 'Cancel’, caCancel, bfNoreal)));

end;

REPEAT

Oial ‘.s.toatn(ﬂuntnputl;

C := kTop* .ExecView(D alog)'

it ¢ © caCancel then Dialog .éetoata(nunlnput);

{ Check 10 sce whether there are any errors. If an ervor has occurred, thea do not exit the program.

CheckRunParameters;

UNTIL ((C = c-Csncel; or (C = cm0X)) and (errorflag = TRUE);
ngispose Dialog, Done);
end;
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{ This procedure is used 10 input or change transducer related parameters, such as the radius of curvature, diameter,
initial on-axis power, and frequency.

procedure TMyApp.NewTransducer;
var

Dislogs: Pesobial
alog2: alog;
R: TRect;

C: Word;

erroraessage : STRING;
xleft

xri h{,

xleft2

xrighté,

yfirst : BYTE;

{ This is the local procedure that checks the transducer data entries. It uses CheckintegerData and CheckRealData
with the appropriate values.

Procedure CheckTransducer;
LABEL Done;

begin {CheckTransducer)

{ First set the crror message and error flag. Then check cach of the data emtries starting with the diameter. If an
error occurs, set the error flag to FALSE and exit.

transducer.errormsessage := '’;

errorflag := TRUE;
CheckRealData(transducer.diameter,transducer.erroraessage,
'‘Diameter Entry Is Not A Number!’,

‘Diameter Entry Qut Of Rangg!',errorflag, 0, 1);

IF errorflag = FALSE THEN GOTO Done;

CheckRealData(transducer.RadiusOfC,transducer.erroraessage,
'Focal Length ls Not A Nuasber!’,

'Focal Length Out Of Range!’,errorflag, 0, 1);

IF errorflag = FALSE THEN GOTO Done;

CheckRealData(transducer.frequency,transducer.errorsessage,
'Frequency Is Not A Nusber!’,

'Frequencx Out Of Range!’,errorflag, 0, 10);

IF errorflag = FALSE THEN GOTO Done;

CheckRealData(transducer.pressure,transducer.erroraessage,
‘Pressure Is Not A Number!’,

'Pressure Out Of Range!’,errorflag, 0, 2000);

done :
end; {CheckTransducer)}

begin

first := 2;

Xleft := 2;

Xright := Xleft + 34;

Xleft2 := Xright + 1;

Xright2 := Xleft2 + 10;

R.Assign(s, 8, 58, 201;

Dial := New(PDemoDlalog, Init(R, ’Transducer Characteristics’));

with Dialog2* do

bealn
.Assign(Xleft, Yfirst, 50, Yfirst + 1);

be (R,

Insert (New(PLabel, Ini 'Use Tab key or mouse to select data entry field’, Thomas2)));
R.Assign(x eft2, Yfirst + 2

Xrightz Yfirst + 3);

Thomas2 := Neu(‘lnputLine, fnit( ,126));

Insert(Thomas2);

R.Assign(Xleft, Yfirst + 2, Xright, Yfirst + 3);
Insert(New(Plabel,Init (R, 'Diameter (Meters: O .. 1):’',Thomas2)));
R.Assign(x eft2, Yfirst + 3 XPightz Yfirst + 4);

Thomas2 := New(PInputLine, fnit(R,128));

Insert(Thomas2);

R.Assign(xleft {first + 3, xright, Yfirst + 4);
Insert (New(Plabe ,Init(n,’focal Length (Meters: 0 .. 1):’,Thomas2))),
R.Assign(Xleft2, Yfirst + 4, Xright2, Yfirst + 5);
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= Thomas2 := New(PInputLine, Init(R,128));
. Insert(Thomas2);
. R.Assign(xleft, yfirst M‘ xright, Yfirst + 5);
- Insert(New(Plabel ,Init(R,’Initial Frequency (MHz: O .. 10):',Thomas2)));
R.Assign(x eft2, Yfirst + 5, Xright2, Yfirst + 6);
Thomas2 := New(PInputLine, Init(R,128));
Insert(Thomas2);
R.Assign(xleft, yfirst + §, xright, Yfirst + 6);
Tnsert (New(Plabel, Init (R, Initia]l Pressure (KPa: O .. 2000):’,Thowas2)));
R.Msignn Ytirst + 7, 49, Yfirst + 8);
Thomase := eu(PinputLine, Init(R,128));
Ingert(Thomas2);
R.Assi?n(i,vfirtt + 7, 15, Yfirst + 8);

Insert Nn(Plabel,!nif(a,'Error Iessaéo' ,Thomas2)));

{ These are the cscape buttons from the bax. To use the values entered execute camOK. To discard the changes
ezecute cmCancel.

R.Assign(10, Yfirst + 9, 20, Yfirst + 11);

Tnsert {New(PButton tnif (R, *~0~k*, cwoK, bfDefault)));
R.Assign(35, Yfirst + 9, 45, Yfirst + 1l

Insert New(f’eutton, Inif(n, ‘Cancel’, cmCancel, bfNorsal)));

end;
REPEAT
Dialog2-.SetData(Transducer);
C := DeskTop“.SxecView(Dialog2);
if C <> camCancel then Dialog ‘.éetDnta(Transducer);

{ Check to see whether there are any errors. If an error has occurred, then do not exit the program.

CheckTransducer;
UNTIL (((C = cmCancel) or (C = cmOK)) and (errorflag = TRUE));
zispose(oialogz ,0one);
end;
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{ This procedure is used to select the type and source of the initial pressure distribution at the face of the transducer.
The options allow the user to enter the data or select a file.

procedure TMyApp.SelectBoundary;
var
Dislogz: Poesobial
Dia : PDesoDlalog;
R: TRect; 8
C: Word;
errorsessage : STRING;
xleft
xright,
xleft2
xright3,
XleftBt,
YleftBi

extfile : TEXT;

begin
eefirst = 2;

Xleft := 2;
XleftBt! := 6,
YleftBt := §5;
XRightB1 := XleftBi1 + 14;
YRightB1 := YleftBt + 3;
XleTtB2 := xnighta1 + 6;
YleftB2 := YleftBi;
XRightB2 := XLeftB2 + 18;
YRightB2 := YleftB2 + 2;
Xright := Xleft + 34;
Xleft2 := Xright + t;
Xright2 := Xleft2 + 10;
n.Assign(s, 6, 55, 181;
Dial ;= New(PDemoDialog, Init(R, ’‘Transducer Pressure Oistribution Options’});
:it? ialog2* do

n

.Assign(Xleft, Yfirst, 46, Yfirst + 1);

Insert(New(PLabel, Init(R, 'To Select Option, Press Highlighted Letter’, Thomas2)));

{ This set of radio buttons allow the selection of the values used in a previous run, a uniform distribution, or a set of
dta values contained in a file.

H.Assign(xleftai YleftB1,XRightB1,YRightB1);
Thomas2 := New(PRadioButfons,Init(R,
NewSItea(’~“P-revious’,
NewSItem(' VU~niforas’,
NewSItea(’ "N ew’,
nil)))

lnsert(TholZiz);

R.Assign(XleftB1-4, YleftB1 - 1, XRightii+4, YlLeftB1);
Insert(New(PLabel, Init(R, ’'Pressure Cistritution’, Thomas2)));

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

R.Assign(XleftB2,YleftB2,XRightB2, YRightB2) ;
Thomasg := New(PRadioButtons Init(R,
NewSItem('Use ~F-ile’,
NewSItes(’'-E-nter Data’,
nil))

));
Insert(Thonaéz);

R.Assign(XleftB2 + 4, YleftB2- 1, XRightB2, YleftB2);
Insert?New(PLabel, Init(R, ‘'Source', Thomas2)));
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{ These are the escape buttons from the bax. To use the values entered esecute cmOK
execute anCancel.

R.Assign(7, Yfirst + 7, 17, Yfirst + 9);

Insert(New(PButton, Init(R, *-0-k', csOK, bfDefault)));
R.Assign(29, Yfirst + 7, 38, Yfirst + 9);
lnsert?uw(f‘ﬂutton, lni{(ﬁ, *Cancel’, eléancel, bfNormal)));

end;

REPEAT
Dialog2“~.SetData(BoundaryChoice);
C := oskTop“.ExocView&Dialogz)'
if C <> cmCancel THEN Dialog ‘.éetData(BoundaryChoice);

UNTIL (((C = cmCancel) or (C = ca0K)));

gispose (Dialog2,Done);

end;
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{ This procedure is used to eater and check the name assoicated with an existing data file.

procedure TMyApp.EnterFileName;
var

st Festhia

a : PDemoDialog;

R: T:gct;

C: Word;

errorsessage : STRING;

xleft

xrign{,

xleft2
xrighté,
ButtonLength,
OKXlocation,
OKYlocation,
CXlocation,
CYlocation,

first . BYTE;

extfile : TEXT;
Dirlnfo : Searcﬁnec;

begin {EnterFileName}
Xleft := 2;
Xright := Xleft + 22;
Yfirst := 2;
Xleft2 := Xright + 2;
Xright2 := Xleft2 ¢+ 30;
ButtonLength := 10;
OKXlocation := 10;
CXlocation := 35;
OKYlocation := 6;
CYlocation := OKYlocation;
R.Assign(s, 6, 65, 15);
Dialog2 := New(PDemoDialog, Init(R, ’'Pressure Distribution File Name'));
with Dialog2* do
begin
.Assign(Xleftz Yfirst, Xright2
Thomas2 := Neu(ﬁl
Insert(Thomas2);
R.Assign(Xleft, Yfirst, Xright, Yfirst + 1);
Insert (New(Plabel,Init(R,’-F-ile Name (<40 &har)’,Thosas2)));
R.Assign(Xleft2, Yfirst#é, Xright2, Yfirst+3);
Thomas2 := New(PInputiLine, Init(R,128));
Insert(Thosas2);
R.Assign(Xleft, Yfirst+2, Xright, Yfirst + 3);
Insert(New(Plabel,Init(R,’Error Message’ ,Thomas2)));

Yeirst+1);
nputLine, Init(R,128));

{ These are the escape buttons from the bax. To use the values entered cxecute cmOK. To discard the changes
execute cnCancel.

R.Assign(0XXlocation, OKYlLocation, OKXlocation + ButtonLength, OKYlocation + 2);
Insert(New(PButton, Init(R, '~0~k’, cmOK, bfDefault)));

R.Assign(CXlocation, CYlocation, CXlocation + ButtonlLength, CYlocation + 2);
Insert(New(PButton, Init(R, 'Cancel’, caCancel, bfNorma ))5;

end;
REPEAT
Dialog2“.SetData(FileName);
C := eskTop‘.ExecView(DiaiogZ);
it C <> camCancel then
begin
ski flag := FALSE;
Dialog2”.GetData(FileNane):
checkfi enane(filenane.nane,filenale.errorlessaqe)'
IF (C = caOK) and (FileName Name = **) THEN errorflag := FALSE

gF grrorflag <> FALSE THEN

egin
FindFirst(filename.name AnyfFile,DirInfo);
IF DosError <> 0 THEN
begin
errorflag := FALSE;
fiéenane.errorlessage := 'File *+filename.name+ ' Not Found!’;
end;
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end;

end else
begin
errorflag := TRUE;
skipflag := TRUE;
end;

UNTIL (((C = caCancel) or (C = ca0K)) and (errorfl
IF C = caCancel THEN BoundaryChoice.RadioButtonDat

Dispose(Dialog2,Done);
end; {EnterFileName}
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{ This procedure is used to enter the name of a data file which is 1o be created, the number of data points which will
be coatained in the fle, and check the file name to make sure it conforms of DOS standards.

procedure TMyApp.EnterFileName2,;
var

;203:32: :;iew; 1
alog?2: emoDialog;
R: ngct; 0
C: word;
errorasessage : STRING;
xleft
xright,
xleTt2
xrd nt3, th
uttonLength,
OKXlocation,
OKYlocation,
CXlocation,
CYlocation,
first : BYTE;
extfile : TEXT;

Procedure CheckNusberfPoints;

{ This procedure checks the number of points to make sure it is an integer and within range.
LABEL Done;
begin {CheckNumberPoints}

filename2.errormessage := '’;
errorflag := TRUE;
Checklntegeroata(*ilenalez.NunberPoints,filenalez.errorlessage,
‘Number Of Points Must Be > 0’,
'Number Of Points Out Of Range!’,errorflag, 0, 100);

end; {CheckNumberPoints}

begin {EnterFileName2)
eglefé = 2,

. ’

Xright := Xleft + 22;
Yfirst := 2;

Xleft2 := Xright + 2;
Xright2 := Xleft2 + 30;

ButtonLength := 10;
OKXlocation := 10;
CXlocation := 35;
OKYlocation := 7;
CYlocation := OKYlocation;

R.Assign(s, 6, 65, 16);
Dial := New(PDesoDlialog, Init(R, ’New Pressure Distribution File Name'));
with Dialog2~ do
begin
Assign(Xleft2, Yfirst, Xright2, Yfirst+t1);
Thomas2 := New(PlInputiLine, Init(R,128));
Insert(Thomas2);
R.Assign(Xleft, Yfirst, Xrlght yfirst + 1);
Insert{New(Plabel,Init(R,’~F-ile Name (<40 &har)’,Thomas2)));
ﬂ.Assign(x eft2, Yfirst+i, Xrightz, Yfirst+2);
Thomas2 := New(PInputlLine, Init(R,128));
Insert(Thomas2);
R.Assign(Xleft, Yfirst+1, Xright, Yfirst + 2);
Insert(New(Plabel,Init(R,’~N-umber of points’®,Thomas2)));

R.Assign(Xleftz Yfirst+3, Xright2, Yfirst+4);
Thomas2 := New(PInputLine, Init(R,128));
Insert(Thomas2);

R.Assign(Xleft, Yfirst+3, Xright, Yfirst + 4);
Insert New(Plaﬁel,lnit(R,'Error ﬁessage',Tho-asz)));

{ These are the escape buttons from the bax. To use the values eatered execute cmOK. To discard the changes
execute cmCancel.

R.Assign(OKXlocation OKYLocation, OKXlocation + ButtonLength, OKYlocation + 2);
Insert(New(PButton, Init(R, '-0-k’, cwOK, bfDefault)));

R.Assign(CXlocation, CYlocation, CXlocation + ButtonLength, CYlocation + 2);
Insert(New(PButton, Init(R, ’Cancel’, cmCancel, bfNormal)));
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end;

REPEAT
ski fla := FALSE;
Dit SetData(flleNalez

C: eskTop ExecVien(Dial 2);
ifr c <> caCancel th en o0%);s

in
ialog2“. GetDltaiFneﬂauZ),
checkfilename(filename2.nane,filename2.erroraessage);

IF ((C = coOK) and (FileName2.Mame = '’)) THEN
begin
grrorfl := FALSE;
filename2.errorsessage := 'No File Name Entered!’;

end
ELSE
IF errorflag = TRUE THEN CheckNumberPoints;

Seos else

n

errorflag := TRUE;
skipflaq := true;

UNTIL ((c = caCancel) orné(c = ce0K) and (errorflag = TRgE))),

IF C = caCancel THEN Bou
Dispose(Dialog2,Done);

end; {EnterFileName2)

aryChoice.RadioButtonDataA :
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{ This procedure is used for the off-axis data entry. }

procedure TMyApp.OffAxisData;
var

i e

a emoDialog;

R: ngﬁt' ’

C: Word;

tespval,

oimessage : STRING;

xleft

yfirst : BYYE;

{ This is the jocal procedure that checks the transducer data entries. [t ases CheckintegerDuta and CheckRealDsata
with the appropriate values. }

Procedure CheckOffAxisData;

VAR
ainval,
llxval :SINGLE;

LABEL Done;
begin {CheckOffAxisData}

{ First set the error message and error flag. Then check each data entry. Sance this procedure is called each time the
off axis index changes. If an error oocurs. set the error flag to FALSE and exit. }

m[offaxismdexl errorlessage H
errorfla?
VAL (ZU[ 0 fansmdex -1}.location,sinval,code);
VAL(Runxngut .Zmax,maxval,code
CheckReall ata(ZU[offaxisindexi location,ZU{offaxisindex}.errormessage,
'Off-Axis Entry Is Not A Number!’, 'Previous Entry '+
le[offaxxsmdex - 1].location + ’ Entry Out Of Range!’,errorflag, sinval, maxval);
‘I“Fmerrorflaq FALSE THEN GOTO Done;
e :

end; {CheckOffAxisData}

b

egfirst = 2;
Xleft := §;
Xright := Xleft + 3as;
Xleft2 := Xright + 1;
Xright2 := Xleft2 + 10;
STR(offaxisindex gtelpval );

R. Asslgn(s 8, 17!
Dial iz Ne« 1aloq, Init(R, 'Off Axis Location '+ tempval));
with Dialog2*

Assi (Xleft Yfirst, Xleft + 50, Yfirst + 1);

Insert Newi el Inﬁ( ‘Use Tab key or mouse to select data entry field’, Thomas2)));
R.Assign(Xleft2, Yfirst +'2 Xrirtz, first + 3);

Thons is New(PInputLine, fnit( 128));

Ingert( Thons

R.Assi n(Xloft Yfirst + 26ut Yfirst + 3
P

Insert New Plabel Init(n foint (> previous valuve < '+ Runinput.Zsax +'):’,Thomas2)));
R. Assign Yfl.rst + 4,59, Yfirst + 5“

i= New(mputl.ine, mn(a 128
Insert(Thomas2);

R.Assign(1, Yfirst + 4,15,Yfirst + 5);
anert(Neu(Plabel Init(R,'Error Message’ ,Thomas2)));

{ These are the escape buttons from the bax. To use the values entered execute cmOK. To discard the changes
execute anCance). }

R.Assign(10, Yfirst + 6, 20, Yfirst + 8);
Insert(Nev Psutton Init(R My & c-OK bfDefault)));
R.Assign Yfirs{ Q Yfirst + :

xnsert?uew(ﬁsutton, mi{(n, *Cancel’, c-éancel bfNormal)));
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REPEAT
Dial 2‘.SetData(ZUiOffoislndex]);
ow

C :=

eskTop“ .ExecV Dialo

2);
it C <> caCancel then 1:1003‘.éetoata(zu[offoisIndex]);

Check 10 see whether there are any errors. If an error has oocurred, then do not exit the program.
CheckOffAxisData;
UNTIL ( zac = caCancel) or (C = caOK)) and (errorflag = TRUE));
Dispose ialog2,00ne);

B-21




. { This procedure checks each location and pressure pair 10 make sure they are within range.

procedure TMyApp.BoundaryAxisData;
VAR

‘ Oialogs; Phemebial

ialog2: POemoDialog;

R: TRect;

C: WORD;

tespval,

errorsessage : STRING;

xleft,

xri,ht,
xleft2

xrlohti.

yfirst : BYTE;

procedure CheckBoundaryAxisData;

{ This procedure checks the normalized pressure or the radial input point to assure that the sommalized pressure is
less than 1.0 and that the radial input point is less than the transducer’s transverse radius.

VAR
minval,
maxval :SINGLE;

LABEL Done;
begin {CheckBoundaryAxisData}

BoundaryChoiceValues{offaxisindex) .erroraessage := '’;
errorflag := TRUE;
minval := 0;
VAL (Transducer .Diameter ,maxval,code);
maxval := maxval/2.0; _
CheckRealData(BoundaryChoicevalues|offaxisindex].location,
BoundaryChoiceValues[offaxisindex).errormsessage,
'Off-Axis Location Entry Is Not A Number!'’
'Location ' + BoundaryChoiceValues offaxisindex].location+
' out Of Range!', errorflag, minval, maxval);
IF errorflag = FALSE THEN GOTO Done;

minval := 0;

maxval := 1;
CheckRealData(BoundaryChoicevalues|offaxisindex].NorsalizedP,
BoundaryChoicevalues[offaxisindex] .errormessage,

*Pressure Is Not A Number!’,

'Pressure Entry Out Of Range!', errorflag, minval, maxval);
IF errorflag = FALSE THEN GOTO Done;

done :
end; {CheckBoundaryAxisData)

begin

Yfirst := 2;

Xleft := 8;

Xright := Xleft + 28;

Xleft2 := Xright + 1;

Xright2 := Xleft2 + 10;
STR{offaxisindex + 1,tempval);
R.Assign(s, 6, es,tag

Dial := New(PD
WITH Dialog2“

begin

eg.Assign(xleft-a Yfirst, Xleft + 50, Yfirst + t);
Insert(New PLabei, lnit(ﬁ, 'To Change The Value, Press Highlighted Letter’, Thomas2)));
R.Assign(x eft2, Yfirst + 2 Xright Yfirst + 5);
Thomas2 := Ne-(ﬁlnputLine, init( ,126));
Insert(Thomas2);
R.Assi?n(xleft Yfirst + 2, Xright, Yfirst + 3);

ialoq, Init(R, ’'Pressure Distribution Location - '+ tempval));

Insert(New(Plabel lnit(n,’ﬁadia ~p-oint (m)*,Thomas2)));
R.Assign(x eft2 ﬁfirst + 3 Xrightz Yfirst + 4);
Thomas2 := New(ﬁlnputLine, init( ,12&));

Insert(Thomas2);




R.Assign(Xleft, Yfirst + 3, Xright, Yfirst + 4);
Insert(NewéPlabel,lnit(H '*N-ormalized Pressure’,Thosas2)));
R.Assign(l ,YFirst + 5,59, Yfirst + 6);

Thosas2 := New(PinputLine, Init(R,128)};

Irsert(Thomas2);
R.Assi?n(l,vfirst +5

15,Yfirst + 6);
Insert

New(Plabel,lni&(n,'Error Message’ ,Thomas2)));

{ These are the escape buttons from the bax. To usc the values entered emecute cmOK.

execute cmCancel.

R.Assign(10, Yfirst + 7, 20, Yfirst + 9);

Insert(New(PButton, Inif(R, *-0-k', ceOK, bfDefault)));
R.Assign(38, Yfirst + 7, 45, Yfirst + 9);
Insert(New(PButton, Init(R, ’'Cancel’, caCancel, bfNorsal)));

end,
REPEAT
Dialog2*.SetData(BoundaryChoiceValues[0ffAxisIndex});
C := DeskTop“.ExecView(Dlalog2);
IF € <> caCancel THEN
Dialog2”.GetData(BoundaryChoiceValues|[OffAxisIndex]);
CheckBoundaryAxisData;
UNTIL (zéc = cmCancel) or (C = cmOK)) AND (errorflag = TRUE));
gispose ialog2,Done);
end;
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- procedure TMyApp.NewWindow;
" var
Window: POemoWindow;
T R: TRect;
- begin
nc('inCount&;
R.Assign(0, O, 45, 13);
R.Move({Randoa(34), Random(11));
Window := New(PDemoWindow, Init(R, ’'Demo Window’, WinCount));
geskTop‘.Insert(WXndow);
end;

var
MyApp: TMyApp;
{ This procedure is used to initialize the radio button choices and the file names.

procedure InitiateBoundary_FileName;

in
T? BoundaryChoice DO
n

ioButtonDataA :=
RadioButtonDataB :=
end;
WITH FileName 00
begin
Name := '’;
ErrorMessage := *’;

end;

WITH FileName2 DO

begin
Name
NusberPoints
ErrorMessage := '°';

end;

end;

G
0

wowe

waun
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{ This procedure saves the parameter values selected for use as defaults for the next un
procedure WriteDefault;

VAR
toxtfile : TEXT;

begin iteDefault

Assign(textfile, 'Default.dat’);

Rewrlite(textfile);

wWith Transducer do

begin

riteln(textfile,Diameter);

Writeln(textfile,RadiusOf ;;
writeln(textfile,frequency);
Writeln(textfile,pressure);

end
with Runlnput Do
begin
iteln(textfile,MINM);
Writeln(textfile,WAM);
Writeln(textfile,Npoints);
writeln(textfile, ints);
writeln(textfile,DeltaR);
writeln(textfile,Zasin);
Writeln(textfile,Zmax);
Writeln(textfile,Ageax);
griteln textfile,RadiusMax);
end;
For'n := 0 to 50 do
WITH 2U[n] Do
begin
driteln(textfile,location);
end;
Writeln(textfile,NusberBoundaryPoints);
EOR_n := 0 TO NumberBoundaryPoints - 1 DO
egin
VAL (BoundaryChoicevalues[n].location,teapt,code);
VAL (BoundaryChoicevalues{n] .NorealizedP,temp2,code);
Writeln(textfile,Tesp1:12:8);
zriteln(textfile,relpz:12:8);
end;
Close(textfile);
end; {(WriteDefault)




{ This procedure reads the parameter values selected for use as defaults for the next run.
procedure ReadDefault;

VAR
textfile : TEXT;

ReadDefault}
Assi textfile, ’Default.dat’);
Reset (textfile);
With Transducer do

b
eaeadln textfile, Dialeter
Readln textfile Radiusbf
Readln(textfile, frequency
Readln(textfile,prossuro).
errorsessage := '’;

end;

With RunInput Do

b

egeadln textfile,MINM);
Readln(textfile,MAXM
Readln(textfile Npoints);
Readln(textfile, NDgointo);
Readln{textfile,De an),
Readln(textfile, Zlin
Readln textfile Zmax);

Readln(textfile ng-ax)

Readln(textfile, Radiusuax),

errormsessage := '’

end;

Forn := 0 to 50 do

WITH 2V[n] Do
egeadln(textfue location),
errornessage 1=

REAbLN(textflle,NunberBoundaryPoints);
FOR n := O TO NumberBoundaryPoints - 1 DO

begi
gEADLN(textf11e BoundaryChoicevValues|n}.location);
READLN(textfile ,BoundaryChoicevalues{n].NormalizedP);
BoundaryChoiceValues[n] errorsessage := '';

end;

FOR'n := NumberBoundaryPoints TO 100 DO
WITH BoundaryChoiceValues(n} DO

b

egocatlon =
NormalizedP :=
errormessage :=

end;
close(textfile),
end; {ReadDefault}
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{ This procedure writes the input data file for the LFOCUS run
procedure WritelnputData;
VAR

textfile : TEXT;

teapstring : STRING;

tesmpval,

radiussaxval,

deltarOut,

radiusval : DOUBLE;

teapint : INTEGER;

begin itelInputData

Assi nmxtﬂlo,'l .dat’);

Rewr te{toxtfuo)i

Writeln(textfile, 1'&
writeln(textfile,'1.0d-6°');
writeln(textfile,RunInput.fadiusMax);
Writeln(textfile,RunInput.Rguax+’'D0’);
Writeln(textfile,’2.5d-14°);
Writeln(textfile,Transducer.pressure+'D+3’);
Writeln(textfile,’9.96d+2°);
Writeln(textfile,’$.500°);
Writeln(textfile,Transducer.RadiusOfC+'00’);
VAL (Transducer .Dlaneter yteapval, code);
tempval := tespval/2.0;
STR(tempval:9:6,teapstring);
writeln(textfile,t trin +’DO');
writeln(textfile,Runlnput.DeltaR+’00');
writeln(textfile,Runinput.Zein+'D0’);
Writeln(textfile,Runlnput.Zmax+'D0’);
Writeln(textfile,RunInput.Npoints);
w1te1n$textf11e,nun1n ut.NDpoints);
VAL (RunInput .NDpoints,Tempint,code);
For n := 1 to tespint Do

WITH ZU(n} Do

be&in
driteln(textfile,locatioM'DO' )s

end;

with Runlnput Do

begin
Writeln(textfile ,MINM);
Writeln(textfile MAXM);

end
writeln(textfile,’1.492D+3');
writeln(textfile,Transducer.‘frequencyvbd-s’ );
Writeln(textfile,NuaberBoundaryPoints);
;onin := 0 TO NumberBoundaryPoints - 1 DO
egin
VAL (BoundaryChoicevValues{n].location,tempt ,code);
VAL (BoundaryChoiceValues| nL .NormalizedP, tesp2,code);
Writeln(textfile,Temp1:12:8," ’,Temp2:12:8);

end;
Close(textfile);
end; {WritelInputData)}
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{ This procedure writes a file which contains the location, sormalized pressare pair that is used to describe the initial
amplitude distribution at the face of the transducer.

procedure WriteBoundaryFile;

VAR
textfile : TEXT;
] : INTEGER;
Templ,
Temp2 :DOUBLE;

begin (WriteBaundaryFile)

Assign(iextfile,FileName2.name),
Rewrite(textfile),

Writeln(textfile,FileName2 NumberPoints ),

FOR a := 0 TO NumberBoundaryPoints - 1 DO

begin
VAL(BoundaryChoice Value{s].location,temp1,code);
VAL(BoundaryChoice Values{o] NormalizedP temp2 code);
Writeln(textfile, Temp1:12:8);
Writeln(textfile, Temp2:12:8);

ead;

CLOSE(textfile);

end; {WriteBoundaryFile}

begin {Menu}
ZU[0).location := 0.0";
ReadDefaunit;
InitiateBoundary_FileName;
errorflag := TRUE;
MyApp Init;
MyApp.Run;
MyApp.Done;
WriteDefault;
IF BoundaryChoice.RadioButionDataA = 2 THEN
If BoundaryChoice.RadioButionDataB = 1 THEN WriteBoundaryFile:
WritelnputData;
end. {Menu}
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Some additional ierms used in the program

ZMIN - Minimum Z valie for output purposes

ZMAX - Maximum Z value for output purposes

RGMAX - Maximum grid dimension

Rgmin - Minimum grid dimension

Rmax - Maximum R vale

THRESHOLD - Amplitude threshold when spectral term s added
MINM - Minimum number of spectral terms in a calcualtion
MAXM - Maximum oumber of speciral terms in the aalkcualtion
NPOINTS - Number of normal longitudinal output poiats
NDPOINTS - Number of detailed longitudinal output poets
Number_BP - Number of transverse boundary points (iacluding 0)
TPOINTS - Total number of output points

JIOUTMAX - Maximum transverse index for output
MARRAYINDEX - Maximum array index

IMAX - Mazimum transverse array index

IMAX1 -IMAX - 1

IMAX4 -IMAX -2

IMAXMIN - Starting transverse array index

IMAXMAX - Maximum transverse array index

RESTART - Flag for restart afier a coutrolicd exit

K - Couater for on-axis output

L - Counter for off-axis output

OOUNTER - Local counter for fixing output points

CASE - The current analysis case

NSTEP - Step number

P - P

TWOP: -20°P

) - Initial Oun-axis pressure (kPa)

Omega - Angular fundamental frequency

BoverA - Noanlineariity parameter (B/A)

Bover2A -1 + BoverA2

Number_RP - Number of uniformely spaced radial powmts
NewDeltaR - Radial step size in meters

DOUBLE PRECISION K1, K2, K3, KN1, KN2, KN3, KN4

DOUBLE PRECISION ZMIN, ZMAX, 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_ BP
INTEGER TPOINTS, COUNTER, IMAX, I, NSTEP, K, L, M, IMAXMIN

INTEGER IMAXMAX, IMAX4, IMAX1, Number_RP

LOGICAL NEWTEST

This is the first set of COMMON blocks

COMMON /ALL/ NEWTEST
COMMON /CONSTANTS/ A, D, Freq, CO, TwoPi, Pi
COMMON /KVALUE/ Kt, K2, K3, KN1, KN2, KN3, KN4
This commoa is used for indicees
COMMON /INDEXES/ IMAX, M, IMAX{
This common is used by NEXT and the main program
COMMON /NEXTC/ DeltaR, DeltaZ, Rayleigh, Ld, AlphaD, Rmax

Al this point, take the maximum and minimum Z vahes and the specified
deuiled output points and determine the points to output data.
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299

298

The logic is simple. First cakeulate the location of each normal output

point. Then make a loop and use the loop to populate the ZOUT array. As
the array is populated. check 1o see if a detailed output point has been
reached. If so, add it to the amay

Before reading the input data write one as the restan flag so that the
restart oplion can be exercised, if desired.

OPEN(S,FILE = 'RESTART'®)
READE 5') Restart
(5)

CLOS!
Set the maximum array index
MARRAYINDEX = 4000

If restarting exccution, reset the current parameter vahies to the ones present
whean the run was teminated.

IF (RESTART.EQ.1) THEN

If restarting, read the relevant paramtcers.

gPEN(g,FILE*'TEWl .DAT')
3

Case
EAD(S5,*) Threshold
READ(5,*) loutMax
READ(S,*) Rgsax
READ(5,*) anin

READ(S5,*) Alphao
READ 5,'; Alpha
5,* »;lophao

READ?S,') Ro0
5,*) BoverA
READ(S,*) Bover2A

READ(5,*) DeltaR
READ(5,*) DeltaZ
READ(5,*) Zmin

READ(5,*) KN4

READ(5,*) Npoints

READ(5,* ints

READ(5,*) Number_BP

READ(5,*) Tpoints

DO 299 I = 1, NDpoints
READ(S, *) hu(1)

00298!=0 Number BP - 1
READ(5,*) Boundaryl’(o I),BoundaryP(1,1)

CONTINUE
READ 5, MinM
READ 5 [}
Haxl
READ
5,') Fl‘eq
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335

336

337

338

397

READ(S,*) Omega
READ 5 ') Ray eigh
READ 5 Ld
READ(S ¢) Pi
READ(S,') TwoPi

Now, read the initially calcualted output array.

DO 606 I = 1, Tpoints
READ(5,*) 20UT(1)

CONTINUE

CLOSE(5)

Next, read the arrays used in the calculation G and H.
CALL READTEMP(G, H, MAXM, IMAXMAX)

Now, open the old output files from the terminated run, set the pointer
10 the end of the file, and return to the program.

OPEN(11,FILE="AMPZ’ ,STATUS='OLD" )
READ(11,",END=335) OuMMY

GO TO 334

omgrz FILES PHASEZ: STATUS="0LD")

e END=336) DU
OPEN(13,FILE="AMPZR’ ,STATUS="OLD" )
READ(13,*,END=337) DUMMY
Go 10 336

OPEN(14,FILE="PHASEZR' ,STATUS='0LD" )
nmusé ,END=338) DUMMY

BACKSPACE(11)
BACKSPACE (12)
BACKSPACE (13
BACKSPACE (14
DUMMY = DUMMY * 1.0

Jump to program cxecution.

GOTO 333
ENDIF

This is not a restart, therefore open the menu program. But first set
restart 1o 1 for future reference.

OPEN (5,FILE = 'RESTART')
Restart = 9

WRITE(S 397) Restart
FORMA éi

CLOSE (3)

Execute the menu program.

CALL SYSTEM(’Menu.exe’)

This is the primary code input section. For the integrated Pascal & FORTRAN

code, the file INPUT.DAT is the transfer point between the two codes.

OPEN(S5,FILE = 'INPUT.DAT’)
READ 5 *) Case
READ 5,' Threshold
READ(S5,*) IoutMax
READ(S,* max
READ{S,') A phao
READ(5,*

READ(5,*

READ 5 »Y) BoverA
READ(5,*) D

READ 5 *) A
ans *) DeltaR




READ(S,* zun

READ(5,* Ngoints
points

'

Hink
IaxI

ints
399

READ(S, -) hummogr
DoZﬂl-O.Numbu BP-1
READ(S,*) BoundaryP(0,1), BoundaryP(L.l)
297 CONTINUE

Close the file and calculate some of the parameters

CLOSE(S)

Set the boundary region Rgmin 10 10% greaier than the physical edge
of the ransducer.

Rgain = 1.1D0
Cakulate B2A using B/A

Bover2A = 1.000 + (BoverA/2.000)
* Set the valucs of Pi and 2 Pi for the program

Pi = 2.000 * DASIN(1.000)
TwoPi = 2.000 * Pi

¢ Sct Omega and the attenuation terms
Omega = TwoPi * Freq
Alpha = Alphao . (Freq"Z)
AlphaD = Alpha *

. Set the total number of points
TPOINTS = NPOINTS + NDPOINTS

. Now open the output files

OPEN(11,File
OPEN{12, JFile = 'PHAS ')
OPEN 13 FILE = 'AMPZR’

. OPEN(14, JFILE = 'PHAS )

' ANPZ

[ I

¢ To identify the output later include the input data a file header.

DO 237 1 = 11,14
CALL HEADER(I Case,D,A,P0,DeltaR,Znin,Zmax,loutMax,Npoints,NDpoints ,Nusber_BP,Tpoints,
ZU inl Ilaxll Freq,BoundaryP)
337 CONTINUE

. Set Z 10 ZMIN, COUNTER 10 1, and popalate the output point army.

DUMMY = (ZMAX - ZMIN)/NPOINTS
2 = ZuIN
COUNTER = 1
00 10 I = 1, TPOINTS
Z= Z + DUMMY
Irz((zzce zu&ogumen) ) .AND. (COUNTER.LE .NDPOINTS)) THEN
= -
ZOUT(1) = 2U(COUNTER)
COUNTER = COUNTER + 1
ELSE
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20UT(1) = 2
ENDIF
CONTINVE

Now initialize a sumber of program parameters.
First, cakcualte the K values used in the differencing scheme.

K1

1.000/90.000

-1.000 * ((1.000/12.000) + (2.000/30.000))
(18.000/12.000) ¢ (15.000/90.000,

11.000 * ((30.000/12.000) + (2.060/9.000))

-
BUHHNNNN

Then the rest
IMAXMAX = INT((Rgmax/DeltaR) + 1.00-5)
This keeps the data entry errons from blowing up the code.

IF (IMAXMAX.GT.MARRAYINDEX) THEN
EN{l)IF MAX = MARRAYINDEX

Coatinue with the cakulation.

IMAXMIN = INT((Rgmin/DeltaR) + 1.0d-5)
IMAX = IMAXMIN

IMAX4 = IMAX - 4

K = 1

L s 1

NSTEP =0

Rayleigh = Omega * A * A/(2.000 * CO)

For later use save the initial value of DehaR.
OldDeltaR = DeltaR

DeltaR = DeltaR * DSQRT(Rayleigh/D)
Rmax DSQRT (Rayleigh/D)

Use 0.4 in the DeltaZ coaversion process to make the cakulations more stable.

DeltaZz = 0.4d0 * (DeltaR ** 2)
Z = -DeltaZ
Calkeulate the initial discontinuity distance.

Ld = RoO * (CO**3)/(Bover2A * Omega * PO)
¥ = Mina

Now run the initialization programs. Remember the initialization bas to
be at the maximum grid points. First set the transverse boundary condition.

CALL SET_BOUNDARY(A, Number_BP. Radial_P, BoundaryP, NewDeltaR, Number_RP, OldDeltiaR, IMAXMAX)

CALL INITIAL(G, H, IMAXMAX, MAXM, DeltaR)
This is the rentry point for a restart.

CONTINUE

IMAX1 = IMAX - 1

To allow program restart, set the coantral break option. Once Ciri Cis
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100

2000

115

pressed, the program will jump to the designated point, once detected.

NEWTEST = .FALSE.
OPTION BREAK(NEWTEST)

Set the major program loop

NSTEP = NSTEP + 1

2= 2 + DeltaZ

IF (2.GT.20UT(K)) THEN
Z = 20UT(K)

ENDIF
CALL NEXT(G,H)

‘This simple four line section of code floats the transverse boundary.
Calculate the amplitude four cells from the rigid boundary. If it has
exeeded the thresbold, expand if necessary. This works because the lowest
index value corresponds to the lowest frequency.

IF (IMAX.LT.IMAXMAX) THEN
1 Impltu(e(!uu ,1),H(IMAX4,1)).GT.Threshold) THEN

IF (IMAX.GE.IMAXMAX) IMAX = IMAXMAX
IMAXY = IMAX - 1

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

IF (Z.EQ.Z0UT(K)) THEN
Al each output point, write the on-axis amplitude and phase spectra.

WRITE(11, 1009) , z, (AMPLTU(G(O,N) ,H(O, N)) N = 0,M)
WRITE(12,1009) M , Z, (PHASE(G(O,N),H(0,N)),N = 0,W)
WRITE(* 500 Nstep, zZ, k, », Twax
;ORMT( Nstep = ,16,' 2= ',F10.6," k= ',13,’ a = *,13,’ Imax = ', 14)
=
ENDIF
FORMAT (1P, 14, ' ,500€16.4E4)
IF(Z.EQ.2U(L)) THEN

If z is at the pont z(1) the increment the index in the zu(l) array.

IF(L.LY.NDPOINTS) THEN
L=L +t

ELSE
L = NOPOINTS

ENDIF

This is the place to output the spectra to ampr and phaser.

DO 2000 INEW = O, JOUTMAX
WRITE(13,1009) I, Z, (0ldDeltaR * INEW), (AMPLTU(G(INEW,N),H(INEW,N))
m!TEéM,lOOS) M, Z, (0OldDeltaR * INEW), (PHASE(G(IMEW,N), H(INEW N)),

ENDIF
IF (M.LT.MAXN) THEN
IF (AMPLTU(G(0, 1) ,H(0,M)) .GT . Threshold) THEN

ENDIF
ENDIF
IF(K.EQ. (TPOINTS+1)) GO TO 115

If ~C has been pressed the go to 905.

IF(NEWTEST) GOTO 805
GOTO 1
CONT INUE
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199

296

If finished, then reset restart to 0.

OPEN(S,FILE="RESTART * )
RESTART = 0
WRITE(5,*) RESTART
CLOSE(S}

Now jump 1o 906

GOTO 906
CONTINVE

H restarting, then write the relevant paramtens.

OPBléS FILE='TEMP1.DAT’ )
WRITE(S,*

Case

WRITE(S,*) Threshold
WRITE(S,*) loutMax
WRITE(S,*) Rgmax
WRITE(S,*) Agein
WRITE(S5,*) Raax
WRITE(S5,*) AlphaO
WALTE(s:+) Alphad

)

]

WRITE(S,*) PO
WRITE(S5,*) RoO
WRITE(S5,*) BoverA
WRITE(5,*) Bover2A
WRITE(S,*)
WRITE(S,*
WRITE(S,*) DeltaR
WRITE(S,*) DeltaZ
WRITE(S5,*) Zmin
WRITE(S,*) Zmax
WRITE(5,*) Z
WRITE(S5,*) K
WRITE(S5,*) L
WRITE(S5,*) NSTEP
WRITE(S5,*) IMAXMAX
WRITE(S IMAXMIN

*

1
WRITE(S,*) IMAX
WRITE(5,*) IMAX4
WRITE(S,*) X1
WRITE(S5,*) K2
WRITE(5,*) K3
WRITE(S5,*) KNt
WRITE(S,*) KN2
WRITE(5,*) KN3
WRITE(5,*) KN4
WRITE(5,*) Npoints
WRITE(S,* uggoints
WRITE(S,*) Nuaber_ B8P
WRITE(5,*) Tpoints
D0 199 { = 1, NDpoints

M\ITEéS,‘) 26(1)

CONTINU

DO 296 I = 0, Number BP - 1
vngrsés,-) soundaryP(0,1),’ *,BoundaryP(1,I)

N
WRITE(S,*) MinM
WRITE(S,*) M
WRITE(S,*) Maxi
WRITE(S,*) cO
WRITE(S5,*) Freq
WRITE(S,* on!a
WRITE(S,*) Rayleigh
WRITE(S,*) Ld
WRITE(S,*) Pi
WRITE(5,*) TwoPi




* Now write the outpst array that was initialh calculated.

00 406 I = 1, Tpoints
WRITE(S,*) 20UT(1)
406 CONTINUE
CLOSE(5)
¢ Next write the armays used for G and H in the calkulation.

CALL WRITETEMP(G, H, MAXM, IMAXMAX)

906  CONTINUE
WRITE(®,*) 'PROGRAM EXECUTION COMPLETED'

Now close the output files
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SUBROUTINE HEADER(N,Case,D,A,PO,DeltaR,Zmin,Zmax, ToutMax ,Npoints NDpoints, Nusber_ BP,Tpoints,
ZU,NinM, MaxM, freq ,BoundarypP)

b This subroutine writes a header on each output file
DOUBLE PRECISION Zmin, Zmax, DeltaR, D, A, Freq, ZU(50), PO, BoundaryP(0:1,0:100)
INTEGER CASE, I, Npoints, N6points, Tpoints, MinM, MaxM, N, IoutMax, Number_BP

LOGICAL NEWTEST
COMMON /ALL/ NEWTEST

This is the collection of wrile statements

WRITE(N,*) CASE
WRITE(N,1000) D
WRITE(N,1000) A
WRITE(N,1000) PO
WRITE(N,1000) OeltaR
WRITE(N,1000) Freq
WRITE(N,1000) Zmin
WRITE(N,1000) Zmax
WRITE(N,*) IoutMax
WRITE(N,®* :Boints
WRITE(N,* points
WRITE(N,*) Tpoints
WRITE(N,*) WinM

WN!T(E)&I,') MaxM
DO 1 1 = t,NDpoints
WRITE(N,1000) 2u(I)
1002 CONTINU

DO 1003 I = 0, Number BP - 1

WRITF (N, ") BoundaryP(0,1),* *,BoundaryP(1,1)

1003 CONTINU
1000 FORMAT(1P,E15.63)

RETURN

END
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SUBROUTINE READTENP (G ,H ,MAXM, IMAX)
DOUBLE PRECISION G(0:4000,0:30), H(0:4000,0:30)
INTEGER MAXM, IMAX

This subroutine reads files Temp2.dat through TempS.dat.

OPE"GSS FILE*'TEWZ DAT’)
7 1=0,MAXM
00 608 Jy = O, IHAX
READ(S, ) G(J I)
CONTINU
OONTINUE
CLOSEé
OPE% FILE='TEU3 DAT
7 x-jmxwz

READ(S,') é(J 1)
CONTINUE

CONTINUE
ct.oseg z
OPEN(S,FILE="TEMP4 .DAT’)
DO 617 1=0,MAXM/2
oo 618 J' = 0,IMAX
READ(S,') R(J,I)
CONTINU
oounuue
CLOSEé g
OPEN(5,FILE="TEMP5.DAT’)
DO 317 I=(MAXM/2)+1,MAXM
DO 318 J = 0,IMAX
READ(S,*) M(J,I)
CONTINUE
CONTINUE
CLOSE(5)
RETURN
END
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SUBROUTINE WRITETEWP(G,H

DOUBLE PRECISION G(0:4000,0:30), nzo :4000,0:30)

INTEGER MAXM, IMAX

This subroutine writes Temp2dat through TempS$ dat

FORMAT (1P, 4030.15
OPEN(S,FILE=" TEWPZ.DAT )
00 100’ 1=0, IAxmz
00 90 J = 0,1
vmwés 'S G(J I)

CONTINVE
CLOSEéS;
OPEN ILE"TEDS DAT'R
= (MAXM/2)+
N 190 = 0,1
MITEéS »Y) G(J 1)

CONTINUE

CLOSE(5)
oregso ,FILE='TEMP4.DAT’)
%) 1=0, MAXM/2
DO 290 J'= 0, INAX
WRITEéS ,*) HJ,T)
CONTI

CONTINUE

cLose;,sz

OPEN( ILES’TEIPS DAT')

DO 400 I=(MAXN/2)+1 ,MAXN
00 390 J = 0,1

wnnEés,') "H(J, 1)

CONT

CONTINUE

CLOSE(5)

RETURN

END

C-13




100

110

® o & o o

210

SUBROUTINE SET_BOUNDARY(A, Number_BP, Radial P, BoundaryP, NewDeltaR, Number_RP,
Oidbeltaﬁ, Imax)

This subrautine cakculates the initial normalized pressure distribution

Declared variables

A = Transducer radus

Number_BP = Number of experamental values
Number_RP = Number of uniformly spaced radial points
BoundaryP = Experimental point 2-D armay

OldDeltaR = Normalized siep size

NewDeltaR = Radial step size (meters)

Radius = Radial locatioa (meters)

Radial P = Uniformly spaced normalized pressure vakies
Locallndex = Array index for incrementing BoundaryP
1 = Loop index

Imax = Maximum number of transverse terms

m = Slope

b = Y intercept

INTEGER Number BP, Locallndex, I, Number RP, Imax
DOUBLE PRECISION Radial Péouéooi, BoundaryP(0:1,0:100), NewDeltaR
DOUBLE PRECISION OldDeltaR, Radius, m, b, &

Set number of radial points. This vakie is passed to main program.

Number RP = IDIN‘I’éLOdO/OldDeltaR)
IF (DMDD(1.0d0,01dDeltaR).NE.0.0d0) Number _RP = Number_RP + 1

Given the numbes of radial points, set the pressure values. For a
uniform distribution set the pressure 10 1 and go 10 the end.

IF (Nusber_BP.EQ.1) THEN
DO 100 I = 0, Nuaber RP
Radial P(I} = 1.040
CONTINUE
DO 110 I = Number_RP +1, lsax
Radial P(I) = 0.0d0
CONTINUE
GOTO 500
ENDIF

Now if we don't have a uniform distribution, construct a profile
based oo the cxperimental points. Set the on axis point (0),
the local index, and radial step size (in meters).

Radial P(0) =1BoundaryP(1 »0)

Locallndex =
NewDeltaR = 0ldDeltaR * A

Now build the armay

D0 200 I = 1, Number_ RP
Radius = I * NewDeltaR

Check whether the radius is < BoundaryP(0,localindex). If so,
interpolate to determine Radial_P(T)

CONTINUE

IF (Radius.LE.BoundaryPio,Localxndex)) THEN
8 = (BoundaryP(1,Locallndex) - BoundaryP(1,Locallndex - 1))
® = m/(BoundaryP(0,LocalIndex) - BoundaryP(O,Locallndex - 1))
b = BoundaryP(1,Locallndex) - (a * BoundaryP(0,Locallndex))
2fgéal_l'(l) = (@ * Radius) + b

If not, increment the index and loop back.
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220

IF (Locallndex .LT. {NJ:ber_BP - 1)) THEN

Locallndex = Locallndex + 1
GOYO 210
ELSE
Radial_P(1) = BoundaryP({1,LocalIndex)
ENDIF
ENDIF
CONTINUE

DO 220 I = Number_RP +1, Imax
Radial P(I) = 070d0
CONTINUE™

CONTINUE

Now write the results to check the process.

OPEN(S,File = 'TelRFilu.dat’)
write(3,*) Number Rp
write(5,*) NewDeltaR
Write(s,*
Write(5,*) Nuaber BP
Write(5,*) OldDeltaR
Do f = 0, Imax
RADIUS = I * NewDeltaR _
ﬂriteés,') Radius,’ ’,Radiai_P(1)
CONTINU
CLOSE(5)

>

Stop and return.

RETURN
END
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SUBROUTINE INITIAL(G, H, IMAX, MAXM, DeltaR)

This subroutine lnitializes the cocfficients G and H a1 the transverse boundary.

DOUBLE PRECISION G(0:4000,0:30), H(0:4000,0:30), U, DeltaR
DOUBLE PRECISION INIAN, INIPHS, A, D, Freq, CO, TwoPi, Pi
INTEGER MAXM, IMAX, I,

LOGICAL NEWTEST

COMMON /ALL/ NEWTEST

COMMON /CONSTANTS/ A, D, Freq, CO, TwoPi, Pi

Siace ouly a single barmonic cxists at the start, initalize G and H of (i1).

DO 10 I=0,IMAX
b=l "DeltaR
Aadlal P(I).NE.0.000) THEN
6(I,1) = Radial _P(I)* !nums u”
e H{I,1) = Radial_ P(I *DSIN xnxmsfu

G = 0.000
3! 1) = 0.000

CONTINUE

For safety’s sake set all other terms to O
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DOUBLE PRECISION FUNCTION INIPHS (V)

This procedure adjusts the phase of the input pressure front so that it
appears to be comming from a aurved surface.

DOUBLE PRECISION A, D, Rvalue, U, Freq TwoPi, Pi, K
DOUBLE PRECISION DeltaR, Deltaz, nayuign, Ld, ALphaD, Ramax
LOGICAL NEWTEST

COMMON /ALL/ NEWTEST

COMMON /CONSTANTS/ A, D Fr:g TwoPi, Pi

COMMON /NEXTC/ DeltaR, DeltaZ, Rayleigh, Ld, AlphaD, Rmax

Coavert from nomalized radial coordinates to rea) coordinates.

Rvalue = A * U * DSQAT(D/(4.000 * Rayleigh))

Calculate the wave number based on the inpot frequency

K = TwoPi * Freq/CO
Phase Factor
INIPHS = K * (DSQRT(D*D + Rvalue*Rvalue) - D)

RETURN
END
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SUBROUTINE NEXT(G,H)

This subroutine cakulates 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(O:4000)

DOUBLE PRECISION GFN(0:4000), 'WFN(0:4000) ém.ogo 14000),, Rmax
DOUBLE PRECISION SUMG, SUMM Egs, ¥1e1g Freg, 'co, C3
DOUBLE PRECISION C1, G2, oeita Deltaz, Ld, AlphaD, TwoPi, Pi
INTEGER M, IMAX, LMAX,

LOGICAL NEWTEST

COMMON '/ALL/ NEWTEST

COMMON /CONSTANTS/ A :g TwoPi

COMMON /NEXTC/ DeltaR, O8ent Rayleigh, Ld AlphaD, Rmax
COMMON /INDEXES/ IMAX, M, IMAX1

Set the local convergence constants

E&X"MS

These constants are calculated outside the loop to speed wp the program.

DO 60 N=1,M

c1-oeitaz-u-o/(2ooo-ml

C2 = 1.000 /(1.0D0 + (DeltaZ * AlphaD * N * N))
C3 = Deltaz/(4.000 * N * DeltaR * DeltaR)

This loop cakculates the non-linear term contribution.

DO 10 I=0,IMAX1
GOLD(I) = G(I,N)
cru(xi GOLD(I +C1*SUMG(G,H,N,M,1)
HNEW I,N
HFN( ) = mcswmm-sum(e H,N,N,T)
CONTINU:

L is the convergence counter. If L exceeds 20, the program aborts.
L=1
Apply the seven point Lapacian

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

If the step to step error exceeds the convergence factor, conlinue (o iterate.

0 \von I-oéwsusw I) - GOLD(I
Tt - ( (1) - (1))

1F (NORH GT.EPS) GOTO 77
CONTINUE

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

GO TO 54

CONTINUE

DO 59 I=0,IMAX1
GOLD(I) = GNEW(I)

CONTIN

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

IF (L.GT.LMAX) THEN
WRITE(*,*) *ITERATION FOR N = ',N,’ FAILED. PROGRAM ABORT’
vmre# 5) NORM, Eps, L, IVAL'
(ip,zms 6,215)

B‘DIF
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Increment L and continue to iterate

L=1L+
GO T0 20

Set G and H 10 the new vakes

00 53 1 = 0,IMAX1
G(I,N) = GNEW(I)
u_‘x.n = HNEW(I)

CONTINV

CONTINUE

CONTINUE
RETURN
END
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SUBROUTINE CONVOL (Z,X,C2,C3,Y)
This subroutine performs the seven point laplacian operator at each point in the Array Y.

DOUBLE PRECISION Z(0:4000), Y(0:4000), X(0:4000), C2, C3, K1, K2, K3
DOUBLE PRECISION KN1, KN2, KN3, KN4

INTEGER IMAX, M, IMAX1

LOGICAL NEWTEST

COMMON /ALL/ NEWTEST

COMMON /INDEXES/ IMAX, M, IMAX{

COMMON /KVALUE/ K1, K2, K3, KN1, KN2, KN3, KN4

= The output value which is G or H

= The previous girdpoint value which is G or H

= The aurrent grid value which is H or G

= 10D0 (1.0D0 + (DeltaZ * AlphaD * N * N))

= D * DeltaZ/(4.0D0 * Z0 * N * DeltaR * DeltaR)

QQ~<xXN

Caicualte the oa-atis lerm, and the next two lerms moving away from the axis

2(0) = €2 "((:Sorvcg ¢ (KN1 * (Y(3) + Y(3)) + KN2 * (Y(2) + Y(2)) + KN3 * (Y(1) + Y(1))
+

2(1) = c2 *(X(1)+ (KNT * (Y(4) + Y(2)) + KN2 * (Y(3) + Y(1)) + KN3 * (Y(2) + Y(0))
+ KN4 % Y(1)))

2(2) = €2 '(XS2)+ C3 * (KN1 * (Y(5) + Y'(l)) + KN2 * (Y(4) + Y(0)) + KN3 * (V(3) + Y(1))
+ KN4 * Y(2)))

Next compute the terms up to the IMAX - 4

DO 10 1 = 3, IMAX - 4
Z(1) = C2 *(X(I)+ €3 * (KNT * (Y(I+3) + Y(I-3)) + KN2 * (Y(I+2) + Y(I-2))
+ KN3 ¢ (Y(I+1) + Y(I-1)) + KN4 * Y(I)))
CONTINUE

End by calcualting the tenms at the upper boundary

Z(IMAX-3) = €2 * (X(IMAX-3)+ C3 * (K1 * (Y(IMAX-1) + Y(IMAX-5)) + K2 * (Y(IMAX-2)
+ Y(IMAX-4)) + K3 * Y(IMAX-3)))

Z(IMAX-2) = €2 * (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) - 2.0D0 * Y(IMAX-1)))

Retum to the main program

RETURN
END
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This pair of functions is used 10 cakulate lincarized sum term at
cach longitudinal step

DOUBLE PRECISION FUNCTION SUMG(G,H,N,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 , 1
LOGICAL néwvésr
COMMON /ALL/ NEWTEST
suu = 0.000

DO 10 K =1, (N-1)

SUM = suﬁ+c(x " -K)*G(1,K)-H(I,N-K)*H(I,K)
CONTINUE
IF (uoo(n 2).EQ.0) THEN
= SUM + (0.5*(G(I,N/2)"*2 - H(I,N/2)**2))

suoxr

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

SUMG = SUM

RETURN
END

DOUBLE PRECISION FUNCTION SUMH(G,M,N,M,I)

This function cakualtes the linearized contribution for H.

DOUBLE PRECISION G(0:4000,0:30), H(0:4000,0:30), SUM
INTEGER K, N, M, I
LOGICAL NEWTEST'
COMMON /ALL/ NEWTEST
SUM = 0.000
00 10 K=1,(N-1)

SUM = SUMG(I,N-K)*H(I,K)
CONTINUE
DO 20 K=M, éhél

SUM = su K)'H(I K-N)-H(I,K)*G(I,K-N)

CONTINUE

SUMH = SUM

RETURN
END
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The following functions are used to calculate the amlitude and
phase of the spectral terms given the local values of G and H.

OOUBLE PRECISION FUNCTION AMPLTU(G,H)
This function cakualtes the normalized presure amplitude of the 0* harmonic.

DOUBLE PRECISION G, H
LOGICAL NEWTEST

COMMON /ALL/ NEWTEST
AMPLTU = DSQRT(G*G+H*H)
RETURN

END

DOUBLE PRECISION FUNCTION PHASE(G,NH)

This function returss the oth harmonic’s phase in degrees.

DOUBLE PRECISION G, H, WAG
LOGICAL NEWTEST
COMMON /ALL/ NEWTEST

Calkculate the magnitude of the spectral ierm

MAG = DSQRT(GGeH-H)
IF_(WAG.EQ.0.) THEN

PHASE = DATAN2(H,G)*90.0D0/DASIN(1.0D0)

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

IF (PHASE.GE.-180. oo) GO TO 20
PHASE = PHASE+360.000

IF (PHASE.LE.-180.00) GO TO 10
RETURN

END
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Phase of Lamb wave radiation from a plate
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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'-2 that Lamb waves in a solid plate
immersed in water radiate some of their energy from the
end of the plate. This radiation from the end of the plate
consists of an odd number of lobes when the plate carries
a symmetric Lamb mode and an even number of {obes
when the mode is antisymmetric. The previously published
Schlieren images produced by continuous waves and
theoretical calculations of the relative intensity distribution
between the lobes?, as well as hydrophone measurements®
do not indicate the respective phase of the radiation.
Moreover, the use of continuous waves incident from the
water onto the plate to generate a given leaky Lamb
mode also produces specular and non-specular reflections,
first observed by Schoch’, and later explained and
described by Neubauer®, Bertoni and Tamir®, and
others®”. When these reflections of the incident continuous
wave occur near the end of the plate. they may interfere
with other possible reradiations from the end of the plate.
The Schlieren images published by Zhu et al.! clearly
show reflections from, and transmissions through, the
plate which are caused by such interferences. They are
not specular or non-specular reflections since the
radiation is not taking place at the expec‘ed Lamb
angle.

However, the numerical approach used to find the
intensity distribution of the radiation at the end of the
plate’ does contain information from which relative
phases of the waves in the lobes can be determined.
Furthermore, the numerical method can be used to
describe radiation from the top and the bottom cf the
plate, near its end, which does not include specular
and non-specular reflections. The latter are simply a
consequence of a particular technique of exciting Lamb
modes and, thus, may be considered not to be a part of
the radiation from a Lamb mode per se.

This paper is concerned with the phase and the
amplitude distribution of the radiation occurring at the

0041 -624X /92 '050297--04
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end of the plate as well as from the top and the bottom
near the plate’s end. The interference by incident
or reflected waves has been eliminated in both the
mathematical model and the experimental arrangement
described.

Calculational approach

The basis for the calculations are the finite different
methods discussed by Bond® and Harker®, adopted for
the present case of energy transfer from the particle
displacement at the end surfaces of an aluminium plate
to the surrounding water. This particle displacement can
be calculated for a plate vibrating in a Lamb mode which
is excited by a longitudinal ultrasonic wave in water,
incident at the appropriate Lamb angle.

Assuming that the long dimension of the plate is the
x-direction, the thickness of the plate is in the z-direction
and the Lamb wave propagates in the x-direction, then
the wave motion in the homogeneous solid plate can be
expressed as

. 3 u

(A+ W)VV-u+ uVu = Pl (1)
Here 4 and y are the Lamé constants, p is the density of
the plate material, and u is the displacement vector which
has an x and y component and is time dependent. The
y-direction can be omitted assuming the plate to be wide
cnough to eliminate any y-dependence. With the velocities
of the longitudinal and shear waves given, respectively by

pP=(i+p),p (2)

st=ulp \ (3)

The general equations for the particle displacements in

IR L N 2 1A Sa N T I, Po N

2l

207




the x and = directions. u and ¢, respectively. are then
u, = p:“xx + U’Z - sz“',: + slu::, (4)
Uy = p:r:: + (P: - Jz)“x: + Szt'u. (5)

the subscripts indicate derivatives.

The Lamb wave to be examined is produced by
allowing an ultrasonic beam of frequency [ (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 vared.
The beam profile was assumed to be Gaussian.

Equations (4) and (5) van then be solved by the FDM
with incremental steps of x of about 0.1 4 and the
increments of t are selected so that

At < Ax(p* + s2)7 12 (6)

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

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 mm. resulting
in an fd-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
z-direction. Since calculations are made at incremental
distances of 0.1 mm in these two directions, the mapped
area is 42mm by 3.3 mm, which means that there are
1462 calculated intensity values in the mapped area.

Gridding software is used to establish as many
additional intensity values as desired, located between
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
radiated energy in the water in the mapped area which,
in the case discussed here, was approximately 0.033 of
the maximum value of the intensity of the Gaussian beam
incident at the water-solid interface of the plate.

Figure I shows the intensity distribution in the mapped
area. The conour lines are 1 dB apart, starting with those
lines connecting the maximum intensity points in the
lobes and ending with those lines connecting intensity
points — 10 dB below that value. No lines are drawn in
areas where the intensity is more than 10dB below the
maximum. All points with intensity values above the
maximum in water are connected with one line, regardless
of how much higher the intensity value is at those points,
compared with the maximum intensity in water. Clearly
this results in a dark area. representing the plate where
the intensity is generally very much higher than in the
reradiation pattern in the lobes in the water.

The intensity representation in Figure I depicts the
situation at a given time increment, in this case 34 periods
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Figure 1 Calculated intensity distribution of an ultrasohic held in
water created by reradiation of an A,-Lamb mode in an aluminium
piate. Plate thickness d = 0.9 mm and parameter fd = 2.96 MHz mm

Figure 2 Stroboscopic Schlieren image of radiation lobes for
an aluminium plate in water. Parameters are the same as used for
Figure 1

after the start of the generation of the Lamb wave in the
plate. Therefore, the reradiation pattern around the end
of the plate is well established, the high-intensity areas
in the water represent the location of the positive and
negative maximum pressure amplitudes in the lobes, i.e.
the 44 locations of the 3.29 MHz wave in the water. Based
on this particular appearance of the low lobes radiating
from the end of the plate one cannot determine whether
the water in the lobes are in phase or 180° out of phase
as they leave the plate. This is also the case for a Schiieren
image of the ultrasonic field at the end of the plate, as
shown in Figure 2.

This image was obtained by creating a Schlieren image
of the ultrasonic field where the light source consisted of
a small HeNe laser whose output was modulated by a
Bragg cell. The time delay between the generation of the
leaky Lamb mode and the stroboscopic illumination of
the resulting radiation field could be adjusted. The image
presented here shows the radiation field created by an
incident ‘tone burst’ consisting of four cycles, with the




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
niinimum when the tone burst is short.

A comparison of Figures | 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 1 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 3 Calculated wavefront pattern for radiation from the
narrow plate end considering only positive displacement amplitudes

Lamb wave radiation: J.-F. Piet et al.

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 I, 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 betweer. 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 show 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

Lamb modes are either symmetric or antisymmetric
and their velocity of propagation depends on the frequency
of the mode f and the thickness d of the solid plate sup-
porting the mode as well as on the bulk wave velocities of
the material. If one plots the phase velocity of the various
symmetrical Lamb modes as a function of the product f - d
one obtains a family of curves none of which crosses an-
other. The same is true for a plot of the antisymmetrical
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
aluminum plates.

This implies that the plate supports a symmetrical and
an antisymmetrical mode at the same time, both modes
propagating with the same phase velocity, if the plate
thickness d and the mode frequency f is such that the
product fd is the fd value of the “crossing point.” The
resulting particle displacement within the plate could then
be a superposition of two different modes with the vibra-
tional mode of the plate not being defined as a Lamb mode.
If one were to assume that no pure Lamb mode exists at
crossing points, the defining equations given by Viktorov!
should not be satisfied for those particular sets of parame-
ters. Viktorov’s basic wave equations (1.2) lead to a 4 x4
determinant, which in turn lead to two characteristic equa-
tions, determining the eigenvalues of the wave numbers of
the modes, given by Viktorov as Egs. (I1.4) and (ILS).
One can now use these equations to calculate the value of
the defining determinant for the values of f-d and the
phase velocity of the Lamb modes at the crossing point.

A computation was performed, using double precision,
of the value of the determinant for the crossing point lo-
cated near the value of f-d=8.5 MHz mm and the phase
velocity of around 6.9396 km/s, shown in Fig. 1. These
calculations for the value of the determinant were per-
formed by changing the values of f-d in increments of
10~ MHz mm and c¢ in increments of 0.1 mm/s. The
result is that for the velocity range ¢=6.9396744 to
¢=6.9396764 km/s and the f - d range from 8.45435146 to
8.45435157 MHz mm the determinant is nonzero. This re-
sult would indicate that a Lamb mode does not exist at
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points where the velocity dispersion curves for the sym-
metrical and the antisymmetrical modes cross.

The calculations leading to this result are rather in-
volved and would be very taxing if all the crossing points
had to be found with no prior knowledge of the approxi-
mate location of these points. Fortunately, a much shorter
method is available to determine the location of those
points on the families of velocity dispersion curves where
no solution to the defining Lamb equations exist. This
method will be discussed below.

1. THEORETICAL CONSIDERATIONS

Noting that the phase velocities of Lamb modes at
critical crossing points are greater than the bulk longitudi-
nal wave velocity, one can use the defining Lamb mode
equations for the symmetrical and antisymmetrical modes,
respectively, as given by Viktorov'

tan a/tan B+ B=0, 8))
tan B/tan a+ B=0, (2)
where

a=(npfd)/c, (3)
B=(mqfd)/c, (4)
p=1—(c/c), (5)
g= (c/c;)"—(c/c)?, (6)

4(c/c)’pq S0, -

B=Tatero=1]

with ¢, the shear wave velocity of the bulk solid, ¢, the
longitudinal wave velocity, and ¢ the phase velocity of a
Lamb mode defined by Egs. (1) and (2).

As written, Egs. (1) and (2) apply as long as ¢>¢,
This is the region of interest for the present purpose. One
can write general expressions for the defining equations

S(c,fd)=tan a/tan 8+ B, (8)
A(c,fd)=tan B/tan a+ B. (9)
1893
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FIG. 1. Section of Lamb mode velocity dispersion curves for aluminum
showing the phase velocity ¢ and thickness-frequency parameter fd for the
first four mode crossing points.

Solutions of Viktorov’s equations are determined by the
roots of S(c,fd) and A(c,fd), i.e., the values of ¢ and an
appropriate fd are defined for an S mode and an 4 mode
when S(c,fd) or A(c,fd), respectively, are zero.

ii. CRITICAL POINTS OF VIKTOROV'S EQUATIONS

The variables a and B are the functions of the param-
eters ¢ and fd. Thus, for any given phase velocity c, tan a
and tan B are periodic functions of fd, where the periodic-
ities are c/p and c/q, respectively. The arguments of both
tangent functions are zero for fd=0, regardless of the value
of ¢. With increasing values of fd, the values of S(c,fd)
and A(c, fd) usually remain nonzero; however, in order to
satisfy Viktorov’s equations they must be zero which oc-
curs only when either tan a/tan = —B or tan f/tan a
= — B according to Egs. (8) and (9).

These conditions on Eqs. (8) and (9) must be satisfied
simultaneously at mode crossing points in the ¢- fd plane if
an 4 mode as well as an S mode are to exist at such points.
Investigating the behavior of the two tangent functions one
finds that two types of critical points may exist where there
are no solutions to Viktorov’s equations. As will be shown
below, these critical points in the ¢-fd plane are identical
to the mode crossing points; one of these points was iden-
tified in the introductory discussion of the determinant so-
lution.

Type 1 critical points exist when the respective values
of tan a and tan B both reach infinity at the same value of
Jfd which occurs when

a=(mpfd)/c,=(m+})m, (10)
B=(mqfd)/c,=(n+3)m, (11)

for certain values of the integers m and n and for certain
values of p and ¢ which in turn are functions of the phase
velocity.

Type II critical points exist when tana and tanf
reach zero at the same value of fd that requires that the

arguments are
a=(npfd)/c,=mm, (12)

B=(mqfd)/c,=nm. (13)
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The procedure to determine at what values of ¢, fd,
and m and n type I and type II critical points occur for a
set of Lamb mode velocity dispersion curves consists of -
combining Egs. (10) and (11) for the type I points, and”
Egs. (12) and (13) for type II critical points. -

As an example consider the procedure for type I crit-
ical point evaluation for an aluminum plate where the lon-
gitudinal and shear bulk wave velocities are, respectively,
6.42 and 3.04 km/s. These are the same values that were
used in the determinant calculation mentioned in the In-
troduction above.

Treating m and n as integers whose magnitude is not
specifically assigned, Egs. (10) and (11) are two equations
with two unknowns, i.e., a critical value of fd and a critical
value of ¢ in p and g, respectively. Not specifying for the
moment the value of fd but knowing that fd will have to be
the same in a and B where a critical point is located, one
can substitute the expression for fd from Eq. (10) into Eg.
(11) and solve for ¢ in terms of m and n. This yields the
following expression for the critical phase velocity, ¢

[ (m+)—(n+d)?
c,_.=v 1y2 2 YA
(m+3)"(e/e)*—(n+3)
For the critical phase velocity to be real, nonzero, and

greater than the longitudinal wave velocity, the conditions
for m and n are

m=£n, (m+3)/(n+3) >¢/c,=2.12 for Al

For these conditions and the condition that tan a and tan
B go to infinity at the same fd, one finds only three (m,n)
combinations, (1,0), (2,0), and (3,0) for the range of the
parameter fd given by 0<fd <12.

Substituting these three sets of values for (m,n) into
Eq. (14) yields three critical phase velocities. The three
corresponding critical fd values are found by substituting
the three sets of ¢, and (m,n) into either Eq. (10) or Eq.
(11) to solve for the value of fd. The three critical points
for aluminum are thus found at

(14)

m>n,

¢=8.5221 km/s, fd=4.88 MHzmm, (m,n)=(1,0),
¢=6.9396 km/s, fd=8.45 MHzmm, (m,n)=(2,0),
¢=6.6647 km/s, fd=11.96 MHzmm, (m,n)=3,0).

Type I critical points are determined in a similar fash-
ion by using Eqs. (12) and (13). Following essentially the
same procedure as outlined above, one finds the possible
critical velocities to be given by

m*—n
¢ =1{—z——:—20
T Ami(c /) —nt "

Making the appropriate substitutions one finds only one
(m,n) set in the range 0 <fd < 12. This single type II crit-
ical point has the values

¢=8.5221 km/s, fd=9.76 MHzmm, (m,n)=(3,1).

Comparing these results with the mode velocity curves
of Fig. 1 shows that the four calculated critical points are
the only crossover points of 4 and S modes in the range

(15)
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0<fd<12. Inasmuch as the parameters of the critical

points do not satisfy Viktorov’s defining equations, the
" crossover points are not valid solutions either and neither
".an antisymmetrical nor a symmetrical mode exists at these
epoints.

(il. CONCLUSION

The Lamb mode velocity dispersion curves generally
exhibit a number of points where an 4 mode and an §
mode cross which seems to imply that for that particular
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
parameters defining these crossing points do not constitute
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a solution to the equations, thus these unique points are not
parts of either the symmetrical or antisymmetrical velocity
dispersion curves. The relatively simple procedure de-
scribed here can be used to find the number of crossing
points of Lamb mode velocity dispersion curves as well as
their velocity and fd parameters of these points.
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